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PREFACE

The purpose of this volume is to present in usable form the data
derived from current observations in the St. Johns River, the Savannah
River, and the numerous navigable inland waterways between the two
rivers, in order that detailed information on the current movements in
these important traffic lanes may be available for the use of the many
organizations and individuals desiring it, and at the same time be
insured against loss or destruction to which all unpublished records
are liable.

Most of the material presented is based upon the results of compre-
hensive current surveys conducted by the Coast and Geodetic Survey
during the years 1933 and 1934. Acknowledgment is made to the
United States Army Engineers who cooperated in the planning and
execution of the current surveys of the St. Johns and Savannab
Rivers, and who furnished valuable current data from previous inves-
tigations of these rivers.

The section on the general characteristics of tidal currents, which
in this volume precedes the discussion of the currents in the various
waterways, was taken from Tides and Currents in New York Harbor,
United States Coast and Geodetic Survey Special Publication No.
111, Revised (1935) Edition.

In connection with this publication, attention is directed to the
annual Current Tanles, Atlantic Coast, North America. These
tables contain data from which daily predictions of the currents may
be readily obtained for numerous locations in the areas covered by
this volume.
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CURRENTS IN ST. JOHNS RIVER, SAVANNAH RIVER,
AND INTERVENING WATERWAYS

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-
ment of the tidal current and the vertical movement of the tide are
intimately 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.

It is the periodicity of the tidal current that chiefly distinguishes
it from other kinds of currents in the sea, which are known by the
general name of nontidal currents. These latter currents are brought
about by causes that are independent of the tides, such as winds,
fresh-water run-off, and differences in 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 & 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 velocity and direc-
tion of the current as observed on August 8-9, 1922, in the Narrows,
the entrance to New York Harbor.

The curve of figure 1 was drawn by plotting the velocity of the
current as observed at the beginning of each hour and drawing a
smooth curve that conformed as nearly as possible with the plotted
velocities. The northerly setting or flood velocities were plotted above

1



2 U. S. COAST AND GEODETIC SURVEY

the line of zero velocity and the southerly setting or ebb velocities

were plotted below this line. The velocities are given in 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

lgour by multiplying by 1.15, or into feet per second by multiplying
y 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 it is known that the tidal current extends
from the surface to the bottom. In general it may be said that the
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FIGURE 1.—Current curve, the Narrows, New York Harbor, August 8-9, 1922.

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, it 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. 1In 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 at about the
same time from top to bottom. If, however, nontidal currents are
present, the characteristics of the tidal flow are modified considerably.
The effect of nontidal currents on tidal currents may be derived from
general considerations.
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In figure 2 a purely tidal current is represented by the curve,
referred to the line AB as the line of zero velocity. The strengths
of the fiood and ebb are equal, as are also the durations of fiood 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 obviously be increased by an
amount equal to CD and the flood strength will be decreased by the
same amount., The current conditions may now be represented by
drawing, as the new line of zero velocities, the line EF paralle] to AB,
and distant from it the length of CD.

Figure 2 now shows that the nontidal current not only increases
the ebb strength while decreasing the flood strength, but aiso changes

Fi6URE 2.—Effect of nontidal current on reversing tids! current.

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
will be completely masked and the resultant current will set at all
times in the direction of the nontidal current. Thus, if in figure 2
the line OP 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 GH and the current will be flowing at all times in the
ebb direction. There will be no slack waters; but at periods 6 hours
12 minutes apart there will occur minimum and maximum velocities
represented, respectively, by lines BS and T'T.

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
resultant current will set in a direction which at any time is the
resultant of the tidal and nontidal currents at that time. This
resultant direction and also the resultant velocity may be determined
either graphically by the parallelogram of velocities or by the usual
trigonometric computations.
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VARIATIONS IN STRENGTH OF CURRENT

Tidal currents exhibit periodic changes in the strength of the cur-
rent that corresponds closely with the periodic changes in range
exhibited by tides. Stronger currents than usual come with the spring
tides of full and new moon and the weaker currents with the neap tides
of the moon’s first and third quarters. Likewise, perigean tides are
accompanied by strong currents and apogean tides by relatively
weaker currents; and when the moon has considerable declination,
the currents, 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 hkewise brings about a change 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 being the vertical movement
and the latter the horizontal movement, it 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, illus-
trating the current in the Narrows, New York Harbor, may be taken
as representative of this type.

The daily type of tidal current is characterized by one flood and
one ebb in a day. 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 the 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, 1917, illustrates this
type of current.

In general, it may be said that with reversing currents a given type
of current accompanies a like type of tide; that is, semidaily currents
occur with semidaily tides, mixed currents with mixed tides, and daily
currents with daily tides. But as noted in considering the variations
in strength of current, the variations in the current that involve semi-
daily c¢omponents will approximate corresponding changes in the
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range of the tide, while in those involving daily components the varia-
tion in the current is about half that in the tide. Hence the diurnal
inequality in the current at any place is generally less than in the
tide at that place.

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
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F1GURE 3.—Current curves of daily and mixed types of reversing currents.

Mobile Bay

waters. In a progressive wave the time of slack water comes, theo-
retically, exactly midway between high and low water and the time
of strength at high and low water; in a stationary wave slack comes at
the times of high and low water, while the strength of current comes
midway between high and low water.

The progressive-wave movement and the stationary-wave move-
ment are the two principal types of tidal movements. A progressive
wave Is one whose crest advances, so that in any body of water that
sustains this type of tidal movement the times of high and low water
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progress from one end to the other. A stationary wave is one that
oscillates about an axis, high water occurring over the whole area on
one side of this axis at the same instant that low water occurs 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
refer the times of current to the times of tide. And where the diurnal
inequality in the tide is small, as is the case on the Atlantic coast, the
relation between the time of current and the time of tide is very
nearly constant. This is 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,

3 h h
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F1GURE 4.—-Tide and current curves, the Narrows, New York Harbor, August 8-9, 1622,

and the tide curve being the full-line curve, representing the rise and
fall of the tide at Fort Hamilton, on the eastern shore of the Narrows.

The diagrams of figure 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 equal. The time axis or axis of
X represents the line of zero velocity for the currents and of mean
sea level for the tide, the velocity of the current being plotted in
accordance with the scale of knots on the 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 it is seen that the corresponding features of the
tide and current at 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 strength of
the current to be referred to the times of high and low water. Thus,
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
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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 at 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 at any given place is, in general, only about half as
great as that in the tide. This brings about differences in the corre-
sponding features of tide and current as between morning and after-
noon. However, in such cases it is frequently possible to refer the
current at a given place to the tide at 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
at 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 1s 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.
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 %iven 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
on the current curve at 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 diviging 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--r, or 0.637. Since the strength of the tidal
current corresponds to the maximum ordinate, it follows that during
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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 & 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.

It 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
it 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 object 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 it is represented by the instant when the current curve
cuts the zero line of velocities. For a brief period each side of slack
water, however, the current is very weak, and in ordinary usage
“slack water” denotes not only the instant of zero velocity but also
the period of weak current. The question is therefore frequently
raised, How long does slack water last?

To give slack water in its ordinary usage a definite meaning, we
may define it to be the period during which the velocity of the current
is less than one-tenth of a knot. Velocities less than one-tenth of
a knot 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 equation of the sine curve we may easily compute the
duration of slack water for currents of various strengths. For the
normal flood or ebb cycle of 6 12.6™ we may write the equation of
the current curve y=A sin 0.4831¢, in which A4 is the velocity of the
current in knots at time of strength, 0.4831 the angular velocity in
degrees per minute, and { is the time in minutes from the instant of
zero velocity. Setting y=0.1 and solving for ¢ (this value of ¢ 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
minutes; for currents of 2 knots strength, 12 minutes; 3 knots, 8
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minutes; 4 knots, 6 minutes; 5 knots, 5 minutes; 6 knots, 4 minutes;
8 knots, 3 minutes; 10 knots, 2}4 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 1s made to
the actual speed of a moving particle, while in the latter case the
reference is to the rate of advance of the tide phase or the velocity
of propagation of wave motion, which generally is many times greater
than the velocity of the current.

It is to be noted that there is no necessary relationship between
the velocity of the tidal current at any place and the rate of advance
of the tide at that place. 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. In a
progressive wave the tide moves approximately in accordance with
the formula r=+/gk, in which 7 is the rate of advance of the tide, g
the acceleration of gravity, and & the depth of the waterway. In
stationary-wave movement, since high or low water occurs at very
nearly the same time over a considerable area, the rate of advance 1s
theoretically very great; but actually there is always some progression
present, and this reduces the theoretical velocity considerably.

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

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 at the beginning of each
hour of the forenoon of July 30, 1922, at Nantucket Shoals Lightship,
stationed off the coast of Massachusetts.

The current is seen to have changed its direction at each hourly
observation, the rotation being in the direction of movement of the
hands of a clock, or from north to south by way of 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 veloci-
ties and directions of the current at the beginning of each hour, define
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a somewhat irregular ellipse. If a number of observations are aver-
aged, eliminating accidental 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™. In other words, the current day
for the rotary current, like the tidal day, is 24® 50™ in length.

North
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FIGURE 5.—Rotary current, Nantucket Shoals Lightship, forenoon of July 30, 1922.

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



TIDAL CURRENTS 11

a maximum velocity by an interval of about 3 hours and being followed
in turn by another maximum after a further interval of 3 hours.
Since the current day corresponds to the tidal day, it is convenient,
in determining the average hourly velocity and direction of the rotary
current, to make use of the times of high and low water at some
nearby place for purpose of reference. In figure 6 the average hourly
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FIGURE 6.—Mean current curve, Nantucket S8hoals Lightship.

velocity and direction of the tidal current at Nantucket Shoals Light-
ship is shown with reference to the times of high and low water at
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 at 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 in question. Thus at the time of
high water at Boston the current at Nantucket Shoals Lightship has
a velocity averaging 0.7 knot setting N, 85° E.
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With regard to the current curve, or current ellipse as it may be
called, which represents the rotary tidal current at 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 ellipse will be

‘flattened. In the Northern Hemisphere the direction of rotation of
the rotary current is, as a rule, with the hands of a clock, while in"
the southern hemisphere it is counterclockwise. 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 the 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 maximum
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 day,
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 at 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 2 southwesterly direction. For that day,
obviously, the velocity and direction of the current at Nantucket
Shoals Lightship will be different than represented in figure 6. At
2 hours before low water at Boston, for example, the tidal 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
be 0.854-0.50=1.35 knots, setting southwesterly. On the other
hand, about 2 hours before high water, the current will be setting
0.85—0.50=0.35 knot northeasterly.
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The current conditions at this time may be completely represented
by changing the origin of the hourly velocity and direction lines in
figure 6 from 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 tidal current as affected by the nontidal current.

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-

July 14-20, 1920 North Jan 29 - Feb 2, 1920
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FIGURE 7.—Effect of nontidal current on rotary tidal current, Frying Pan Shoals Lightship.

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 different wind conditions.
This lightship is stationed off the coast of North Carolina about 20
miles southeasterly from Cape Fear. The hourly velocity and direc-
tion of the current here is referred to the times of high and low water
at Charleston, S. C.

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 & knot and setting northwest and south-
east, respectively. During the 5-day period January 29-February 2,
1920, the wind was blowing steadily from the northeast with a veloc-
ity of about 30 miles per hour, and the current was observed to be
setting at all times southwesterly with a velocity varying from 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 non-
tidal. But if the hourly velocity and direction of the current during
this period is plotted, the rotary character of the current is immedi-
ately apparent. The right-hand diagram of figure 7 represents the
current conditions during this 5-day period, the velocity and direc-

14323—-38—2
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tion 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 at all times during this period set south-
westerly, the diagram reveals clearly the existence of a rotary cur-
rent with a strength of about a third of a knot in a northwest and
southeast direction. Furthermore, the diagram shows that the cur-
rent actually observed consisted of a tidal current which was masked
by a nontidal current of greater velocity. In fact the diagram per-
mits the evaluation 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 question.

About 6 months later, throughout the 7-day period July 14-20,
1920, the current at Frying Pan Shoals Lightship was found to set
easterly with velocities ranging from a liftle less than half a knot to
more than a knot. On plotting the observations, as the left-hand
diagram of figure 7 shows, the rotary character of the tidal current
comes to light at once. During this 7-day period the wind was blow-
ing steadily from the southwest with a velocity averaging approxi-
mately 30 miles per hour. This brought about a wind-driven cur-
rent 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+a); hence, reversing tidal currents may be ana-
lyzed In a manner analogous to that used in tides and the harmonie
current constants derived. These constants permit the characteris-
tics 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.

It 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

M’z: S’z: N'gi K’1: 0’1:=m2M"2: 825",2: nanz: le,,1: 010"1

where the small italic letters represent, respectively, the angular speed
of the corresponding components. This shows at once that the
diurnal inequality in the ¢urrents should be approximately half that
in the tide.

Rotary currents may likewise be analyzed harmonically, but in
this case it 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
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directions may be combined into a single resultant, which will be an
ellipse.
MEAN VALUES

In the nonharmonic analysis of current observations it is customary
to refer the times of slack and strength of current to the times of high
and low water of the tide at some suitable place, generally nearby.
In this method of analysis the time of current determined is in effect
reduced to approximate mean value, since the changes in the tidal
current from day to day may be taken to 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
obsérvations 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,

It is to be noted that in this method of reducing to a mean value,
any nontidal currents must first be eliminated, and the factor applied
to the tidal current alone. This may be done by taking the 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 eurrents 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 IL.—ST. JOHNS RIVER
INTRODUCTION

The St. Johns River has its source near the Atlantic coast of Florida
about midway between Jacksonville and Miami. It has a length of
approximately 244 nautical miles and flows in a general northward
direction nearly parallel to the coast for most of its length. Sixteen
miles from its mouth it turns eastward and flows in that general direc-
tion to the sea.

For practical purposes, the tidal movement in the St. Johns River
may be considered to end at Lake George, and it is the portion of the
river below Lake George—a 96-mile stretch of navigable tidal witer-
way—that is covered by this publication.

From the sea to Jacksonville, a distance of about 24 nautical miles,
there is a dredged channel havmg a depth of 30 feet at mean low water
and a width of 300 to 600 feet. From Jacksonville to Palatka, a
distance of 48 miles, the channel has a least depth at mean low water
of 13 feet, and from Palatka to Lake George, the upper limit of the
area under consideration, the least depth is 8 feet.

The portion of the river below Jacksonville varies in width from
about one-fourth mile in the narrower parts to more than 2 miles at
the expansion known as Mill Cove. Above Jacksonville for a distance
of about 40 miles the riveris from 1 to 3 milesin width. In the vicinity
of Palatka it becomes narrower and for most of the distance between
Palatka and Lake George the width is less than one-half mile, the
minimum width in this stretch being in the neighborhood of 200 yards
Throughout the length of the tidal portion of the river the banks are
much indented by coves and the broadened mouths of tributary
streams. Sisters Creek on the north and Pablo Creek on the south,
which form links in the Intracoastal Waterway, connect with the St.
Johns River about 5 miles above its mouth,

The ocean tide at the entrance to St. Johns River has an average
rise and fall of 4.9 feet. As the tide wave advances up the river its
amplitude decreases continuously for a distance of about 35 miles.
In the vicinity of Orange Park the average range of tide reaches a
minimum of 0.7 foot. Above this point the range gradually increases
for 35 miles to Palatka, where the average rise and fall 1s 1.2 feet.
Above Palatka it again decreases and at Lake George it is practically
Zero.

The periodic currents that accompany the tidal rise and fall exhibit
differences in velocity from place to place that are considerably more
rapid and erratic than are the variations in range of tide. The smaller
velocities usually oceur where the river is broad and the larger ones,
in the more constricted sections. Aside from these somewhat localized
variations, there is a general decrease in velocity from the mouth
toward the head of the stream. From the sea to Jacksonville the
average velocity of the tidal current strengths in the channel varies
from 1 to 3 knots. Above Jacksonville it is generally less than 1 knot,

16
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l?rlld in the 40-mile stretch ending at Lake George it is less than one-half
ot.

The currents in the St. Johns River, at times, are modified con-
siderably by winds and freshet conditions. Northerly and north-
easterly winds increase the velocity and duration of the flood stream
and decrease the ebb. Southerly and southwesterly winds have a
reverse effect. Freshets, which usually occur in the autumn months,
increase the flow in the ebb direction and diminish the flow in the
flood direction. Daily predictions of the times and velocities of the
current in the channel between the jetties at the entrance to St. Johns
River are given in the annual Current Tables for the Atlantic Coast

of North America.
OBSERVATIONS

The current data for the St. Johns River presented in this volume
are based mainly upon observations taken during the winter of 1933-34
by a United States Coast and Geodetic Survey field party in charge of
E. F. Hicks. Observations were taken at the surface and at several
subsurface depths at 35 selected locations. The usual length of series
at each location was 3 days. A continuous series of observations
covering a period of 15 days was secured between the jetties at the
entrance.

Previous to the 1933-34 survey, series of current observations were
secured at various times by the United States Army Engineers in con-
nection with projects for improvement of the channel, and a few by
United States Coast and Geodetic Survey hydrographic parties.
The shortness of most of these series and the extensive physical
changes that have occurred since they were obtained render them of
little value as an index to present-day conditions. They are there-
fore omitted from this publication, with the exception of the results of
slack-water observations taken by the United States Army Engineers
in 1909 at 10 stations distributed along the river from Mayport to
Jacksonville. For the benefit of those who may desire information
relative to the nature and results of the early investigations, reference
is made to the following published material:

Amil;ual l§eport of the Chief of Engineers, United States Army (pt. 2, 1890, p. 1558
et seq.).
Anl%li%I?Report of the Chief of Engineers, United States Army (pt. 3, 1891, p.

Examination and Survey of St. Johns River, Fla. (H. Doc. No. 611, 61st Cong.,
2d sess. (1910)).

METHODS OF OBSERVING

In general, the process of observing currents consists of measuring
usually at fixed intervals of time such as hourly or half-hourly, the
velocity of the current; noting the direction the current is flowing at
each measurement of velocity; and recording the direction, the velocity
and the time at which each measurement is made. Various means
of taking such observations have been employed. The two devices
most used in recent vears by this Bureau and which were employed
in 1933 and 1934 in the St. Johns River work, are the current pole and
the Price current meter.,

The current pole is a wooden pole so weighted with lead that it will
submerge for most of its length and assume a vertical position when
placed in the water. The pole is attached to a line and allowed to
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drift with the current while 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 principal division. The
length of each principal division bears the same ratio to a nautical
mile that the time the pole is allowed to drift bears to an hour. By
this means the velocity in knots (nautical miles per hour) and tenths
is read directly from the current line. The direction toward which the
pole drifts is observed usually by compass or pelorus on the vessel,
and when practicable is verified by sextant angles between the pole
and fixed objects on shore. The velocity obtained by this method is
considered the velocity at a depth equal to one-half the length of the
submerged portion of the pole. The standard current pole now in
use is 15 feet long and is so weighted as to float with 1 foot above the
water surface. Shorter poles are used when the water is shallow.

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 rotation 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, it is only necessary to count the clicks in the receiver for a
specified length of time and from a previously prepared rating table
take the velocity corresponding to the observed number of clicks.
Since the Price current meter does not give the direction of the
current, it is generally used by this Bureau in conjunction with the
current pole, the general direction of the subsurface current being
inferred from the pole observations.

The times of slack water observed by the United States Army
Engineers in 1909 were presumably determined by watching the
movements of the water surface or of floating objects thereon.

METHODS OF REDUCING THE OBSERVATIONS

The following described method was used in reducing the 15-day
series of observations secured at station 1 between the jetties at the
St. Johns River entrance.

The records of the field party were first carefully verified to see that
the observed directions of current had been accurately reduced to
true azimuths by applying to the observed compass readings the proper
corrections for the deviation of the ship’s compass and the magnetic
variation, and that the meter velocities had been correctly entered
from the rating table.

The velocities observed by pole 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. Curves
were drawn following the general trend of the plotted velocities and
from these curves the times of slack waters and the times and veloci-
ties of the strengths of flood and ebb were taken. These times and
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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 waters at Mayport and average time
differences computed for each of the four phases of current—namely,
slack before flood, strength of flood, slack before ebb, and strength of
ebb. Average true directions of flood and ebb were obtained for the
series of observations and the average velocities of flood strength and
ebb strength were computed.

The average velocities as directly obtained were then corrected by
the application of a range factor as explained on page 15.

The velocities observed by meter were similarly treated, a separate
plotting, tabulation and reduction being made for each depth at
which meter observations were taken. In the case of the meter
velocities, the general direction—flood or ebb—of the current was
inferred from the directions observed by pole.

For the remaining stations occupied during the 1933-34 survey,
the method of reduction outlined below was used.

The field records were verified as in the case of station 1. The
half-hourly observations of velocity and direction were then tabulated
in 25 groups, one group for each half hour from zero to 12 hours after
the"time of high water at Mayport. Each observed value was assigned
to the group to which it most nearly corresponded in time. A separate
tabulation was made for each depth observed at each station. For
each half-hourly group, an average velocity and an average direction
were computed for the surface current as observed by pole, and an
average velocity was obtained for each meter depth. The average
half-hourly velocities were plotted on cross-section paper and from the
resulting curves the times of slack and the times and velocities of
strength were tabulated. The velocities were then corrected to mean
tidal conditions by applying the usual range factor, and the average
flood and ebb directions were computed from the half-hourly averages
of direction as observed by pole.

The times of slack water observed by the United States Army Engi-
neers in 1909 were tabulated and compared with the times of tide at
Fernandina and for each station average time differences were com-
puted for the slack before flood and the slack before ebb.

For uniformity of presentation, the time relations obtained from all
the above-mentioned reductions were finally referred, by means of
time differences derived from long series of tide observations, to times
of high water and low water at Mayport. The slacks before flood and
strengths of flood were referred to high water and the slacks before ebb
and strengths of ebb to low water.

The 15-day series of observations taken between the jetties was
analyzed harmonically and the results corrected by comparison with
the results of a similar analysis of a simultancous series of tides at
Mayport. Brief statements relative to the process of harmonic
analysis will be found on page 14. 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 Sur-
vey Special Publication No. 98, a Manual of the Harmonic Analysis
and Prediction of Tides.
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PRESENTATION OF THE RESULTS

DESIGNATION AND LOCATION OF STATIONS

Each current station in the St. Johns River has been given a desig-
nation which consists of two parts: First, a letter signifying the party
or the chief of the party that occupied the station, and second, a num-
ber assigned to the particular station of that party. The letter H
forms the first part of the designation for each station occupied by
the current survey party of E. F. Hicks in 1933 and 1934. The num-
ber following this letter is that which was originally assigned to the
station. The letter E precedes the number of each station at which
observations were made by United States Army Engineers in 1909.

The locations of the stations occupied are indicated in figures 8 and
9 by red circles, together with the corresponding station designations.
The stations from the river entrance to the bridges at Jacksonville
are included in figure 8, those above Jacksonville, in figure 9.

EXPLANATION OF THE TABULAR DATA

Table 1 contains the results derived, as explained on page 19, from
the observations at each station. The observations of each party are
placed in a separate group under a subhead which indicates the ob-
serving party and the year or years during which the observations
were taken, The station number in the first column of the table is
the same as the designation of the station in figure 8 or figure 9. In
the second column, a brief descriptive statement of the station location
and its latitude and longitude to the nearest tenth of aminute are given.

Following the location, the dates of the beginning and end of the
series of observations, the length of the series in days, the methods
used in observing, and the depths at which observations were made,
are given. The depth tabulated for the observations taken by pole
is 1in each case one-half the length of the submerged portion of the
pole.

In this table, all times are expressed in hours and hundredths. The
times of slack water and of flood and ebb strength are referred to the
times of tide at Mayport, the slack before flood and strength of flood
being referred to high water and the slack before ebb and strength of
ebb to low water. A minus sign preceding a time difference in a slack
or strength column indicates that the current is earlier than the stated
phase of the tide at the reference station. The true directions of the
current at the times of flood and ebb strength are reckoned from true
north (0°), through east (90°), south (180°), and west (270°). As
directions were observed only by pole, no directions are given for the
meter depths. At stations for which directions are given in points of
the compass, general directions only were observed. The velocities
are expressed in knots (nautical miles per hour) and hundredths, and
have been corrected to refer them to mean tidal conditions.

The mean current hour given in the last column of the table is
expressed in solar hours and is the mean 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: Flood strength, slack before flood
increased by one-fourth semilunar day (3.10 hours), slack before ebb
decreased by one-fourth semilunar day, and ebb strength increased or
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decreased by one-half semilunar day (6.21 hours). Before taking the
average, the four phases are made comparable by the addition or
rejection of such multiples of the semilunar day (12.42 hours) as
may be necessary.

The harmonic constants derived as explained on page 19 from the
15-day series of observations at station H 1 between the jetties, are
given in table 2. These constants consist of the amplitudes (H’s) and
the phase lags or epochs of the more important periodic constituents
of the current. 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 apply to the maximum
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F16URE 10.—Observed velocity curves, St. Johns River.

flood of each constituent. Such constants form the basis for daily
predictions of the current. From them also may be determined the
general characteristics of the current movement and various non-
harmonic constants which are usually obtained directly from the

observations.
OBSERVED CURRENT CURVES

To show the current movement as actually observed, there are
reproduced in figure 10 velocity curves plotted directly from pole
observations taken in December 1933 at six stations in the St. Johns
River. The flood velocities are plotted above and the ebb velocities
below the horizontal line representing zero velocity. Each group of
three stations, plotted from a common datum line, represents a day



292 U. 8. COAST AND GEODETIC SURVEY

of simultaneous observations at 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 at each station, and a comparison of the curves in a group
shows the actual time and velocity differences observed at the several
stations on the day indicated. As is usual with current velocity
curves plotted directly from observations, these curves show con-
siderable irregularity. The roughness is doubtless due largely to
accidental conditions such as weather effects and observational dis-
::irepancies, both of which are usually present to a greater or lesser

egree.

The velocity curves for December 27, 1933, at stations H 20, H 21,
and H 22 show clearly the effect of wind on the currents in the vicinity
of Jacksonville. The flood current at each of the three stations not
only attained a greater velocity but it ran considerably longer than
the ebb. This, obviously, was not an average condition, for the
normal river flow is downstream instead of upstream.

An investigation of weather conditions at this time discloses that
at St. Johns Lightship, where hourly directions and velocities of the
wind were recorded, the average wind for December 27 had a velocity
of 23 miles per hour from the north-northeast. On the preceding day,
December 26, the velocity was 6 miles per hour from the west-south-
west. It appears that on December 27 the wind current resulting
from the above described condition overcame the drainage flow of the
river and set up a considerable nontidal flow in an upstream direction.

The group of curves for December 19, 1933, as will be seen by refer-
ence to figure 10, stations H 16, H 17, and H 18, represents the cur-
rent movement in a cross section of the river near Jacksonville. Wind
velocities on this date were very small and the nontidal flow down-
stream evidenced by the relative velocities and durations of the ebb
and flood, is doubtless a drainage flow. At station H 16, probably
due to its location, the maximum flood velocity was greater than that
of the ebb, but the greater duration of the ebb offset this greater flood
velocity and the resultant flow, as determined by averaging algebrai-
cally the half-hourly ordinates of the curve, was practically zero.
At the other two stations, both the velocities and the durations were
greater for the ebb than for the flood..

RANGE OF TIDE AND VELOCITY OF CURRENT

The features of tide range and current velocity in the St. Johns
River outlined on page 16 are shown graphically in figure 11. The
two curves are plotted from the results of tide and current observa-
tions taken at numerous locations along the river, the current veloci-
ties used in the plotting being those derived from pole observations in
or near the channel. The scale along the top of the illustration repre-
sents nautical miles measured along the channel from an initial point
at the outer end of the jetties. Below this scale are given the names
of a number of points along the river. The vertical scale reads in
feet on the curve showing range of tide and in knots on the curve
showing velocity of current. The curves represent the mean range
of the tide and the mean velocity of the tidal current at strength,
the nontidal current for each station used in the plotting having been
eliminated by taking the half sum of the flood and ebb strengths. As
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the velocity of the tidal current depends upon a number of factors
other than the range of tide, the two curves in figure 11 are somewhat
dissimilar. They do, however, show a general decrease of both
velocity and range from the mouth of the river to the locality where
the range reaches a minimum value. Above this point the velocity
shows a decrease with increasing range and a slight tendency to
increase where the range again decreases. The changes in range of
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FIGURE 11,—Range of tide and velocity of current, 8t. Johns River.

tide in the St. Johns River may be attributed to the presence of a
stationary tide wave, which in combination with a progressive wave
advancing up the river, would tend to produce a tide of this character.

TIME RELATION OF CURRENT TO TIDE

Where time relations of current to tide have been given for St.
Johns River in the tabular and graphical results discussed in the pre-
ceding pages, the reference used has been the tide at Mayport, Fla.
To show the times of the slacks and strengths of current in the river
channel in their relation to the times of local high and low waters,
figure 12 has been prepared. The observed times of the four current
phases at a number of stations in or near the channel from the jetties
to Lake George were plotted and curves drawn through the plotted
points. A few of the observed slack water times used in this plotting
were modified to correct for the effect of northerly winds upon the
observed values. On the same sheet, curves representing the times of
high water and low water as determined from observations along the
river were drawn. The same time reference, namely, the transit of
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the moon over the meridian of Greenwich was used for both tides and
currents. The scale at the top of the figure is the same as for figure 11.

The curves show that the time relation of current to local tide
varies from place to place along the river. In the lower portion of
the river the strengths of flood and ebb occur near the times of high
and low water respectively. Above Jacksonville the current becomes
rapidly earlier with respect to the local tide and 50 miles from the sea
the strengths of flood and ebb precede the high and low waters by
about 3 hours, the slack waters occurring near the times of the highs
and lows. Advancing up the river the current occurs later and later
with respect to the tide and at a distance of 85 miles from the sea the
strengths again come at about the times of high and low tide, which
is the same relation that exists at Jacksonville,

The time relations shown by the curves of figure 12 give further
evidence of the existence of a stationary tide wave in combination
with a progressive wave, for the time relation of current to tide in
the Jower part of the river and also between Palatka and Welaka are
approximately those of a progressive wave movement, as stated on
page 5, whereas the time relation in a region about midway between
these two localities is that of a stationary wave.

CURRENT CHARTS

The observed direction and velocity of the current at a number of
locations in the St. Johns River for each hour from 2 hours before to
3 hours after high and low waters at Mayport, Fla., are represented
in figures 13 to 36. The observations used in preparing the charts
were taken in 1933 and 1934. They were all taken with a current
pole within 14 feet of the surface. For a few locations where the
currents during the observational periods were unduly affected by
winds, the observed values have been modified to more nearly approxi-
mate normal conditions. The locations at which the observations
were taken are marked by small circles. The observed directions of
flow for the designated hour of the tide are represented by arrows
drawn through the circles. The mean velocities for the designated
h.ou]r are shown to the nearest tenth of & 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. In this locality the spring effect produces
a velocity increase above the mean of about 17 pércent, and the
perigean effect an 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
velocities of the tidal current are least. Winds and freshet conditions
at times modify both the direction and the velocity of the current.

Daily predictions of the high and low waters at Mayport are included
in the annual Tide Tables for the Atlantic Ocean, published by the
Coast and Geodetic Survey.
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TaBLe 1.—Current Data, St. Johns River
[Referred to times of high water and low water at Mayport, Fla.]

Observations Flood strength Ebb strength M
Flood Ebb |Lean
Statlon Observer, location, and year Slack T dura- | Slack P dura- | SUr
no. | Date Pe- | Method [Depth Time | diree. |, Ve | Hon Time | dires. |, V& | tion | Fo0k
a riod ep! ; locity locity 0
tion tion
Hours | Hours Hours | Hours
after | after after | after
U. S. ENGINEERS, 1909 . high | high ow 0w
Days Feet | water | water {Degrees| Knots | Hours | water | water |Degrees| Knots | Hours | Hours
E 1063 mile N. 86° W. of Mayport tower [ May 20-Sept. 20..{ ! 39 0] Of —=8.07[nccoecc]eecmmanfocanenn 5.36| —3.82 7.06 0.54
(30°23’.6 N, 81°25.9 W.).
E 2 Fgl%on. Ov}, mile offshore (30°23’.4 N., | June 21-July 27...| 13 (O] (1] B2 U I DRI I 5,12 —8.15|ccccccc]cmcanac|encaann 7.30] 1.33
1930/
E 3} Live Oak Creeks 0.2 mile above mouth | July 19-31.__.__... 6 (O] V] S 4 S PR S 6.08) —4.62{ . _|eeeccnc]oaaaaae 6.36| 11.81
(30°22’.4 N, 81°31".1 W,
E 4}0. 124m(x)1t11I eagg gf Nevv& )Berlm church (30° | June 21-July 81._.| 10 @ [1) B 153 ] I [ S 4,168 ~3.26) oo |oceo e 8.260 170
E 5} 0.3 mile south of Dame Point (30°23°.0N., | July 19-31..._..... 4 (O] 0] —0. 73] 418 —2.86) ). 8.24] 2.29
81°33'.6 W.).
E 61}10. gmé]e no‘l"}h of Crab Island (30°24’.6 N., | Sept. 2-11......... 2 ® O =0.66]<cccnu]cncacc)mannan 5,200 —1. 48| ccccci]ommmmnc)ocanacs 7.13] 2.92
1°
E 7]0. 423 mékﬁ_ nosrthgvesg of Reddie Point (30° | Sept. 9-16.._...._. 1 ® Of ~0.80].cccmec]emmmmnn]acaaaas 5.268] =165 cccoce|omacanfeaaaes 7.18] 2.76
E 8] 0.2 mile 8. 75° E. of Phoenix Park tank | June 9-July 31__...| 18 O] () 2 V| N S 4.67] =1 18]ccccnc|aeamea]oaaas 7.75| 3.56
(30°22’.8 N., 81°38.0 W.).
E 9 | Foot of Market Street., waterfront, Jack- | June 28-July 27._.| 9 (O] 0 —0.43 [ 9:5IES W 3 § FUORNPN TSN A 7.68] 2.92
sonville (30°19’.4 N, 81 39’3 W.
E 10 | Ferry sllp, South Jacksonville (30°19’ Aug. 2-7.ccaanes 3 [O) 0} —0.16 5.66] —0.61).cneccc]amacs]enaaann 6.76] 3.60
N., 81°39".4 W.). ’
E. F. HICKS, 1933-34 .
H 1| In channel between jetties (30°24’.0 N., | Jan. 4-19, 1034___._ 156 7| —2.84] —0.57 2771 2,000 4.95| —4.00] —0.93 09 2.40) 7.47] 0.35
81°23'.0 W.). 7 —2.84] —0.53)..__._. L79 5.07 —3.88) —1.02).____.. 2121 7.35 0.37
18| ~3.65) —0.69)_on_.. 1970 5.94) —3.821 —1.22}_______ 1.84) 6.48| 0.09
20| —4.46f —0.69 1.83) 6.82[ —3.85| —L37|-cua... 1.61] 5.60] 12.26
H 2|05 mile N. 80° W, of Mayport tower | Jan. 2-5, 1934...... 3 7| —3.62} —-0.82 214] 2.24) 5.92] —3.81| —0.61 28] 2.200 6.50 0.22
(30°23".7 N., 81°26’.1 W.). 7} —3.62| —0.92|..c.... 2,19 6.82{ —~3.91} ~0.41|_._..._ 2.17 6.60] 0.22
17} —3.72( ~0.82|....... 2,05 6.92 —3.91 —0.81|___._.. 1.70 6.50{ 0.12
27| —4.22] —0. 62...._.--. 1.85! 6.62] ~3.81 —0.91l...__._ 1161 5.80] 0.04
See footnotes at end of table,
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TasLe 1.—Current Data, St. Johns River—Continued
Observations Flood strength Ebb strength
Station| . Flood Ebb | Mean
oy Observer, location, and year P Slack True | v, ‘1‘;““ Slack True | d‘l’m' rent
Date Method {Depth Time | direc- |, ve_| tion Time | direc- |, V& | ton | p
riod tion | locity tion | looity our
E. F. HICKS, 1933-34—Continued
Days Feat Knots | Hours | Hours
H3]04 mile N. 80° W. of Mayport tower | Jan.2-8, 1934_.___. 6 | Pole.._ 7 r y
(30°23'.6 IN., 81°26".1 W.). Moter| 6 | —3.12| —0.12|..—.-| 2.15 5.2 —3.01| —301. ..~ 20 TN o4
..-do___.. 15 | —3.22] —0.42_.____| 215 5.42| —3.91] —0.81|..___._ 2.32] 7.00] 0.34
..-do..... 24 1 -3.72] —0.42___._..] 189 6.02[ —3.81] —LO01|....... L73 6.40 0.19
H4 |03 mile 8. 88° W. of Mayport tower | Jan. 57, 1934.._... 2%} Pole..... 7
(30°23' 6 N., 81°26'.0 W.). ! Meter...| 8 ) . o Tl o8
o] 19 . . 2.98| 7.70 0.2
_..do__.. 30 .50  5.02 1,90 7.40| 0.19
H 5 | Midchannel between Mile Point and | Jan.8-11,1934.....} 3 7
Sherman Point (30°22'.9 N., 81°26".7 W.). ) 7 2% 58 50 Too om
18 2.50| &.92 2.48] 6.50] 0.64
29 2.29] 6.52 L7 b5.90] 0.47
H 6 | Midchannel north of St. Johns bluff | Jan. 11-14, 1934 3 7 1.59| 4.62 2
¢ . 4 ---- . . 37| 7.80 O
(30°23'4 N., 81°20° 5 W.). 7 1.52] 4.82 2.15| 7.60 0.317)
17 1. 66! 5.02 1.96{ 7.40 0.8
26 L62] 4. 42 1.62 7.00] 0.70
H 71 0.1 mile northward of highway bridge, | Dec. 14, 1833-Jan. 3 3 1 6.22
Clapbosrd Creek (0°2'4 N, 81°30°.6 | 25, 1934, 1.3 1% 8.5 W TR
W.). ...do.... 10,12 1.03] 6.62 1.18| &6.80 11.20
H 8 | Midchannel between Coonm Polnt and | Feb. 12-15,1034...| 3 | Pole_.... 3 90,
Long Island (30°24'.2 N., 81°31".7 W.). ! Meter | 3t 0ol 5% 09 73 0
.do_._.. 1 0.94) 5.62 0.70| 6.80[ 0.69
H 9| 0.3 mile N, §7° E. of New Berlin church | Feb. 6-9, 1034..... 3 | Pole..... 7 0. 1.97 5.62 2.38
(30°24".2 N., 81°32°.9 W.). Moter...| 7 0. 195 542 238 700 50
_..do_____ 17 0. 1.89| 6.02 1.671 6.40] 172
.do. . 27 0. 126 6.42 0.81 600 160
H 10 | 0.6 mile N.63° E. o{eastend of Crab Island | Dec. 14, 1933-Jan. 3 | Pole..... 2U) —-2.72| —0.72 284 0.56) 4.82
(30°23".7 N., 81°34°.6 W.). 4, 1034, Metero| 1| —272 —0.92-_.o.. 0.5 492 1al i 0k
-..do_____ 56 -2.721 —0.32'..__... 0.44 5. 42 L4 7.00l 0.82
H 11 { 0.2 mile N. 76° E. of east end of Pauline | Dec. 14-16,1033...] 2 | Pole..... 3% 5.80| —2.92 119] 0.68; 6.82] —=5.901, —3.31 308/ 0.49( 5.60] 10.16
Island (30°22’.5 N., 81°34’.3 W.). Mgtel‘_._ 3 5901 —2.92|__ ... 0.66f 6.72| —5.91] —3.11i.._._.. 0.58 5.70| 10.24
eeadoooo 12 [C) T PR FUIPIs NP PO SPUINIINT PRI JROSOIRS SPRRpRY PRI P,
T 12 | 0.3 mile N. 81° W. of west end of Crab | Dec. 11-14,1933.__] 3 | Pole____. 2% —1.32; 0.9 5.02f —2.41 1.49 120 0.43; 7.40 2.10
Island (30°23’.5 N., 81°35'.8 W.). Meter... 2 -1.52] 0.70 5.52| —2.11 1.58|aceeae 0.54 6.90 2.10
-..do._... & —~1.42 0.70 5.82] —1.71 1.88f oo - 0.48; 6.60 230
H 13 | 0.7 mile N. 15° W. of west end of Crab |..... (o [« SN 3 | Pole..... 3K —1.72 0.70 5.52f —2.311 0.69 96| 0.76] 6.0 1.77
Island (30°24’.1 N., 81°36’.6 W.). Meter. .. 2 | —1.62] 0.60 5.42| —2.31}  0.88f__..__. 0.85| 7.00 1.82
—.do..... 7 —1.72] 0.50 5.42| —2.41 0.98|....... 0.64 7.00 1.7
H 14 | Midchannel between Drummond Point | Jan. 24-26; 29-30, 3 | Pole..... 7 | —-1.32 122 5,72 -1.71} 1.09 1.77) 6.70) 225
and Reddie Point (30°24’.2 N., 81°36’.5 1934. Meter._._ 8 —1.42 1.00 582 —1.71 1L19 1.78] 6.60 2.20
w.). ...do____. 15 —1.42 1.10|. 5.82| —1.71 1.19 1.57 6.60 2.22
_-.do__... 24 ~1.42 1.10 5.92] —1.61 1.49 1.30; 6.50 2.32
H 15 | 0.3 mile east of Phoenix Park tank (30°22’ 9| Jan. 10-13,1934....1 3 | Pole.._.. 7 | -0.920 2 8.12] —0.91] 1.89 1.4] 630, 3.02
N., 81°37'.8 W.). Meter... 6 -L12] 2 6.32[ —0.91 1.89 0.98( & 10 2.90
_..do____. 15 —122 2 6.42[ —0.91 2.19 1.16] 6.00 2.87
-..do..__. 24 —-1.22] 2 8.62) —0.71} 2.39 0.40{ 5.80] 3.12
H 16 | 0.2 mile N. 66° E. of U. 8. Engineers dock, | Dec. 18-21, 1933__. 3 | Pole.._._ 7 {—0.92] 190 5.22| —1.81 1.79 0.92 7.20] 267
Long Branch (30°21’.5 N, 81°37.1 W.). Meter. .. 4 —0.82 1. 80| 5.02( —-1.81 1. 49 1.00{ 7.40 2.60
...do.__.. 10 —0.92 1. 90| 5.221 —1.81 1. 59 0.93| 7.20f 262
-.do._... 16 —1.02 1. 90| 5.22{ —1.91 2.19 0.831 7.20 2.72
H 17 | 0.3 mile N. 83° E. of U. 8. Engineers dock, f--.. Ui [ SO, 3 7 | —0.62] 200 5.12| —1.611 1.39 1.2 7.30] 2.72
Long Branch (30°21’.4 N, 81°37°.0 W.). 7 -0.62 2.00 5.02[ —-1.71 1. 49 1.01 7.40 272
16 —0.72 1. 80| 5.32} —1.51 2,09 0.97| 7.10} 285
29 —-1.02 170 5721 —1.41 2.49 0.77| 6.70; 287
H 18 | 0.4 mile N.82° E. of U. 8. Engineers dock, {..... [+ [+ S, 3 63§] —0.52] 1.60] 5.02| —1.61f 0.79 1.04) 7.40] 2.50
Loog Branch (30°21°.56 N, 81°36'.8 W.) 65 | —0.62] 1.50 5,02 —1.71] 0.89 0.93] 7.40] 2.45
13 -0.62 1.80 5.32( —1.41 0. 69 0.8l 7.1 2.56
20 | —0.62{ 2 00 5,32 —1.41] 0.8 0.64 7.10] 2.65
H19 | 0.5 mile 8. 83° W. of Empire Point | Jan.15-18,1834 __.| 3 | Pole...._ 7 | —0.42) 2.50 5.82[ —0.61] 1.99 0.85 6.60 3.30
(30°19’.0 N, 81°37°.6 W.). Meter_._ 8 | —0.52] 270 8.12} —0.61] 2.29 0.82] 6.30] 3.42
---do.._._ 20 —~0.52 2. 50| 6.221 —0.41 2.89 0.79] 6.20 3.55
e-do...__ 32 —0.62} 2.70 6.22{ —0.51 3.09 0.59) 6.20, 3.60
H 20 | Midchannel, off Clydesteamship w es,; Dec. 26-29,19334..| 3 | Pole._.._ 84| —1.121 2.00 6.42| —0.81| 2.09 1.82, 6.00] 2.97
Jacksonvllle (30°19".3 N., 81°39’2W) Meter.._ 6 | —1.22 2.00 6.22f —-1.11| 2.39 1.35] 6.20f 295
..-do_____ 15 —-1.22 1.80 6.22) —1.11 229 1.85| 6.20, 2.90
N 1 S 24 | —-122f 1.50 6.2 —1.11] 2.59 L4 62 287
H 21 | Center of draw, Florida East Coast Ry. |..._. do.b_ el 3 | Pole_.... 7 {—-1.22] 230 6.52 —0.81] 2.29 1.58; 5.00( 3.07
bridge, Jacksonville (30°19'.3 N o Meter___ 6 | —1.22p 230 6. 52| —0.81 2.39 1.3 5.90{ 3.10
81°3¢°.9 W.). sdoo..l 15 | —-1.22( 200 6.42| —0.91] 2.39 1.30| 6.00] 3.00
sdo..__ 2% ' -122 22 6.42 —0.01] 219l 105l 600 3.00
8ee footnotes at end of table.
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TaBLE 1.—Current Data, St. Johns River—Continned

Observstions Flood strength Ebb strength M
Station : Flood Ebb | %80
10, Observer, location, and year Po. Slack True | +, dtlilm Slack Troo | durs- 5;1;;
Date Method |Depth Time | diree- |, "¢ on Time | diree- |, & | tion | p
riod tion | locity tion | locity our
Hours | Hours
after | after
E. F. HICKS, 1933-34—Continued > h!ilah h!ilgh
. . X . ays Feet | water | water | Degrees| Knols | IHos
H22 |02 mile S. 60° E. of Winter Poiot | Dec. 26-29,1033¢..| 3 Al It B ¥ i i Houre | Hours
(30°18".5 N, 81°40/.5 W..). 6 | -122 1.30| 7.42 500 335
14 —112 1.08] 7.32 5.10{ 3.32
22 | —-1.12 0.84} 17.52 4.90| 3.67
H 23 | 0.7 mile 8. 31° E. of Orangse Park landing | Jan. 31, Feb. 2, 14- 4 6 0.10 . 0.63] 6.1
(30°09'.3 N., 81°41°.1 W ). 16,1034, 6 | 020 260 5.5 500 ool T i
15 0.20] 2.50 0.65| 5.00 0. 7.42] 3.83
24 | —0.22[ 250 0.53| b5.42 0. 7.00] 3.40
H 24 | Center of draw, highway bridge, Old | Jan. 20-31,1934¢_.| 2 6 | —0.32| 2.90 0.89| 7.42] 0.99 NWwW
Field Point (20°59'.1 N., 81°37.8 W.). ! 4 | ~022| 290 080 74| 100 2omlon 4 ol tol 12
14 -0.22} 2.90 0.82] 7.52f 1.18] 3.09|.-.._-. 0.44] 4.90] 4.17
H25 |08 mile 8. 83° W, of Tocol wharf | Jan. 31, Feb. 2, 2 3% 2.50] 4.70 161 0.31 4 0. 69, 350
(20°50/.7 N., 81°34'.5 W.). 1934, 3 ® 4.40( ... 01|+ ) it I R I I
12 | LT 0.50{---__. 1O T ISR I 0.42f . |
H2 |03 l}li]e N. 85° IIE of Verdiere Point (20° | Feb. 7-9, 1934.___. 2 31| 2,90, 4.80 209 0.30f 5.20 1. 0.30] 7.22] 6.25
43'.2N., 81°34'.2 W.). 3 2.70] 4.90|-cc-a-- 0.24( 56.00 1. 0.32| 7.42| 6.10
10 2,60 5.00{--~--.- 0.30 6.30 1. 0.35] 7.12] 6.10
H 27 | Center of draw, highway bridge, Palatka | Feb. 5-7,1034_._.. 2 6 3.80 6.40] SW. 0.33] 6.00] 3. 0.32| 6.42[ 17.78
(20°35".8 N.81°87°.5 W.). 4| 400 640 ... 0.37] 6.00] 3 0.35| 6.42| 7.81
14 3.80] 6.60].cc-n-- 0.35 6.30f 3. 0.35 6.12] 7.86
H 28 | Midstream, west of Smith’s landing (29° | Feb. 8-10, 1934¢__.| 2 6 4, X 148] .
32 N 81541 W) 1 g ¢ (‘)50 8.30 0.60] 7.70] 6. 0.27] 4.72| 9.13
15[ ©
H 29 | 0.2 mile east of Black Point (20°24’ N., | Feb. 12-14,1934...| 2 6 . 4
81°30’ W.).7 ’ 3” §) 0
12 E')
H 30 [ 0.5 mile S. 66° W. of Empire Point | Feb. 20-23,1934...| 3 ] Polo_.... 6 | —0.42] 1.90 230 0.69] 4.62] —1.81] 1.68 68 1.33| 7. §0 2.75
(30°18’.9 N, 81°37.5 W.). Meier___ 4 -0.52 1.40[. ... 0.56] 4.72] —1.91 1,99 _.____ 1.00f 7.70] 2.67
.-do___.. 11 —0.42] 210{_...--- 0.73] 5.02 —1.51 1.89f. ... 1.24 7.40 2.95
...do____. 18 | —0.62] 2.10/_...... 0.76] 5.42] —1.31 159 .. . 1.15] 7.00] 2.87
M 31 | 1.1 miles S. 16° E. of U. S. Engineers dock, | Feb. 26-27, 1934._. 1 | Pole.__.. 7 —0.92) 2.00 187 1.05| 6.32[ ~0.71 1.99 26f 1.40[ 6. _]_0 3.02
Long Branch (30°20'.4 N, 81°37°.0 W.). Meter. .. 6 —~0.72} 2.10j.__.-.. 110 5720 —L11 1.69) ... 1.30] 6.70 2.92
..-do_____ 15 —-0.62| 2.30{._..._. 1.04 5.62f —1.11 2,20 1.19] 6.80] 3.15
..-do___._ 24 —0.62] 2.20{._..... 0.87 5.72| —1.01 2.29]_ ... 1.07] 6.7 3.15
H 32 | 0.7 wile S. 60° E. of Phoenix Park tank | Feb. 19, 20, 22, 23, 3 Pole..__ 6 —~0.32| 2.00 1.23 4.62] —-1.81 2.49 337 1.70 7.80] 3.02
(30°22’.6 N., 81°37°.4 W.). 1934. Meter___ 4 —0.11 2.20 1.05 4.32] —1.91 2249 _.___. 1.56] 8.10f 3.10
...do____. 11 -0.42| L70 1.06 4.52| —-2.01 2,691 ... 157 7.90] 2.92
..-do_.___ 18 —0.72| 1.50 0.83; 5.12] —1.7Y 2.39].___.__. 0.86] 7.30; 2.80
H 33 | 0.3 mile N. 23° W. of Shipyard Creek | Feb. 1517, 19-20, 3 Pole.__. 7 —262| 0.10 1. 54 K02 —-3.71| —0.61 161} 2.09] 7.40f 0.72
mouth (30°23'.6 N., 81°30".4 W.). 1934. Meter___ 6 0. 10 1.52| 4.72| —3.81} —0.61]..._.__ 2120 7.7 0.75
..do__._. 15 . 1.53 502 —3.71] —0.61f_..____ 1.62| 7.40f 0.62
...do_____ 4 1.44 5.32| -3.61] —0.43}...__.. 1,190 7.10] 0.69
H 34 | 0.3 mile S, 85° W. of draw, Sisters Creek | Feb.19-22,1934.._..] 3 | Pole._.__ 634! —2.62] —0.52 202} 5.22 2.82 7.20{ 0.689
Bridge (30°23’'.4 N., 81°28°.1 \V.). Meter.._ 7 —2.62] —0.92 1.98] 5.32 2. 62 7.10] 0.69
...do_____ 17 —2.82[ —0.72 1.87| 5.62 2.17 6.80] 0.74
...do..._. 26 —3.02; —0.32 1.62] 6.72 1.59| 6.70| 0.84
H 35 | Center of draw, Sisters Creek Bridge | Feb.20-23,1934....] 3 | Pole.._._ 31| —6.52} —3.82 1.58] 6.10 1.61] 6.32 9.73
(30°23'.4 N., 81°27°.7 W.). Meter... 3 —6.62] —3.92 1.45] 6.40 1.48] 6.02] 9.78
...do_____ 10 —6.62| —4.12 1.22; 6.30 1.221 6.12 9.68
1 Number of slack waters divided by 4. Stations El to E10 only. X § At meter depths, slacksand strengths are indefinite. A verage observed velocity about
1 Times probably determined by watching movements of water surface or of floatin g 1 knot. . 5
objects. 7 Latitude and longitude approximate.

3 Times of slacks and strengths indefinite; velocity generally less than % knot.
¢ Northerly winds. 5 .
s Current weak and times of slack and ebb strength for the meter depths indefinite.

$ At meter depths, siacks and strengths are indefinite. A verage observed velocity about

14 knot.

For reference to above table, see p. 20.
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30 U. S. COAST AND GEODETIC SURVEY

TasLE 2.—Current Harmonic Constants, Between Jetties, St. Johns

River Entrance

[Jan. 5-19, 1934, 15 days]

Velocity Epoch Velocity Epoch
Constituent Constituent
" Local Green- " Local Green-
) wich ) wich

Degrees | Degrees Knots Degrees | Degrees
93 174 0.044 29 320
209 12 0.404 188 351
95 61 0.174 111 192
185 314 0.333 232 34

Epochs apply to the westward strengths of the several constituents.

The local epochs refer to the local meridian, Greenwich epochs to the Greenwich meridian.

For reference to ahove table, see p. 21.



Part II.—SAVANNAH RIVER

INTRODUCTION

The Savannah River for its entire length of several hundred miles
forms the boundary between the States of South Carolina and Georgia.
It flows in a southeastward direction and in about latitude 32° N.
empties into the Atlantic Ocean through Tybee Roads, an area of
relatively deep water surrounded by shoals. The river is navigable
for small craft for a distance of more than 200 miles, and for vessels
of 25400t draft for about 20 nautical miles from its mouth. The
city of Savannah, one of our important South Atlantic ports, is about
15 miles above the river entrance, and a dredged channel having a
least depth of 28 feet at mean low water and a width of 400 to 500
feet leads from the sea to its wharves. The south jetty at the entrance
together with Cockspur Island, Long Island, Bird Island, and Elba
Island form a continuous barrier about 10 miles long which separates
the portion of the river known as South Channel from the main channel
which lies north of the barrier. Fields Cut and Wilmington River,
which connect with the Savannah River on the north and south
respectivly, are passageways to the intercommunicating rivers and
sounds that lie within the South Carolina and Georgia coastline. The
first two waterways just mentioned together with that portion of
the Savannah River between their points of entrance form parts of
the Intracoastal Waterway. .

The water area covered in this discussion includes only the lower
part of the Savannah River for a distance of about 25 nautical miles
from its mouth, the approach to the river through Tybee Roads, and
the nearby connecting inland waterways to the northward and
southward.

The average rise and fall of the tide at the mouth of the river is
6.8 feet; in the vicinity of Savannah, it is 7.4 feet; at the Atlantic
Coast Line Railway bridge, about 11 miles above Savannah,itis 6.2 feet;
and 20 miles above Savannah, it is said to be less than 1 foot. This
rise and fall is accompanied by tidal currents which in the channel
between the sea and the Atlantic Coast Line bridge have average
velocities at strength of from 1 to 3 knots. In Tybee Roads the
average velocity at strength is between 1 and 2 knots; in the river
from the entrance to Savannah it is between 2 and 3 knots, and from
Savannah to the Atlantic Coast Line bridge it is generally between
1 and 2 knots, except at the Seaboard Railway bridge, where it is 3
knots. In the nearby connecting inland waterways the tidal current
velocity is generally between 1 and 2 knots, except in the entrance to
Calibogue Sound, where it is nearly 2% knots.

The velocities mentioned above are those of the periodic flood and
ebb which accompany the rise and fall of the tide. Combined with
the tidal current velocities are those of nonperiodic currents which
vary from time to time with changes in precipitation and in the ve-

31



32 U. S. COAST AND GEODETIC SURVEY

locity and direction of the wind. The drainage currents, of course,
flow toward the sea and thus decrease the flood velocity and increase
that of the ebb, whereas currents due to wind may set in either a
flood or an ebb direction, modifying the flow accordingly. In most
of the area under consideration the tidal flow predominates, its velocity
being of sufficient magnitude to overcome the usual drainage and
weather effects. At the Atlantic Coast Line Railway bridge across the
Savannah River, however, and presumably at times below this point,
it appears that the drainage current is of sufficient velocity to produce
a continuous down-stream flow, the strengths of flood and ebb of the
tidal current producing minimum and maximum velocities of this
flow. In all parts of the area the velocities, as well as the times and
directions of the tidal flow, are, of course, subject to the modifying
influences of nontidal movements.

Daily predictions of the times and velocities of the current in the
channel between the jetties at the entrance to the Savannah River
are given in the annual Current Tables for the Atlantic Coast of North
America.

OBSERVATIONS

Current observations at numerous locations in the Savannah River
were secured by United States Coast and Geodetic Survey field parties
during the years 1852 and 1874. As extensive physiographic changes
have taken place in the area since these early observations were made,
the results are not applicable to present conditions and they are,
therefore, omitted from this publication.

At various times investigations of the currents in the Savannah
River have been made by the United States Army Engineers in con-
nection with improvement projects. Of these, only the results of
observations taken in 1930 are included in this discussion. They
comprise results from one-half day of observations at 3 depths at each
of 5 stations in each of 8 cross-sections of the river, a total of 40 cur-
rent stations. Published results of an earlier investigation are con-
tained in the Annual Report of the Chief of Engineers, United States
Army, part 2, 1890, page 1273 et seq.

In 1927, 2 days of current observations were secured in the channel
between the jetties at the Savannah River entrance by a Coast and
Geodetic Survey hydrographic party in charge of R. L. Schoppe. In
April, May, and June 1934, a current survey party in charge of E. F.
Hicks occupied 35 current stations in the river and vicinity. At each
station observations were taken at the surface and at several sub-
surface depths, the usual length of series at each station being 3 days.
A continuous series of observations covering a period of 16 days was
secured at a location between the jetties at the entrance.

It is upon the results derived from the last-mentioned survey that
the present discussion is chiefly based.

METHOD OF OBSERVING

In the 1934 current survey of the Savannah River, as in similar
recent surveys conducted by the Coast and Geodetic Survey, the
current pole and the Price current meter were used in making the
measurements. These devices and their use are described on page 17
of this volume. The observations of Schoppe in 1927 were made
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by pole only, and those of the Army Engineers in 1930 by current
meter only.

METHODS OF REDUCING THE OBSERVATIONS

The method of reduction used for the current stations in the
Savannah River was the same as that described on page 18, part I,
for current station no. 1 in the St. Johns River, except that tides at
Tybee Light instead of those at Mayport were used as a reference.

Two of the 1934 current stations, one in the entrance to Fields Cut
and the other in the entrance to Wilmington River, show a departure
from the usual reversing current in that the velocity in the flood
direction increases to a maximum, decreases to & minimum, and then
increases to a second maximum during each flood period of about 6
hours. Tabulations and reductions for these stations were made in
the usual manner, except that the flood was divided into three phases
designated first strength of flood, minimum flood, and second strength
of flood. The times, directions, and velocities of each of these phases
were subjected to the processes usually employed in reducing normal
flood or ebb strengths.

The 16-day series of current observations taken between the
jetties was reduced by harmonic analysis and comparison with Tybee
Light tides as described on page 19, part I, for a similar series in the
St. Johns River.

PRESENTATION OF THE RESULTS

DESIGNATION AND LOCATION OF STATIONS

Each current station occupied by the Coast and Geodetic Survey
in the Savannah River area, for which results are included in this
volume, has been given a designation which consists of two parts:
First, a letter signifying the chief of the party that occupied the station
and second, the number which was originally assigned to the particular
station of that party. The letter H forms the first part of the designa-
tion of each station occupied by E. F. Hicks in 1934, and the letter S,
that of the station occupied by R. L. Schoppe in 1927. The locations
of the stations are indicated in figure 37 by red circles together with the
station designations. The positions of the cross-sections in which
observations were taken by the Army Engineers in 1930 are shown
by red dashed lines accompanied by the numbers originally assigned
to the sections by the engineers. The positions and numbers of the
stations in the cross sections are not shown in the figure. In the
results given in table 3 they are numbered from 1 to 5 in each cross
section, the numbers running consecutively from north to south.

EXPLANATION OF THE TABULAR DATA

Tables 3 and 4 contain the results derived from current observations
in the Savannah River and vicinity. The explanation given on.
page 20 for table 1, part I, of this volume applies to these two tables,
except that for a reference Tybee Light instead of Mayport tides are
used and the slack before flood is referred to low water instead of high
water and the slack before ebb to high instead of low water. By this
arrangement the time of each current phase, for the area as a whole,
is referred to the nearest tide phase. Because of characteristic
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irregularities in the currents at stations H 9 and H 32, additional
current phases are given in table 4.

The harmonic constants derived from the 16-day series of observa-
tions at station H 4 between the jetties are given in table 5. The
explanation of the constants from a similar series in the St. Johns
River given on page 21, part I, applies to these constants.

The daily predictions of the current in Savannah River entrance
given in the Atlantic Coast Current Tables are based upon these

harmonic constants.
OBSERVED CURRENT CURVES

In figures 38 and 39 are reproduced a number of velocity curves
plotted directly from pole observations taken in 1934. The explana-
tion and general remarks for similar curves for stations in the St. Johns
River given on page 21 apply to these curves.

The curves for stations H 32 and H 9 in figure 38 are of particular
interest in that they show very marked departures from the usual

Knots

o

o

F1GURE 38.—Observed velocity curves, Savannah River and vicinity.

flood and ebb conditions typified by the curves for stations H 16 and
H 28. Station H 32 is just inside the north entrance to the Wilming-
ton River, which branches off from the Savannah River about 3 miles
below the city of Savannah and flows into Wassaw Sound. The pe-
culiar shape of the current curve at this station probably results from
the fact that at this station the movement of the water 1s affected by
the tidal currents in both streams. The excess of the ebb flow over
that of the flood indicates that there is a considerable discharge of
water from the Savannah River through the Wilmington River.
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Station H 9 is at the south end of Fields Cut, which connects the
Savannah River with Wright River. At this station also the currents
are affected by the tidal movement in two different rivers, a fact which
undoubtedly contributes to the irregularity of the current curve. Here
also there is an excess in the ebb flow signifying some discharge of the
waters of the Savannah River through Fields Cut into Wright River.

] 2 4 6 8 10 12 14 16 18

i | | ] { f | ] |

a— Hours

-

May 2, 1934

F1GURE 39.—Observed velocity curves, Savannah River.

The upper group of curves in figure 39 shows velocities measured
onMay 2, 1934, at stations H 4 and H 5 near the mouth of the Savan-
nah River and at station H 24 at the Atlantic Coast Line bridge.
The curves for stations H 4 and H 5 indicate that the current is some-
what later and the velocities generally larger at station H 5 than at
station H 4. Comparing the curves for stations H 4 and H 24 it is
seen that the strengths of ebb at the Atlantic Coast Line bridge occur
approximately 4 hours later than those between the jetties. The
minimum ebb velocities, however, which correspond to flood strengths
of the tidal current occur only about 2 hours later at the bridge than
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between the jetties. It appears from these values that the strength
of flood advances up the river at a rate greater than the rate of advance
of the strength of ebb. This difference in the rates of advance of the
two strengths is accompanied by an alteration in the shape of the
current curve, the change from flood strength to ebb strength being
more gradual and that from ebb strength to flood strength more rapid
at the Atlantic Coast Line bridge than in the lower part of the river.
An examination of the curves for stations H 4 and H 24, figure 39,
shows a resultant seaward flow of about one-half knot at station H 4
and about 1 knot at station H 24. As the average nontidal current
from 16 days of observations at station H 4 was also one-half knot, it
may be inferred that on May 2, 1934, conditions of stream flow were
near average and that the three curves for that date reflect the usual
drainage flow at the three stations.

The lower group of curves in figure 39 is plotted from simultaneous
pole observations at stations H 6, H 7, and H 8 located in a section of
the river between Long Island and Jones Island. Station H 7 is in
the dredged channel with stations H 6 and H 8 to the southward and
northward respectively, each outside the dredged area. The curves
show that the current is very nearly the same in time and velocity
at each of the three locations. The most noticeable differences appear
during the ebb portion of the cycle when there seems to be a decided
tendency for the current to run near its maximum velocity longer at
the middle station, H 7, than at the other two stations. At station H6
the period during which the current is near its maximum ebb velocity
is particularly short and the ebb maximum occurs definitely earlier
than at the other stations.

Most of the features brought out by the plottings of figures 38 and
39 are shown in the average results of tables 3 and 4. They are, how-
ever, more easily seen in the graphic form and it is believed that a
brief study of the illustrations will aid in interpreting quickly the
tabular results for these and other current stations.

TIME RELATION OF CURRENT TO TIDE

Figure 40 shows the times of the slacks and strengths of current in
the channel of the Savannah River in their relation to each other and
to the local high and low waters. The curves for the several current
phases were drawn through points plotted from observations at a
number of current stations in or near the channel from Tybee Roads
to the Atlantic Coast Line Ry. bridge. The curves representing the
times of high and low waters were similarly drawn through points
plotted from the results of tide observations. The plotted times of
both tide and current are reckoned from the moon’s transit of the
meridian of Greenwich. The scale along the top of the illustration
represents nautical miles measured along the channel from the posi-
tion of current station H'1 in the entrance to Tybee Roads. Below
this scale are given the names of a number of points along the river.

The curves show that, in general, all the phases of the tide and
current movements in the Savannah River become later as the dis-
tance from the sea increases. However, as pointed out for the flood
and ebb strengths in the preceding section, the different phases of
tide and current advance up the river at different rates with attend-
ant changes in the character of the movements.
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The strength of ebb of the current requires about 2 hours longer
than does the strength of flood to progress from the jetties to the
Atlantic Coast Line Ry. bridge and the low water of the tide requires
1.2 hours longer than does the high water to travel the same distance.

Considering the portion of the river between the jetties and Port
Wentworth where the observational time curves for the various
phases of tide and current are complete, it is seen that the slack before
flood generally occurs between 1 and 2 hours after local low water,
and the slack before ebb, between one-half and 1% hours after local
high water. The strengths of flood and ebb, in general, occur between
3% and 4} hours after local low and high waters, respectively.

Above Port Wentworth the times of slack water are greatly modi-
fied by the drainage flow of the river, which gradually overcomes the
flood current. In advancing up the river a place will be reached
where the drainage flow equals or exceeds the flood velocity of the
tidal current, and above this point the current will run continuously
ebb with velocity varying as the current floods and ebbs in the lower
portion of the river. The point where the current ceases to flood is
not fixed but shifts with changes in river discharge and variations in

tidal current conditions.
CURRENT CHARTS

The observed direction and velocity of the current at a number of
locations in the Savannah River and nearby connecting waterways for
each hour from 2 hours before to 3 hours after high and low waters at
Tybee Light, Ga., are represented in figures 41 to 52. The observa-
tions used in preparing the charts were taken in April, May, and June
1934. They were all taken with a current pole within 14 feet of the
surface. The locations at which the observations were taken are
marked by small circles. The observed directions of flow for the
designated hour of the tide are represented by arrows drawn through
the circles. The mean velocities 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 at times of neap tides and apogean tides less than those given on
the charts. In this locality the spring and perigean effects are prac-
tically equal, each producing a velocity increase above the mean of
about 18 percent. When 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
and freshet conditions at times modify both the direction and the
velocity of the current.

Daily predictions of the high and low waters at Tybee Light are
included in the annual Tide Tables for the Atlantic Ocean, published
by the Coast and Geodetic Survey.



TasLe 8.—Current Data, Savannah River and Vicinity

[Referred to times of high water and low water at T'ybee Light, Ga.]

Observations Flood strength Ebb strength
i : Flood Ebp | Mean
St::)xon Observer, location, and year P Slack True | dli,m_ Slack True dura- 1?::1;;
: e- : © e- tion Ve- tion
Date riod Metbod [Depth Time dtxi?: locity Time dtiix;;:g- locity hour
H;)turs I-I%ura H};lun Hours
after afier after after
R. L. SCHOPPE, 1927 oy | o aer | Y
o o Days Feet | water | water | Degrees| Knols | Hours| water | water | Degrees| Knots | Hours | Flours
S1 ngglsgei ‘getween jetties (32°02".1 N., | Oct. 24-26.__.. . 2 | Pole..... 7%| 1.45) —2.55| 266] 1.65 6.03| 1.38] —1.78 68| 2200 6.39] 1080
U. S. ENGINEERS, 1930
Section 144, between Elba Island and
Barnwell Island, no. £ ¢
~
144-1 | 32°05'.8 N, 81°01°.1 W.___________._______ Aug. 2. ... 14 2.05| —1.40iSW'd | 1.26] 585 1.80] ~1.80|NE’d | 1.14] 6.57] 11.42
% 1.80| —1.40|SW'd | 1.33| 6.20| 1.90] ~1.70|NE'd | o0.911 6.22] 1141
% 1.75| —1.40|SW'd | 1.12| 6.05( 1.70] —1.90|NE’d | o0.70] 6.370 11.30
144-2 | 32°05’.8 N., 81°01.0 W.___________.._____[..._. A0 e 14| 2.15| —1.20[sw'd | 1.89] 585 190 ~2.20(NE'd | 1.65 6.57 11.42
i 1.95| —1.40lsw’d | 1.70| 6.15 =200 —1.70|NE'd | 111| 6.27| 11.48
¥ 1.75¢ —1.50|SW'd | 1.50| 6.35] 2.00] —2.10{NE’d | o0.85| 6.07| 11.30
144-3 | 32°05 8 N.,81°01.0 W__________._____.___|...__ QOummeece Y 2.20| —1.00[SW’d | 1.65 68| 1900 ~210|NE'd | 278 6.62 1151
14 1.90| —1.20{SW'd | 1.550 6.20| 2.00{ —2.20|NE'd | 1.7 6.22| 11390
3% 1.55) —1.70|SW'd | 1.20| 6.25| 1.70] —1.40{NEd | 1.14| 6.17] 11.30
1444 | 32°05 8 N, 81°0V.0W___._______________{.__ . A0ceemeeoe . 1% 2.25| —1.30|SW’ 1.20] 545 1.60| —1.90|NE'd | 2.86 6.97] 11.42
%) 2.10{ —1.80]SW'd | 1.18 5.8 1.80| —2.00|NE’d | 2.25| 6.62[ 11.20
1% 185 —1.20Sw'd | 1.01] 655 230 —1.0O[NE'd | 1.60] 5.87 11.75
144-5 | 32°05".8 N., 81°00°.0 W____.___.__________[._.__ A0mmeee e 14 2.15| =3.20[SW’d | 1.12] 4.05 0.10] —1.00[NE’d | 231 8.37 10.55
14 2.05| ~2.50|SW'd | 0.8 5.35 1.30] ~1.80|NE'd | 2.04] 707 11.02
Section 150, between Eiba Island and % 1.90| —1.70|SW'd | o0.59| 5.8 1.60{ —1.00{NE'd | 2.01| 6.62| 11.46
on y en sia an
South Carolina shore ¢
150-1 | 32°06".0 N., 81°00’.0 W_________.__________ Sept. 3o . I o 1.70; —1.80{NW’d| 239 5.35 0.95 —2.10/SE’d 2.80| 7.07] 10.95
b ™ 1.30| —2.00 NW’d| 2.06] 6.15 1.35 —1.90'SE’d 2.06) 6.27) 10.95
|
3 ®) 0.60! —3.40/Nw'd! 1.651 7.000 1.50/ —2.20'SE’d 123  5.42' 10.30
, t 1.80] —1.30|NW’'d| 2.88| 5.8 1.50] ~2. 10]SE'd 2.88| 6.62] 11.24
150-2 | 32060 N, 81°00°0 Wooooooomoeioc oo 0-cmeieee ﬁ 8 140, —230|Nw'd| 2o04| 625 155 —z00/SE'a | 1oz 617 1082
1 ® 1.00| —L.6OINW’d| 0.79| 6.70| 1.60| —2 60[SE’d 0.61] 572] 10.88
‘ON Y| do..... 1 1.80| —1.50|NW’d| 295 5700 1.40] —1.70|SE’d 2.89| 6.72 1.2
160-3 | 32°05°9 N, 19000 Wowoooooovoioceef oo S ﬁ '::38 _____ 8 1.40| —1.90|NW'd| 233 6.15 145 —~1L10(SE'd [ 203 6.27] 11.22
14 _do..... ® 1.30] —2.30{NW'd| 1.70| 6.40/ 1.60| —0.50|SE'd 1.17) 6.02f 11.29
005’ 9 N ‘oW Ye|...do..... 1 1.80| ~1.00|NW’d} 3.05| 540 1.10/ —2 20[SE'd 2.63| 7.02| 11.19
1604 | 32°05"9 Noy 819000 Woooooooooeceoec oo d0-smoooeas Yo S TR CIMNwEl % 2 T T3ae SEd | 230 69 1100
[Z{ I ® 1.70) —2.30|NW'd| 1.61] 560 1.20] —2.20[SE'd 1.85) 6.82] 10.86
‘9N g 1 40| —0.60|NW'd| 2.72] 5.70] 1.00] —2.90|SE’d 2.30| 6.72| 10.99
150-5 | 32°05" 9 N, BL00° 1 Woooooieiimicecc e d0-oeeooeo {g---90-— Q| rovoNwdl 23 osal 1% 3% SEd | L8| 65 107
14l do_.... ® 1.30( —1.90|NW'd| 1.92{ 6.05 1.25 —2.70|SE'd 1.62| 6.37 10.75
Section 160, betwween Elba Island and South
Caroling shore 4
. I B¢ 1.50) ~LGO|NW'd| 202 5.65] 1.05 —3.20{SE’d 2.50| 6.77] 10.70
160-1 § 32048 N., 80°38'8 W.ooooooeoeoeooooe Sept. 19...--...... BGe Q| L ChoNwdl o S%l ool 3% SE'd | 168 672 10,84
%) do..-..| @ 1.30| —240[NW'd| 1.57] 5.85| 105 —2.00|SE'd 1.2t 6.57] 10.75
v 1 (300 —2.70|NW'd] 2 5.80] 1.00| —2.80[SE’Q 2.73| 6.62[ 10.46
160-2 | 32°04".7 N, 80589 W__ ..o 4o cooennen ig --:gg:: ((,g }gg 2 olNW'd 2?2 5.85 125 —2.20[SE'd 1.97] 6.57| 10.75
% @® 1.40 —2-40|NW’'d| 1.80 6.05 135 —1.50|SE’'d 1.44| 6.37] 10.98
‘9 W 1 —2.80|NW'd| 214[ 520 1.00 —2 60/SE'd 2.62| 7.2 10.64
160-8 | 32°04.7 N., 8073878 Wooovuoomiiiimnc e R ¥ Q] e ERNwal Tl &%l 1%l Thw SEd | 203 632 10.79
14 ® 1.40| —2.50{NW’d| 1.57| 6.25| 155 —1.40[SE'd 121} 6.17] 11.02
1 00| —2.30|NW'd| 214 5.40[ 1.20{ —2.30|SE'd 3.03] 7.02[ 10.80
160-¢ | 32°04'.6 N, 80758".8 Wo.ocoocmoeeee oo foeeoe do-ocoinene ﬁ j:dg:::: 8 }?.8 —2 10INW’d| 227 5.90] 1.40] —1.60 SE:d 1.79| 6.52] 11.09
% do....| O 1.40| —1.70|NW’d| 1.69| 6.25] 1.55 0.00{SE'd 0.86| 6.17] 11.58
1 .80] —2.40|NW’d| 1.5€¢| 5.50 1.20{ —210{SE’d 2.39( 6.92] 10.89
160-5 | 32°047.6 N., 80°88".8 W.--ooovomvoimmnmconnfoones R Q "‘ggj:j: E:) }?8 _238 Nw’dy 1.80] 570 1.30] —1.80[SE’d 1.80] 6.72 10.86
Ya|-—-do-.__ 0; 1.50| ~260|NW’d| 1.40] 6.20| 1.60] —1.90/SE’d 1.16| 6.22) 10.91
Section 178, between Long Island and
Jones Island ¢
3 1 —~ wid| 240 510 0.60] —1.90|SE’d 3.05| 7.32) 10.64
1731 | 32°08.7 N, 80°56'.7 W___.ocooonio Sept. 17. oo Yodo) B LN CEiNwa| 313 &S00 roo —rrosEd | 18| e 06
34l do..._| @ 0.50| —2.70|NW’d| 1.66] 6.80| 1.20{ —1.50[SE'd 1.25| 5.62] 10.64
, x: t - w'd| 3.32| 5.¢0| 1.10 —1.80|SE'd 3.62| 6.82 1091
173-2 | 32°08".6 N, 80°56.7 W___oooooeoomeooencf oo 0. oo P90 B | LS Ch0Nwa| 33 ees Lo —1oojSEd | 23 s77) 1068
34l _do...-| ©® 0.40] —3.30|NW'd| 1.72{ 7.35| 1.65 —1.9[SE’d 1.19( 507 10.48
1 — w'dl 311l 570 1.10] —1.70|SE’d 3.53| 6.72| 10.94
173-3 | 32°08".6 N., 80°56'.7 W__.ooeoaaameo w0 Hqe O 1 LM aNwd| 726 630 13—z SEd | 244 6.12) 10.68
14l do. .l @) 0.80' —2.40/NW’d} 1,200 6.800 1.50/ —1.80!ISE'd 120 562 10.79
See footnotes at end of table.
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TasLe 3.—Current Data, Savannah River and Vicinity—Continued

Obsarvations Flood strength Ebb strength M
Flood Ebb | ncan
Station Observer, location, and year Slack durs- | Slack dura- | 29I
zo. Pe- : True | v | tion N True | yo. |'tjon | Fent
Date riod Method |Depth Time %ii:)e:- locity Time dtlil;eg locity hour.
U. S. ENGINEERS, 1930—Continued
IHours | Hours Iours | Hours
Section 178, bdween Long Island and after | after after | after
Jones Island—Continued low high high low
Days Feet | water | water | Degrees} Knots | Flours | water | water ) Degrees| Knots | Fours | Hours
173~4 | 32°03'.6 N, 80°56’.8 W___.______.._....__. Sept. 17-weoo... Ll Meter...| (1) 1.50) —2 00 \'wd 3.00| 5.55| 0.95 —2.40] SE'd | 3.12] 6.87 10.77
¥l _do....| 1.30| —2.10|NW*d| 2.04] 5.8 1.05 —2.00] SE'd| 228 6.57] 10.82
Yl _do.._.] (%) 1.20| —2.80|NW’'d| 1.43] 6.00( 1.10{ —1.80 SE'd| 1.55 6.42{ 10.69
173-5 | 32°03’.5 N, 80°56'.9 W ... ... ... - Y Yl..do..__f (V) .30} —0.90|NW’d| 2.47| 5.5 0.70] —3.00| SE’d | 2.53| 6.92( 10.79
Yl _do.__ | 1.30f —1.60|NW’d| 1.64 550 0.70| —2.90} SE’d | 1.64| 6.92[ 10.64
. Yl|-..do.__.[ @ 1.30] —250{NW’d| 1.34] 5.60 0.80] —2.90{ SE'd | 1.28] 6.82 10.44
Section 176, between Long Island and
Jones Island ¢
176-1 | 32°03’.3 N, 80°56".3 W . ___.__.____..._..... Aug. 2. ... [ ._do-.._._ ?) 2.00| —3.00]NW'd] 117] 555 1.45| —1.80| SE'd [ 2.65| 6.87] 10.92
1%{___do..... 1) 1.80] —2.80|NW’d| 1.17[ 5.90] 1.60] —1.70| SE’d | 1.88 6.52( 10.99
%l _.do-.... 3 1.60] —2.70[NW’d| 0.90| 590 1.40 —1.60] SE’d 1.26] 6.52) 10.94
176-2 | 32°03’.3 N, 80°56".4 W_______.. .. |oce.. 1 S Wl__do.-_.| 2,30} —2.60|NW’'d| 155 6540 1.60] ~1.90] SE'd | 255 7.02 1.11
ol __do.....] (@ L70{ —2.30|NW'd| 1.63] 6.10] L70 —1.50 SE'd| 157 6.32 1116
Wl __docool| 120 —2.30{NW'd| 133 660 170/ —1.00| SE'd| 1.10] 5.82 11.16
176-3 | 32°03'.3 N, 80°56'.4 W ... ..o . .f--e. [ O Yt ._do.__.. Q) 2.000 —2.00|NW’d| 1.5 5.65 1.55 —1.50[ SE'd| 255 6.77[ 1128
i _.do.-... Q) 1.80) —2.00|NW’d| 165 605 1.75 —1.50[ SE'd | 1.82 6.37] 11.28
14|...do—-._. ® 1.50| —2.00/]NW’d| 142 6.25 1.65 —0.90( SE’'d [ L18| 6.17] 1132
1764 | 32°03".2 N, 80°56’.5 W _______.._____._____|---.. - O 14|...do--._. ) 2.30| —2.80|NW’d| 1.50] 535 155 —1.40{ SE'd | 250 7.07] 1L18
Bl._.do—.oo| (B 2.30] —2.60|NW’d| 102 545 165 —1.10] SE'd| 1.8 6.97] 11.32
¥|...do-——..| ® 1.90| —2.30|NW’d| 0.84] 555 1.35| —1.10| SE'd | 1.31} 6:87 1L
176-5 | 32°03".2 N, 80°56°.5 W .. __ oo eooofecans 0 1+ SO 1%l . do..... o] 2.30] —2.90|NW'd| 141 490 110{ —2.70| SE'd | 2.01] 7.52] 10.71
4|...do.-.- *) 2.00] —2.80|NW'd{ 098 525 115 —2.80 SE'd 1.45| 7.17] 10.65
3|...do___.. ® 190! —L70|NW'd| 0.67] 535 115 —2,80] SE'd | 1.03| 7.07{ 10.90
Section 183, bdween Island and
Jones Island ¢
183-1 | 32°02’.5 N, 80°55' .4 W__ ... Sept.12.__ .. ... 1% ® 1.20] —3.40|NW'd| 106 4.50[ —0.40] ~2.50] SE'd | 2.42] 7.92 0.99
14 ®) 1.00} —2.40|NW’d| 1.01] 580 070} —2.70| SE’'d | 1.49] 6.621 10.41
Ml @ 0.55! —2.30INw'd! o990 6751 120 -270l SE'd| 1051 567 10.45
2°02" 955 4 W.ooommeeamemeeeeecfedo L 0 1.65 —2.50INW’d) 204 525 0.80] —1.60] SE’d 3.22] 7.17) 10.85
183-2 | 32075 N, OGS A Woooooooonea do 8 1.20| —2.50{NW’d| 1.68] 590 1.00| —1.80| SE'd | 2.27| 6.52 10.71
0] 105 —2.60/NW'd| 126 6.25] 1.20| —2.10| SE'd | 1.44] 6.17| 10.65
N, .. PRSI RN « |+ SO, 1 1.70] —1.90{NW'd 216 5.60] 1.20[ —1.90 SE'd 3.23| 6.82 11.04
183 v32°02’.41\.,80°55 S W ; --do- T 8 1.10| —2. 30! 'd 1.721 6.30] 1.30{ —2.00| SE’d 1.84] 6.12] 10.7
1 ® | oos| —270|NWd| L17] 7.45| 120 —270| SE'd | o.99| 407 10.28
‘ 3 SN P J—. 1 1. 750 —2. 20|NW’d 1.85| 5.55] 1.20] —2.00{ SE’d 3.%| 6.87| 10.95
1634 | 32°F AN, BOOS5'S Woooooooooeoae do s W | ri8 TZloNwa| 1si 635 1.3 —1eo) SEd| 172 6.07| 1085
: 16l “do .- @ | —~0.05| —2.30{NW'd| 1e0f 7.55] 1.40| —2.70| SE'd | 0.89] 4.87[ 10.35
' 3N, Y. SR IR [ SOOI o..do..... 1 1.70] —1.50|NW’d] 170 5.2 0.80 —2.30| SE'd 2.89f 7.22| 10.94
1835 | 37°07.3 N., 80°55'.8 do }}2 —do__... 8 1.40) —180|NW'd| 179] 5.90] 1.20] —2.30} SE’d | 208 6.52| 10.89
14| ..do... ® 1.20| —210|NW'd] 132 65| 1.60j —1.60] SE'd| 144 592 1L04
Section 184, bdween Lona Island and
‘ Jones Island ¢
1 ['a2e025 N, 80055 3 W o NOV. enomnnee do_] @ 0.9 —3.00| wa| o098 59| o7 —28]| Ed| 13| 652 1021
184-1 |'32°02".5 N, 80°55".3 ov ¥l---do---- G| SR T30 wd| 000 o0 oso|_ze| Ea| 12| 632 102
g.-_do ..... ® 0.75) —2.70| wW'd | L02| 6.15{ 0.80} —3.50 E'd | 114 6.27] 10.10
255" .8 W oo eceeeeecec o] aceedOme ) 150} —2.80) W'd| 1.87 58] 1.20| —1.90] E'd| 2.58] e€.62} 10.76
let-2 ;32002'_4 e A e 0. e ﬁ ___33____j §,) 1.30] —3.00] W’d 1.44| 6.10] 1.30| —1.80| E’d 1.86] 6.32) 10.71
i 1%l _.do..... (1; 0.80 —3:00{ W'd| 1.4 6.60] 1.30 -2.40} E'dj 1.29[ 5.82| 10.44
843 | AN, 80965 3W .o QO A0, ' 180 —240| wd | =2.8] 590 1.60( —100| E'd] 3.22| 6.52) 1104
. ;32002,“\ + B0°6E-3W..- o % do__... E) 11| —~2.20| wid| 1L70f e6.60] L60] —L70| E’d | 1.88] 5.82 10.96
34l do____. @ | o030 —Ls50] wid| 139 7.40| 1.60{ —3.00] E'd| 104} 85.02} 10.61
’ 5% RO Y. " S, do..| © rgo| —2.40| wa| 268 6.00] 1L70j—210f E'd| 3.33] 6.42] 1101
e e do ﬁ_.-go ..... 8 1.10| —2.50| wWd [ 189 6.40] 1.40! —2.20| E’d [ 185 6.02/ 10.71
14 ..do.___. ® 0.50) —3.40} W'd| 1.38| 7.00|/ 1.40| —2.80| E’d| 0.85| 5.42| 10.19
' 3 N., BO°B6 .3 W oo 1 S do..| @ 1.9s| —210| wdj 221 575 L6 —2.00 E'd| 292 6.67 1L12
1845 .32002'3N'8055 =00 ﬁ o-.... 8 1.35) —2.10| w'd| 221 6.35| 160 —2.00f E'd| 204 86.07} 10.98
1%l . do..._. ® 0.75{ —2.20| W’'d 1.91| 6.95| 1.60f —1.80| E’d 1.14| 5.47) 10.85
Sedwn 194, between Oockapur Island and
Oyster Bed Island
2°02'.2 N, 80°53/.4 W ..o ecae. Aug. 22 .o.._... —.do..... ! 1.00| —3.00] Wd| 105 510 090 —1.90] Ed| 265 7.32( 10.74
1941 | 37022 N, 854 W ue ﬁ_-.do ..... 8 1.70| —270| wid| 1.21] 5.65| 1.25| —1.40] E’d| 186 6.77| 10.63
14l .do_._. ® 150| —2.90| w'd| 1.30] e6.10] 1.50] —1.5| E'd| 1.368 86.32] 10.81
o< L T SSUUN SUUUIN . |« S ..doo._. 2.00| —2.40| W'd 1.65| 5.05 0.95| —2.30| E’'d 2.78] 7.37] 10.82
194-2 | 32°021 N, 80°83" A W oot do - ﬁ___dg _____ 1.40| —2.60} W’d 15| 6.10] 1.40| —1.60} E’'d 1.68] 6.32] 10.91
' _.do..... 110l —2.80' wid! 138 660 160 —170° E'd’ 0.9 582 10.81

See footnotes at’end of table.
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TaBLE 3.—Current Data, Savannah River and Vicinity—Continued

Observations Flood strength Ebb strength
Flood Ebp | Mean
Station Observer, location, and yesr Slack durs- | Slack dura- ]S4
e Date Pe- | Method |Depth Time g;::::— Ve- | tion Time (’il;xr’g: Ve | ton }rle!l]]t
riod tion |locity tion | locity our
U, S. BNGINEERS, 1930—Continued
Section 194, bet Cocks Istand and Hours }I;;;rs H;)lue;s Il;rlurs
ction 194, between Cockspur Islgnd an after | after [ after
Oyster Bed Island—Continued lgw high high | low
. e Days Feet | water | water | Degreeal Knots | Hours | water | water |Degrees| Knols | Hours | Hours
194-3 | 32°02".1 N., 80°53°.4 W____ ___.__ ... ... Aug. 22 ... ... 141 Meter._ [ (1) 2.00| —2.10] W'd 1.66| 5.40{ 1.30| —2.10| E’d 2,72 7.02] 11.04
14 (?) 1.30} —3.00] W'd 1.62] 6.5 170 —2.10] E’d 1.621  5.92| 10.74
3% ® 0.90| —3.70{ W'd 1.57| 6.80| 1.60l —2.20] E’d | 0.62| 5.62] 10.41
1944 { 32°02°.0 N, 80°53' .4 W ... el [ U SO, 14 Q)] 2.00| —-2.00} w'd 1.95| 555 '1.45) —1.20] E’d 2.48; 6.87] 11.32
b (] 1.30{ —3.00| W’d 1.66] 6.20{ 1.40f —1.30| E’'d 1.78] 6.22] 10.86
% ® 0.70] —2.70 W'd 1.43| 6.65 1.25| —2.00] E’d 1.13 5.771 10.58
194-5 | 32°02°.0 N, 80°53'.4 W ..o |oaes do.cene et 14 (O] 1.90| —1.60f W'd 1.34] 5.4 1.20] —2.10f E’d 2.41 7.02{ 11.11
bel ® 1.70] —~2.20| wW'd 1.18] 5.70] 130 —1.70} E’'d 1.37 6.72| 11.04
%i. ¢ 1.10{ —2.10| W’d 1.05{ 6.00f 1.00] —1.10] E’d 0.93] 6.42{ 10.99
E. F. HICKS, 1934
H 1 | Entrance channel, 3.1 miles S. 63° E. of | May 21-24_...._..] 3 | Pole.__. 634 1.20 1.10] 5.75 0.85 1.39| 6.67| 10.66
Tybee Island sxgnal tower (32°0°.0 N.; Meter. .. 6 0.87 1.29 6.25; 1.02 1.57] 6.17| 10.61
80°47'.4 W.). ..-do.__. 15 —0.12 1.26| 7.40] 1.18 1.18] 5.02] 10.09
...do.._. 24 -0.48 1.27| 7.58 1.00 1.03] 4.8 9.88
H 2 | Tybee Roads, 1.5 miles N. 74° E. of Tybee |____. [ 1 P 3 | Pole___. 7 0.77 1.40| 6.26 0.93 1.93| 6.16] 10.41
Island signal tower (32°01’.8 N,; 80°48".9 Meter. .. 6 0.82 1.56| 6.08] 0.80 1.96] 6.34] 10.46
BA ...do._.. 16 —0.20 1.61 7.28] 0.98 1.38] 5.14 9.68
..do.._. 24 —0. 78| 1.55| 8.05) 1.17 112} 4.37| 9.98
H 3 | 1.1 miles S. 78° E. of Tybee Island signal {..._. do....._...._. 3 Pole. ... 314 0.82 1.12| 6.06) 0.78 1.36] 6.36] 10.44
tower (32°01°.2 N.; 80°49’.4 W.). Maeter... 2 1.20 1.39] 5.78| 0.88 1.76; 6.64] 10.69
...do. . 9 0.13 1.15 6.77[ 0.80 1.14 5. 65 9.99
H4 Channel between jetties (32°02°.2 N.; | Apr.30-May 16._.{ 16 | Pole_.__i634,7 1.90 1.61| 535 1.15 2,59} 7.07| 11.13
80°51.5 W.). Meter... 6 2.08 1.54 5.10 1.06 2.66) 7.32| 11.18
.-do___. 15 1.18 1.75 6. 16 1.25 2.15| 6.26( 10.54
..-do.__. 24 0.41 1.71 7.01 1.32 .77 5.41] 10.32
H 5] 0.1 mile N. 12° E. of quarantine dock | Apr.30-May3....] 3 [ Pole__.. 7 1,87 1.69] 5.71] 1.48| —1.82] o8| 3.26) 6.71] 11.30
(32°02’.2 N. :80°54’.1 W.). Meter. .. 5 2.02 1.54 5.52| 1.44] —1.85|______. 3.18) 6.90( 11.28
...do_ .. 13 1. 88| 2,07 5.94 1.72| —1.55|._..___ 2.88] 6.48| 11.36
..do__.. 21 1.40 2.22 6. 18 1,481 —1.53| ... 1.92] 6.24] 10.84
H6 | 1.5 miles N. 68° W, of quarantine tank | June 4-7.__________ 3 | Pole.___ 7 1.80 2,02 5.53] 1.3 —2.26 135 2.97| 6.8 11.03
(32°02°.6 N.; 80°55’.8 W.) Meter_._ 5 1.85 1.83 5.28 103} —1.04} . ... 3.50| 7.14] 11.09
..-do._.. 12 1.55 2.22 5.83 1.28) —2.24|_____.. 2.63 6.59| 11.03
...do.... 19 1.33 2.36 6.12] 1.35| —2.26|....__. 1.821 6.30{ 10.82
H 7| 1.8 miles N. 63° W. of quarantine tank f.___. do....aeooas 3 | Pole.. .. 6 1.76 2.09] 561 1.27 3.06| 6.81] 11.16
(32°02'.7 N.; 80°55’.9 W.). 1.86 2.01 5. 54 1. 30 2.87] 6.88] 11.25
1.54 2.54 5.99 1.43 2.57] 6.43} 11.09
1.18 2.33 6.22 1.30 1.96| 6.20] 10.92
H 8| 1.7 miles N. 61° W. of quamntlne tank {._... doo.oao- 3 1. 60 1.92] §5.58{ 1.08 3.06| 6.84 11.10
(32°02°.9 N.; B0°55’.9 W.). 1.84 1.79 5.29 1.03 2.99 7.13] 11.16
1.56 2.01 5.91 1.37 2.83 6.51] 11.14
1.40 2.21 5. 98 1.28 2,431 6.44f 11.06
H 10 | Channel between Lower Flats Rangeand | May 3-8.._.____.. 3 1. 90, 204 5.53] 1.33 3.09| 6.89] 11.07
Upper Flats Range (32°04°.5 N.; 80°58".6 1. 95 210| 5.48] 1.33 2.97 6.94 11.16
W.) 1,88 2.14 5. 87] 1. 65) 290l 6.55 11.31
1.33 2.36f 6.59 1. 82 2.08; 5.83] 11.20
H 11 | Upper Flats Range, south side of channel | June 11-14__.__....| 3 1.83 2.43] 5.45 1.18 3.07] 6.97] 10.99
(32°05’.2 N.; 80°59’.4 W.). 1.83 2.36f 5.22 0.95 3.29] 7.20( 10.96
1.83 2.51 5.55 1.28 277}  6.87) 11.06
1.73 24 6.19 1.82 1.98] 6.2 11.23
H 12 | Upper Flats Range, midchannel (32°05’.3 | June 11-15_______.. 3 2.10 2.20F 4.97 O.gZJ 3.10; 7.45{ 11.12
N.; 80°59’.4 W.). 2.13 1.93] 4.85 0. 3.18t 7.57 1111
2.12 2.371 5.45 1.47 2.81 6.97 11.40
1.42 2.31 6.48 1.80 1.35] 5.94] 11.25
H 13 | Upper Flats Range, north side of channel | June 12-15.___.__.. 3 2.10 1.34f 4.431 0.43 3.03| 7.990 10.85
(32°05’.4 N.; 80°59".4 W 2.17 1.03] 4.21 0. 28 2.28] 821 10.66
2.02 1.68] 4.8 0.75 2770 7.590 11.16
1.95 2.2 5.62] 1.47 2.52| 6.80| 11.28
H 14,| Midchannel between Elba Island and | May 18-26__...... 3 2.03] ~1.45 208 1.90} 5.377 1.30 2.88) 7.05( I11.21
Barnwell Island no. 2 (32°05.7 N.; 2.10f —1.50|.._.._. 1.78] 6.17| 1.17 269 7.25f 11.19
81°01°.1 W.). 1.95| —1.42}___.__. 2.40] 5.87 1.72 2.94 6.55| 11.46
1.93] ~1.98|___._.. 2.50) 6.17] 200 2.79| 6.25f 11.39
H 15| Western end of South Channel (32°05'.3 | Apr.5-10...__.__.. 3 1.85 —1.98 300 105 4.9 0.75 1.41  7.52] 10.87
N.; 81°0)°.0 W) 2,10 —2.02)...... 1.01 482 0.8 1.51 7.60, 11.14
1.95! —1.861._ ... 102! 498 0.8 1.56] 7.44| 10.70

See footnotes at end of table,
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TasLE 3.—Current Data, Savannah River and Vicinity—Continued

Observations Flood strength Ebb strength
Me:
Station . Flood Ebb |0
Observer, location, and year Slack dura- | Slack durs- | Sur-
- Date Pe- | Method [Depth Time | diges. |, Ve: | tion Time | dife |, Ve- | tion | fent
riod P tion | locity e | e | locity our
Hours Hours | Hours
7lev after | after
E. F. HICKS, lSM-—Continued ow high | low
Dags Feet | water Kmnols | Hours| water | water | Degreest Knols | Hours | Hours
H 16 | Midchannel, south of Fig Island (32°04’.8 | Apr. 10-13_..___.__ 3 Pole. ... 634 2.62 1.65| 4.94 1.46} —1.07 92| 2.35] 7.48| 11.60
N.; 81°03’" 0 BR Moeter... 2.63 1.61 4.77 1.30 7.65! 11.54
.--do..... 13 258 170 534 1. 82! 7.08) 11.79
.--do..... 21 247 L7 57 2.08 6.71} 11.80
H 17 | 0.1 mile north of Fig Island (32°05’.1 N.; | Apr. 510-..._..._. 3 | Pole..... 3% 1.850 0.91] 5.48] 0.88 6.94( 10.89
81°03°.0 W.). Meter._. 2 L53 0.93] 5.44] 0.87 6.98| 10.81
..-do.... 6 1.58 105 6.52 1.00 6.90; 11.06
*H 18 | Midchannel off Seaboard Air Line Ry. Apr. 18-2t._ . ... 3 | Pole..... 7 2.30 1.51] 4.5} 0.76 7.86f 11.12
termuml Hutchinson, Island. (32°04’'9 Meter._ .. 6 2.28 147 4.56] 0.74 7.86f 11.12
5 81°05'.2 W.). .-do_. 14| 217 L70| 491 0.98 7.5 11.18
..-do.__.. 22 1.97 2.01 5.89] 1.76 6.53] 11.52
H19 | 0.5 mile N. 42° W. of city hall dome, | May 7-10.___..___ 3 | Pole..... 7 2.75 1.41] 5100 1.75 7.32( 11.80
Savannah, Ga. (32°05’.2 N.: 81°05'.9 W.) Meter.. 6 2.67 L5 515 1.72 7.27( 11.68
-.do.. 15 [ 262 145 5260 178 7.16] 1177
-do__.__ 24 2.57 1.30] 354G 1.87 7.02f 11.8t
H 20 | Seaboard Air Line Ry. bridge (32°06'.2 May 15-18. ... 3 634 236 2477 5.52] L78 6.90| 11.72
81°07'.1 W.). € 2.40 2,497 5.55| 1.85 6.87) 11.77
15 2.8 2331 550 1.8 6.92( 11.81
24 2.38 2,15 5.59] 1.87 6.83 11.86
H 2t | Channel southwest of King Island (32° | May 10-19_______. 3 7 2.62 1.35| 5.41f 1.63 7.01] 11.85
07'.4 N.; 81°08".1 W.), Maeter.... 5 2.70 1.431 5.28/ 1.8 7.14f 11.84
13 2.63 1.35 8.37 1.90 7.05! 11.83
22 2.65 131 5,37 1.92 7.05( 1L.91
H 23 | Channel west of Onslow Island 32°08'.8 | May 14-17._______ 7 3.30 0.91] 4.5 175 7.87| 12.25
N.; 81°08’.4 W.). 4 3.30 0.94 4.55 1.75 7.871 12.27
10 3.33 0.8 4.5 1.1 7.92| 12.28
16 3.33 0.85 4.47 1.70 7.95 12.32
H24 | Atlantic Coast Line Ry. bridge (32"13’ Apr. 30-May 3____ 32 IR 1—0.24
N.; 81°08".7 W.). 3 |ecenee —0.30
13 faeeoo.o —0.21 -
H 25 | Calibogue Sound, west of Braddock Point | May 24-28_._ . ____ 6%| 0.66 2.26] 6.30 0.8
(32°07°.1 N.; 80°50’.0 W.) 8 0.66 222 6.46 1.02
..-do..._. 21 Q.52 1.88) 6.70 1.12
.--do..... 33 0. 32, L70| 668 0.9
. . 40) 1.36] 6.34) 9.95
H26 | New River, 0.5 mile northward of | May 20-June20_..] 3 0.2 Lz a0 i vadl eusl s
Bloody Point (32°05'.3 N.; 80°52".8 W ). 0.07 1.22] 6.67] 0.6¢ 1.25| 5.75 9.88
3 0.70 1.82| 6.191 10.17
B 27 | Now River, 0.4 mile westward of Bloody | Apr. 9-%.........| 3 0.5 ley & 01 188 616 1014
Point (32°01'.9 N.; 80°53'.0 W.). 0.42 1.66| 6.48] 0.80 156 5.91 10.12
0.5 141 6.2 0.62 121 6.20| 10.17
. 0.75) 1.54)  6.20] 10.24
H 28 | Wrights River, 0.2 mile northwest of | Apr.16-19..____...| 3 g % i fg g g pogd 162l 638 1091
Tartle Island (32°05'.1 N.; 80°55'.3 W.). 058 1ol 592 o040 1.16] 6.50] 10.02
. —0.43 2.06) 9.33| 10.38
H 20 \Iortheastcrn end of Fields Cut (32°05' | Apr.19-25 ._____.. 3 s 2% 1z g P 219 925 1038
2 N.; 80°56."1 W.). 1.44 1.39] 4.46] —0.20 1.82] 7.96] 10.09
. 0.15 1.62] 6.82) 0.91
H 30 | South Channel, south of Tybee knoll { Apr.2-5.....__.. 3 8-% %j ;g 2 230 0.18 1.94| 6.79] 9.88
(32°01'.4 N.; 80°51".9 W.). 0.58 Lsol 577 0.25 1.23; 6.65] 9.9
. . 5.94f 0.62 2.17] 6.481 10.10
H 31 | S8outh Channel, south of Fort Pulaski |.____ L 3 g~ g } gg 5905 0.63 2.30] 6.47| 10.13
(32°01'2 N.; 80°53'.4 W.). 0.7 1.5 6.05 0.65 1.7 637 10.23
0.3 1.37| 6.40| 0.63 163 6.02| 10.13
. 0.92 1.5 6.43 10.20
H 33 |T'ybee River, 0. 2mﬂe southward of North- May 24-June2....| 3 %g }‘3 g g 0.89 ezl es3 1017
ern entrance to Shad River (32°01' .1 0.97 1.16) 6.16| 1.03 1.54 6.26] 10.23
N.; 80°56’.4 W.). 0.45 L4 672 1.07 1.49 5.70] 10.07
. . 82 101l 6.25] 10.14
H 34 | Wilmington River, 0.5 mile northwest- [ Apr. 23-26__.___.. 3 g. 75 }.gg &1 0.5 Lol 6zsl 1019
ward of Skidawsy River mouth (32° 0.2 Los| 666 0.78 1.08| 5.76] 9.99
0I’.0 N.; 81°01'.2 W.). 3
P 0.88 112 579 0.57 146 6.63) 10.02
H 35 | Mouth of Skidaway River (32°00" .5 |..... R o6t 110 583 0.37 1.56) 6.59) 9.95
N.; 81°01'.0 W.). 0.10 109| 6.63 0.63 1.18] 5.79| 10.00
6.37| 10.12
0.77 109 6.05) 0.72 1.42
H 36 | Wilmington River, 0.3 mile southward pr.26-June13.._| 3 : 6.03l 0.75 .38/ 6.39 10.19
of Turners Creek entrance (32°00°.3 0.8 L S o 0.8 123 6.33 10.28
N.; 81°00°.2 W.). ou 0.92] 6.49) 0.83 0.92| 5.93 10.22
i ity of the
17 Current did not flood at station H 24. Values refer to the minimum veloc
; M?g:'g?%:twee“ surface and bottom. o int %:E?rgemty {n the observational curve tends to make the times of slack
3 2 feet above bottom. pel

4 Stations in each section are numbered from north to south.
s Ft:r stations by Hicks not included in this table, see table 4.

s The observed times of current at station H 18 are somew!

for other stations in the vicinity.

hat inconsistent with those

before flood indefinite.
For reference to above table, see p. 33.
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TaBLE 4.—Data for Irregular Currents, Savannah River Vicinity
{Referred to times of high water and low water at Tybee Light, Ga.]

Flood
Observations Ebb strength
Sta- First strength Minimum flood Second strength
tion Location and date - |Slack Slack
no.
. True True True True
Peti-| Method [Depth Time | direc- | V919 | Time | direc- | VS0 | Time | direc- | V510¢- Time | direc- | V.019¢"
tion | W tion y tion | ¥ tion ¥
Hours | Hours Hours Hours Fours | Hours
after | after after after after | after
low low De- high De- high De- high low De-
Days Feet | water | water | grees | Knols | water | grees | Knots | water | grees | Knots | water | water | grees | Knots
H 9 | Southwestern end of Fields Cut (32°G4'.5 3 | Pole..__. 334| —1.32| —0.37 211 0.53] —4.48 34| —0.90| —2.28, 214]  0.54] —0.87| —3.58 35 1.42
N; 80°57.6 W.), Apr. 16-19, 1934, Meter..._ 2 —1.22] —0.43{.__.._. G.56| —4.831__..... —1.02| —2.268{.__.... 0.61{ —Q.87) —3.50}____.__ 1.68
...do_.___ 8 —~1.56] —0.58|.._.... 0.70] —4.38)_ _..... -—0.80| —1.89(....... 1.02] 0.22| —3.80[_______ 1.00
H 32 | South Channel entrance to Wilmington 3 | Pole..... 3% 200 3.23 32 0.99] —-0.22|_...._. —0.04 L84 83| 1.27 2.721 —0.30 206 1.55
River (32°04’.6 N.; 81°00°.1 W.), Apr. Meter___ 2 2,00 3,22y .. ... 1.08) —0.12). ... 0.02 ) W | PR 1.25 2.86] —0.07__...._. 1. 87
10-13, 1934. _..do__.__ 8 2.02F 3.32|.....__ o4 —0.17)_ .. 0.01 721 ... 1.33 2,86 —0.47|. ... 1. 54

At stations H 9 and H 32, the currents exhibit persistent irregularities which prevent the presentation of the results in the usual form. At each of these stations a double flood
occurs. Starting at the slack before flood, the velocity in the flood direction increases to a maximum which is designated ‘‘first strength of flood.’”” It then decreases to & minimum
value called minimum fiood, after which it increases to a second maximum designated “‘second strengthof flood.” At the time of minimum flood, the current may be flowing in either
a flood or an ebb direction. The latter condition is indicated by a minus sign preceding the tabulated minimum flood velocity.
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TaBLE 5.—Current Harmonic Constants, Between Jetties, Savannah
River Entrance

[May 1-15, 1934, 15 days]

Velocity Epoch Velocity Epoch
Constituent Constituent

H | Local (o | Green: H | Local () | Oreen-

Degrees | Degrees Knots Degrees | Degrees
50 131 1) Macoaooooaoea. 0.022 258 185
167 328 | Naoouoemioamna ol 0. 406 147 300
224 187 || Orecemceaceaeaol 0.079 46 127
79 204 || Specoiioniian 0.288 202 4

Egochs apply to the westward strengths of the several constituents.
‘The local epochs refer to the local meridian, Greenwich epochs to the Greenwich meridian.
For reference to above table, see p. 34.



