770 REPORT OF THE CHIEF. OF ENGINEERS.

When the recent soundings were completed in January, 1879, the
South Channel had shoaled so muech that the buoys had been removed
from it and transferred to a more northerly channel that had meanwhile
broken out. The direction across the bar was then about east 10 degrees
north, with.a low-water depth of about 6 feet. The new channel where
it crosses the bar is very near the position oceupied by the ship-chan-
nels of 1853 and 1857, indicated on a eomparative chart published by
the United States Coast Survey Office in 1857.

The general direction of nearly all these channels as they appear and
disappear from time to time is nearly at right angles to the general
range of the coast in that vieinity, and seems to suggest that if the
river were left to itself it would have its main outlet over the bar on
that line or in proximity to it.

SECOND. CURRENT-OBSERVATIONS.

Current-observations were taken at four stations on the present har
channel, marked A, B, C,and D on the chart accompanying this report.

Three stations were located upon the inner slope of the bar erest and
one station upon the outer slope.

For the purpose *in view it was deemed sufficient to observe surface
and bottom velocities only. For the latter a combination of a small
surface cork float with a large submerged keg was used attached to a
line passing over a log-reel in a boat. When it was feared that the bot-
tom might touch ground another observation was taken with 1 foot less
line. The horizontal velocity curves are shown on sheet L. tSed

At station A, 2,550 feet inside of the erest of the bar, in 14 feet depth
at mean low-water, the maximum velocities found were 2.6 statute miles
per hour at the surface, nearly 2.3 miles 1 foot from bottom and about
2 miles at bottom. " :

At station B, 1,350 feet inside of the crest in 73 feet mean low-water
a little out of the channel the maximum velocities were found to bé
nearly 3.1 miles at surface, and 2.8 ‘miles at bottom. The ranee of tide
for these two stations was 5.4 feet. R
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‘ :
THIRD. THE BORINGS:

In consequence of the roughness of the sea on the bar, producing
heavy breakers during a great part of the time that could be devoted
to making the borings, the latter were reduced to three in number, one
of which was made on the beach of Fort George Island, another in the
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Old North Channel, near the wreck of a steamboat called the Lizzie Ba-
ker, and the third one in the channel existing at the time near the bar.
_ The borings show that the materials of which the bar is composed, so
far as can be judged from the few points selected for testing, are entirely
capable of supporting the weight of any structure suitable for securing
the'object in view., :

The results are tabulated on the chart accompanying this report.

FOURTH. GAUGING THE STREAM.

Among the difficulties attending the gauging of a tidal stream there
may be named the constantly varying depth and volume of discharge,
the change of rise and fall, and of duration of currents from day to day,
the necessity of observing several, or rather all, compartments of a pro-
file simultaneously, and of constantly watching for undercurrents in
contrary direction. Observations carried on through an entire Innation
would not suffice to determine the average discharge, because generally
there will be several days lost by bad weather, and in fair weather the
time of ‘the tides may not serve. Moreover, if but a single lunation be
used for observations, the river, especially if it drains a large area of
country, may not be at its normal height. It is:quite as likely to be
above or below that stage. To obtain something like a true average it
appears necessary to carry on the operations during a period of at least
6 or 8 months. Such suitable days as occurred in the months of Novem-
ber and December comprised all the time that conld be devoted fo
gauging the Saint John’s River.

It is thought that the river was rather above its normal state during
at least part of the time that gauging operations were carried on. They
were begun on the last day of October, 1878.° During nearly the whole
of the month of ‘October, heavy and continuous rain‘falls had prevailed
in a large portion of country drained by Saint John’s River. The upper
sections were flooded. - The river is generally quite sluggish, and ‘it is
known that ordinary freshets do not raise its surface more than a few
feet at most. This is owing partly to its great widths, especially from
Pilatka downward, but also in a' greater degree to the topographical
features of the country. The water furnished by a series of heavy rain-
stormsis in the first place, to a very large extent, collected in ‘the in-
numerable dépressions of the ground, such as ponds, lakes, and swamps,
which form 'the natural sterage reservoirs feeding the river and its
tributaries, and from which the surplus’or-overflow is but gradually
withdrawn as the water-level of the trunk becomes lowered by discharge
and evaporation. Trom these causes it will take a longer period for the
Saint John’s River to return to its average condition after a freshet
than for ariver with a more rapid descent, and having a water-shed
characterized by more marked difterences of level.

As a consequence of the heavy rain-falls the river was found for
some time to be fresh at both high and low water, that is near the
surface, and low-water mark rose nearly to the level of common high-
water. On two days it was observed that there were no flood currents
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at all, the water flowing seaward for 18 or 20 hours consecutively. The
velocities were then very high, reaching 5 miles per hour at the surface
and little less at the bottom.

The line chosen for gauging the river was below Mayport Mills, where
the banks of the river are well enough defined and nearly parallel to
each other. Two profiles, 100 feet apart, were measured. They are
shown on sheet I, from which it will be seen that there is little difference
between them as to depth, width, and area. For purposes of calcula-
tion, the mean area is taken of both.

The widths of the cross-section are 1,735 feet at mean low-water, and
1,890 feet at high-water.

The range of tide near Mayport averages 4.3 feet. The ebb current
begins about 2 hours after the tide has commenced falling, while the
flood currents are not felt until about 3 hours after the water has begun
to rise. It results from these conditions that there is no ebb discharge
during the period of greatest profile area and depths, and also that the
mean water-level of the river through the time of actual ebb currents is
only 1 foot above its low-water mark. These phenomena may, at the
time the examination was made, have been in some degree exceptional.

The profile was divided into 8 compartments or divisions, numbered
from 1 to 8 across the stream, beginning on the Mayport side. The
division next the shore on either side had a width of 180 feet and 175
feet respectively. The other 6 divisions were each 230 feet wide.

The method adopted was to anchor a boat at a station, remaining
through an entire tide, and run off' the floats from log-reels. Two sta-
tions were generally occupied simultaneously. Observations were taken
every 5 minutes, with floats adjusted to mid.depth.

In order to establish, if possible, a ratio between mid-depth and mean
velocities, a series of experiments was made at station 3.

Two boats were anchored side by side, and velocities were measured
at the surface, and at points 4, 8, 12, and 16 feet below the surface, as
well as at a point near the bottom.  From one boat, velocities were taken
for the surface, and for the 4-feet and 8-feet depths : and from the other
boat the velocities at the other specified depths were obtained. As
these two sets of observations were separate from each other by little
more than the width of one boat, they were all regarded as 1:1-;1;;t]'(:allv
belonging to the same vertical section. 5

With the greatest dispatch, it required 5 minutes to take a full set of
observations. Each float was allowed to run 10 seconds for actual
measurement of velocity.

The results of two full series of observations, hoth for ebb-tide, are
graphically given on sheets A, B, C, and D,

On sheets A and C the 10-second velocities are represented by hori-
zontal curves. They are plotted to correspond precisely to the time when
each individual observation was taken, and the points thus fixed are
connected by curves. From these horizontal curves the vertical curves
were constructed, represented on sheets B and D )
basis of construetion for sheet B, and C for D,

These vertical curves are plotted for every 5 minnte
locities during 10 seconds for every 4 feet of depth from surface to bot-
tom, and also the actual depth of water for each curve. A short line
drawn at half depth, intersects each vertical curve, thus deivl'mining__,;
the mid-depth velocity. 1

An inspection of the horizontal curve, sheets A and C,

1 ( | V. , shows great
fluctuations of velocity. Not only at the surface, but also at the 'Va%ioug

; sheet A being the

8, giving the ve-
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depths, velocities change from fast to slow and the reverse at very short
intervals of time. The vertical curves of sheets B and D show in but a
few instances an approach to a parabolic form. As a general rule they
are simply irregular, and it would seem to be a hopeless task to attempt
to discover any law frém these results. The causes for these irregulari-
ties are not known. Perhaps the flow of water higher up is impeded
momentarily, but frequently by bends, shoals, and other obstructions
aggravated by the incessant change of depth, causing a temporary
slacking of speed farther below, to be followed by an increase of velocity
when the water has overcome the resistance. Tt is possible that experi-
ments made upon an extensive scale, as already suggested, would throw
some much needed light upon this subject.

The vertical curves of sheet B are 72 in number and represent as many
sets of float observations taken every five minutes. ~ The time was from
11 a. m, to 455 p. m. The curves of sheet D represent 54 sets of observa-
tions, made from 1 p. m. to 5.25 p. m. In neither case was the whole
tide observed, but only that portion of it when the currents were well
marked.

In the majority of observations—7 out of every 10—the maximum
velocity was found at the surface.

The average mid-depth velocities in each series of observations ex-
ceeded the mean velocity. For every curve the mean velocity was deter-
mined by adding together the velocities actually observed at different
depths, from surface to bottom, and dividing the sum by the number of
observations.

To obtain a proportion between mean and mid-depth velocity we tind,
first, the discharge at mean velocity, taking into account the varying
depths. We then find the discharge on the assumption that the water
passed through the same areas with the mid-depth velocity. ]_qulmg
one amount by the other a ratio is found between mean and mid-depth
velocity.

Tt was thought interesting to find also the relations between the ve-
locities at surface, bottom, and mid-depth, as well as mean velocities.
They are given in the following table:

\
iti ion of dis-
! Proportion of velocities. \ Proi’@é‘ﬁ;’éﬁ‘

‘Smrface.! ].‘u:'ttcu:n.I depth. [ - 1 il dooth.

From shec-tsAandB......,............‘ L g 86.9 ‘ 99 100

From sheets Cand D oo onemeemenannnt] | . .6 | 8.3 | 9.4 | 100

Grand average ; |~ #7.8 | " 85.9 | 93.48 | 100

The currents were always found to be in the same direction from top
to bottom. On page 311 of Generals Humphreys’ and Abbot’s repofx:t on
the Physics and Hydraulics of the Mississippi River, edition 1376, a

; : A e
table is produced showing, with other data, the proportion 7;—5 0

mean to mid-depth velocity for certain portions of the Mississippi River,
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for some canal-feeders, and for the Rhine. It has been found that for
the—
‘\/Jf;

V3D =.9819
vV
/1D =.9600
\/Hf
SR R R el T e 10308
‘\jh!

Mean of 7 observations on the Mississippi
Mean of 3 observations on canals or feeders

Mean of 5 observations on the Rhine

Mean of all observations (15 in number) .

L9626

Mean of observations mouth of Saint John's River as above

08483

It appears that the results obtained at the moutl
River, at the lower end of its tid
those found in fresh-water curren
mid-depth velocity.

During two hours, from 11.45 a. m. to 1
were strongest (see sheets A and B), ranging from 3.4 to 4.4 statute miles
per hour, the bottom velocity averaged 77.3 per centum, and the mid.-
depth velocity 86.1 per centum of the surface velocity.

1 of Saint John’s
al compartment, nearly coincide with
ts, as to the average ratio of mean to

45 p. m., when the currents
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. . ) : ) sibl ake s aneous observa-
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mjd_dé e gl ull ebb tide, and once for flood tide, At every station
Pth, observations only were observed, being taken every 5 min-

ge of the river at Mayport, the

utes.

On sheet G the hori
‘ zontal curves of velocity at every i
o ! Soror 8 0 ) Y at every station are rep-
re%e;g;dtfﬁ)é .ebbl tides, and on sheet H the same for flood tides ha.
e f)?‘ S.mﬁts the volumes of discharge were (:Um]m-tml for 1
et osjnefig] co{mpartment during the whole period of ebb cur-
T £ E}id-d% tllf W a're-r. to have been flowing with the velocities ob-
e .n%)gi;.mg[‘lée-s?hmlﬁmes, in cubie ﬁeot, for every %t’mn'n or
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mean volumes found by multiplvi > mi i i
iplyine th -dey e
plying the mid-depth discharge by 0.9848,
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TaBre I,

Table showing mid-depth velocities, discharges, and other data observed at different stations of
a cross-section of Saint Johw's River, near Mayport, Florida.
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This table plainly shows the impossibility of obtaining accurate in-
formation as to the discharge of a tidal stream, when only a limited
number of observations at the several compartments of its cross-see-
tion can be taken, and when, moreover, those observations are not all
simultaneous. The rai.ge of tide varies from 4 feet to 6 feet, whereas
the mean rise and fall at Mayport is about 4.3 feet, and in but two in-
stances was low-water at its mean level. The highest ranges of tide
were by no means found associated generally with a lengthened dura-
tion of ebb currents, as shown by the data of stations 1 to 6, inclusive,
while at stations 7 and 8 the largest range was accompanied by the
longest duration of currents. This shows the obstacles in the way of
formulating a mathematical expression for discharge, containing range
of tide and duralion of currents as members or coefficients. The diffi-
culty is increased by the fact that currents would sometimes cease from
10 to 20 minutcs earlier at one station than at another observed simulta-
neously. : : i

In a fresh-water stream of normal condition, with a eross-section divided
into compartments of equal widths, the greatest volume of discharge
will be found in the divisions having the greatest hydraulic radius.
When the volumes of discharge are graphically represented for each
division in the form of a eurve, the figure will much resemble the out-
line of the river profile itself, the portions of greatest depths of the
profile corresponding to the portions of greatest discharge on tlie curve-
diagram. This was not found to be the case at Saint John’s River.
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Divisions 3 and 7 have each a width of 230 feet, but the mean area of
No. 3 is much less than that of No. 7, its hydraulic radius being less than
20 feet, while that of No. 7 is about 27 feet. Yet the table shows that
much more water was discharged through the smaller area than through
the larger one. _

In order to render the data furnished available to determine the dis-
charge of the river, Mr. Daubeney has proposed a method “of taking
proportions between stations occupied the same day in one case, and
taking proportions between the totals at each station in the other, and
applying them to the discharge at such station whose range of tide is
nearest the average, and whose high and low waters are nearest the
mean.”

As a result of treating the question in this manner, he finds that it

the volume passing through division 3 is considered as unity, the volume
passing through the various compartments are proportioned as follows:

TasrLe IL

Compartment No. 1. 56,819 cubic feet per square foot per tide ratio .o........ 0.687
No. 2. 70,276 cubic feet per square foot per tide ratio . 849

- 3. 82,735 cubic feet per square foot per tide ratio . 000
4. 73,579 cubie feet per square foot per tide ratio , 889

5. 70,035 cubic feet per square foot per tide ratio . 846

.6. 57,502 cubic feet per square foot per tide ratio . 695
7. 54,132 cubic feet per square foot per tide ratio ). 653

.8. 38,233 cubic feet per square foot per tide ratio 0. 462

The method described below, suggested by Assistant Engineer John
L. Suess, was adopted for obtaining an approximate estimate of the total
discharge.

From Table I the volume discharged through 1 square foot of each
division per minute can be found by dividing the whole mean volume
discharged through 1 square foot by the whole number of minutes of
actual currents. It is found that at the first compartment, with a rise
and fall of 5.2 feet, the discharge per square foot per minute is 127.63
cubic feet; with a range of 5.7 feet the discharge is 132 cubic feet, and
with arange of 4.8 feet the discharge is 113.39 cubic feet. One minute’s
discharge divided by the range of tide in feet will give a certain quo-
tient, and these several quotients may point out some kind of relation
between isochronal discharge and range.

TasLE III.

EBB TIDE.

| | —
Date of 1 Discharge | Ratio dis-
Numb ivisi Range |per square| charwe di Mean | Mean
Number of division. | observa- | SALER | B SNES O areaof [hydranli
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| per minute,| ranpge | Vision. | radius.
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TaABLE IIT—Continued.

| Dateof 3 | Discharge | Ratio dis- |
Number of division. bserva. | -ADge |per square| charge di-

[=2 Jt-?ﬁn of tide. -?ontot area | vided by
2 |per minute. Tange.

Mean Mean
area of |hydraulic
‘ division. | radius.

| |
Feet. | Cubic feet. ‘ 8q. feet.
.6 184,54 | 20.2487 |

145.77 | . } 5,180 22,1889

117. s

151. 7 .5 6, 280 26, 9000
95. 3! i
53,

2, 280 12, 5561

SN - O O P O i
Moo UMOmo D

This table discloses several peculiarities.

The ratio of discharge per square foot per minute to the range of tide
is generally not much different for the two lowest ranges out of the three
at one station, except Nos. 6 and 7.

At the stations from Nos. 1 to 6, both inclusive, the ratio is less with
the highest range than with the lower range. Af Nos. 7 and 8 the re-
verse is the case.

The ratio does not appear to be influenced by the mean hydraulie
radius, as far as the table shows. Af the third division a much larger
ratio is found, with a radius of 19.57 feet, than at division No. 7, with a
radius of 26.9 feet.

The table shows that in order to find the whole discharge of the river
each compartment must be treated according to the data relating to it
alone, without reference to any other division.

The first question is to find for each compartment the ratio proper to
a mean rise and fall of 4.3 feet, as existing at Mayport.

It was deemed sufficient to find arithmetically for each compartment
the ratio to be ascribed fo a mean range of 4.3 feet, from the ratios of
the two lowest ranges.

The ratios established, the number of cubic feet of water discharged
in 1 minute per square foot of area is found by multiplying that ratio
with the mean range. The mean duration of ebb-currents during a nor-
mal tide has been reported to be 6 hours and 45 minutes, so that the
whole volume discharged near Mayport during an average ebb-tide may
be found. Table IV gives the results of these computations.

TaBLE IV.

Showing volumes of water discharged by Saint Johw's River, near Mayport Mills, during a
normal ebb-current flow of 6 hours 45 minutes, and ¢ mean range of 4.3 feet.

; gnsi;fﬁriﬂit : . Discharge in cubie feet.

{ 0o be mul- | |

itiplied with Mean araa|

I 33113 ﬁ?f} | Insquare | poy ovar, [ Per square| Through
isc 1'31né.- feet. | ¢ t.qat(ld {foot during| area during

| per minute | 100t v | period of ! period of
:mf{lgjtner | PEr mInute.| Ly, gow,. | ebb-ow.

0ot |

9. 836 | ; oa.40| 30,852 | 109,792,250
31.320 | 134. 67 | 54,541 | 268,841, T40

Number of compartment.

37. 797 , 570 | 162. 53 65,825 | 300,820, 280
30. 010 | 4,360 | 129. 52,261 | 227, 805,470

5. 588 580 | 153. 61,977 | 2883, 861, 260
36. 388 156. 27 63,281 | 327,795,600
96. 216 112. 45,656 | 286,711, 970
13. 841 | 2,290 | 59,52 | 24,106 55, 202, 750

'Mean discharge through)
34,935 | profils in average abhI 1,860,331,320
| tide. | ¢
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FLOOD TIDE.

It has been already stated that each station of the Mayport profile
was occupied once for observing mid-depth velocities every o minutes
from beginning to end of currents. In every case two stations were
occupied simultaneously.

It was found as already estimated that on the average more than half
of the time from low to high water elapsed before the up-river current
commenced; that these currents continued during high-water stand,
which lasted from 40 minutes to about 1 hour, and that they only ceased
after the water had been falling for 1} to 2 hours. In consequence the
profile was nearly full of water during all the time that the actual flood-
currents lasted, the mean height above low-water level being full 88 per
centum of the whole range. :

The following table exhibits the more important data of observations.
The last column gives the estimated number of cubic feet discharged
through 1 square foot of each divisien during flood-tide deduced from
the mid-depth discharges.

TaBLE V.

Shm(?iﬂ{j mid-d’qﬂh velocities, discharges, and other data observed at rf?_j?'r‘;‘{'rtf siations r:_f' a
cross-section of Saint John's River, near Mayport, Ilorida.

FLOOD
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It is seen that while these observations were made, low-water level
never fell down to the mean level, but was from .7 to 1.1 foot above it.
On one day only the level of high-water was slightly below the ;1\":!1':1;1‘0
on the other three daysit was higher. No wind prf: railed on these da-\'s;
that might have exerted any sensible influence on the flow and the fact
of the observed levels of low-water hein g above the u\'e.ra’g:n level may
be naturally ascribed to the increased discharge of fresh water caused
by the preceding freshets. 2 il allon:

To estimate the mean volume entering the river at Mayport during
flood.a similar method was adopted as applied for ebb-tide (ﬁ&;(‘lli‘l-l‘”ll-b-

A certain ratio was found by dividing the discharge (or inflow) at each
cdivision per square foot of area during 1 minute by the observed range
The following tahle gives the data: ; o
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TABLE VI.

FLOOD TIDE.

Number of division.

tion.

Date of ohserva-

Range of tide.

foot of
per min-

Discharge per

Fo ke et 1 2D B

w2

"“"5“-‘-""-‘-*““?

&
o

Lo b 00 00

.18 |

. 08
.50

6. 60

dis-
chargedivided
by range.

Ratio of

6.39
18, 85
26. 26
20. 05
31.10 |
28.70
18.70
15. 74

Mean area of di-

Mean hydraulic

From these ratios the number of eubic feet of water discharged per
minute and per square foot of area during a normal flood-tide is found
by multiplying the ratio of each compartment (or division) by 4.3 the
mean range. The average duration of flood-currents is believed to be 5
hours.

Table VII givesthe results of this mode of computing the total volume
of water received during flood-tide.

TasLE VIL

Showing volumes of waler entering Saint John’s River near Mayport Mills during a flood tide
of 5 hours’ duration of currents and a mean rise and fall of 4.3 feet.

FLOOD TIDE.

Discharge in cubic feet.

|

Number of compartment,

ing period of flood

Mean area in square feet.
currents.
period of flood cur-

Per square foot and
per minute

Per square foot duar-

Through area during

28, 318, 140
135, 288, 660
176, 629, 464
188,520, 906
209, 581, 656
215, 621, 952
167,027, 652

60, 201, 360

1, 181, 198, 790

The average ebb discharge near Mayport Mills was found to be about
11,860,331,320 cubic feet, while the volume entering the river during
flood is estimated at 1,181,198,790 cubic feet. The difference between
these amounts; equal to 679,132,530 cubic feet, would represent the quan-
tity of land water carried through the Mayport profile during an average
b tide.
ebTo find whether such a supply of fresh water is within reasonable




