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PREFACE 

This paper presents the results of a coop3rative study between tha 
New York District and the 1)3ach Erosion F.Dard, Corps of uigino.Jrs, de­
signed to test the feasibility of nourishing eroded shores vri th dredge 
sp0il. 

The test included deposition, in 38 fee t of water about! mile off 
Long a-anch, Hew Jersey, of about 600,000 cubic yards of sand derived 
through maintenance dredeing in New York Harbor channels; and a study of 
i ts movement by natural forces. 

1,-.d s rei)ort ,,as prepared by J. V. Hall and VI. J. Herron of the Field 
Research Section, fugineering and Hesearch 13-anch, ~ach Erosion a>ard, 
Corps of En~inaers. The fie ld work ,·1as done by Field Research (1roup No. 
2 unuer the direction of R. L. Harris. The laboratory work was done by 
'!lembers of the Bo 11 rd' s laboratory staff. 

Acknowled !;ffient is made of the earnest cooperation rendered to the 
Field Research '1roup during the course of the study by ,.-r. D. Mahr, 
owner of the Long a-anch Fishing and Recreation Piar; Officials of the 
City 01' Lon g a-anch , New Jersey: 'Noods Hole Cceanographic Institution; 
the Un i ted States Coast and ::'Jeodetic Survey; the Naval Reserve Squadron 
VPP- 52, v illo" ,rove, Pennsylvania; the United States Geological 
Survey; and the United States Coast (,uard, ~•on.,,outh Beach Station. 

The opin i ons · nd conclusions axpressed by the author are not necessarily 
those of the !bard. 
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TEST OF NOURISHMENT OF THE SHORE BY 
OFFSHORE DEPOSITION OF SAND 

LONG BRANCH, NEW JERSEY 

I. Authority 

A cooperative study between the New York District and the Beach 
Erosion B:>ard, Corps of Engineers, to test the use of dredged material 
deposited offshore to nourish eroded shores in the vicinity of coastal 
harbors was authorized by the Chief of Engineers by 6th Indorsement 
dated 3 February 1948 , subject: Disposal of Dredged \faterial to 
Nourish Eroded Shores in the Vicinity of Coastal Harbors (Letter OCE 
to NAD 9 December 1947). 

II. Location and Description of Area 

'nle city of Long a-anch is highly developed as a sum~er resort. 
It lies on a slight rise in the surrounding terrain, which slopes 
seaward to an elevation of 20 feet and terminates at the shore at the 
crest of a timber bulkhead which retains Ocean Avenue. The beach 
fronting the rulkhead is relatively steep and narrow, and is inter­
sected by nWTl?rous heavy rubble mound groins. The Long &-anch Fish­
ing and Recreation Pier is 900 feet long and terminates in aoout 20 
feet of water. 

Northward from Long Branch the land lowers to an elevation of 
about ? feet and the shorefron t becomes a barrier beach less than JOO 
feet wide at its narrowest point. Along the greater part of this 
stretch of coast, the beach is backed by a high rubble mound sea wall 
designed to prevent storm waves from breaching the barrier. 

'nle area covered by detailed studies in this investi~ation ex­
tends a b:>u t 2 miles northward along the beach from the Long Branch 
Fishing and Recreation Pier to Shrewsbury Rocks opposite the Mon­
mouth ~ach Coast Guard Station. 

III . Test Procedure 

Hydroeraphic and other surveys defining conditions were made 
before the deposit of material. During the pre-deposit period a 
u. S. c. and ~.s . primary tide station, a recording wave gauge, and 
a recording anemometer were installed on the seaward end of the 
Long Branch Fishing Pier. 

'nle Corps of Engineers hopper dredge "Goethals" deposited \.he 
first load of material at the Long a-anch site JO April 1948. The 
material, dredged from New York Harbor entrance channels, was placed 
in a ridge about? feet high, J,700 feet lon g, and 750 feet wide, 
lying about -, mile from shore in 38 feet of wati!r, mean low water, 
with its southerly limit on an ~astwest line about 1,500 fedt north 
of the Long Branch Pier. IAJ.mping at the site continued .~hroughout 
the summar to a total of 6ol,991 cubic yards of sand . 
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Throughout the pJriod of 1Mterial de osit, surveys w~re made of 
the stockpile at about Wdekly intarvals to deteI"!line the location of 
the sand dumped by the dredge and to insure the safety of the dredge 
in operations over the dumping grounds. Hydrogranhic surveys were 
made of the entire study area in April, July, and October 1g48, and 
i n April and October 1q49. These surveys covered the area from the 
Lon g Branch Fishin Pier to Monmouth 93ach Coast Guard Station and from 
the bulkhead line seaward 6 ,000 feet to about the 42-foot depth contour 
mean low water . 

Sand samnles of the offshore area were t~ken at selected locations 
alon g with samples from the beach at "lid-tide level. A sa!'Tlple of 
each dredge load was taken before dumping at the Long Branch site. 
All samples were sent to the Beach Erosion B:>ard laboratory for 
analysis and correlation. Selected beach and dredge samples were sub­
j ected to petro gra r hic analysis by the U. S. C',eoloF_P.cal Survey. 

Aer i al photo~raphs of t he shore line under s tudy wer e flown , for 
collateral informat · on, by the lJ. S. Naval Rescl rve Squadron VPP-52, 
'/l illo, ,zrove , Pennsylvania, 7 Septernber 1948, 1 6 O:: tober 1948 , 23 
January 194q and 21 Hay 1Q49. 

IV . \'.'aves 

The ~ach Erosion Ebard has maintained wave-r1aasuring instruments 
in the Lonr, Branch a r ea continuously since the inception of the study 
in April 1Q48 . On this date, a Reach Erosion B:>ard step-resistance 
type w ve auae vras installed on the seaward end of the Long Branch 
Fishin~ and Recr:::!ation Pier where the water was approximately 20 feat 
deep a t ,nean low water . This eau~e was continued in opdra tion until 
4 April 1949 when it was r emo vt?d to make way for pier modifications. 
A pressure type wave auee, supplied by V{ood s Hole Oceanographic 
Insti tution, was installed i n about 20 fe3t of water northward from 
the pi r as a replacel!l8n t. The pressure gaui;e has been in continuous 
oper a ti on sj nct:i its installation. Records of hei ght and period are 
tak en a uto"lat i cally for a pe r iod of s evt:in mi nutvs vvery four hours . 

The r Jcor ds d r i ved fro'Tl the " uges have been analyzed for 
:, i nif1cant wave ht?ight an d -p3riodZ1), and the results have een 
tabula t e s asonally i n Table I, II, III, IV and v. 

Th t abl es ,ive the per cent of time tha t waves within the 
ind ica ted hei ht and period roups occurred durin the s ta te<l interval 
of observation . 

Pla ta II han been prepared fro"l the Ylave da ta tabulated in Tables 
I to V to show th _ cumulative fre4uen cjes 01' occurrence of wave lidi"ht 
and pe r iod durin g the ontire pe r iod of s tudy . 'nle curves show for any 
('J'i ven wave hoi [;ht nr p triod the percenta .,e of time tha t the wa ves ex­
ceeded tha t hei ht or pd riod in the Lo, nranch arua . 

3 
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V. Characteristics of Sand. 

Seven sets of sand samples, totaling 320 samples wera taken over 

a five month period at 400-foot intervals, along the beach and along 
the profiles, to determine the character of the native materials at 

various tiMes during the course of the study. The results of these 
sampling tests and mechanical analysis are on file at ·,he ~ach Erosion 

Board. The average ~eometric "lean diameter of the sand samples taken 

along the beach varied from 0.35 mm. in the sum.irer to 0.91 l!ll'l. in the 
winter with an annual average geometric mean diameter of O .66 mm. The 
offshore area was not sampled seasonally· of the samples taken the 
avar ase geo"letric mean diameter vras found to be 0.39 mm. with limits 

of 0 .16 :ninimum and 0.65 maximu'TI. The material deposited in the study 

area was sampled while aboard the dredge; the average geometric mean 

diameter was 0.34 m'TI. with limits of 0.14 m.m. minimum and 0.80 maxi~um. 
The dredge and off shore sample s are similar in range and average 
geometric "lean diama ters, and do not offer a satisfactory criterion 

for determi ning sand movement. 

Four composite samples were subjected to petrographic analysis 
to ascertain the existance of unique minerals which could be used as 
tracers. Thase sa,.,ples were: #780 taken from material aboard dredge; 
t/781 taken from the beach before dumping; #782 composite of sa"lples 
taken from the beach up to 21 July, after 396,000 cubio yards of sand 

had been deposited in the du"lp area ; and #?83 representative of the 

native bottom matBrial. 

The analysis rt:!sul ts are: 

Bromoform Separation ( % by weight) 

Separation about 2 .9 Specific Gravity 

Sa'llple No . #780 #781 (782 #783 

Heavy fraction 3 .frt 1.6- 1.36 4.43 
Li gh t r,raction Q6.0% 97.3 97.5 95.2 

1rain Count Percentages - Heavy Fraction 

1/780 - Dredge n81 - ~fore 1(782 - After 1(783 - Bot tom 

Opaques Jl 23 35 41 
Glauconi te 9 48 25 14 
Hornblende 12 5 11 10 
Bio ti te 10 4 2 5 
Darnet 7 5 5 6 
Muscovite 7 3 5 
Chlori te q 3 J 
Zircon 2 J 

.... J ,£ 

Hematite 4 4 4 2 

Tourmaline J l :?. "' ,£ 

Hypersthene J 4 2 2 

Other _l_ _J_ 6 7 

100 100 100 100 
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Grain Count Percentages - Li ~h t Fraction 

#780 - Dredge #'781 - Bef ore '782 - After #783 - B>ttom 
Quartz 79 76 75 77 Feldspar 2 3 7 4 Opaques 11 4 11 3 Glaucon i te 3 8 4 10 Other 5 Q 3 6 100 100 100 100 
Distinctive criter ia are lacking between the dred ge , beach, and bottom samplds; mindralo,ical compositi on is therefore not a satisfactory criterion for determinin ~ sand !TIOvement in this case. 

VI. Relation ~tween Vlave Orbital Velocities and Sand Movement 

In order to es ta lllish the rela t ion ba tween wave orbital velocities and sand MOV ul'1\ent , a search was made of available literature on the subject . The article 11 Transportation of Detritus by Moving V/atar," by Filip Hj uls tr om appear i n~ in the book "R:.J cent Marine Sediments, 11 published by the American Association of Petroleum 3eologi sts appeared to best cover this field . A graph showinc the velocities required to erode sand particles of various sizes, as developed by Hjulstrom, is shown on Plate III , Velocitie s are shown in feet per second with sand particle size i n millimeters , 

The l ower portion of the gr aph is a chart showing the sand particle size distriootion of the material dumped by hopper dredge in the deposit area . The percentages represent the average size dis­tri buti ons of 120 samples of the dumped ma t erial . The solid vertical l i n show the avera ge geom tric mean diameter of the dumped material. The geometri c mean diarieter of the sand parti cles has been used in this study r a ther than other factors since i n significance it appears to rank as a mnre important f actor in sedimentary work{2) . 

The uppdr portion f Pla te III shows the uppdr and lower limits of veloci ies cap b e of putting sand i nto ~otion , accordin g to HJuls trom. The avera ge ~eome tric mdan diameter of the material dumped at the site coi ns i de s very nearly wi th the di ame ter correspond­i n5 to the minimu·, ~rodin g velocity as shown by Hj ulstrom ' s curve. Therefo re the intersec t ions of the average t.;eome tric mean diameter line with Lhe two cur ves show th.J range of mini l'1\um velociti es re-4uired to erode sand at LonP. Branch. Hj ulstrom's ~urves show that velocitie s of 0.48 to 0.79 fee t per second will erode sand. 

In order t o de termi ne the r ange 01' wave hei hts and pdriods which ar,:1 capable of er oding sand in 40 feet of water, the depth surrounding the ~tockpile , the bot tom velocities of a wide ran ge of waves were computed , The resulting values have been applied, for demons trati on pur poses , t o the wave he i ghts and period tabulations 

11 
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VII. 

• 

of Tables I to V inclusive. All groups of wave heights and periods 
below and to the right of tte solid line are capable of moving sand 
according to the lower Jimit of Hjulstrom's curves. All groups of 
waves below and to the right of the dashed line are capable of mov­
ing sand a~cording to the upper limits of Hjulstrom•s curves. 

'nle following table gives the percentages of occurrences of re­
corded waves capable of moving sand ovdr the survey area a ~cording to 
the lower and upper limits of Hjulstrom's curve. 

TAR.E VI 

Pcrcenta Je of Occurrences of Waves V/ith Sand Moving Ability 
Sufficient to Move Sand In 40-foot Depths 

Period Lov1er Limit Uppo3r Limit 

Apr 48 - Oct 48 791, 35% 
Nov 48 - Apr 49 54 14 
May 49 - Oct 49 73 22 
Apr 48 - Apr 49 67 25 
Apr 48 - Oct 49 69 24 

ComEarative Shore Line and Deeth Chan~es 

The precedin: section shows that there are waves of sufficient 
size, at Lon g Branch, to put sand in motion during an appreciable 
part of the study period. This does not necessarily 1'118an however, 
that the bottom sand is transported over any great distance. At 
present there is not sufficient infor'ffllltion available on sand trans­
port by wave action to compute the 4uantity and direction. Compre­
hensive hydrograohic and topographic surveys were made over th~ area 
to determine the move~ent of the sand over the ocean floor. 

Surveys 11\S. de in April , July, October 1 q1. 8, April and October 
1949, were used as a basis for determinin ~ changes in the position of 
the high water shore line and the 12, 24, .30, 36 and 42-foot depth 
contours. 'fhe April 1948 survey, herein referred to as the base 
survey, was made prior to the first dump; the July survey near the 
end of the dumping period; the October survey two months after all 
dumpin g had be~n completed; and the April and October 1949 surveys 
after the stockpile had been in place for 8 and 14 months respective­
ly. The positions of the shore line and depth cont ours as determin­
ed at the time of each survey are shown on Plates IV, V, and VI. 
'!be primary purpose in presenting these superposed surveys is to aid 
in detecting any realignrien t of the depth curves anci shore line 
resulting from the move~nt of the dumped material. 

For convenience in ctes cribing the chan ges which have taken 
place al ong the shore line durinc the period of s tudy, the beach has 
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VIII . 

been divided into four sections. ThA f irst extends from a point 500 
f eet south of the Lone ~anch pier northward to the limit of the wlk­
headed section of the shore ; the second from the northern limit of the 
wlkheacled section t o the Long Branch-Monmouth ~ach jetty; the third 
from the Lon g Branch-Monmouth Beach j e tty to the Monmouth ~ach Club 
jetty and the fourth from the 1~onmouth ~ach Club jet ty to the end of 
the study area . 

In order to show more clearly the movement of the high-water 
shore line in the various sections during the various periods of study, 
Table VII has been prepared by averaging the increments of change of 
horizontal position of the shore line, for each pe r i od , taken at 200-
foot intervals alon6 the shore . 

TA Bl. I~ VII 

lligh-w3. ter Shore Line Chan~es 

Spr i ng Surtmer Fall .:,pri ng 18 mo. 15 mo . 12 mo. 
\\' inter Surtm.er 

Sections Apr 1, 8 .:ul 48 Oct 48 Apr 49 Apr 48 J ul 4'! Oct 48 
.:-ul 48 nc t 48 Apr 49 C'c t 49 '=-'ct 49 Oc t 49 Oct 49 

l - 4' .4 1 - 1'7 ' •J' -11. ' -10 1 -·14' 
2 - 2 ' -6 ' _q1 -J4' -51 1 -49 ' --4J' 
J -17 ' - 18 1 •4 ' -31 I -14 1 

4 15' - 2 ' - 12 1 -2q• -14' 

The t ::.i bl e shows tha t t he his t ory f the entire stretch of beach 
durrng t he per iod of study is one of or o~ressive erosion, a ver aging in 
one section as 'Tluc h as 43 f eet par year. The t abl e shows f urther that 
rihen erosion did occurr lu r i nG the study period i t occurred durin e 
the summer Mont hs . 

Seawar d fro!"t t h shor e line , a s tudy of the j epth curves shows 
that the 12-foot contour ha s , i n ~ener al , moved toward the shore , sub­
s tan ti.a t i n t he shore line erosion di scussed above . The movements of 
the 24 to 42-foot con tour s are irregular and no definite trend of 
bottom mo vement is i ndica ted. The movement of sand in these offshore 
ar es wil l be i scus se l i n the suc ceeding sections . 

Sand ''over:ient Diagrams 

Sand 110 veMen t i n the study area fro m April 1948 to r e to ber 1g49 , 
t he mos t r ecent exani ina t i on period, is shewn on Plates VII , VIII, I X, 
X XI , Y.II , XIII , and XIV. 

'nle d1a era•'ls v,er e prepa red by di vidi.n ~ the study area i n to 
200--fo o t squar es ; co"':put i n , the ave r a ge change in elevation i n ,n ch 
squa r e 9 an d c0n Louri ng to show the extent of verti c.11 chan ge i n the 
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ocean floor between the various sw·vey periods. Tho contours were drawn along the 0.2 and 0.5-foot depth changes and at 0.5-foot intervals for greater changes. The depth changes less than .2 of a foot were neelected as being of the order of the accuracy of the data. 

Plate VII shows the changes in depth which have occurred in the study area between April and July 1948. 1.>uring this period, the dredge Goethals deposited approximately 555,000 cubic yards of material, bin n,easure, within the stockpile area. Dlring this period , there was a random shifting of the sands on the ocean floor due to natural forces. Nearshore erosion was prevalent along the central beach area with small areas of accretion near the pier and near the northern limit of the area. 

Plate VIII shows the changes batween July and October 1948. Approximately 47,000 cubic yards of sand, bin measure, were deposited i n the s to ckpile dur j_ ng this period. Changes in depth aeain appear to be of a random nature. The dissimilarity of the patterns on this and Plate VII indicates a random shiftinP, of the ocean botto~. An axamination of the survey and dred e data indicate that at laast one load of about 5,000 cubic yards was deposited about 700 feet seav1ard of the limi ts of the stockpile. Near shore erosion has con­t i nued in the center of the study area, but other locations which formerly shower! erosion dur i nr, the April-July period now show accreti on . 

Plate IX shows the changes tetween April and Ocwber 1948. The ent i re s tockpile of 601,991 cubjc yards of sand, bin measure, was depos ited by 19 Au gust, two months before the latter survey date. Sca ttered areas of accretion and erosion are shown with the !T18jor changes appearing in the s tockpile area as accretion resulting from the dumped ma ter al and erosion nJarshore, in the center of the s tudy area , resultin~ from natural causes. 

Plate X shows the changes in depth from October 1048, ~o months afte: all dumping ha d been completed, to April 1949. The diagram shows that erosion took place over the center and northarly peaks of the pile and a gr eater part of the talus area surrounding it . The consi derable accretion at the southwest corner of the dumped area is the r e~ult of a depres sion filling rather than the stockpile building. ( See Plate IV). The accretion shown in the offshore area at the northern and southern limits of the study is believed to be due U> the readjustment of the extensive shoals in these areas (See Plates IV and VI). An examination of the near­shore area shows that , in general, the area has continued to erode and the area of erosion has extended northward over the greater part of the shore line under study. Since it appaars that the accretion in the s tudy area overbalances the erosion it can only be assumed that the greater part of the accretion shown moved into th.:l study ar ea from ouLside of :i.ts boundaries. rhis assumption is 
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supported by data in Table VIII. 

Plate XI shows the changes in depth from April 1949 to October 

1949. An examination of the plate shows that in general those areas 

wh1ch eroded during the previous period accreted and those which 

accreted have eroded. It appears from the diagram that the material 

eroded from t .e shoal at the southern end of the study area ( see 

Plate IV) rioved northward and the material eroded northward from the 

center of the s tudy area was sea ttered about forming areas of 
ac cretion or was moved out of the study area. The large area of 
accreted material shown south of the center of the study area included 

but wa s not l:i."ii t erl to the dul"lp area. Althou~h this ar-:l a of accretion 

extends shoreward almost LO the beach there is no indication t,ha t the 

mound is supplyinc material to the beach. It appdars that the accret­

rn g !l'ltl terial was supplied from continuous areas of the ocean f'lcor. 

The l on(; ton t;nc of accretion extending from the shore seaward just 

north of · t he c •nter of the area app~ars to support ..he belief that 

Lh rriata r i • · s supolied frort cont iguou s areas of the ocean floor. 

Al thou ~h t he r a r e areas of accr-ation nearshore, erosion predo111inates. 

Plate XII shows the chan ges which have occurred from April 1948 

t he i nception of the study, to April 1949, ei ght months af tar all 

dumpine had oeen completed. In the offshore area, there appears t o 

be a ~eneral r eadj us t rrient of the botton. Nearshore erosion has pre­

vailed, the greatest r 2cession occurr i n:., in the central beach area. 

In v1o:1 1·1 of the arosion on the beach, it does not ap~ar that the 

dum. ed .a t e r ial has had a bend'icial effect on the beach. 

Plate XIII shows the net botto~ changes which have occurred 

.lur i ng t he r, riods Octo ber 1948 to October l~L.9 . Althour:h the 
i ntervenin g chan ges ( s .:: e Plates X and XI) are cons id era ble the net 

ch·mi~e appears to show a !'ela ti ve balance betwe,m acci·etion and 

er osion. The bal4nce between acc retion and erosion is supported by 

data i n Table VIII, 'l'he net changes shov, a ccre tion to be general 

ovc1 r the offshore area including the mound except for an area of 

localized erosion nt:J ar th'=l center of the !'llound and erosion over the 

shoal a t th- southd rn lilTlit of the study. Near shore arc sion has been 

extens i ve over the y_ar. The general accretion ovdr the mound coupl­

ed '1ith the extensi ve erosion along the shore indicates that the 

eposited material has not benefited the beach. 

Plate XIV shows the chanr,es in riepth from the inception of the 

s tudy April l L. 8 to the last uxa"lination, Octooor 1949, a p-:l riod of 

18 months . A comparison be tvre_n this plate and Plate IX shows the 

mound Lo be n0arly i ntac t. In cons idering the entire area, it can 
be seen Lh t i1 all dif'fe r an tial contours of less than one foot are 

disregarded , there ha s be~n little change in the area axcept along 

the shore. Alon ? the shore in the central area and northward, 

erosion has be en iJ fO ,; e s ·i ve and ox tensive. The r esultant changes 

in '.,ho shore l i ne :i nd ,he bo ttom f r om the inception of t he s tudy in 

Aor n 19L.8 to the las t survey i n C' ~tober 1ot.n , show conclusi v ly tha t 
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the s tockpi) e h~1s not r epl enish0,j the fo r merly cr odi n1; shore . 

n . Volume tric Sand ~fovernen t 

The compu tations j _n this :, tudy were based on the system of 200-
foot s'-iuares devis ed for the preparation of the sand move!'lent dia ,~rams. 
Tho chan?e in elevation in each s4uare was deteI"nined by averaging 
the diff erence in soundings at each of its four corners. 

In order t c si'llplify the study of the volumetric "1ovemen t of 
sand, the surveyed area was divided into three zones; the area shore­
ward of the 18-foot depth contour ; the area embracing the stockpile 
as delinea ted by the 0.2 foot contour around it as shown on the 
April t o C'c to ber 1948 sand Mo ve"l8nt dia gram and t he area seaward of 
t he 18-foo t deoth contour excluding the stockpile. 

Th-:! vo lu:ne changes in these thred zones were computer! between 
t he April 194B, Oc tober 19Li8, April 1949 and October 1q49, surveys 
and ar e 5hovrn i n Table VIII. 

The history of the shore area at Long :ranch, Naw Jarsey, before 
the incep tion of this s tudy, has been one of pro ~ro s si ve eros ion . 
'.l'he t a ble sh0ws that during the 18-rnonth p-3riod of the s tudy, the 
shore line continued to rode . w.r in~ this period of 18 1110nths, 
there ha s he1:1 n a ne t los s in this zone of appro.>:imately 266,000 
cubi c yar ds of mate rial between ran ge 13 and 63 correspondin~ to an 
ave rage annual ra te of loss of 177,000 cubic yards. The rate of 
ero s i on was gr ua test durj nr: the winter months. 

'fhe a rea within the boundaries of the stock pile area, previous­
l y defined , 5hows cons i derabl e erosion during the winter nonths, uut 
'" l1ows a r .:::a ter accr e tion durin e the SU!lU"dl" months. During the year 
Oc tobe r 1948 t~ Octo ber 1949 , t he stockpile area rema ined r elatively 
&tabl:::! , shov1ing a net ~ain of approxi mately 39 ,000 cubic yards. 

The area seaward of the 18-foot depth, EXcludin r, t he stockpile , 
show~d consi derabl e accretic,n during the winter months and erosion 
ur j ng the summe r months. Over the period of one yaar, from October 

1948 to Oc tober 1949 , there has buen a net gain of 182 ,OOO cubic 
yards of material over the en ti.re ~rea. 

I t is i nter_s tin f!, t0 note that the total er osion and accretion 
over the enti r e area f r om range 13 t o 63 showed a ne t chan ge of plus 
15,000 cubi c ya r ds from October 1948 to October J.Q4q. Si"1ilarly, 
from ran e 13 Lo 80, t he balance between accretion and erosion was 
~ven cl oser, showi ng a t otal ne t ~a i n of only 1,000 cubic yards. 
It app~ars poss ible that the shoal areas on the north and south 
flanks of t he s tudy area act as barriers of a sort for,, i ng :.i boYll in 
wh ich the sands shif t wi th the seas on. 

In view of the fact that the table shows a material balance within 
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the surveyed area over the period of obse::rvation, it is reasonable to beliave that the littoral drift is also in balance; that i s, the same quantity of material that is noved into the area by littoral forces is removed by littoral forces. It is doubtful that this area is devoid of littoral drift. 

X. lli.scussion 

A study of the data presented in this paper gives no evidence of any substantial move~ent of sand from the stockpile to the shore. This is confirmed by the fact that the stockpile remained in place or i ncreased sli~htly in 4uantity, •Jq,ooo cubic yards, over the period October 1948 to October 194'? while the shore line in the vicinity showed a marked erosion of about -222 ,000 cubic yards. See Table VIII. 

One may qu.a stion the choice of the site and of the depth of' water at the placement area as being inherently unsuitable for s tudy of the movement of sand by natural wave forc8s. The Long ~anch area was selected due to its proximity to a source of material availab e by hopper dredgin~ activity in New York Harbor and for its open exposure to ocean ,•1aves. The depth in which the material was placed was controlled by the draf t of the dred"'e. Thus there was in actuality little in the way of choice of these two basic elements of procedure. l!ovtever, it "light be well to review the local factors to see if t hey imposect any condition that militated against a reasonable t es t of this method of beach replenishment . 

The first point that '!lust be considered is the representative character of the natural forces, principally 'l"iaves, llhich affected ~he sand af' ter it had been dumped. Al though ntuch of the time the wave ac tion in the area was probably not sufficient u:, nove sanri in 35 t o 40 fee t of v ater the facts 13iven in the body of the report 5hoVIS th ·1t wave o'¾Ction 'i id axi s t v1hich pro-_iuced significant changes i n the 35 to 40 foot depths adjacent to t.he stockpile. The important point to note is that although the material moved, it did not move continuously in any one direction but moved haphazardly. The data i n this paper shovrs t hat al thoueh 122,000 cubic yards of material "loved out of the dump area to the surrounding oottom between October 1948 and April 1949, a larger ~uantity of 161,000 cubic yards ~oved i nto the du"lped area from the surrounding bottom durinc the sub­se~uent six months. 

'nle movement of material within the stockpile area, as shown by the sand ~overnent diagrams, indicates that this arJa is affected by natural forces in t.h~ same '1\anner as the surrounding area, In other words it appears that the material deposited at the site formed so low a mound ( 5 Lo 9 feet) co1T1pared to the depth of water in which it was deposited (38 feet mean low water) and assumed such flat side slopes (1 on 30 to 1 on 54) it did not alter the natural trend of sand movement but became essentially an integral part of 
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the topo ~raphy oi' the cedn floor r e· c t. i • in thld same manner as 

contir,t1ous areas. 

It. is also significant to note that durin the period when the 

stockpile eroded October 1948 to April 1949 (-122,000 cubic yards) 

the beach area lost approxim· tely -1J8 ,000 cubic yard::; o .' material 

during the same period. Seo table VIII . 

In view of the fact tha t natural 1'orct:3S were extant vrhich would 

move ma t r ial ov r the ocean f1 oor and alon , the beach it is con­

sidered t ha t the test made in the Lon g Branch area was representative. 

Since it has been shown that ma t er i al moved in deep vra ter but 

not toward the beach it 111i 3h t be we 11 to consider for a 'Tto-,en t the 

conditions under which sand .ocs move i n quantity fro m the offshore 

area to the beach. Little is known of the boundaries of a "IOVe!'len t 

of this nature. It is known th ·i t durin g storms when waves of high 

steepness are striking the beach , . the •-each erodes and the r,aterial 

i s pulled seaward i'ormin. an offshore bar. It i s known further 

that when the wave steepness decreases , t hat is , whP.n the wave 

height becomes sMall in co111parison with the len gth the ba.r i s 111oved 

onto the beach. It is e viden t from the findings of this est that 

the stockpile probably was outside the seaward boundary of t hi s 

phenomenon . It appears fro m the above that if the sand had been 

placed in shallower water i t mi r,ht have been transportod to the 

beach. An atteMp t to nour ish an · rodi n ~ beach by dumping dredge 

spoil in 15 to 25 feet of water (mean low water) was ~ade by the 

Philade lphi a l.)istrict
1 

Corps of Engineers. The r esults of thd test 

are given i n t.he following paragraph taken from a fl;3ach Erosion Con­

trol Report on Cooperative Study of Atlantic City , Nevi Jersey , 

approved April 8 , 1947 . 

11
Realizin :~ that augu'llented nr:mrishment of the beach would re 

beneficial , tho sand r emove! from the channel by dNdging Y1as re­

leased by hopper dr edges i n t he wa ters southwest of the Steel Pier 

and as nea r t he reach as the dr dge could ope r te rn the h re tha t 

the spoi l " O iscb:.i r g d would nove ashor e )Y na tural unck .rwa t er 

pr ocesses. Evi t!nce tha t any su bs tan t i al 4uanti ty of sand mo ved 

onto the beach ha s not reen found , despi t e the fact tha t n2,ooo 

cu bic yards of sand were so deposited off the beach j n the er :cocl 

April 193 5-., a r ch 1gJ6, nearly 900 ,000 cubic yards i n Februar y­

Sep tember 1937 , ,o r e than 500,000 cubic yar ds i n Au r~st-Uecember 

1938 and l, 362j000 cubi c _y-c1 r ds i n the pe r iod Au gust 1q42 - Septe11 :1e r 

1942" . 

Further a s1mi ar tternpt at nourishment wa s !T'ade at Santa 

Blrbara j Cal 1i'orr11a 9 v1her e .202 , OOO cubic yards of san tl were de­

posited by t he ho pper dr eJ ge in 20 fee t of water ( mean low er low 

water) i n September 1935 . The results are given i n the Report on 

Cooperative ~ach Erosion Study at Santa Enrba.ra , California , 

Distri c t ~ gineer ) Cor ps of Engi neers 1 Nove"lber 22, 1g46 fallows : 
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"'n1e mound deposi tad by hopper dredge in 1935 has rema i ned ex­
ceptionally stable. The profiles indicate that its present ridge 
elevation of 17 to 18 fee t below mean lower low water is at no point 
mor~ than a foot below the 1937 elevation. How~ver, the shallow 
trough between the mound and the shoreward slope of the natural 
bottom has been filled to a depth of 2 to~ feet in most places." 

In v1 ew of the r esults of these studie s , and especially the 
San t a 83.rbara, California, study where the crest of .. :1e mound was 
near the surface and there is a large percentage of waves with low 
steepness which are conducive to a shoreward move'1'18nt of material, 
i t is evident tha t if material is to be transported shoreward in any 
quantity it ~ust be deposited in water shallower than that previously 
employed . Hovr 'TIUCh shallower cannot be determined from this study 
but it is pr obable that i t would hJVe to be placed on or landward of 
t he off shore bar . 

BI RLI0'1RAPHY 

(1) Procedur e for I nterpretin g Pressure Hecords of Swell, R. Q. 

Folso·'lj HEr-ll n- 56 j 14 F~bruary 1945 , Universi ty of California, 
~ r ke l ey j Gal ifor nia. 
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