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FOREWORD

This paper presents the results of s study made at South
Lale Wort: Inlet, Florida, in conneciivn witlhi operation of a
sand by-passing plant. The study was made under the parts of
the Board's program concerning the relation of littaral 4-ift
to wave ensrgy and the design of sand hty-passing plante. Fic:d
work included msasurement cf tie volume of material by-passed
hy the pumping plant; recording of wave height, period, zrd
direction; meamwensnt of alongshore currents in the nsarshcre
ons; and procuremsnt of sard samples, A portion of the gaper

was delivered at the ASCE convention at Miami Beach, Florids,
in Juns 1953.

The author of the report and project enginser for thic
study was George ¥, Watts of the Ressarch Division of ths Bir:
Erosion Board under Joseph M, Caldwell, Chief of the Divisior.
Fisld data were procwed by a Fieid Group under the directic.
of George P. Magill from the Borrd's Enginsering Division.

The field data were amlysed by the Msssarch Division staff. &
the tims the rerart was ocompieted, the technioal staff of the
Board was under general supervision of Colonel J. U. Allen,
Resident Member and R. O. Eaton; Chisf Technical Assistant.
The repoart was edited for publicstion by Albert C. Rayner.

Views and conclusions stated in the repart are not nscessarily
those of the Beach Erosion Board.

Acknowledzement is made of the earnsst and complete oco-
operutic: rendered to the Beach Ervsion Board Field Group
during the course of the study by thes South lale Worth Inlet
DMstrioct Cramission; Mr. J. M. Boyd, County Enginser, Palm
Beaal. Couity, and his staiff; Mr. L. T. Loockwood, Toom Manager
of Pulm each, and his statf; Mr. M. Cohen, owmwr of the Falm

Beach Pier; and Mr. Borsten, manager of the Ambassador Hotel
in Falam Beach,

This report is published under authority of Public law 166,
79th Congvess, approved July 31, 1945,
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A STUDY OF SAND MOVEMENT AT SOUTH LAKE WORTH INLET, FLORIDA
BY

George M., Watts
Hydraulic Engineer, Research Division
Beach Erosion Board, Corps of Engineers

INTRODUCTION

Purpose. The statiomary sand pumping plant on the seaward end of
the north jetty at South Lake Worth Inlet, Florida, was imstallsd in
1937 as a means of intercepting the drifting sand from the narth, passing
the material across the inlet entrance, and depositing it on the shwe
south of the sowth jetty. This operation ic intended to reduce the
shoaling at the immer and ocuter snds of the inlet channel, and to supply
sufficient, materisl to maintain the shore south of the inlet. The plant
is believed toc be ths first installation of its type in this country;
therefore its design, and the shore processes irvclved have all been of
considerable interest to those concerned with coastal engineering.
Compilation and study of factnal data associated with the plant should
lead to a better umderstanding of the problem of by-passing sand at
inlets. By a ssries of field measuremsnts, attempts were made to
investigate the effectivenses with which a fixsd plant can pump the
1littcral material brought within reach of its intake by littorsl forces,
and % relate the volume of vand reaching the pump intake to the wave
energy reaching adjacent shores.

History of Inlet and Adjacent Shores. As shown on Figure 1, Lake
Worth is the lagoon separating Palm Besch from West Palm Beach, Florida.
The town of Palm Beach occupies the barrier beach which separates Laks
Worth from the Atlantic Ocean. Prior to 1918, Lake Worth had no direct
commmnication with the ocean. Iake Worth Inlet, located near the north-
ern limit of Palm Prach, was dredged and two entrance jatties constructed

between 1918 and 1925. The inlet was created for commercial and pleasure
craft usage.

South Laks Warth Inlet, located near the south end of Lake Worth,
about 15 miles south of Lake Worth Inlst, was dredged and two entrance
Jetties were ccnstructed in 1927. The mwrimary purposs of this inlet
was to create a circulaticn of water in the southerly end of Lake Vorth,

uereby alleviating a etagnant water condition. The inlet channel also
pernits pessage of pleasure craft drawing up tc 6 or 8 feet. It is

nhmd' 19‘ faa" 4'\ -"A*h ar‘! aome ‘M "‘t i.—‘ 1:&8“!& H‘!:.‘a Gmi‘iﬁﬁi :ﬁtt:ii
are a.bout 250 feet long. Their top elevation is about 12 feet above
msan low water. -

The predominant diruction of littoral drift alongz the Florids coast
is generally from north to south. After the impounding area north of
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the north jetty at South Lake Worth Inlet was filled, material was carried
around the seaward end of that Jetity into the inlst channel. Flood
currents transparted much of this material through the channel into Lake
Warth where the material accumlated as a large shosl. On ebb tide,
seaward currents in the channel transparted a portion of the material to
the area seaward of the Jetties and created an outer bar. The mterial
moved by ebb currents plus the littoral movement in deeper waters was
then the only material which passed the inlet and reached the beach arsa
south of the soutl. jetty. Throughout the history of the inlet, this
supply was insufficisnt to maintain a stable beach south thereof, con-
sequently erosion along this section of shore line became a serious pro-
blem. Between 1932 and 1937, property owners along the eroding area
constructed ssawalls and groins in an effort to check the erosion; however
ik= suprlv of drift was so small that the groins were ineffective in pro-
viding a beach and it appeared that the seawalls would eventually be
undermined and destroyed,

History of By-Passing Plant. The concern of the South Laks Worth
Inlet District over the growth of the shoaling area in Lake Worth and
the erosion of the shore south of the inlet, led to a decision to install
a sand by-passing plant on the narth jetty of the inlst. The by-passing
plant was a joint undertaking by the Inlet District and the private pro-
perty omners. The plant installed in 1937 consisted basically of an
2-inch suction line, a 6-inch, 65 horsepower diesel-driven centrigugal
pump, and about 1,200 feet of 6-inch discharge 1ine. The diacharge line
extended from the pumping plant, across a highway bridge which spanned the
inlet, and thence to the shore south of the south jetty. After € nonths
of operation in 1937, a considarable amount of accrétion was evident
along the shore south of the inlet, a beach of about 120 feet in width

having formed in front of the seawall, whereas prior to the pumping operation

the high water line was essentially at the seawall face. By 1942, or
at the and of 5 years, the groins which had been constructed prior to
the pump instellation had trapped their full capacity of sand and were
completely covered in pleces. The rate of shoeling in Lake Worth

immediately adjacent to the inlet decreased during this period of operation.

From 1942 to 1945 the by-passing plant was not operated due to
fuel shortages, and within this 3-year period severe erosion again was
experisnced south of the inlet. The growth of the shoaling area in Lake
Worth was also approaching a point where the inlst chanmsl no longer
served its primary purpose. The Inlet District and Palm Beach County
accardingly decided to resums pumping operations in 1945. Ths effects of
the resumption of pumping were similar to those experienced in 1937, but
since shoaling in lake Woarth was not satisfactorily reduced, an 8-inch

vowvann sme inetallad 4n JQLR.
Fe—p T=° AT 2 25RSs

The present pumping plant consists of an 8-'nch centrifugal pump
driven by a 300-horsepower diesel motor, a 10-inch intaks mcunted on a
swinging boom of 30-foot radius with a flexible rubber sieeve at the
center of the turning radius. Ths intake line has an auxilary jet for
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PUMPING PLANT NEAR CUTER END OF NORTH JETTY

DISCHARGE LINE SOUTH OF SOUTH JETTY.

FIGURE 2
3
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sand agitation. The swinging boom is limited to about 12 fset vertical
movement, The center of the turning radius of the swinging boom is
located about 30 feet from the seaward end of the narth jetty and the
pump is capable of digging a circular trench about 30 feet in length
and 8 to 10 feet desp, DBed rock and hard pan limit the trench depth.
Normally the trench is from 5 to 3 feet in depth. The pump is some 6
feet above msan ss: level, The 8-inch discharge 1line extends to the
shore south of the inlet, &8 had the preceding 6-inch line, The
discharge 1ine is ebout 24 feet above mean sea level on the bridge over
the inlet, and about 16 feet above msan ssa level at its disclarge end.
The pump is operated as 1littorel material accumulstes within reach of the
imake, Two full-time opsrators ure employed for operation and mainten-
arse of ‘2o plant, If relatively calm weather prevails, e pumping .
t“ime of 2 to 3 hours each day is sufficient to remove all material with-
in reach of the intake; however when starmes from the nortueast ocour
contimious pumping often does not equal the rate of acoumlation in the
reservoir or impounding sone, and oconsiderabie msterial moves around

ths seaward send of the north jetty into the iniet channel. Figure 2
shows the present pumping plant :sar the outer end of the north jetty
and the discharge line south of the south jetty.

FIELL PROCEDURE AND DATA

Test Frogram, The field work for this study was done from February
to June 1952. It consists of: (a) measurement of material pumped by the
by-passing plant, (b) msaswemsnt of wave charecteristics, (o) measure-
ment of littorml cwrents within the surf sone, and (d) procurement of
8sand samples,

nt Mite The material passed was measwed
by preparing a detention basin at the outfall of the by-passing plant
and frequently surveying the accumulated material in the basin ares.

75 x 100 fest, bounded on the north, east, and south sides by sand banks
5 to 6 feet high and on the west side by the zeawall previously mentioned,
3 shows the basin as initially prepcred with the discharge pipe
=passing plant in the narthwest corner of the basin, and 2lso
sin when about half £i1loé, The outlet in the southwest ocormer of
the basia permitted ossentislly sedimerni-Zree waisr {0 drain into the
ocsan. The east bank of ths btasiza wis sitnatdd some 50 t¢ 60 fest land-
ward and 10 to 12 feet above tis hi/h water 1im. The basin had
sufficient capecity for the sznd pummed durirg periods of 50 to 60 howrs.
eily survoys of the basih crea 7err meds if the daily pumping time
amalled o smmesded £ hairs; Sthowiss suveye wero geiBraily mede wihen

puzping time of £ houwrs had acoumvisbed.

Table 1 gives the volume of material punp~d by the ty-pasaing plant
froen 25 Fohruary w0 11 Juns 1952, The volums of materisl pumped by the

4
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Detention Basin As Initially Prepared With OQutfall Of
By-Passing Plant Positioned In Northwest Corner Of Basin

Detention Basin Approximately 50 % Filled

FIG. 3



TAKZE 1 - YALWR OF MATERIAL PUMPED

15

m Lo

353 IRNIE

Volume Pumped ir Ou. Yds.

Imein (MHours) ~_  GComputed = Retimatede

L )
.
66n’a’.’

Pamping Times into

S =" "

Pumping Tims
—{Houre)

Tive

2630-13%
0700-1000

i

3 i

[ ]
© 00 NG MNP\ (g ¢ €0 08 B> B~ 1> P2 o4 4 4 MV N 5 06

V A=A

888 nnvorcweo o 3AARIRSNAZE!

3R

8.5
T8

i

:

198 RAAorronwealI3AN

%

~

|

i8I 8F

z

o
~

8 m.m

iy

& 2 8 AR B uL”,m

2

i1

o q MM - - N M‘ @ - M L m “
k]

b
Zovndundenndianandandaeanianindndid & ]

h
s
-

e
{Eiesaiisnie m

QRARNNRR im0 o AAADTIINIRAIRS o3
| 3

g

:

ol

:

e

]
:
i



p—————— T L R R

by-passing plant wa: measured by pericdiz surveys of the basin. When
the basin became filled and required releveling, the discharge of

‘material from the pump could not be mesasured during the periocd of re-

leveling. Therefore volumes were estimated for the psriods when the
plant was in operation but when no volumetric measuremsnts were made.
The volumss given after these timss were computed by using the average
pumping rate computed from the measured data. This ocomputed average
punping rate was 76.2 cubic yards per hour, It was desirablé tc cbialim
as mch mec2ured pumping date as possible, therefore when the dtudy was
initiated, uhe greatez{ emphasis was placed on developing suitable
arrangenents for measuring the material discharged by the plant. The
procuremsnt of data on volumetric measwremsnts of pumped material was
started approximtely 10 days before wave characteristics were recordsd,

Tave Cheracteristigs. A Type WH-i wave gage (1)# was used to
msasure the wave heights and psriods. This gage consists of a presaure
head deeigned to detect pressure changee at 2 selected umderwater
location and to transait them eleoctrically to a reccrder. Hydrogmphic
survey® indicate that the offshore hydrogrephy &lcng the Palm Boach shers
and southwards to South Lake Worth Inlet (approximately 17 miles) is
fairly unifam, therefore it was belisved tiat installation of the gage
in a moderate water depth any place within this eres would provide wavs
data representative of the waves reaching the shores at and near the by-
passing plant, Exosllent facilities ior installing and operating the
m: wore available at the Palm Beach Pier, lomted il milsa north of the
t. The gage was insialled at the seaward ¢nd of the pisr on the ooean
bottom in about 17 fest 2 water (refarred to msan sss lewel), The re-
ocording mechanism was programmed to obtain s 12-mimate record every 4 hours
for the period from 6 March to 10 June.

The records obtained from the gage were amlysed for significant wave
wights and periods(2). The results have been iabulated and plotted in
Figure 4. This plot indicates the peroentages of tims of occurrence of
wave heights ar periods within the indicated valus and larger. It can
be noted that wave periods of 13 or mre seocnds ocourred approximately
10 percent of the time during the period of ochservations. On 2n anmual
basis, these longer period waves are not vommon in the study area. The
longsr period waves were probably caused by distant northeast storms.

Wave directions were measured by the use of a sighting bar and
auxiliary sights attached to an ordimary engimser's transit(3). In this
method the transit is set over a point of knam locetion and elevatica,
and oriented on & distant pdint of imown direction. The sighting bar,
attached to the transit, revolws in a harisontal plane appruximately

—nealTal wibh dhe mer oeeefPooe ced cclice dlc Laes 2o —fo 9% _e8___ 2  eoce
PRI RLAGL Wil WIS OOB SUALEUY Gl WIS VIS USL A4S ViISUALLY SLigDeG WAiWD

s wave crest, tas orthogonal asimuth is read directly on the transit.
The roof of the Ambassador Hotel, appr umately 3.5 miles north of the
by-passing plant p=Svided the most suitu.dles location for an cbssrvation

#ifumbers in parentheses refer to reference list on page 24,
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station in the area, The instrument was located about 300 ‘est landward
of the shore line and 93 feet above mean sea level., Wave dirscticnr ob-
servations were obtained twice daily; once each in the early morning and
late afternoon.

The weve direction obssrvatious have been tabulated and plotted in
Figure 3. The wave dirsction was tabulated with the wave period, simce
the period could be determined even when the heighv was insufficient
to be determined from the record. Figure 5 shows the percentages of timo
of occurrence of waves within the indicated asimuth direction and less,

Littoral Currents. Fluorescein dye w=zs used to measure longshore
currents inside the breaker zone, The method employed to measure the
lcnezshore current was tc throw & small psper bsg containing s handfal of
gravel and about two tablespoon.mla of powdered dye into the swrf.

The length of longshars travel of the stain during a 3-minute period,

as the bag disintegrated, was measured by pacing. Four current observa-
tion stations were established north of the by-passing plant; the distances
from the by-passing plant being 4 mile, 2 miles, 5 miles, and 7 miles.
iongshore current measurements were made twice dally at each station, and
were taken as nearly as practicable at the same times the wave directions
were observed. No attempt was made to measurs any currents seaward of
the breaksr line. Since the material reaching the pump intake was that
under the influence of the breakers, the measurement of the current lami-
ward of the breaksr zone was believed to give the littoral current data
pertinent to this study.

Table 2 is a summary of the littoral current observations taken at
the four field cbservations stations. The fisld data for each station
have been summariszed by listing the number of observations of narth and
south littoral currents within indicated current velocity limits. The '
mumbers of north and south littoral cu-rent observations for each velocity
group are also expressed in cumalative percentages. When these values
are plotted as shown in Figure 6 they show the north and south percentages
of occurrence of indicated littoral current valocity or less, over the
period of study.

Sand Samnles., Surface sand samples wsre taken a2v the four currsnt
observetion stations north of the inlet, at one station located anmrnx-
jmately 1,000 feet south of the inlet, at the shoaling areas in Lake
Worth ard seaward of the inlet., Samples were taken at the high, mean,
and low water 1imes and near the 3-foot water depth at the four current
measuring stations and the station 1,000 feet south of the inlet. Five
samples were taken from the shoaling areas when samples were procured
from these loations, The beach samples were obtained by extracting from
the surface a sirip © o 7 inches in lengih, 2 inches in width, and approx-
imately 1 inch in depth. Bottom samples were obtained with a drag sampler
which basically is a tube closed at one end and with a 1lip attachad to
the other end. The tube is rigged so as to move horizontally when dragged,
but to become mearly vertical when raised to the water surface. Samples
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TABLE 3 - SAKD SAMPLE ANALYSIS

Dates H.T.L. M.T.L. L,T.L.
1952 So Mdg (mm.) Sy Mdo (m.) _S,_
0.5 Mile wNorth of Inlet
3-7 0.37 1.24
3-21 0. :: 1.18
4-16 0.)8 1.2 047 1.29
4-22 0.3 1.18 0448 1.44
4=R9 0.57 1445
5-5 0.3 1.25 034 1425 0.54 1.50
5-8 0.3 1,15 0.R 1.17 0.58 1.45
5a13 03 1.16 0,38 1.19 0.38 1,18
S5=22 034 141 0.3 1.23 0633 1.20
6-10 0.29 1.18 0.3 1.29 0.53 1.55
1000 Ft. outh of Inlet
3-7 £2 223
3 0.80 1.29
4=16 0.57 144
4=22 0643 1.23
429 0.7 127 0.47 1.31
5-8 0450 117  0.61 1.28 0.63  1.09
5215 0e53 12  0u0 1d4 0.8 1436
S22 0645 123 0.58 1.23 0.86 1.18
610 0.50 125 0.66 1. 1,02 1.15
Semle Mo, 1  _ Semple Mo, 2  Semple No, 3
W, S, E,_ S W, 5,
Innsr Bar
37 0.33 1.36
2 0.2 1.50
422 0.47 1.81
4-29 0.40 1.38 0.50 1.30 Ol 3.67
5~5 047 1.64 0.56 1.57 0448 1.35
5-15 0.54 1.26 0.96 1,38 1.03 1.21
5-22 0.50 1,78 0.4 1442 0e54 1.35
6~10 0465 148 0.90 1.36 0.78 1.33
Oocean Bar
3.7 c.60 1.3
3-21 N 1.28
"’16 00“ 1.&
422 0.68 1.5 0.82 141 0.64 143
429 0.76 l.61 0.84 1446 0.68 1.35
85 0.7 Letw 0,66 1.54 0.81 145
5=15 G5 144 0.87 1.46 C.T7 146
S 2 c.7 1.46 0.7 1.32 075 1.60
6-10 0.99 143 0.86 146 0.78 1.57
Detention Basin
Wy So_
3=<i 0.0 152
4=16 087 1,%0
4=22 1.07 1,29
5-15 1,08 1.35
5-22 0.64 1.48
6-10 0uk8 124

H.Tol. - High tide line

8o - Sorting Ooefficient

13

ft. Water Depth

¥do So_—
0454 1.4
0445 1.9
0.42 1.4
0.3% 1.30
063 1.33
0.33 1.29
0-% 024
0.77 1.3
Oe54 1.38
1.00 102
0.92 129

Semple Fo, 4 _

M, Sa_
0.58 1.3
0okl 1.47
0.76 1.51
0.50 1.36
0.2 1.33
0.69 1.4
0.76 1447
0.93 1.37
0.80 1.65
076 1.50

Samply Fo, 5

M, -

0.70 1.36
0.53 1.9
0.7 1.
0.50 1e24
0.52 1.3
0.76 1.73
0.82 le42
0.9 1.3
0.7 1.48
0.89 l.42

M.T.L., - Mean Tide Line L.T.L. - Low Tide line Md, - Nedian diamster (mm)
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TABLE 4 - SHELL CONTENT

- a2

Shell Content in Percent by Weight

Station HoT. Line M.T. Line L.T. Line 3' Depth Bars
¢ 7 Mles N of Inlet 50 % 38 50
5 Milsz N of Inlet 77 43 65 47
i 2 Miles N of Inlet 60 46 67 &
05 Mile N of Inlet 83 70 69 67
1000' S =f Inlst 67 67 59 88
Ocean Bar 84
83
80
76
: | Inner Bar 51
61
i 68
| 74
Y
were talken at . .ervals of 3 to 4 days at each location. All sand
samples were analyzed for size distribution by an Emery Settling Velocity
Tube(4). Table 3 lists the median diameters and sorting coefficients of
typical samples taken immediately north and south of the inlet, on the
bars and in the detention basin. Tatle 4 lists the shell content of
samples.
} ANALYSIS OF RESULTS
P Average Pumping Rate. Referring tc Table 1, the total measured
i volume of pumped material dwring this study was 13,958 cubdc yards and
# the total pumping time tc by-pass this volume was 183 hows. This
b indicates 2n average pumping rate of appraximately 76.2 cubic yards
& J per hour, When individual volums surveye and ttn mspectivo pumping
g -7 timss are oonsidered, vhe pumping raie fiucwuaied LeVwesn GPpPIvALEEVSLY
g.@; 50 and 100 oubic yards per hour., This indicates that the pumping rate
. i is influsnoed by many factors, such as ocomposition of material, con-
3 #tion of the material at the intale, e opsratar's manipulation of ihe
3 intake, etc. In ordsr to establish an accurate average pumping rate, many
80k . msasuressnts over a eletively long period of time are neocessary.
gv Tblmof“-‘;-.:qﬁ...gntou %
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established in this study cannot. be quantitatively assessed. However,
fairly representative pumping conditions were encountered during the course
of volume measurements; this factor coupled with tine number of volume
msaswreme: o8 has, 1t is beiisved, provided a reliable average pumping

rate for the present installation.

Anmiai Pumping Rate. The log of pumping time between January 1949
through December 1951, as furnished by the Palm Beach County Engineer,
indicates the following:

Total Pumping Tims Total Volums Pumpedx

Year (Hours) (Cubdeg Yards )
1949 1068.5 81,420
1950 1020.5 77,760
1951 1048.5 79,890

#Based on rate of 76.Z cu. yds. per hour.

Over this 3-year period the averags volums purped per year would bs approx-
imately 80,000 cubic yards, bssed on tho average measured pumping rate.
Normally the by-passing plant is operated to intercept the sand drifting
southward under the influence of wavés from the northeast quadrant. How-
ever, the plant is often operated when waves from the southeast quadrant
prevail, since some material moves narthward around the north jetty and
deposits in the arc-shaped trench or sand reservoir at the pumping plant.
This means that the imndicated average volume of material pumped per year
(80,000 cubdc yards) cannot be considered entirely as southward drifting
sand. No quantitative data are available that will accurately assess the
yearly volume of materiul pumped when waves from the southeast quadrant
prevailed. Waves from this sector are common during the summer months
and if the time between 15 June to 15 September be assumed as an interval
when all wave action is from the southsasl quadrant, the average volume
of mterial pumped during this interval is about 7,800 cubic yards or sbout
10 percent of the toval volume. This would indicate that of the yearly
volums of southerly littoral drift, the pumping plant intercepts and by-
passes approximately 72,000 cubic yards,

to_Tot & . Accouraie quantita-

tive ﬁ.gu-eu for the rate of littoral drift along the South Laks Worth
Inlet area cannot be made, however estimates(5) have been made fo- the
Le¥s Worth Inlet area wh‘lch is some 15 miles to the narth. There the
effective depth of the littorali barrier (north jetty) is 27 feet as con-

trusted to 6 feet at South Lake Worth Inlet. The est<mates were made
fron h:u!torical surveys of the 1lq)mnﬂing area north of the north Jetty
at Lake Worbh Inlet, and although e surveys were inedequaie w provide
an accurate estimate, the; indicate the range between the limits of which
the true value probably lies. They indicate that during the 14-year pesriod
immediately following completion of the inlet and jetties, material was
impourded at s rete averaging 150,000 to 225,000 cubic yards per year,
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and that during the next seven years, after the impounding capacity of the
north Jetty had been almost exhausted, the rate was approximately 130,000
cubic yards per year, Other records(6) indicate that the shoaling area
in iake Worth at South Lake Worth Inlet gained an average of 165,000 cubic
yards per ysar during the period 1931-1937, prior to operation of the by-
passing plant. As previously stated, wave action from the southeast is
common during the summer months; therefore the source of meterial supply
for shoaling in Lake Worth is from both northward and southward littoral
drift. However, exposure and shore alignment are so nearly the same at
both lacalities, there is no rsason to suspect that the drift rate is not
approximately the same at both inliets. If 200,000 cubic yards per year

is accepted as a rormal rate of southward drift at South Lake Warth Inlet
(to 27-foot depth), then the volume intercepted by the pumping plant
(72,000 cubic yards) is 36 percent of this drift. It must be assumed that
the littaral drift in {he nearshore zone in excess of the pump's capacity
plus the deep water d~ift (between the 6 and 27-foot depth) is on the
order of 130,000 cubic yards per year., This latter figure would then be
the total combined rate of matarisl naturally by-passing the inlet and
that being deposited as shoals both on the cuter bar and within the inlet.

Belation of Volume Pumped to Wave Energy. The measured wave data
can be expressed as wave energy (direction inclwded) by applying accepted
wave theory. It is then possible to express the mesasured fraction of
littorasl drift as a function of wave energy. As a generul basis of
definition, waves in water having a depth greatsr than one-half the wave
length are considered deep water waves, and waves in lesser depths are
shsllow water waves. In all deep water (denoted by subscript z) wave

phenomena, the relationship between wave length L,, wave welocity C,,
and wvave period T, is

LO-GOT . (1)

If constant depth dy, is assumed ard the wave height is emell 28 compared
with do and I, then

Co =\[Z0 tann 20 %o (2)
2w i

and as d, becomes large, tanh 2w do/L, appraachez unity; which reduces the
exmression to

Co 1?_:.' ' (3)

where g is the acosleration dus to gravity. Combining equations (1) and

(3) giwes -
Co = 5127 (4)
and I, = 5.2 7 (5)
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The total deep water wave energy, E,, including kiruiic and potential for
a unib length of crest i»
o

L, h,° B2
EO = W -————8 1 -4-93.;—2- (6}
(<]

where h, is the wave height from trough to ocrest and w is the specific
weight of ths water.

The recorded wave data indicate that nearly all water depth — wave
length ratios were less than one-half; therefore the energy data can be
computed on the basis of shallow water wav- theory. The shallow water
vave (denoted by zubscript ,) ensrgy expression is

L hy”
Eq =® l-M (7)
S Lsz

where M is a function of d /L,. As :R/L' increases, equations(6) and (7)
approach equality and are identical when® dy/L, = 0.5. For this st

comperatively smail wav® hoights prewiled, and the quantity|l - H(;:g/l.“?)]
in equation (7) ocould be considered as unity for all prasti purposes,
The shallow water ensrgy expression then reduces to

2
38 =W 2.12! (8)
For shallow water waves i
L,-S.R?ztinhzﬂ%:: (9)

and subatituting equation (9) in equation (8), the total energy becomes

E, = § (512 7 tanh 21% ) B2 (10)

;wd with the wave form and dissipates itself on
beach. The fraction n, to be applied to B, in equation (10)is

nes 1 1 4wdaﬁ‘. (n)
g sinh 47 4, /1,
By letting w = 64 (specific waight of sea water) and introducing the
fraction n, the wave emergy or actusl wave work in shallow water is
:,-ur’nfnwmzwgg (12)
8
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The total wave work of any wave tral: o = jivées height ews: nerdod in
shallow water is - SN L
-—

£ ™ n2 n tanh 2% ?

s

-"'s _ .

gr = T i J X -1

or gr.(l.l'rhszntanh 211'%\’ s 4
‘1' .'

where t 18 the total duration of tha wave train being «:sidarad and ax-
pressed in seconds, if T is expressed in seconds. The alongshare compuaent
of wave energy is a function of the angle (X that the normal of the wave
crest makss with the shore line., By vector analysis the alongshare com-
ponent of wave energy is moare accurately expressed as a functicn of (sin &
cos X). The total alongshore component of wave energy or wave work far
any wave train of a given height and period in shallow water is then

B, = (41T hg n tanh 2% ) t sinGloos & (15)
Ls ’

In order to relate eguation (15) to the measured volums of by-passed
material, only the southerly component of wave work was considered. It
can be seen from Figuwe 5 that of the total mmber of wave direction ob-
servations, 75 percent indicate a wave direction () north of east.
Equation (15) was evaluated for each month by tabulating wave directions
where ( was 90 degrees or less along with the corresponding durations for
each (1 and recorded wave height and period data. Since for this compila-
tion is ths total monthly southerly component of wave waxrk, the
measured volume of by-passed material was evalusted in terms of the total
monthly southerly littaral drift. Records for the mresent by-passing in-
stallation indicate that about 45 percent of the normal yearly operation
time falls between ). November and 1 February and it is during this 3-
month period that considerable materi:! is carried around the north jstty
of the inlet. During the period 1 March « 1 Juiz- *as orms. operatirg
time is about 20 percent of the normal yearly totai aisi durir> the Wme of
this field study it appeared that, with very few axceptions +he wap!:
plant by-p@ssed 211 the littoral drift moving alongshors in:-.ie ths snrf
sone. Therofore in compiling the by-passed material far each month (during
the field:-study) in relation toG and t; it is assumsd that the "
volums repressnts the-total southerly 1ittoral drift in the mesrzhors sone.
Table 5 presents ths data on a monthly and daily basis of Zp the souther-
ly orent of wave work (expresged in ft.-1bs. per day per ft. of wave
crut';,! and the southerly rave of 1ittorsl drift (expressad in cubic yards
per day). When the tabulated values are plgtted on a monthly bacis as
shown 18 Figare 7;:1% can bo seen that a relationship cxists between the

o

' &
-l aca Ve - b Al arrcen mmscemes cwd eadasihacse V1856 smna) ded b Mha Jdada
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oompuied on a daily batis are also shown in Figure 7. Itw;llboMod
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TABLE 5 - WAVE ENERGY AND LITTORAL DRIFT

" ,.g.—.--r'#‘

Wave Energy Material
Ft-1bs./ft. Energy (Ep) Pumped for  Nearshare
Net of Wave Crest Ft-1bs/day/ Periods Littoral
Dates ‘Tims for Periods In- Ft. of Waye Indicatad Drift (Q)
1952  (Days) dicated x10% Crest 2103  (an. vds ) (0w .vde /dew)
Computaticns Based on ionthly Data
Mar ~
te "1 24..23 25.26 1040 6600 272
Apr 5
to 30 25.17 19.67 780 8400 215
§
{ ) May 1
i to N1 30.83 10.90 350 2360 7645
E June 2 ;
! to 11 9.17 1.70 185 526 57 "
!
Computations Based on meily (0.3 to 4 Days) Data
%9 2.7 7.87 3620 1550 75 \
16 to
: 18 2 7.13 3560 657 308 i
i i
28 w i
; k' 2.17 3.9 1820 874 402
§ 30 to {
a 0.5 225 4500 648 1296
, Apr 7
| 0 8 1.33 1.43 1110 380 285
| 16 to
19 3.17% 14445 4560 1290 406
Apr 30 '
i to May 2 2 5.07 2535 686 343
2 May 12 : . .
to 16 4.17 6.76 1620 B7% ks o)
3
t 27 to
» 28 0.5 0.2 440 7% 152
28 to
28 0.33 0448 1440 7% 28
20 ¢2
3 0.5 0420 400 114 » 28
June 2 -
to 3 1.66 140 840 228 137
.
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that the latis: polnis a2 swacwhat scatlered as compared to the points
computed .orn a monvhiy basis; the spread in the points being due in part
to inability to associate the gunantity of by-passed material with the
proper wave snergies. When longer time intervals are considered, 2s in
the monthly data, the quantity - by-passed material a:d wave energies
can be more accurately related., According to the line established on vhe
basis of the monthly data, the reilationship between Q, the nesarshare
littnral drift in cubic y=rds per day and Bp, the southerly component of
wave energy for the South Lake Worth Inlet area (March through May) is

0 = 0,001 (Ep)°+? (16)
This indicatees that the rate of the meas: red fraction of littora) movement

during toe pericd of study was easentially a linear function of the along-

share component of wave energy.

Littaral Current Dsta. The plot in Figure 6 indicates that during
the study the : -zrags 1iiioral current velocity in the nearshore zons at
the four observation stations was approximately 35 feet per minute. This
average seems applicable to ei“her northerly or southerly direction of
current movement.

The wave direction summary (Figure 5) indicated that dw’ng the
period of this study the predominant wave direction was from the nartheast
quadrant. The tabulated littoral current observations (Table 2) indicate
that of the total number of observations, 63 percent were of movements to-
wards the north. All other data throughout the cowrse of this study
provide evidence that the predominant direction of sand movement was towards
the south. The lack of correlation between littoral current and wave
directions is probably dus to the insufficient number of current observa-
tions, It was found in a number of cases that littoral current measure-
ments taken at ons observation station differed in alongshore direction
(north or south) and magnitudé from those taken at an adjacent observation
station at approimately the same tima., Th® near coast ciroulatary
currents creatsd by the flow of the Gulf Streanm and the Gulf Stream's
effect on incoming waves are umdoubtedly influencing factors on the littoral
cw rent characteristics; however these effects cannot v evaluated with
the data at hand.

le Data. Table 3 contains data on sand samples taken near
the inlet. The table includes the date, sampling station, spscific
location on the beach profile, medien diameter, and sorting coefficisnt,
which is the square root of the ratio of the size at the 25 percent
quartile to the size at the 75 perocent quartile. Bottom samples from
the shoaling areas inside and outside of the inlet were taken from
various points on the bars; the water depth at the sampling points being
1 to 3 feet referred to mean low water daium. Ine sampias iLaken irom e
acoumlated matsrial in the detenticn basin were selectad at points whioh
were belisved to be representative of the by-passed material, i.e., the
sorting effect created by the wash of the discharge was considered.
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In comparing the analyses of the s mevas '"x.. . m.lo north
ard 1,000 feet south of the inlet, i: will be -aan that “he sorting
coefficient (Table 3) sad shell cont.ent {(]a%is ) 2% wi-s3% locations are
about the same; however the mediar diametes.s wue ‘G.o sozplys taken south
of the inlet are noticsably larger. Cenciler_ng *az orail lengih of
stuly, tiwr: Jesms to be no seasonal effects or the si:: 2istritution of
the ma*x.2ai, The average medimn ‘jamavers &% Lk two =i=-ions were as

follors:
Median Dismeters ir Millimsters __
\‘tagon H ToLo) (I"—T-L, uoToLc ‘2 t d’Ethi
# =*3s north of
1,000 feet south
of inlet 0449 0.58 0.7 0.84

The coarseness of the material on the ocean and irmer *-»s is indicated
by ths respective average msdian diameters of ::.77 =2nd /..~ adllimeter.
The material pumped also was coarse, samplss .rom vie 33 ~~%ion basin
having an average mcdian diameter of 0.8 millimeter.

The transportation of sediment through and around the inlet is
complez. The source of supply of material carried through ths inlet to
lake Worth on flood tide cculd be material from the Ocean bar, mterial
in deeper waters seaward of the jeities, and material that moves around
the seamard ends of the jettias during severs weve action periods. The
materis® carried through the iilist iuto leke ¥orth on flood flow deposits
in a fan shape pattern with the finer particles being carried into
deeper waters in Lake Worth; undoubtly a substantial quantity of ths finsr
particles remain in th- doep water in Lake Worth and are not disturbéd
during ebb flow. However, the finer particles deposited in the immediate
vicinivy of the inlet are picked up on ebb flow and transported hack to
the uwcean, This lsaves a residve) deposition st 5513 :f the inlet
of fairly coaarsc material which is shown bty %!z bLottom sz2asies taken in
that sone (aver=ge Md, = 0,60 mm). The fines p-.z’biclas tr=nsparted from
Lake Worth to the ocean dwring sbtb flow =i..si «2posit 2a iy ocean bar
or are carried out into deeper waters. It seer< <1 1iii .- fine material
remains on the ocean bar, since the bottom sampies taken i.ovw that szone
indicate a rather ccarse residual (average Md, = 0.77 mm.). This rather
complex sediment transpartation pattern seems to indicate that only the
coarser material is available to the shore line immsdiately south of the
inlet as a result of nstural movement.

Since the north jetty, in ordar to impound materisl, wust establish
a oteeper-than-normal nearshore slope, it is logical to assume that the
by-assing materizl is a segregated coarser fraction of the material in
transit. Also the trench at ths intake of the bLy-passing plant is a
mtural trap for tbo couraor fnotion 51 the materisl in transit, If
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+his coarser mterial wers not by-passed mechanically, it is probable
that a large part of it would deposit in the inlet and on the inner and
outer bars., Although it could be expected that the inlet would ultimate-
1y either close or stabilize so that all littoral mterial would pass

it naturally, it is em.dent that the dorndrift shore would be under-
nourished with respect tc coarse maverial for a lengthy psriod, if by-
pessing should be discontinued. There are no data available concerning
offshore concitions south of the inlet., Stability of tas shoie as

a result of by-passing over an extended periud indicates that for the
conditions of limited depth which prevail at this inlet, only *he coarser
fraction need bs by-passed to achisve satisiactory results.

SINAMARY

Effectiveness of Plant. The average pumping rate of the plant, as
determined by voirumetric measurements of the material by-passed cduring
vhis study, is 76 cubic ysrdx per houre When this pumping rate is
applied to an average yearly operation, the total by-passed volume of
southward littoral drift is approximetely 70,000 cubic yards, or 35 per-
cent of the total scutlward drift which is on the order of 200,000 cubic
yards. Ths by-passed material is apparently the main source of supply
to the shore immediately south of the inlet,

The coaraer composition of beach material on the ocean and imer
bars, on the beach south of the inlet, and in the detention basin, as
compared with that on the besch narth of the inlet, indicates that only
the coarser fraction reaclss the shore W the south, hy either natural
processes or pumping. This fact probably accounts for the demonstrated
effectiveness of the by-passing operation in stabilizing the shore south
of the inlet by pumping only about one-third of the toctal volums of
littoral drift,

Littoral Drift - Wave Energy Relation. By correlating the data on
material pumped and wave characteristics over the period of study, the
following relationship between the rate of nearshore littoral movemant
and the shallow water wave energy was developed:

Q = 0.0011 {Ep)0+9

Q is the southerly rate of nearshare littoral drift in cubic yards per
day and Ep is the southward component of wave work or energy for ths

cor responding period. So far as is known, this relationship is only
applicable under the conditicis presently existing in the vicinity of
the study area. No quantitative assessment of the accuracy of this re-
lationship over a longer period can be mede with available data; however,
the data exhibit a logical and systematic trend, and if the energy could
be evaluated non an annual basis, it would be reasonabls to expect the

relationship to be applicable over that period,
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