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FOREWARD

Tnis paper was prepared by Mr. Jay V, Hall, Jr., Chiefl
of the Engipe. +i° - Div ~ian of the Beach Erosion Board, aad
wag originally given at the Third Conference on Coastal

Engineering held at the rassschusetts Institute of Technology
in October 1952,

The presentation and discussion of pertinent criteria
for design of artifiecially nourished beaches are considered
to be of sufficient velue and general interest to merit publ-
icazion as a Technicel iwemorandum. The opinicns and con-
elusions of the authgr -re rot necessarily thozs of the
Beach Erosion Board.

The authority for rublication of this report was grant-
ed by an Act for the im-rovement and protection ¢ beaches
along the shores of the United States, Public Law No. 166,
75th Congress, approved 31 July 1945.
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ARTIFICIALLY NOURISHED AND CCLCTRUCTZD BEACHES

JE&F IIir- Hall’ Jr4
Chief, Engineering Divisicn, Beach Eprosion Board
Department of the Army, Washingten, D. C.

INTRCOUCTICH

Construction, improvement and maintenance of beaches through the
artifisial deposition of sand on the shore is rapidly galning prominence
in the field of shore preotection engineerins. The trend toward this type
of shore improvement has resulted from our changing economy, modes of
transportation end recreational habits. As our mouve of trensporistion im-
proved and people had more time for recreatien, beach resorts develeoped
and grew to praportions tynified by AtlantiejCity, WHew Jersey. Numerous
factors control the growth of a resort of tHils size but undoubtedly a1l
will agree that 1t is the beach which is the reszorts' primary asset.,

This fact was recognized very early in resort developm:nt and every effort
was made to premerve the beaches from the ravages of the sea. Unfortunate-
ly the science of shore protection lagged behiind resort development and
beaches scon became covered with a maze of structures which discouraged
rather than ensouraged their use. 4t this point something had to be done
to rastore the beaches to their original atirasctivensss, 1lae obvious

ne ns for this improvement was to eliminate 211 structures as far as
possible and to replace the beach material which had been removed. Uare-
ful study convinced a number of engineers that besch resteration employ-
ing artificial tourizhment had possibilitie=s and in some instances might
be the most economical as well as best metnod of improvement., More
importantly, there has developed 2 growlng recognition of the fact that
preventing erosion by means of protective structures is a dangsrous
practice, in Lthe sense that in many cases s-oh protection is secured at
the expense of producing an sver expanding sroolem area, Artificial
nourishment, on the other hand, benefits not caly the shore upon which

it is placed but adjoining shores as well, The econcomic merit of this
type of treatment has often been cifficult o evaluate cecause of un-
certaintiess in prospective mainte..ance cost znd in determination of the
extent of shore which would be benefited, It ig needless to say here
that although the method has been employed without a complete understand-
ing of all the factors controlling an ideal installation the resules
have been gratifying.

It is the purpos= of this paper; first, to outline the criteria
pertinent to the design of artificiazlly nourisned beaches and explain
how gach is derived ard used; seccnd, to pres=ent a brietf history ef
five areas where the four types ¢f srtificisl nourishment have been .ried;
namely the offshore dumping method, the steoekoiling methed, the centinu-
ous supply method, and the direct placement —ethed; and third, to prasent
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a tabular record of a grest number of srtificially nourished and con-
structed beaches including facters rel:stinz to their placement and
scanomic life.

DESIGN CRITERIA

At the present time although the design of artificially nourished
and censtructed beaches has not been fimmly establirhed en a selentifie
basls, advances have bzen made in the isld of wave motior and the effect
waves have on theé shore which have established it on better than a rule
aof thumb basis. In the following paragraphs criteria for the design of
artificially nourished and constructed veaches will be enumerated and
their derivation and t'se will be explained,

The first task in apurcaching a design problem of this nature is to
determine gquantitatively the deficiency in material supply im the problem
area, This is the rate of loss of beach mzterial and is the rate at which
the material supply must be ine¢rearsed to belance the transport capacity
of littoral forces se that no net less will geecur. 11 there is po natural
supply available, as may be the case on shores down drift from a majior
littoral barrier, the deficiency in =upply will be equal to the full rate
of litvtoral drift. If the problem area is part of 3 centlnuous and un-
obstructed sandy beach, it is likely that e deficiency will be relative-
ly =mall compsred with the drift rate, CJomparison of surveys over a long
period of tims is the only accursia nesans of determining the rate of
nourishment required to maintain stability of the shere. Since surveys
in Zuitable detail for volumetrit messurement ave rarely available at pro-
blem ar as, aspproximaticns computed from ¢hanges in the shore pesition
determined by air pheto or aAny other suitable reccrdsare often necessary.
Fer such aporoximetions a rule of Lhumb sguation whersin one sguare foot
of surface ares equals cme cubie yard of beach material appears to previde
acceptable valles on exvosed Sescomsts, For less exposed shores this
ratio would prebably re=ult in volumetric =stimabtes somewhat in excess
of the ftrue fipure and would tnus prodiuce conservabive valuss,

The next and equally important task is the determination of the pre-
deminant direction of Iitworal arirft, This i3 most gencrally determined
by studying the sheore ceafipuraticn Bt crolng, jetties or otier littoral
barriers, The major asccwstlation of littoral materizl occurs on the
usdrift side of suczh barriers, however, in the case of minor barriers
such as short greins, seasonal variastilisy or storm ef{fects may obliterate
tae predeminant trend, Care must bte tzken two aveid misinterpretation in
such gases, Seasonal srends should te determined sna evaluated where
doubt exists on the basie of availsbhie evidence.

Unfortarately,; or msybe fortanstely, tne englineer has not covered
each ssetor of our entire shore Jine with structures wtwreby this de-
termination of the rate of —rift can te made. In the event that

strucztires are not availaiile on g sendy beach, Or an srés is 1o be i
L ¥
pl‘t‘Véd that is

devold of litvoral materisls, another pmethed of determining



these factors must be employed, A rather loag laverious methed is avail-
able for use, which indicates the direction of the predominant littoral
forces quite accurateliy, but indieates only the relative strengtn of the
littoral forces along selected stretches of the sheore.

This method of procedure invelves the use of the technizues of hind-
tasting wave data from synoptic weather charts 10 determine the wave
climate over a period of years in a giwn area) the use of refraction
dilzgrams to bring this wave budget intc shallow water; and the usa of
wvegtor dilagrams to detemnine the resultmt diregtion and magnitude of the
wave spergy which establishes the predominant direction and --lative
strength of the littoral sovement, The predominant direction of the
littorsl drift is conaidered to coincide with the direction of the resultant
of the flow of wave eaergy, and the relation betwoen the Strength of the
Titters]l moverent ls determined to be tne longshore component of the wave
energy rtting along ite estsbliched direction toward the beaeh., In view of
the lack of kncWledge of the charsrelerintics of the boundary conciticns
irposed by the surf zone it is not vcssible at the present time to actually
rélate the lonpshore compornent cof the wave energy to o gquantitative
determination of littersel drift, In other words only the relstive strengths
of the 1lttoral fordes inthe varigus relpted locslichis aiong o strateh of
beach under =tudy ghould be used,

Having estzilished the direction and magnitude of the forces that
will operate onm a propesed £111 the next problem te be éncountered is
that of selecting a suitable bézch material. Unfertunately adequzte
criteric heve not been established for evaluosbting the gualities of beach
naterials. Hewever, a linited anount of informatien pertsining to the
sorting of beach sands ana the reletion of grain size 10 beach slepe are
of value in selecting materisls for artlficial nooristment. When sand
is deporited on a shore the waves operating in the ares Lmsdiztely start

& sorting sotion on the surface layoer of ihe fill moving the [iner particles

o |

seeward, leaving the goarser materizl shorsward of the plunde polnt. This
soriing acticn coptimies ‘until a layer of poarse particles compatible with
the weve spectrum of Uhe zrea arcors the pesch and rencers it reletively
stzble, Howevaer, if the smmcr ir brokean due to &2 storm, the underlying
rawerial is az2in aob jected to the sorting proeess. In view of this
sorting srocess beach matérizls contdining clay lenses or discolored
pvarticles may be used With the zszsurance that nstural processes will clean
the sand and mabe It an entirely muizacte meterial for nourishment. Ex-
perience with the fills a2t fnafheim Bey, Talifornia, snd Palm Beach,
riorids; botn of whiceh conzained fereipgn satter eenfirm this statement.

During tne perioa-of eerting, tne heach sSlope is also adlisted until
it becomes comcetiole with 'he prein sice distributlen of tho scrted
material. L. view of this fact, = Jesired beach slope may Ge cbiained by
ranacmty placine materiel of a sradation that w111 srsume the desired
slgpn after sorting and sicpe adjustment. The gelection of 2 meterial
of the proper oraddtion to groducs the dosired slope ss faroas 1s known
at the orosent ting can ety be doitErmined Dy analysing the ssnd tabsn

frum =z beach in the surrounding area which has a sirdlsr orientatichn and
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is acted upon by the sare wave tcrces. Sand selected for sriificial
nourishment should ideally contain the same grodation of materials as
those found on the beach to be nourished if the original beach slope is
to be maintained.

Material of ‘coarser characteristics may be expected to produce g
stecper than normal beach, #Haterial finer than that occupyling the
natural beach will, when e€xposed on the surface, move seaward to a depth
compatible with its size, Almost any scurce of borrow near the shore will
croduce some material of praper beach mize, Since the source of artificial
nourisiment will control the cost to a major degree, evaluation ¢f material
characteristies is an importait factor in ecunomic desipgn. At present
such «valuation must be made largely on a basis of experience at other
localities,

The beach crest height willi be established ultimately by natural
forces, that is, the e¢yclic changes in water level and the wave pattern.
The foreshore prd nearshore sleopes will sffect wave behavior and thus
influence the natural b-ach crest height, I the beach fill is placed to
an 2levation lower than tie natural c¢rest height a ridge will subssgquently
develop along the ctrest, Concurrent high water stage and high waves will
gvertop the crest and causée ponding and temporary flooding of the back-
shore, ouch floeding, if undesirable, may be aveided by fixing the berm
height slightly sbove the natural beach crest height, If there is an
existing beach at the site, the natural crest height can be determined
therafrom, Otherwise determination must be madeé on a basis of comparison
with other sites punsessing sinilar exposurse ~haracteristics and beach

material, There is at present no acceptable theoretical basis for pre-
dicting beach crest height.

Griteria for specifying berm width cepends upon a number of facters.
If the purpese of the [ill is to restere -1 eroded beach damaged by a
major storm, where inadeguate natural nou.ishment is not a factor in the
problem, the width may ve determined by the protective width which ex-
perience has demonstrated to be required. where the beach fill is to
merve gs a stockpile, the berm width should be sufficient to provide for
expacted recession during the intervals between artificial replenishment.
It is generally consideéred that the toe of £111 of 2 s tockpile beach should
not extend bo such dezth that transgort of any material forming the
surface o7 the £i1) would be retarded. There arc no firm specifications
E tais limlting depth at present but availaoble data indicate, that depths
of wwenty feet-below low water datum on ssaco&sts and twelve feet on the
Great Lakes may ©e used safely, It is obvicus that the initial slope of
any beach i1l mst be steeper than that of the natural shore area upon
which it is placed. Subsegquent behavicr of the slope depends principally
upon the characterietics of the £i1]1 material., Fills composed of material
coarser ‘than that found on the native beach will maintaln s stecper
than normal slope. Finer material tends to form & flatter slope. In
ordinary practice the initial fill slope is desisned parallel to the local
or ccaperable natiural beach slope above low water datum, and slopes of
1:2C to 1430 from low water datum to intersectlon with the existing bottom.




 ——— e m—— — e —_ - T e 4

It is unnecessary to artificially ,.rasde beach glopes below the berm crest
for they will be naturs]lly shaped by wave action.

The length of a stockpile beach may very greatly cepending upon
local conditiens, Lengths from a few hundred feet tc a mile have been
empleyed successfully. Since the updrift end of 2 stockpile beach will
be depleted first, long stockpiles are usually most suitable where a

pulkhead or seawall exists to protect the zacksho ¢+ a5 erosien YrEsSres
along the stockpile,

The foregoing general discussion of the derivation and use of the
basic eriteria pertaining to the artificial placement of send te malntain,
rehabilitate or censtrict & beach clearly indicatwers the lack of the present
krowledge and conssguently presents a challange to investigators to direect
their work toward thils phase of shore protection work. The principal
factors which e-pear to warrant detailed study in ordir bo establish more
rigorous desipn eriteria are the rdlstions betwsen the characteristics of
beath and nearshere materials and their modes of transpert; the relatians
between beach materials, exposure, and the resulting geometry of naturally
formed beschies; md more accurate methods of determining the deficiency
in material sepply on an eroding beach. In the present state of kKnowledpge
laberat ry experimentation may be expected to contritute only %0 a limited
degred to the sclution ~f these problems. It is believid that emphasis
must be 2peed on fiold Lvistigstion For this purpose, partieuwlarly in
the lorm of follow-up studies of artificial beach fills.

TYPRS CF ARTIFICIALLY WCURISHED AND COHLTRUCTED BzACHES

CFFSHORE DEPGELIT METHCOD

This method of beach neurishment is constantly coming to the mind
ef the shere pretectlon engineer since a large supply of beach material
could be made available at comparatively low cost in connection with
hopper dredge operations in ceastal harbors.

A test of this type of nourishment was made in :1%LB 2nd 1949 by the
Beseh Zrosion Board and the New York Distriect, Corgs of Enginecrs, Depart-
rent of the Army at Long Branch, Hew Jorsey (reference 1). The city of
Iong 3ranch is located near the northern tip of Hew Jursey adjacent toc the
entrance to New York harbor. (Figure 1} It lies on a slicght rise in the
surrcunding terraing which slopes sesward 1o an elevetlon of 20 feet and
terminstes at the shore at the crest of 2 timber bulkhead retaining Ocean
tvenue, The beach fronting the bulkhead is relatively steep and narrow
snd is intersected by nwserous heavy rubble mound groins.

Tre history of the Long Branch area had been cne of progressive
erosion caunsed by the stabilization of updrifi sreas which formerly erocded
and supplisd aoundand, 1ittcral materizl to down drift areas,

The purpase of this test yas to determine the feasitility of restor-
ing =n zéoquate littoral drilft to nourish the shore by emnloying natural
forees to meve roterizl, dumped in relatively deep water, shcreward to-
ward the beach.
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The material credjed [rom New York Harbor entrance channels was
placed in a ridge about 7 feet high; 3,700 feet long and 750 feet wide,
lying ebout < mile frow shcre in a depth of 38 feet helew mean low
water. with its southerly limit on an east west line =sbout 15C0 feet
norts: of tn2 long Branmeh fier. Dumping at the site amounted 1o a total
of G607 ,000 cubic yards of sand. (Figure 1)

During the entire period of study, oceanggraghic forces effecting
sard movenment were recorded snd the sand muvenent was traced by pericdie
hydrograchi¢c surveys covering the area [rom the Long Branch Fishing Pier
northwaré ¢ blonmouth Beach CJo=st Guard Station and from the bulktead
line seawsrd ©,000 feet to abouvt the L2 foot de, .dtour (mean low
water). An effort to trace sand movement through dissimilar minerals in
the beach and durped sand failed, At this point one may -uestion the
suitability of the Leong Branch site for z study of this nature. Ccecano-
crevhic and hydrographie data collested at vthe site proved its sultability
since natural foreer sere found which were capable of moving material
ever the ccean fleoor in 35 to LD feet of weter and along the beach,

The result ef the =and movement during the peried Ccucber 154L% after
atl cumping "ad bteen completed to Gotober 1547 are depicted by net
bettom chuanges snd ere shown on Figure II1, The bottom ¢changes show
ancrevion to be general. over the olfsnore area including the mound. AN
irea of looaiized erosion develeped ncar the center of the mound and
ercaitn coourred over the shosl 2t the scubtern llmit of the study srea.
Rearshors erosion has been sxtensive over the year. T': gencral acerefion
over the mound coupled with the extensive erosicn along the shore indicates
that the cecosited material, during the poricd of cbservation, has not
benefited the beach. ‘while observations over a longer piriod may indicate
some henefit, it may be conclided from present evidence that this method
will nct provide nourishment at & suitable ratve te justify its general
use.,

ThHe cenclusions reached in this study eenfirm the findings of two
similar stidies, one nade at Santa Barbara, Califcornia where 202,000
gubic rards of zand were deposited in 20 Teed of water (meen lower low
water) in Sopterber 1935, and the other =t Atlantie City, Hew Jersey
where 3,074,000 cubie yords of sand were deporited off the beach ir 18
to 20 feet of water (mean low water) during the p riod &pril 1935 -
Septesber 19L3.

Al trouph the results of this test to artificially nourish the beach
at Long 3ranch; New Jursey, wers nsgative; it is felt thatl they have a
place in this peper toe guide future work along these lines,

STCCKPILE AETH0D
Frobably the first shore protection project dusigmed specifically

for smplosymeat of this metnod was tnat developed at Santa Barbars,
California (Figure III). Tails project has been in slcesssful vperation
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since 1938. Details of the plan are contained in references 2 and 3 and
cnly a suniary will be presented herein.

The prcblem at Santa Bartara was creazed vy constriction of a break-
ter, sompleted in 1529, which effectively blocked the wovement of
littorsl drift. Material greumulated on the updrift side of the break-
water ot & rate in the erder of 300,000 cubic yards a4 year. By 193L the
impeunding capecity sbove the breskwater was reached, and themne of en-
trapment shifted to the protected waters within the harbor,

[ieanwhile beaches downdrift from the herbor, beinpg deprived of normal
nourishment, were progressively eroding, By 1%38 the ercsicn ares had
depudsd the down drift beaches for a distance of ten miles, o a location
where a lerge natural sand decosit served o maintain shores beyond. Off-
shore depceit of sand removed from the harbor by hopper dredge in 1935,
described earlier, failed tc ald the shore. Damages mowted and hastily
built shore pretection structires provided little relief,

In 1938 a -ooperative preject was developed on recomrendation of the
Beach Efosion doard providing for establishing a stockpile beach fill
along LOOG feet of shore down drift from the harbor, to be initially
filted and periodically maintained with mateyial oredued from the harbor,
The first £i1) was completed in July 1936 anc replenishment has been
accompl 1sned at two or three yeo. intervals since that date., The seventh

repetitive nourishment operaztion is in progress 2zt this time. (October
1552).

By 19L5, seven yesrs after initiation of wtne project, stable con-
ditions had veen restored cver the entire ten miles of previously eroding
beach, [No additional shore protection measuwres have been required since
that dete, Tha average rate of artifiecis] necurishment in round ligures,
has been 300,000 cubic yards = year. The average cost is 21 cents a
cubic yard. Harbor maintenance as well as shore zrotection is accomplished
ard under Lhe terms of the project the United Stawves pays the cost of the
former by the cheapest method (hoppsr dredging) at =0 established price
of cents a cubie yard. The work is acecmplished with conventicnal pipe
line . :dging plant and egquiprent. Local interests contribute the added
ceet of depositing the material on the stockpile beach, an average of 8
cents a cubic yard or 2lL,0CC a year, Considering the length of frontage
receiving protection in this project, the sverage zmiual cost is sbout
EQ gents a linesr foot, This is a minor fraction cf the ceost sxperienced
shere defensive works aere empleyed for shore protection.

A mere recent examyle of stockpiling send on 3 beach teo be distribut-
ed glong the down drift shore by the natursl forges is the project under-
taken several years ago at Palm Beach, Florida.

Pzlm Beach 1z located on the coastal lowWlands ¢f the egst coast of

Flarida sbout 200 miles south of Jecksonville and 7O miles north of
Fiiami Beach, ({Fizure I".f} The parrier beach on which the town hss been

10
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built separates Lake Worth from the Atlantic Ccean and is breached by
two inlets, Lake Worth Inlet and South Lake Werth Inlet, about 15.5 miles
apart. The barrier is composed principally of sand, part of which is
artificial fi13 over former marsh areas, There are occcasional out-
croppings of coquina on the barrier and in the cf{shore area.

Lake wWorth Inlet was dredged through the barrier and {wo protective
jetties were constructed between 1718 and 1925, The constructicn of the
Jetties heve caused changes in the adjacent ahore lines similar to those
at a number of other ‘nlets along the east coast of Florida where jetties
have been constructed; nemely, accretiscn north of the north jetty and
erosion south of the south jetty. An accurste estimate of the rate at
which the littoral drift has been impounded by the north jetty cannot be
made from available historical records bub a number of rough estimates
have been made utilizing availatle inforrmation. These estimates alilhough
rough, indicate the limits of the i« Leezn Wwnich the true wvalus pro-
bably li-s, They indicate that during une 14 year period immediately
following completion of the inlet and jetties, materiil was impounded at
a rate averaging 150,000 te 225,000 cubic yards per vear and that during
the next seven years the rate approximated 130,000 cubic yards per year.

The removal of this quantity of material from the littoral stream
which formerly nourished the Palm Beach shores has resulted in centinu-
pus erosion. The rate of erosion has bDeen retsrded by the construction
of a fairly unifornly spaced field of groins but in general the groins have
not mainteined as wide a beach as desired, primarily because of the lack
of sufficient litteral drift.

Studies made by the Beach Erosion Beard in ccoperatlion with the
fort of Palm Beach Distriet *o develop & plan or plans for the rehabill-
tation and future protection of Palm Beach resulted in the conclusion that
because of the spsence of an assured natural supply of beach material
an artificial’ supply must be furnished. (reference l). It was also con=
pluged that the best methed of nourishing this shore would be to pump
sand Trom Lake Worth and place it in stockpiles sloung the beach, The
declsion LW use this method of nourishment was due in part to a satisfactory
test of stockpile nourishrent made on the beach immediately south of Lake
Werth Inlet in 194,

The recommendations made by the Board were accepted by the cooperat-
ing zrency and four stockpiles of sand were placed on the bgach betwsen
May and Noverber 19L8. 2n additicnal stockpiie of 180,000 cubic yards of
sand was placed on th: beach opposite the West Palm Beach Canal by Palm
Beach County in 19L%. The quantity of material placed in each ¢I the stock-
piles together with previvus and subsequent placements near the northern
end of the beach and the locations of the piles are shewn on Figurse IV
and in the folleowing table.

12
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Location Date of Flacement  MNo.Cu.¥ds, Sost per Cu,Yd,
Mediterranean Ave, Aug 19LL 300,006 35.0¢
May-Nov 19L8 215,690 32.2¢
July 1949 380,000
Eden Road May-Nov 1948 630,600 19.3¢
Tangier Ave, May-Nov 1948 Lgk,&Lo 19.3¢
Banyan Road May-Nov 19LB 1,035,000 19.3¢
West Palm Beach Canal 1949 100,000

Tve results obtained through the use of stockpiles to nourish the
beach in the Palm Beach area can best be described by the following
statements made by Mr. Norman C, Schmid, Engineer, Town of Palm Beach,
"It is my opinion that arvificial sand supply iz the best method of
heach protection that we have found in Palm Beach. The only trouble is
that we have omly supplied the beach with two and one half million yards
and il is estimeted that the project would require six million yards

to bring the beach line to the 1928 lpcation,' MHr. Schmid further states
that past experience shows that, "The northermmost stockpile should be
replenisheu yearly, the others to the scuth every twe or three years
deper ing upon storm conditions." 'He Concludes "..... that the sand has
moved as expected, also that the experiment even to the layman's eye

has proven quite successful."

CONTINUCOUS NOURISHMENT METHOD

One_of the best examples of continmucus nourishment to 2 beach down
drifs from an imdet is the sand bypassing plant at South Lake Worth Inlet,
Florida. The factors pertinent Lo the installstion of and the results
obtained with this bypassing plant were theroughly covered by Mr. Joseph
M. Caldwell din the {irast Coastnl Engineering Uonference bunt since it is
the intent of the writer to mske this paper as complete as possible in the
fielad of artificial pourisnment the Wighlights of this installation will
be briefly reviewed,

South Lz2ke Weorth Inlet is located on the east coast of Florida near
the mouthern Iimit of Lake Worth which separates the maiplsnd from the
sand barrier on which the town of Palm Beach is located. (Figure IV),.

This inlet was dredged throush the barrier in 1927 by the South
Lake Worth Inlet Distriet to create a cireulation of water in the south-
ern end of uae lake to relieve the-stagnant condition of the waters. The
imet was fixed by two shart istiies sbout 280 feet long. Due to the
abundant litteral drift from nerth to south in thls area the littoral
reservoir formed by the nerth jetty was guickly filled and sand was
carried around its outer end into the inlet where it dropped out of sus-
pension forming a middle ground shoal.

Concurrently with the fi1ling of the impounding area behind the
rorth Jjetty and the formation-of the sheal, the beach sgputh of the inlet
groded, Property owners faced with the loss of vwaluable land and homes

-~
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constructed numercus protective structures but due to the iImpounding of

the netural supply by the inlest, these structures did net help in holding
or building a protective beach. The failure of the structures to protect
the ares clearly indicated the necessity of rebuilding the beach as a
protective barrier through the restoration of the 1ittersl 4rift in the
area, This was done by estazlisning a pumping plant on the north jetty

v bypass the sand across the inlet to the ercding shere. The éistricution
down beach ¢f this material was left to the acticn of n=turzl forces., This
method had the added adwvantaze of reducing the sand available to oe csarried
into the inlet to beé depesited on the middle pround shecal.

The pumping plant was not designed to bypass the entire gquantity of
littoral dritt but rather to supply the guantity of matérial recuired to
restore the beaches to the south., During the fi-st five ysars of cperation
prior to World war TII sbout 250,000 cubic yard. ol sand were supolied to
the beach. The beaefit derived from this operation was felt slmost
immediately and at the end of the five year pericd the beach scuth of the

I| ‘ inlet was entirely restored. During this period sn¢sling decreased over
-: the middle ground,
y

The cost of moving the sané including ¢peration, maintenance, and
depreciaticn was about 9 cents per cubie yard., Oassed ¢n eaprrent prices
the figure would still be well under the 1%9.3 cents to 35.0 cents per
: cpubic yard cost of the st “¥pile aourishment plsced on Palm Beach from
.L Lake Worth.

It is rectgnized thzt slthough the sand has been meved economicsally
_ [ with a fixed plant st South lgzke worth Inlet periodic nouriszment using a
: flosting plant -3y 2e mere econcmical st other 1ittoral barriers,
]

il

. DIRECT PLASEMZN" HETHOD

It differa from the steckpile metheod in that the i1l is cempleted
at one time over the entirs shore to be protecteds In effect it may
subscguantly take the fei~ of’ 'a stockpi.e prgject since it will serve
a5 4 supply nource for the down drift shore, apd Tuture maintenance may

be acoomplished by srtificial nourishment of those zreas wilch first

derchatrate supply ceficiency hy erosion,

This type of bBeach renabilitation was used at Atlantic City, New
Jersey in 1948 to cuickly restore the ooean beach which was ercded to a
point where it furnisted little grotection during fall ad winter storms
] te the coardwalk and valuable real estate investments. (reference 5).

e
i

¥ 3 Lilsntic Sity is located en the guast of sew Jersey sbout LS miles

aartneast of Capé moy, the soutnsTn tip of the State at the entrance to

Delaware Bay. (Figure V) 1t comprises nearly one-half of the Iength of

4 tme bLarrier beach Fonown es Absecon leland, Absccon Inlst is the nopthe
- eantern boundary of the city and Island,

1k
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biecause of its locatieon near extensively developed and densely
populated urban areas being about &0 jiles Freom Philadelphia and 12%

miles from Hew York Clty, it has rapidly become the most populer resort
ef its kind in the couniry,

The ocean beach is genirally wide snd {lat; supplied with material
transported southward along Brigantine Island. The wvolume of sznd meving
along this shore canrot te nccurately determined but dredging figures
indicase that it may be sbout LOO,000 cubic yards per yesr. The pert
of this quantity movcd ente the Atlantiec Lity beach by natural forces
is not known. opucies show that the beach remained relatively stable
srior to 1540 and then started to ercde pro;ressively for s distance of
gsbout (,000 fi.. southwest of the inlet, In view of the natural c¢on-
dition cretant in the sres and the imiediste need for a protective beach
southwest ef the inlet, the Liate of Lew Jersey and the Uity replenishud
the beaches with rend moved by nydradlie dredes and pipe line from the
soint of drirentine 1lsl:nd fcross the inlet. Anproximntely 7CC,000 cubie
vards of send were cegosited on the beach from the Uriental Jivenue Jetty
to & peint about miuwsy betwecn Cenural and nmgid's Plers during the
sumner of 1#LE.  Inis meterisl was glaced on the beach over its o,000
foot length at a cost of 77 cents per cublc yoapd.

Imrediately prior to placing the £ill a stone Jelty waze conntracted
on tae south sitce of tae Inlet to vlvert the camwel woagtwoard away from
the beach,

Lubsegquent to placing the artificial fill, an existing ,roin was
reprired and five overswere constructed 3o retard the Yess of s-nd From
the beach, seplenisipent of the meterial placed g the besenl s not
boop mrde But will Be sirfde when necUssary.

Tt results obtur.od throuph the direct plecement of sand to the
beach ptoAtlantic City have been a5 successful az the studlies hed indicated.
Cogervoticns wede at verigus intérvals following the pericd of beach slope
agjnstmént. rhow the memh toope celatively swseler Tt 1= woo varly to
determine meintenance reguivenants ane  osts; Lbut indle-tlons to de=te gZre
that wainlensnce by woriodic dourirhment will be Loth fessible sad cconamically
] preferable,

In sumaryy . 4% iz believed that artifieia) pourishment is Fimly es-
tablisthd 35 a p.  .icdble =nd econenié meane of shore grotection vhich
niist be ecaridered s eveluated in corperison With alternative heasures
in the study of any e resion Lreblem. The loa term bunefit of this method
of protcction With respect Lo very Hubwtcntizl lene ths of shove is an
important ssgect 10 Le considered. Extansive additlonal resesreh is need-
€' to establish [ 1oper ueslgh erileria anc @ aore sccurate Lasis for
eccnmiic anslysis of this method.

AWELIRIAILY Ui Banl HEAs=S TN “3IE ULITED STATES

The papimse ol Wiz gecticn ol they fper s bo gssenble in one decument
=11 infermaticn svkileble in the mmcards of the 3gath Ercsion HSeord including
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published references & to 12 pertaining to those beaeh areas of the United
States which hase been artificially nourished or constructed. The data

iz presented in threec parts in tabulsr form; the first outlines basic
information on the beach required for the design of its nourishment; the
second outlines information pertaining te the material available for the
nourishment; and the third outlines informstion pertainiag to the stabilized
beach. #lthough an eflort nas been made to include all of the }ngwn
artificially pourished beaches in the United States in the table there are
undoubtedly many that have been everlocked., In several of the cases listed
the purpnse cf the beach fil1 was net stiore nourishment but.simply selection

of a convenient digpcsal area for dredged materizl. Those have been included
for possible future use of the duta presented,
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