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PREFACE 

This report is published to provide coastal engineers with a description 
of be ':'lc.h changes at Atlantic City, New Jertiey. The ll-year study y..'as designe.d 
to me~l S llre beach responses to stonn events as well as seasonal variations, and 
was begun shortly after, and as a consequence of the devastating storm of 5 to 
9 Harch 1962. The work was corried out under the coastal processes program of 
the U.S. Army Coastal Engineering Research Center (CERe). 

The report was prepared by Dennis P. acCann witn 
A.E. DeWall, under the general supervision of C. Hasan, 
Coastal Pro cetises Branch, Research Division. 
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u.s. customary units of measurement used in this report can be converted to 
mec ri c (S1) units as follows: 

i nc.hes 

square inches 
cubic inches 

feet 

.square feet 
cubIc feet 

ya rds 
square yards 
cubic. yards 

l11iies 
square mll t:: ,:; 

knot.s 

de res 

foot-pounds 

lniLlibars 

ounces 

pounds 

ton~ short 

degrees ( "' ~S~ l ) 

Fahrenheit degrc~s 

by 

25 .4 
2.54 
6.452 

16.39 

30.48 
0. J048 
0.0929 
0.0283 

0.911,4 
0.836 
0.7646 

I. 609 3 
259.0 

I. 852 

0.4047 

1.3558 

1. 0 197 

28.35 

453.6 
0.4536 

l. 0 160 

0.9072 

0.01745 

5/9 

x 10- 3 

1l1illili\ete rs 
cent iruete~s 

To obta i n 

sqllare centimeters 
cubit: centimeters 

centiGleters 
meters 

square meters 
cubic meters 

me t e rs 
square rneten; 
cubic meters 

kilometers 
hectare::: 

kilometers per hour 

hec ta res 

ne' .... ton meters 

kilograms per square centimeter 

grams 

g raras 
kilograms 

I1letrLc tons 

radians 

Celsius d~b [ e ~ s or Kelvins 

To obt, I n Ce lsius (C) te mperature r "" di ngs fre ", Fahrenheit (f' ) readings, 
u,.c formula: C ~ (5/9) (F -32). 

To obtain l~elvin (K) reauill,ss, usc. formula: K (5/9) (F -32) + 273.l5. 
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BEACH CHANGES AT ATLk~TIC CITY, NEW JERSEY (l962-73) 

hy 
Dennis P. NcCarm 

1. INTROOUCT tON 

Beach changes observed during repetitive surveys at Atlantic City, New 
Jersey, conducted by or for the Corps of En 6 ineers in a It-year study of seven 
profile lines from October 1962 to flay 1973, are analyzed as part of the U.S. 
Army Coastal Engineering Research Center (CERC) Beach Evaluation Program (BEP) 
(formerly known as the Pilot Program for Improving Coastal Storm Warnings or 
Storm Warning Program). The BEP's objective is to measure beach and dune 
changes due to erosion and accretion at selected localities and relate these 
changes to the coastal processes producing them. The BEP was a direct outCO[ile 
of investigations into the effects of the Great East Coast Storm of 1962 (see 
U.S. Congress, 1962). 

Although this report meets the objective of the BEP, the program' encoun­
tered many difficulties, including relatively few documented storms in the 
study area from 1962 to 1973 (the duration of the study), the dlfficulty in 
obtaining surveys immediately before and after the storms which did occur, and 
the difficulty and expense of obtaining continuous wave data. However, numer­
ous data were collected of related wave, tide, and beach condItions, thus 
providing a substantial base for a long-term study of beach response having 
useful engineering applications. 

This report presents both quantitative and qualitative analyses of beach 
profile changes and supporting data obtained at Atlantic City, and describes 
the survey procedures used and accuracy obtained. The three categories of 
beach profile changes analyzed are: (a) short-term changes, including storm­
induced changes and other changes between surveys; (b) long-term changes, 
including seasonal and yearly changes; and (c) artificial effects, which 
include the effects of manmade structureS such as groins and jettIes as well 
as beach fili placed during the study period. The mean sea level (M5L) shore­
line pos ition and the volumes of sand stored on the beach above the MSL datum 
are the two principal variables analyzed. Observed wave conditions and cli­
matic conditions are used to explain apparent trends ln beach changes. 

II. STUDY AKEA 

1. Location. 

Atlantic City is located on Absecon Island, 3 barrier island off the 
Atlantic coast of southern New Jersey, 161 kilometers south of New York City 
(Fig. l). The island is bounded on the south by Great Egg lIarbor Inlet, and 
on the north by Absecon Inlet) and has a straight coastline oriented 640 east 
of north. Lakes Bay is the main body of water separating the island from the 
mainland. 

Absecon Island is situated in an open section of coastline, partially 
sheltered by Long Island and Cape Cod froID waves out of the north and north­
east and by the Outer Banks of North Carolina from waves out of the south­
southeast (Fig. l). Bathymetry off the coast of Absecon lsland is shown In 

9 



L~' ---------~ 
1 • 

'->-- -""~ / '- .. J. ~..r--~O'"" 
P[NNSYLVANIA ~ 

( ..... . 

J 
/ 

VIRGINIA 

.----------

Figure I. 

' .... ",,1'1 

'> ........... "'J ."'-

.~ ----l on 9 Seoch 
1.land , .. 

W i ' ! 

o 10 to 
,...J ....... ~!lO"t ' c Cit, 

"'" , 
Inset ,- -;=; . , 

t. 'r • 00 , T --."m. .. 

Study al"eo sho'_"ing pru[Ue line locations. 

Figure 2. Most of the depth contuurs tend to be roughlY shore - para llel, wftl l 
linear shoals that trend to,",'ard the east" off the central part f t ilt! isla nd . 
The distdnLe from the edge of the Contine ntal Shelf, loc ,').u~d at a cit! pth ot 
about 128 meters (420 f e e t), to the center of t ile island is approximtit €; ly 125 
kilometers. 

2. Civil ~;orks History. 

Absecon Inlet is of gre8t ecollomic importance to ALlantic City a~ .:t 

of its extensive use by recreational and commercial. fish1n~ fleets. 
the ca dy 1960' 8 the inlet hondled approximately 91, 000 me tri o tons ot 
borne commerce annually; hot.:ever, this has recently tapered off to 
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l 5 S than 46,000 metric t ons . 
fed ral Governme nt .ince 1910. 

Absecon [nb~t hJ. s ..:e n maint8.ineu by the 

Cr oin constructio n a. l ong the oc.ea n front a ge of Atlantic City, funded 
jo i n tly by the City iind State, b,,~an in 1928; l2 )) rolns IIld l jetty were built 
b c t ',v t,.' lJ n Ab:3:c.cLJ n inle t and Illinois Avenue . F:. i g t\ t 01 t hese. gro ins and tile 
Je tt y an~ :-; til l 1n existence, as shown ill FI g u re 3 and in Table 1 whLch Itsts 
the coasLa l s tr tJc tur ~s at ,6,tlantic City _ Ot he r nlCljor struct ures (see Ta ble 1 
. • nd f'ig. J) i ncl uu e the ;lOJ rdwalk, which " xtends a l o ng the entire leng t h uf 
the vcean and inl · t fron t g e l and five pierti. Some o f these ~ trl.lc.tu n: ::; are. 
sn() " in Fig u re 4. 

Th e only Ilea h - fU L pruject ~d o re 19G 2 c.on si st~,1 of about 816 ,000 cuhlc 
met t!(S of w.:.l tt'r.iJl p l l1 cBd long t he ocean fr ontdb~ tn 1948 . 1!000 ... eve r, an ot~;-­

.ho ~ sand -duloo plng t e8 t ,,- s conduc t d from 1935 to 194J i n wn.lch 2. 7 ".illion 
cubic. roet _rs W~l '; d umped into 5 to 6 me ters of water souLll'..Jes of Steel P i~r 

l,tJhie h resu l t ?d 1n no 1 l as l.l rab L~ benef i t [ 0 tl1 L! .~horellne (Ydllii9 o and !Iart!Ja n , 
19 7 5) . App roximately 428 , 000 c ubic L,eters of se nd "ao placed bl' t een Or lental 
and Vir t)i .. ~ i tt AV~ I111eS (!l ·"' !J.~ n Februa ry and ~. t.')' 1963 . Ourlng. the S ll~rne r uf 
1970, apl'ro ~ L ... lte ly 635,000 cubic me ld. uf fill wa, dUOlped ,, 100[; the beac he, 
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Table 1. Structures along Absecon Inlet and the coas t off Atlantic City! • 
. '--

I..ocolt 1 0 1'1 Conll(fuCtlon Top cl.: ... . tl<Jn Top t.cn~(h 'I'e;H Cand! t 10n 

tno. ( Ht.W) width built 1972 
Inncr Ol.\(e r 

(.) (.) (.) (0) 

N. IItde- of AbflCCOI'I 11'110:( StO~ jet t y 2,l,l, 2.10' to. ~7 I I I J7.00 I'D2-66 Good 

I!ocl,""I'" C .. up 1.11'1 .. d t1~bu bulilhc .ld ---. -.-- 0.76 ~68.00 1915 Good 
t".cl ro.e AVII !'>. , 

Adrl"ll~ Ave. n_ber ••• ..... Ifoln 2.'''' " l.U l,. :P 86.56 19)2-58 Cood 
I 

Dreltr.l A.., I: , Tlllllberr ... Ilto"" ar o in 1./001; 2.1) 1,.27 50.29 \9)0-46 F.a I r 

t".\!l rast: Ave. Tll1!1b"'r ,od ';(0(\(: ,voin Lt." 2. 13 Io,V 8 J. J8 L 9Sl, Goo' 

t'klr o:::.c .'''c. " Stone rr.vc 1Il00,;''( ---. .-- ---- ---- ---- ---
" 0 liou(h 

~dl~on lIy<.'. TlCllb .. r ,,' f;(onc ~roln 2.H 2.1) I..V 68, ~8 \9 51, Cood 

Sctwc:en ~lId l son AOd T1cb.ec bullthNd gro I n --.- ---- 0.6\ 10:)7.20 19)~-cl Cood 
Euclid AYo.'! f: , 

Grd=':- fey /lye. • TlClb(!f >0' 5( 01'lc grotn 2.74 2. 1) 4.27 19. ~:, 19S4 Co ad 

Bf'tW<;'''n Cr.J,,","~rc)' ",nd StOIlt.: era I n ).05 2.13 ".21 102.4 I 1946-56 Good 
At L.lntlc flv\:.s. 

l:K:t\Jccn AlL:mtlc .Ind Scone gro I n 2. 74 2.13 4,21 94.49 J946-~tI ""od 
Euclid ,\V>:f'. • 

Pacific five. Stonc groin ~. 44 2.1.1 4.21 IO~." 1 1946-~8 Coo, 

Orlenl,11 Avc. C ]6. 6 c StoCiC JClt )' ).)~ 2. t) 4.21 )~8.1S 1946-61 Coo' 
N. or profil>: I) 

Ve'rlllonl Avc. Stone gro 1 n 3.05 0.)0 4.27 121.n 1930-61 Good 

M;.I.'IlIuchllsctl& AvO!.. Stonc groin ).O~ 2.ll 4.S1 167.64 1948 IM>' 
fl.ctlol .... .. ' Ve'rQOnl .'Ild S.lndb,lg br(."al\.\J.:.Lter Top I, ,lppro)t , I. , T:l bc low :1"l. .... 

1"\.II", .U .<" hllllctlli Avc~, 

i!ocl .... uen Conn~cllcul 'od Tltllber bul\(.hC'ad ---- ---- ---- ---- 1932 Poor 

H..l~.,)chu~elu Avotr.. 

Connecticut Ave.. 0.5_ out e,l\ --- ._-- ---- -_.- ---- ----
Uuder •• "'" of ilm.OOr '0' ~tonc g ro In ---- ---- ---. ._-- --.- 'Poor 

Cardc:~ Pier 

~el.l Jo: rlO(."), Ave. C.lrdeo Pier (0.76"1Jii -_.- --.- ._-- ---- --_. .. _-
out(dl) 

0(." l,J,w,. rl! AVI', (4.6 • T1l11b~ r groin 2. I." 2. !l I.n 182. B8 19~O r.ll r 
~. or profile J) 

VI r/l:l n1.a Ave. Tllllbo:r and st onc r.roln 2.4" 7.. !l \.22 167.64 1'>0 Coad 
(0.76'"1l out fall) 

fk>t~en Pre~b)'terl.ln <", Steel t'it: r (Old t \r.lbc r ---- -_.- ---- ---- ---- ---. 
V I r t,1 01.1 fI",es. groin bcn~llh) 

8ct'<levO ~rth Cot r oll n., Slt'cplech":I(." I'~.: r (O,91 -:D --- -_.- ---- -.-- ---- ----.. , f'c:nnll)'lvQnl .. A", .. !>, oull.i11 co S. ) 

actwc(~n Sorth ." n.,be r ,;:;roln (00 c S. " 2."4 2. I ) 1.22 t81 .8B \9:'0 woJ 
South C."roll~ A",cs. profl!..: ') 

T"nnf'a Gl!e five. Stone grol n 2.0\,4 2.ll 4.27 4).:'9 1928 roar 
( .. of C.:nt rd PIN ) 

kt'-H!O" T(!l'I fl ••• C C A.,e:. Cent r ill Pic r-Tlobcr y,ro ln ---- -_.- --_. ---- ---- ----
'0' S< , J . ... Pl.:IC:<.- (0.76">1 outfall ) 

S •• J.M~ "J "c~ Tt/Db ... r gr QIIl 2.44 0.61 1.22 1"1.81 1.>0 r .. t r 

Ullnot~ Avc. Tlaber ,0' IHOIlC I;roln 2.44 O.M 1. 22 182.88 19:'0 Poor 
(0.91_ ou t(o,Ill) 

Ar".~5')~ AvC. O.91'~ ourhll .. :-. edr.<! --.- ---- ---- ---- ---- ----
of Killion Oolhr " Ier 

Kh51~folppl A"'e. 0.61-0 doublc outfall ---- ---- ---- ---- -.-- ----
florid.). A~c. 0.61 .... ovt("ll ---- --- ---- ---- --- - ----

C'll(fornl.l Ave:. 0.91-. oulhll ---- ---- ---- ---- ---- --.-

BOlOtoll Ave. 0.91"'Q ovt C.). I 1 ---- ---- ---- ._-- ---- --.-

!t.olelth '\V~. ' I.~- f';.Q".)gC pi,.. CJllle:.l'\d - --- -_ .. --- ---- ---- ----
I",,: H7 0 " dt11vs..:r 

'Upd')lC.d (rom U. S. AUI)' Enstncc( Ohtrlc t, rhl 1.1d .. lpht" (liI4). 
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Figure 4. Aerial view of Absecon Inlet and Atlantic City (30 April 1973). 



be t:Wcen Oriental and Illinois Avenues 
mat e r ial has been Absecon Inlet, just 
(Ev ~ rl6, De\.Jall, and Cz.erniak, 1974). 

(Fig. }). The source of tl1is dredged 
inside the Brigantine jetty Uig. 4) 

A detailed discussion 
Island is presented by U.S. 

3. Beach ;·taterial. 

of civil ..... orks affec[ lng [he beaches on .Absecon 
Army En;;ineer District, Philadelphia (1974). 

New Jertiey beaches consist mainly of ruedium- to fine-grained sand, com­
posed mostly of quartz. The. Piedmont and Highlands of the Appalachian 
Province provide the ultimate source of the beach sands. Presently, due. to 
[he low terrain and gentle slopes ot the Coa.stal Pluin, the rivers dra.ining 
the higher arens become sluggish and deposit much of their sediment load along 
the \.;ay before reaching the coast. h'hat little sediment does re.ach the coast 
becol:oes trapped in the lagoons behind the barrie.r islands, and never reaches 
th~ beaches. The only natural sources of beach IDateridl now appear to be the 
ocean floor and the beaches thenlsclves. 

Kamsey and Galvin (1977) found t.he raedian grain size at Atlantic City to 
be 0.27 millimete.r (1.9 phi), with a sample range of 0.22 to 0.33 millimeter, 
which agrees with the values obtained from surveys taken in 1936 and 19i~7 

(Beach Erosion Board, 1950). They also d~termined [hat the grain size 
decreA sed from the north to the south] the direction of net littoral trans­
por t . Th.is t.rend of decreasing grain size from north to south is shown in 
Fi ~ure 5 ",,'hieh indicates the southward decrea::)e in grain size acro::;~ three 
pro[ i les at Atlantic Ci t y_ A spatial trend in grain-Size variation from the 
berm to wean low "'!ater (i-1Lv,r) is also indicated in Figure 6 for the sample 
a ve r age s and in Figure 7 for the profile average::;. These plots sho ..... ' an 
Increase in grain size from the berm to HSL, and then a slight decr~3.se frorLl 
MSL to r1L\~. ;\ seasonal d rain-Size variation shown in fi g Hre 8 indicate~ that 
the. grain size increases from about 0.25 Inill Ln\e t er in Oc tober to 0.30 milli­
m.et e r in Del'. •. :.mber whilE:' decre:.:lsing from ::J.bout 0 .30 mill i lle ter in Dece mbe r to 
0. 2 (> mill h..l~ te.r in }1arch. This trend :" 1.1~8ests an incre <Js e in the slope of a 
s[ bl .... foreshore from October to De ee.mber when the sizes :·\ r c. increaSing and ,J. 

dl~C re iJ S ~ in foreshore slope when the grain sizes are. decreasing from De.c .,:.;nbc· t 

to ' klrch. 

Figure 5. 
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Figure 6. Median grain-size variation across profile at Atlantic 
City; data consisted of 238 samples collected between 
January 1968 and March 1969 (from Ramsey and Galvin, 1977). 
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figure 7. Median grain-size variation across profile at 
Atlantic City (from Ramsey and Galvin, 1977). 
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The net littoral transport rate along Absecon Island is estimated to be 
115,000 cubic met~rs annually in a southwesterly direction as determined from 
estimated gross northerly and southerly annual rates of 191,000 and 306,000 
cubic meters, respectively (U.S. Army Engineer District, Philadelphia, 1974). 
Further evidence for southwest littoral transport is shown by Everts (1975) in 
the pattern of deposition that decreased the width of Great Egg Harbor Inlet 
(Fig. 1) 30 percent from 1949 to 1974. Everts also concludes that possibly 25 
percent of the longshore transport could be accounted for by sand movement on 
bars. 

Taking into consideration the previously mentioned lack of supply of beach 
material from natural sources along with the net littoral transport to the 
southwest, it is obvious that this imbalance of material leaving and entering 
the area results in erosion of the beaches. These circumstances, in turn, 
would require occasional beach nourishment to sustain the beach. Two such 
beach-fill projects w~re accomplished during the study period, as previously 
mentioned, with the fill material having a lIIean grain size of 0.3 millimeter 
(Everts, DeWall, and Czerniak, 1974). A buildup of sand occurred frolll 1877 to 
1939 on the northern end of Absecon Island, which resulted in the Absecon 
Lighthouse being so far inland tOday. 

4. Wind, Wave, and Tide Data. 

Wind data shown in Figure 9 consist of hourly records obtained before the 
profile study period by the National Weather Service (NWS) from an anemometer 
atop the now abandoned Absecon Lighthouse (Fig. 4). Analysis of these data 
indicates that the predominant wind directions are from the south and west. 
The corresponding wind velocity from these directions is generally in the 
22.5- to 45-kllometer-per-hour range (Fig. 9,b). This agrees with the result­
ant wind direction determined from data taken 16 kilometers inland at the 
Aviation Facilities Experimental Station from 1968-72 (Fig. 10). Figure 9,b 
also shows that most of the high-velocity winds (46.7+ kilometers per hour) 
were from the northeast. The pesultant wind direction, as shown 1n Figure 10 J 

is the magnitude of the vector sum of wind directions, and the average wind­
speed indicated is the sum of the recorded windspeeds divided by the number of 
Observations. 

Winds are from the west-northwest during the winter months of November to 
March. From March to July the winds shift to the south with a shift back to 
the west from July to September. After an abrupt shift back to due south in 
October, the winds return to the west-northwest direction of the winter (Fig. 
10) • 

Data from the Summary of Synoptic and Meteorological Observations (SSMO) 
(U.S. Naval Weather Service Command, 1970) show the predominant wind direc­
tions offshore of Atlantic City throughout the year (Fig. 11). Monthly data 
indicate that the winter winds of November to March are from the west and 
north~est, whereas the spring and summer winds of April to August are from the 
south and southwest. These trends are in general agreement ~ith those indi­
cated above for winds measured inland, except that neither September nor 
October sho~ directions nearly as predominant as the other months. 

The bearing of a line normal to the Atlantic City beach at Steel Pier 1s 
approximately 26 0 east of south. Waves impinging from east of the normal 
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Figure 11. Annual wind distribution by percent frequenc y and mean speed fo r 
Atlantic City. Data obtained fr om SS MO (U . S. Naval ''''eather S·, r v­
ice Co mm.3 nd , 1970) collected dur i ng 1949- 68 and covering the a<ea 
from :38° to 40· N. latitude and 720 \.I. l o ng itude to the coast . 

result in -3. southwest, or "down-beach drift"; wav~s fr om wes t of the normal 
produce a northeast, or "up-beach drift." Re nult s from visual wave observa­
tions obtained at di rf.e re nt times a t Atlantic City indica te that waves eas t o f 
the normal occu< gre a ter than 50 percent o f th e time (Figs. 12 and 13). An 
earliu <epo<t by the U. S. A<my En;,lin ee r Distri c t, Ph ilade lphia (1938), a 180 
indi cated a predominant down-beac h drift occurring about 48 pe rce nt of th e 
tilile c ompared to abo ut 24 pe rcen t up-beach drift and 28 pe rcent ons \1ore­
o ffsh o re drift. 

CERC ma intained a r elay-t ype "'ave ga ge on the end o f St ee l Pier (5.2 
meters mean wa ter depth) f rom 1962 to 1969 , W111ch measured wat e r surface ele­
va tio ns in 6-centime t e r increments. The"e da'.a , analyzed by Tnompson (977), 
i ndicate that during 196 4 t o 1967 t he aver8ge significant "'ave height and 
aver se wav e pe riod lncrea$ed subs t antia ll y in Se.ptember (Fig. 14). This is 
also in ge ne ral ag reeme nt ..... ith Fi gure 4-10 in the Sho re Protection Manual 
(51')1) (U.S . Army , Co r ps o f eng inee r s , Coastal EngineeCing Re.search Center , 
1977). The explanation f o r thi s behavior during this particula r period is 
s ho",n i n Figures 15 an d 16 "'h ich give the va l ues by mouth for each of the 
yea r " co nsidered. The peal<. in values o f per i od and heig ht during September 
1964 ca n be nttributed t o Hurri ca nes Do ra , Ethel, and Gladys offshore along 
the Atlantic coa t. Altho ugh none o f these hurri canes directly hit New 
Je rsey , the y gClle ra r ed l a rge wave s ~ . .'hi.ch reached the s ho re. Histor ica lly, 
the re 1s a substantial inc reas e i n tr op i ca l cyclones and hurricanes in 
the North AtLantic Ocean durin g Sep tem be r (Fig . 17) ; howeve r, o nl y a fe", 
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Figure l2. Wave approach at Steel Pier. Length of arrows indicates the 
percentage of wave approach from the various directions as 
determined by periodic observations at the end of Steel Pier 
during November 1935 to May 1937, and July 1947 to March 1948 
(from Beach Erosion Boa rd, 19 50) • 
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hurricanes directly impact on AtJ.an tlc City (two "direct hits" from 1899-1977 
were record(ld 'tDy the National Weath~ [ Service, 1978). i-Iost hurri..cane~ remain 
offshure in this area, producing I ndirect effects such as increased wave 
heights. Excratropical stoTms, par t i cularly northeasters, al'e second only to 
hurricanes in their destruet1ve i n t e nsity causing considerable d d:magt~ to the 
bea ches and structures along the t~~w Jersey coast~ The resultant da mage frum 
the sl? storms is largely due to :le high winds J waves, and increased water 
levels they generate. 

The astronomical tides at At ..f. ntic City are semidiurnal and have been mon­
itored almost <: o n tinuously sine 1912 from a primary tide station located on 
Steel Pier. 111e :ne fln tidal r al1£c is 1.25 meters, with the norm..1 1 tidal range 
varying fro:n 0.98 meter for nea p tides to 1.52 meters for sp r ing tides. The 
hirrhest recorded storm tide at Atlantic City, 2.32 rueters above ;:-lSL CTable 2), 
occ.urred during a hurricane in September 1944. The March 1962 storm caused 
the second highest storm t i de , 2.19 meters abOVE! HSL (Table 2). Additional 
information on extreme high tides and frequency of maximum monthly high tides 
is provided in Table 3 ;1nu Figure 18, respectively (U.S. Congress, 1964a). 

The National a Cta Survey's (NOS) accepted mean tidal heights for this 
location, b,}s e d on t be: timespan 1948 to 1966, referenced to the ocean :-i.LW 
datum, are: LUe.ilH hi,g'n -water (i1HW), 1.25 mete.rs; mean tide level, 0.62 meter; 
National G€oJ o tic Vertical Datum (NGVD), 0.50 meter; and HSL, 0.63 meter. 
During the periud 19\2 to 1969, the apparent secular trend for the change in 
sea level at Atlant"ic City was a rise of 0.28J centImeter per year (Hicks, 
1972). Approximately 0.1 centimeter per year of this change is due to the 
glacial-eustdtic rise in sea level, with the rell1ainder attributed to 
subsidence. 

The seevl lng l y minor I but never-ending changes 1n sea 
8p.::1nning Y C':J ) ·B and decades, are masked by the more dramatic 
meteorolo g, t c:a l and ocea nographic paralneters aff2.cting the 

level (Fib' 19), 
changes due to the 
yearly variability 

in sea level. These i nclude variatlons in wind, currents, water teruperature, 
salinity, river discharge, and direct atruospheric pressure (Hicks, 1972). 

Table 4 provides a summary of physical characteristics relating to 
<'1.tlantic City. 

[ll. DATA CIlLLECTLON N~\J MlALYS LS 

1. £stablishment of Profile Lines. 

Seven profile lines were established along azimuths normal to the shore­
line in 1962 (Fig. 1). The spacing between adjacent profile mOI1Uments gener­
ally increased from profile lines 1 to 7 with the smallest distanc~ between 
profile lines 1 and 2 at 426 meters, dnd the greatest distance between pTofile 
lines 6 and 7 at l.62 kilometers. Some of these mOI1Wi1ents w'ere, however, 
offset from the actual profile lines. Stando.rd bronze Corps of Engineers I 

disks were placed on ur near pruf ile lines 1 to 4, and 6 in 1975, and profile 
lines 5 and 7 in 1976. Each monument was then referenced horizontally to the 
New Jersey Transverse ~~rcator and vertically to NGVO (sea level ddtlUJI of 
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Table 2. Height of storm tides at 
Atlantic City. 

Yr Ho Elevation to 
(m) 

1933 Jan. 1.7 I 

1933 Aug. 1.52 

1936 Sept. 1.43 

1944 Sept. 2.32 

1944 Nov. 1.77 

1947 Nov. 1.80 

1950 Nov. 2013 

1953 Oct. 1.86 

1953 Nov. 1.52 

1960 Sept. 1.86 

1962 H8r. 2.19 

1963 Nov. 1.46 

1964 Feb. 1.43 

1965 Jan. 1. 19 

1966 Jan. 1.83 

1967 Feb. \. 53 

1968 Nov. 1.92 

1969 Nov. 1.37 

1971 Aug. 2.13 

1972 Dec. 1. 7 1 

MSL 

Hote--D8ta for 1933-62 from u.s. Congreee 
(1964&); data for 1963-72 compiled by subtract­
ing predicted tides from recorded tides (NOS) 
to determine highest for the year. 

Table J. Extreme high tides at Atlantic City (from U.S. Congress, 1964a). 

3-yr He1£hts above MSL (ID) 
period 1.0111.0711.1311.1911.2511.3111.3711.'311.'911.55 11.6111.7711.8011.8612.13 12.32 

1\0. 0 occurrences 

1936-38 205 126 77 " 25 15 7 3 I -- -- -- -- - - -
1939-41 287 19' 129 73 3' 20 11 8 5 3 2 -- -- -- - -
1942-44 326 213 "3 89 '3 28 16 10 8 , 3 2 I I I I 

194~-4 7 338 23' 157 99 61 " 19 9 6 3 I I I -- - -
1948-50 290 189 126 82 '6 37 21 II 5 2 2 I I 1 I -
1951-53 311 203 130 88 52 30 16 7 , 3 I I I 1 - -
1954-56 3" 233 150 98 55 38 19 13 6 I - - - - - -
1957-59 356 231 1'0 83 56 29 " 7 , 2 I -- -- -- - -
1960-61 1 '09 29' 213 "3 96 66 51 29 18 " 12 3 3 1 - -
'Adjusted by fract.ion 3/2 to reprelu!ot a 3-year period for purpoBel of comparleon. 
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Figure 18. Frequency of maximum monthly high tldes at 
Atlantic City (from U.S. Coc.g ress, 1964a). 
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Figure 19. Change in sea level wlth respect to adjacent land 
for Atlantic City, 1912 to 1969 (lli cks, 1973). 
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T" ble 4 . S= r y of physical characte r i s tics at Atlan t ic Cit\" , 

(;;ha. r a e t t!!l' 1 1 t 1 c Deser! pt ion Sou~ce 

Loc3tion II.bfie-con Island. 13 \an long; coastline orientation of 
N. 64° E. 

Length of study area 5 kin. from A06econ lnlet Jetty SW. 

~(ean tidal range 1.2S m Na tiona l Oceanic and Atmospheric 
Adlf.lt n.u tratlon ( 1979) 

Spring tidal range 1.52 0 Nac lonal Oceanic and Atmospheric 
Ado ! istrat10n (1979) 

:taxtrrn .. _tor. $ucge. l. 2. 13 ~ (Aug. 1971 ) :i t lon.:11 Occan~ c and Atmospheric 
InlSttatlon (1972) 

Hean s1sfl l t Lr:'8nt wave height 0.81 rn (less thu)\ I pet e~cl!ed 3 m) nlOmpson a nd Harrl,s (1972) 
Sta ndlJrd de vlat1.on 0.53 m Thompson (1977) 

Hean ""-3;ve period 8 .18 s Thompso.n and Harris (1972) 
Standard deviatlon 2.43 , Thor:l.pson (1977) 

Breaker type 44.7 pet plunging ( PL) Visual cbs nB. (Jan. 1968 to Oct. 
32.0 pet spilling (SP) (974) 

Sreaker a ppro.l.lcn 57.7 pet ~lthln 5° e:lther $ ide of sho re-normal Visual ObSO:h (Jan. 1968 to Oc.t. 
33.0 pet 5° to 25° left of sho re-nonnal 1974) 

Beach material F i ne- to-llled i Ul'\ grain qu;trcz sand Ramsey and Gal'l in (1977) 

Median diameter 0.27 om Rac6 ey and Calvin ( 19 77) 

Prof ile 

I 2 3 4 5 6 7 Avg . 

Foreshore slope 0.039 0.066 0.047 0.046 0.046 0.039 0 . 045 0.047 Eve rte, De","'all , and Czerniak ( (974) 

Berm width from Boardwalk. (0) 180 5 75 50 60 90 llO 80 Everts, Dewall, and Czerniak. ( 1974) 

IIet'l ht! igh t a bove MS L ( ~ ) 1.3 2 . 3 3.0 2.4 2.2 2.. 1 2.0 2.2 Eve rta, o..lIaU . nd C""ml.ak (1974) 

lOuring B~P program. 



1929). All survey work for profile 
Army Engineer District, Philadelphia. 
further in Appendix A. 

2. Frequency of Surveys. 

documentation was performed by the U.S. 
Profile lln2 documentation is discussed 

The general criteria considered in establishing tiurvey frequencies were 
the periods of ~oaximLml beach change caused by seasonal effects as well as 
weather forecasts Indicating d high probability of beach erosIon due to 
storms. Survey frequency was greatest during the fall o. nd winter months with 
a particularly large number of surveys taken during the :r:i rst quarter of 1963, 
at the beginning of the project, and in 1968-70 when a series of 10 weekly 
surveys '..las done. Figures 20 and 21 show the number of surveys at Atlantic 
City by quarter (3 months) and by month, respectively. 
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Figure 20. Frequency of surveys at Atlantic City. 
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Figure 21. Total numbe ( of beach proti L" surveys, 
by mOllth, at Atldlltic City. 
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Surveys ",e re initially intended to be conducted every 2 "'eeks and afte r 
significant storms . However, an examination of the initial surveys showed 
that the engineering significance generally associated "'ith beach changes in a 
2-week period ",as of limited value. Therefore, the interval between regularly 
sc hedule d s urveys was extended to 1 month or even longer during the summer . 

3 . Field Survey Technique. 

The general data collection procedure consisted of setting up a surveyor 's 
level at or near a previously established point of known elevation or "bench 
mark," usually located on the seaward side of the Boardwalk (Figs . 22 and 
23). Then, using a tape and Philadelphia rod, readings were taken along each 
profile line at approximately every 15 meters or at break s in slope . Profile 
aUnement was maintained by sighting on preestablished predominant landmarks 
such as telephone poles or buildings along the Boardwalk. Horizontal dis­
tances 'Were rec o rded to the nearest 0 .3 meter and elevations to the nearest 
0.03 me t er, except when hand leveling "'as used . 

'. 

... - , -

~ -- ~----

. ' . 

.--- -..• ~.. .... 
. . ... "''' 

Figure 22. Su rveying crew setung up for another reading (16 January (968). 

Io.'hen the Philadelphia rod reached an eleva t ion where it was ou t of view 
through the level, the general procedure was to hand level down to the surf 
with the rodman wading out as fa r as possible . Occa s ionally, ti,e r od was 
"boosted" (or raised) a known distance t o the top of the rod ma n's boot or belt 
t o obtain the l ast point without hand leveling. Turuing points wcre also 
used; however, before 1972 the leveling was not c l osed back to either the 
turning pOints or to the s tarting bench oork, so the reliabili t y of the tUrn­
ing pOints could not be dete rmined. 

The surveying party consisted of a six-man hydrographic s urveying crew 
from the Philadelphia District, except for a period in 1963 and 196'-< when a 
private firm was contracted t o do the wo rk. The six-man c.rew either worked as 
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Figuce 23. Rodman in the sud (16 Januacy 1968). 

a single crew or split into two three-man crews to expedite the work. The 
crew also colle.cted sand samples at various times at selected profile lines. 

In addition to surveys by conventional surveying methods, an ex.pe rim.ental 
pcogcam was conducted to test a method of obtaining pcofiles by obsecving sa nd 
levels on pipes located at appcoximately 15-metec intecvals along se lected 
pcofile lines (Ucban and Galvin, 1969). Pcofile lines 5 and 7 at Atlantic 
City wece selected foe thi s program. 

To estab l i s h the pipe pcofiles, 6.4-~etec-lon8 icon pipes (~cked at 0.15-
meter int e rva ls and usually lilarked before emplacement) with 3.8-centimeter 
(inside) diameters wece jetted 4 Illetecs into the sand. A type of reflecting 
material o r a sign was displayed on the pipes as a safety measure for beach 
bugBY traffic at night. 

Unpaid local obsecvers enlisted by the Philadelphia District made weekly 
observations of the sand elevation at each pipe. These observations were 
cecocded on focDls and mailed weekly to CERC. At CERC, the sand elevations 
were converted to elevations above NSL and the data were stored in the stan­
dacd sucvey format. These data ace available in lcban and Galvin (1969). 

4. Accuracy of field Sucveys. 

A certain degree of error is inherent in any data collection procedure, 
even under the most ideal conditions. Some of the possible errors encountered 
throughout these surveys are discussed below. 

Random r eading errors were min.lmlzed by using a rod gcaduated in tenths of 
a foot. Since the only readings requiring a greater precision (to the nearest 
hundredth of a foot) wer e at the bench mark and at turning points, and these 
sight l e ngths were usually less than 76 Dieters (250 feet ) , no significant can­
dam error should occur (Czerniak, 1972). 
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Systematic. errors due to condition of the level, rod out ot plumb, 
temperature of tape, slope of tape, and tape not on line were considered 
iosignificant and had no great effect on the data collected. Bad turning 
points undoubtedly resulted in some error, but since the leveling was not 
closed back to the bench m3.rk, there is no definite method of determining 
specifically when an error might have occurred or to what extent. Anot.he r 
source of systematic error results from the sag of the tape and wind t!ffects 
on taping. The magnitude of this error is assumed to be an average maximum of 
-0.1 foot per 200 feet of tape length. 

Taking into account these error possibilities and various other errors due 
to human and environmental causes, the data were considered "accurate" if 
every point on the profile "as within ±0.05 foot vertically and ±O.S foot 
horizontally of the actual values. The data were also considered "dependable" 
if sufficient checks on the survey data were performed to ensure that no per­
sonal errors affected the data. Bas!2d on these criteria, it was concluded 
that the data obtained ~ere of acceptable accuracy and dependability. 

5. Data Reduction and Quality Control. 

Until 1968, survey data were recorded in field notebooks, reduced and 
hand-plotted by the surveyors, and then forwarded to CERC. These plots \oIece 
later digitized and placed in a punchcard format. After 1968, the survey data 
were still recorded in fieldbooks, but the data were then transferred to 
optical scanning forms before being sent to CERe. I\t CEKC the data were 
logged and scanned with an opt 1cal mark page reader (ONPR) to produce punch­
cards. The cards were then read into a computer where the data were processed 
using an editing program which plotted profile points. from these plots, 
apparent errors were identified and returned to the surveyors for correct ton 
or comment. A final edit check 1,.,'aS made and the data ~ere stored in a 
magnetic-tape format when all detectable errors were satisfactorily corrected. 

A quality control study by Czerniak (1973) indicated a 25 percent proba­
bility that there ",'QuId be an error of ±O.l foot in the recorded elevation of 
a surveyed point due to rounding by the survey party in the field. Becaus e o r 
the improbabili ty of this rounding error oc.curring numerous times on the s tl'me 
profile, this error, if present, should have no adverse affect on <l.ny data 
analysis. 

figure 24 diagrams the basic steps taken throughout the "Bf.r program from 
the initial observation in the field to the final computer output. 

Appendix. B provides a tabulation, by profile, of all the survey d::tta 
collected during the study. 

6. Data Analysis. 

Two primary parameters calculated from tIle profile data arc (a) the change 
in clSL shoreline (115) and (b) the change in unit storage v o l ulOe (ilV). The 
first parameter, 6S, is the horizontal change, between survey s , of the posi­
tion of flSL at a profile line. If the beach at HSL prograded during the t im" 
between surveys, a positive number would result for l.I.S; a negative va l u e 
would result if the beach receded. The second parameter, tJ"V, is the cha nge 
ir. volume above ~lSL between two surveys for a unit width parallel to t h e 
sllOreline at a profile line. If accretion occurs between surveys, !J.V 1,.,'i11 
have d positive value, and if erosion occurs, 6V will be nega t i~ ~. 
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Figure 24. BEP data processing. 

The values for 6S and b,V are limited i.n two si.gnificant ways (see 
Fi g s. 25 and 26). The lower limiting elevation of t.he surveys for computa-
c ional purposes is }ISL and therefore the values do not provide any indication 
o f chan~es below j"l5L. The volume computations Hre also basC!d on a landward 
boundary, common to most of the sur\)eys, for each profile line. As a re.sult 
of these two lini.1ting factors, there generally exists a landward region ot 
I.:. h ;Jngl.: as well . IS the probably more substantial below-;·1SL region of l:hange 
wllich are not included in tIle computed volume. 

Landward Bounda(y 

( 

Fi,,;u n .: 25. Chd nge in HSL shoreline i.lt profile line, 6.5. 

IV. RESULTS 

l. Short-Term Changes. 

a. Chang..l~ During Storm.s. Storm.s contribute subst.ant.ially to short­
E:enn b C'~l C h p ro t ile c h,l-ln9;CI:> by their very nature of short duration and high 
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Figure 26. Change in unit storage volume at profile line, ~V, 

intensity. Seventeen storms, predominantly northeasters, were selected for 
analysis based on the following criteria (see Table 5): 

0) Existence of prestorm surveys no more than 4 weeks before 
the storm and poststorm surveys no more than 1 week after the storm; 

(2) data indicating wave heights of 1.22 meters or greater dur­
ing the storm (this value was arbit rarily chosen due to the 0.85-
meter value for mean wave height determined by TIlompson aud Harris, 
1972); and 

(3) no other known significant weather events occurring between 
surveys. 

Visual observations indicate that the predominant breaking wave directions 
during storms are from the east and southeast. Wave breaker types most COlJl­

monly observed were either plunging or spilling (Urban and Galvin, 1969). 
Analysis of the selected storms for which actual tide data were available 
demonstrated an average maximum storm-generated surge at high water of 0.57 
meter. 

An effect which must be considered is the timelag between the storm and 
the poststorm survey which varies from 0 to 6 days. The greater the lag, the 
more probable that the beach has already begun recovering, thereby not indi­
cating the total storm change (Birkemeier, 1979). (See App. C for plots of 
prestorm and poststorm surveys.) 

Figure 27 depicts the mean and stan.dard deviation of unit volume changes 
above MSL, by profile, for the selected storms. Due to the relatively few 
storms analyzed, this information provides only a possible trend of unit 
volume changes at each profile line. Profile lines 2, 5, 6, and 7 underwent 
the greatest average unit volume loss of 6 cubic meters per rneter or greater 
during these storms. This ls partly explained by tile fact that the general 
direction of longshore transport during storms 1s from northeast to south\oJ'est 
in this area. Consequently, profile lines 2 and 5 are in littorally depleted 
locations as a result of upd~ift grOins and other manmade obstructions to lit­
toral drift (see Fig. 3). However, profile lines 6 and 7 are on relatively 
unobstructed beach, so their changes in unit volu~e are presumably due to 
onshore-offshore sand movement, or possibly movement downsbore into the unsur­
veyed part of Absecon Island. 

The wide deviation at profile line 1 1s undoubtedly a direct consequence 
of its location immediately downdrift of the Absecon Inlet jetty. Profile 
line 4, on the other hand, indicates a zero average unit volume change in 
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Table 5. Atlantle City storm daLa. 
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Figure 27. }lean and standard deviation of unit volume changes 
by profile for 17 selected storms at Atlantic City. 

addition to having the smallest deviation of all profiles. Profile line 4, 
theref ore, appears to rna. intain a reasona bly sta ble uni t vo lume throughou t 
stormS. This apparent anomaly may possibly be related to the number and type 
of structures near the profile; i.e., Steel Pier and Steeplechase Pier updrift 
of the profile, as well as two groins located on either side of Steel Pier 
(Table I). In addition, another groin located just downdrift of the profile 
causes a "boxed-in" effect which could possibly contain a bulk of the littoral 
material. 

Figure 28 illustrates the mean unit volume changes and standard deviations 
by contour above MSL for all profile lines during the selected storms. The 
greatest average unit volume loss occurs between the +0.5- and +l.O-meter con­
tours. The figure also shows that the greatest deviations from the mean occur 
between the 0.0- and +2.Q-meter contours. This is to be expected because wave 
action is concentrated in the foreshore region and thereby lends to greater 
variations in volumes of material moved. Also, it is possible that the maxi­
rntml. average unit volume loss occurs between the +0.5- and +l.O-meter contours 
because the average maKimum surge above high water, which allows waves to con­
centrate, during those storms is 0.57 meter. Alternately, the variation in 
volume change generally decreases with increasing elevation above +2.0 meters 
because this part of the profile remains relatively stable, except in severe 
storms, due to its increased distance from the scouring effects of wave 
action. This higher part of the beach not only remains relatively stable, but 
it accretes an average of 0.21 cubic meter per meter per storm between the 
3.0- and 3.5-meter contours. 

Since losses from the lm>t'er contours clearly exceed gains along the upper 
contours, sand is moving either offshore or alongshore. The most intense 
storms resulted in -20 cubic meters per meter volume changes above MSL, which 
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Figure 28. Mean and standard deviation of unit volume changes by contour 
for 17 selected storms at Atlantic City profile lines. 

is -100,000 cubic meters over the 5-kilometer study area compared to the gross 
annual longshore transport rate of about 500,000 cubic meters (for the entire 
littoral zone); this short-term beach erosion indicates that most of the sedi­
ment transport during storms is offshore. 

In Figure 29 the unit volume changes at each profile, as determined from 
prestorm and poststorm survey data, are compared to the changes in ~lSL shore­
line position (0.0 contour) for the same stonn data. In thIs way, volume 
changes resulting in accretion and erosion are compared to shoreline changes 
resulting in progressIon (advancement) and recession (retreat). Figure 30, 
which depicts trends in volume change versus shoreline change for selected 
storms, shows considerable differences between thE:se two values, indicating, 
at least during storNs, that voluJ:l€ accretion is not necessarily accompanied 
by ~·1SL shoreline progression nor is volume erosion always accolllpanieu by MSL 
shoreline recession. These data demonstrate the need for caution when eval­
uating short-term beach changes from aerial photos. 

b. Beach-Fill Changes. Two major beach-fill projects at Atlantic City 
during the BEP study (in 1963 and 1970) used a combination of stockpiling and 
direct placement. Stockpiling entails periodically placing beach material at 
a concentrated updrift location in the depleted area, and allm,,Iing natural 
processes to move the fill downdrift to nourish the beach. Direct placement 
involves placing the fill along the entire area to be nourished. 

As mentioned previously, the 1963 fill project consisted of 428,000 cubic 
meters of fill placed between Orien r:a l and Virginia Avenues to replenish the 
greatly eroded beach resulting from [ iL e ~larch 1962 storm. Figures]l and 32 
indicate the 1963 and 1970 beach-fill Limits and the beach profiles before and 
after both fills. Figure 33 shows the unit volume change from 1963 to 1972 
for each profile line. These data Indicate that the 1963 fill remained for 
approximately 4 years on profile line 3 and provlded nourishment to profile 
llnes 4 to 7 at later times as a result of natural processes, as indicated by 
t h~ dashline tracing volume increases along the profile lines. However, thos~ 

same natural processes caused a continued erosion problem that required th~: 
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Dis lance along Profile line (m) 

Figure 32. Cross section of beach from profiles taken 
before and after beach nourishment in 1963 and 
1970 (from Everts, DeWall, and Czerniak, 1974) • 

. " 

Figure JJ. Sediment volume measurements between surveys relative to first 
survey ("zero" unit volume is the volume during the first ~urvey 

in October 1962). Dashline indicates probable alongshore movement 
of some volume of the beach fill as determined by volume increases 
along profile lines 4 to 7 (Everts, De\jall, and Czerniak, 1974). 
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placemen t in 1970 of an additional 635,000 cubic me ters of beach rna terial 
between Oriental and Illinois Avenues (see Figs. 31 and 32). The fill mate­
rial in each case was similar to the natural beach material, with a mean grain 
size of 0.3 millimeter. Again in 1970, profile line 3 indicated a trend to 
maintain much of the fill for an extended time period (Fig. 33). Although 
surveys were not conducted after 1973, it can be assumed that some of the fill 
migrated down the beach to the other profile lines as did some of the 1963 
fill. Some information supporting this assumption is shown by comparing the 
photos in Figures 34 and 35 (taken in November 1970) with the photos in 
Figures 36,37, and 38 (taken in Harch 1979 at profile line 2). Note the 
considerable amount of beach after the beach fill in 1970, compared to the 
practically nonexistent beach in 1979. Also, note the wide beach in Figure 39 
(taken at profile line 6 in Harch 1979) compared to the lack of beach in Fig­
'Jres 36 and 37 • 

. -

'. 

Figure 34. View ot scarp just north of profile line 2 
(24 November 1970). 

Figure 35. View landward from waterline at profile line 2. 
Building at left, behind Boardwalk, is convalescent 
home shown in Figure 38 (24 November 1970). 
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Figure 36. View of groin at Vermont Avenue fro m under the Boardwalk 
at Rhode Island Avenue (profile line 2) (9 i·larch 1979). 

Figure 37. View of groin south of Rhode lsland Avenue from under 
the Boardwalk at profile line 2 (9 :·!.3rch 1979). 
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Figure 38. View of erosion-scour at the base of the convalescent home 
on the sout h side o f Rhode Island Avenue (8 March 1979). 

Figure 39 . Looking shoreward from waterline at California Avenue 
(p r ofile line 6) on 9 ~larch 1979. Note width of beach 
compared to that at profile line 2 in figures 23 and 34 . 
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Additional short-term changes that primarily affect the upper sections of 
the profiles result from the periodic removal of sand from under the Boardwalk 
(see Figs. 40, 41, and 42) for use as fill elsewhere on the beach (see Fig. 
43). Although this procedure has been observed, it is not well documented in 
terms of frequency or quantities of material transferred. The project during 
the winter and spring of 1979 was done by the City and called for the removal 
of 36,600 cubic rueters of sand from under the Boardwalk near profile line 7 
(Richmond to Raleigh Avenues) (M. Ingram, City Engineer, personal communica­
tion, March 1979). This material was then placed on the foreshore midway 
between profile lines 4 and 5. Because of the relatively fine size of this 
well-sorted sand (0.18 millimeter compared with 0.27 millimeter reported by 
Ramsey and Galvin, 1977, for average foreshore sand size in March), the mate­
rial would probably be easily eroded from the beach face. 

Figure 40. Borrow slte under Boardwalk at Richmond Avenue on 9 >~rch 1979. 
Note amount of sand removed by comparison to sand still evident 
behind and under Boardwalk (compare also to Fig. 39). 

Figure 4l. Trucks waiting to be filled with sand near 
Raleigh Avenue (9 March 1979). 
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Figure "2. Front loader filling truck with sand excavated from 
under the Boardwalk near Raleigh Avenue (9 ;larch 1979). 

Figure 43. Site of beach fill near St. James and New York Avenues 
(9 f1arch 1979). 



2. Long-Term Changes. 

Long-term changes include the cyclic seasonal changes (U.S. Army, Corps of 
Engineers, Coastal Engineering Research Center, 1977) along with longer range 
trends which mayor may not be cyclic in nature. Changes in the MSL shoreline 
position during 1962-73 are shown in Figure 44. The 196) and 1970 beach fills 
are evident on profile lines I, 2, and) with subsequent progradation on the 
downdrift profiles, which was also shown in the unit volume changes (Fig. 
))). Figure 45 depicts the average unit volume and MSL shoreline position by 
mOlith for each of the profile lines. The mean of the monthly averages for 
each profile is indicated by the "zero" unit volume, wherea::> the "zero" ~1SL 

shoreline position is the shoreline position during the first survey. Figure 
45 shows that seasonal changes do occur at Atlantic City, with the least vol­
ume of sand on the beach from January to March and the greatest volume of sand 
generally from June to August. This large quantity of silnd also appears pre­
dominantly on profile lines I, 2, and) with profile lines 5, 6, and 7 showing 
a loss of sand during June and July. These extremely large volumes at profile 
lines I, 2, and) predominantly reflect the beach fill of 196) in which · the 
bulk of the fill material was placed along these profile lines as shown in 
Fig ure )2. These values may also be misleading since only four surveys were 
conducted in June and two in July throughout the II-year study period, with 
each of the profile lines surveyed twice during June, July, and August of 196) 
after the 196) beilch filL June and July were the least surveyed months 
during the study period (Fig. 21). In addition, all profile lines were sur­
veyed in August 1970 after the 1970 beach fill, thereby adding a bias to the 
six surveys conducted in August throughout the study. Therefore, the infor­
mation for theSe! months is less re presentative of average summer conditions. 

To evalute the entire AtlantiC City locality as a whole, 6S and 6V 
were averaged by year in the a longshore direction. The averaged alongshore 
change in MSL shoreline, 65, is comput'ed by summing the alongshore distance­
wei g hted yearly average values of 6 5 at each profile line and dividing by 
the total length of the study area. S imilarly, the averaged alongshore change 
in storage volume, l:1V) 1s computed USing the alongshore distance-weighted 
values of 6V (Czerniak, 1974). 

A comparison of the mean yearly changes in storage volul7le and HSL shore­
line (Fi3' 46) shows that the long-term trends are influenced more by the 
mo.~nitude of the accretion-erosion and prog ression-recession occurring tn 
these years than by the number' of net accretionary or erosional years. This 
is clearly indicated by the high dependency on the two artificial beach fills 
in 1963 and 1970 for the shape of the cumulative yearly change in storage 
volume, flY (Fig. 46). In conjunction with. this, yearly changes in the MSL 
shoreline and storage volume vary considerably and appear to .sugge::;t no clear 
pattern. 

Figure 47 shows the changes in unit volume (Hid shoreline pOSition for the 
years betwe en the beach nourishment projects in 196) and 1970. The slope of a 
least square fit line drawn through the points on the plot of cumulative aver­
age yearly change in storage volume for the seven profile lines (Fla- 47) 
provides a single nwnber which best describes the rate of "natura.l" change in 
the above NSL storage volulne during this period. The line only provides a 
general description of the trend 1.n the data due to the wlde yearly vari.ation 
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Figure 47. Long-term changes in unit volume and 
MSL sh o reline from 1963-69 to eliminate 
effects of 1970 beach fill. 

(Fi3.33 ) . Under these conditions, Figure 47 indicates that Atlantic City ha s 
remained s table a t 0.00 cubic meter per meter per year change above NSL during 
the peri od fr om 1963 to 1969. 

Apply i ng the s ame procedure to the change in ~ISL shoreline o ve r the same 
pe ri od, the rate of change in the MSL shorel i ne indicates a progres s ion of 
O.7J me ter per year. However, thls line like wi s e r e pre s ents only a gener31 
tre nd and only roughly approximates the actual rates o f change in ~ISL shore­
line for the locality. 
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Further informa t ion on the MSL shoreline changes and the above MSL unit 
volume changes through time by profile line is provided in Appendixes D and E, 
which are large-scale figures by profile of Figures 44 and 33, respectively. 

v. DISCUSSION 

I. Profile Changes. 

In a study by the Beach Erosion Board (1950), various shoreline positions 
from 1841 to 1947 were compared to determine a trend in shoreline advance and 
retreat along the beaches at Atlantic City. It was found that considerable 
shoreline retreat occurred at the inlet entrance from 1841 to 1936. After 
1936 the inlet shoreline remained reasonably stable due to the installation of 
protective structures such as bulkheads and groins. The greatest natural 
change at the inlet entrance from 1936 to 1947 was a progressive lowering of 
the beach. 

The ocean shoreline beginning 300 meters northeast of Garden Pier and 
extending 1.2 kilometers southwest to Central Pier receded between 1936 and 
1947 with a greatly accelerating rate after 1939 (Fig. 48). After the place­
ment of a beach fill in 1948, from July 1948 to August 1960, the shoreline 
between the Oriental Avenue jetty and New Hampshire Avenue experienced pro­
gression ranging from a maximlED. of about 52 meters at the jetty to about 6 
meters at New Hampshire Avenue. During this same period the shoreline between 
New Hampshire Avenue and Steel Pier receded, with few exceptions, from a maxi­
mum of about 40 meters between Vermont and Rhode Island Avenues to a maximum 
of 3 meters in the region east of Steel Pier. The recession between Vermont 
and Rhode Island Avenues duplicated the shoreline position of 1936 (Fig. 48). 

Surveys in July and October 1948, February and May 1949, January 1950, 
December 1958, August 1959 and 1960, and March 1962 provide detailed profile 
data for the area between the Oriental Avenue jetty and Steel Pier (U. S. 
Congress, 1964b). There are no indications, from the previous data, of any 
definite quantitative trends in volumetric changes along this reach extending 
from the Boardwalk to approximately 1.8 meters below M1I<1. Likewise, for the 
II-year BEP study, there appears to be no clearly defined trend in volumetric 
changes throughout the seven selected profiles. The two most significant 
events are the 1963 and 1970 beach fills and the natural transport of that 
material downdrift, as shown in Figure 33. 

Figure 49 depicts four sets of.profiles of the beach and offshore regions 
from January 1936 to February 1948 (before the 1948 beach fill). These pro­
files indicate that relative stability increases with distance southwest from 
the Oriental Avenue jetty and Absecon Inlet. 

Profile envelopes for each profile line throughout the study period (App. 
F) depict the entire range of maximum and minimum elevations surveyed at given 
distances along the profile line and do not appear to indicate any clear trend 
to greater stability from profile line 1 to profile line 7. 
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(950) • 

2. Seasonal Changes and Wave Climate. 

Figure 50 combines mean monthly wave height and period information 
obtained from Atlantic City and the TOlilS River Coast Guard Station (Fig. 1) 
for comparison. Of these sources, the gage data are considered [:;Jore reliable 
although the visual observations provide important nearshore wave direction 
information. The gage data (Thompson and l-wrri~, 1972) were obtained from 7-
minute pen-and-ink records taken six times daily from a 7.62-metcr relay-type 
gage located on the seaward end of Steel Pier. The visual observations (made 
by local volunteers) include estimations of nearshore wave period, height, 
direction, and breaker type. The Cooperative Surf Observation Program (COSOP) 
data were also obtained visually by cooperating personnel froGl U.S. Coast 
Guard Stations ~lt Atlantic City and Toms River. As shown in Figure 50, there 
is considerable variation between these sources of wave data. 
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The visual observation 
predominantly from within a 
observer on the beach. 

data indicate that 
sector of 5° to t:he 

3. Coastal Engineering Implications. 

the breaker approach is 
le E t of shore-normal to an 

The daLJ in this study largely indicate the far-reaching Influence of the 
two beRch f ills of 1963 and 1970. Judging f rom the vol urne t ric and MSL s ho re­
lIne changes through tIme, shown In Figures 33 and 44, respectively, the beach 
fills accomplished their purpose of rebuilding the beach, not only where the 
fill was directly placed, but also downdrift, as the result of natural lit­
tora.l processes. The severQ erosional conditIon at profile line 2, howE!ver, 
bears closer examination to determine the specific causes as well as possible 
solutions to this critical problem. 

Among the greatest diff iculties in determining how and where tile sand is 
transported are the incomplete surveying of the entire Absecon Island dnd the 
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relatively s hallow sur veying out to only 2 feet below fISL. Therefore, the 
amount of sand transported offshore or alongshore to the southwest cannot be 
dete rmined. To better understand the complex and dy namic s ediment movement in 
this a rea, and thereby arrive at a functional solution, the enti re island 
should be studied as a complete system froG! Abs eco n inlet to Great Egg !larbor 
Inlet. This would enable a more reliable description o f the p rocesses 
involved along this coastline. More information should also be ob tained 
relating t o the processes of the inlets at both ends o f the island t o e nhance 
the und e rstanding of the iropact these inlets have on Absecon Island. 

Prestorm a nd poststorro surveys played an important ro le in understanding 
Some of the sto rm-related processses taking place along this coast. Addi­
tional surveys of this type would significantly increase the awareness o f just 
how much sand is moved and whe re during storms, which would th e n enable the 
area to pla n accordingly before the storm season. Again, this poi nts out the 
need to survey fa rther o ffshore to locate where some of the sand i s being 
transported. 

The implications of th e beach-fill project in March 1979 indicate the ne e d 
for careful planning of the time, l oca ti o n, and grain size of the fill mate­
rial when undertaking such a project. The g rain sIze of the fill mat e rial 
taken from under the Boardwalk for this project was much smaller than the 
median grain size of the beach material in th e vicinity of the nourishment 
project. This factor. In conjunction with the time of year (March being a 
highly susceptible time for storm wav e s), resul t ed in most of the fill being 
was hed away almost immediately on placement, accord ing to a bulldozer operato r 
on the site . This beach-fill pr oject , then, appea red to be much less succes s ­
ful than the two fills conducted In 1963 and 1970. 

V I. SUflNARY 

Each o f the seven pro flle lines at Atlantic City, spaced from a minimum of 
467 met e rs to a maximum of 1.62 kilomet e rs apar t, was surveyed a minimum of 
118 times , ge nerally from the seaward edge of the Board .... a lk t o wading depth. 
Frequency o f s ur veys ranged frow weekly to quarterly (F i gs . 20 and 2 1). Du r ­
ing the s tudy the re we re 17 reasonably well-documen t ed storms with prestorm 
a nd pos t sto r m su rve ys (Table S). 

The study area extends 5 kilometers southwest fro{J) the Absecon Inlet jetty 
and is comp rised of 0 .27-millimeter median grain-Size qua rt z sand . The fore­
s hor e slope ranges fr om 0.039 t o 0.066 with an average o f 0 . 047 ovo r the seven 
profile lines. The bern wi dth, measured trom the Boardwalk, extends betwee.n 5 
roeters at profile line 2 and 180 lDeters at profile lir, e 1 with an ove rall 
average of 80 met e rs. The ave r.:l ge berm elevation above t1SL is 2 .. 2 l";'lete r .s with 
a range beween 1 .. 3 and 3. 0 meters. 

~~inds are generally out of the southwe s t quadrant with [:lean speeds ranging 
from 20 to 4S kilometers pe r hour (Figs. 9, 10 , and 11). The mean significant 
..... ave height is 0 .81 meter with a mean wa ve period of 8.18 seconds consis ting 
predominantly o f plunging waves.. The are.a also has a mean tidal range of 1.2 
meters. 

Among the larges t natural changes r;~ as ured between surveys at a single 
profile li ne were a volume l oss of 5 1. 39 cub ic Tileters per meter during the 
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stonn of 2 March 1969 at profile line 5 and a shoreline recession of 30.18 
meters during the 25 February 1968 sto rm at profile line 7. Stonn changes 
(Fig. 30) indicate no clear correlation between shoreline recession and 
erosion, as might be ex pected. For example, during the 2 March 1969 storm, 
the average shoreline accreted 6.99 meters, whereas the average above NSL unit 
volume eroded 11.01 cubic meters per meter. HOIol""er, profile line 2 shows the 
most critical erosion, as shown in Figures 36, 37, and 38. 

Major beach-fill projects were c ompleted in 1961 and 1970 , introducin[; 
approximately 1,28,000 and 635,000 cubic meters o f fill material, respectively, 
to the northern end of the study area (see Fig. 31). The6e fill s loIere reason­
ably successful in nourishing the beach, as s hown in Figure JJ. 

Seasonal changes are indicated with a maximlDD. volume of sa nd above MSL 
from )lay through October (Fig. 45). The net volume change above l1SL along the 
beach, disregarding the 1970 beach fill, is near zero. Although the beach, as 
a whole, experienced a near zero net change during the period 1963-69. there 
was a shift of beach storage volume from the 1963 fill site on the northern 
end of the study area toward the southwest, along the beach (Fig. 33). Thi s 
shift of beach volume was expected with time and resulted in an effective 
bea c h-fill project. 

in conclu s i o n, this s tud y wa s extremel y valuable for the quantitative 
determination o f sorne of the shore processes taking place at Atlantic City as 
"'ell as t o indicate how such s tudie s ma y be accomplished more effectively and 
ef fi cie ntly in the future. 
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APpeND IX A 

PROFILE LINE DOCUHENTATlON 

The station description forms in this appendix provide a summary of all 
data needed to recover or reestablish a sllrvey point. 

The horizontal and vertical control was first established when Atlantic 
City was surveyed for the Stonn Warning Program, the forerunner of the Beach 
Evaluation Prugram. Most of the bronze disks were placed on the profile lines 
in 1975; a few were placed in 1976. All survey worl< was done by the U.S. Army 
Engineer District, Philadelphia. The given elevations are referenced to sea 
Ie vel da tum. 

The data on these forms are subject to change due to the reestablishment 
of survey points, or the updating of culture sho"..m. CERe should be contacted 
for any updating of these data. 

57 



COUHTAY TYPE: Of MAAI'( ST AT10~ 

U.S.A. Standard Rronze Di.k BE-A Sta. O+{)O Prof lle line t 

LOCALITY ST "'WPING 0"1 "ARI( AGI[HCY (CAST IN MARKS! (L(VATION 
I' Tl 

At lantic City, NJ BE-A 0+00 Corps of Engr •. 7.20 ""'" l.ATITUO[ LONCiITUD[ CATUN DATUM 

39°21 '57.72" 74°24'36.57" S.L.D. 1929 
I N OATH I N Ci lKJt,;llXtm::;J( IFTI (E"'STINGH~ ( FT) GRID ,I,HO lONE ESTABLISHED 8'1" (AGENCY) 

194 120 - 2 072 524 ""'" NJ TrDns Merc. Corps of Engineers 
tNORTH tHc> llEASTINGl IFTl IE ASTINGIINOR T "'I"IG I IFTI GRID ANO ZONE OATE II ORDER 

'"' ,", 19 Nov 75 
TO 08TAI"I G'HD AZIIolUTH, ADD TO HolE GEODETIC AZ'IoIUTH 

TO oeT Al"1 GRIO AZ . IAOO](SUB . I 
. 

TO TIo-I[ GEODETIC .a.''',W1 1' 

AZIMUTH OR DIRECTION 
G[OO . OIS T ...... ct: GRID OIST .a."CE 

OBJECT (G£OO(TIClIGRIOI 8.a.Clt( .a.ZIWUTH 
,W[T[ASI 11"('( T ) IWiE TiERS) (FE£ll 

f~AGN£TLC . . 0 . 

The station is located in Atlentic CitY1 NJ at the east end of Oriental 
Avenue, and the north end of the west jetty of Absecon Inlet; 52.04 feet north 
of PK (elevation 7.58') nai I in the lower end of diagonal brace under the NE 
corner of Coast Guard Lookou t Tot-.·er; 11. 69 feet east of t-.I"£ corner of light stand 
on east s ide of boardwa lk; 10.0 feet east of east side of boardwalk; 9.97 feet 
eas t of a PK nail in vertical 5 ide of the east stringer of boardwalk On centerline 
of Oriental Avenue extended; 3.0 feet north of centerline of stone f5 roin , and 1.0 
feet south of centerline Orientsl Avenue extended. 

The station is marked by a standard disk grouted into the top of stone groin. 

NJ Grid Azimuth of Line BE-A 321°_30' 
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-'."1:, la U . $ .C .I\fI ...... I"I1I ... , ... '1 (0 ....... .," •. 
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coy.un' TV,",e: OF MA~I( STATION 

U. S. A. Stand. rd Bronze Disk BE-B St •. 0+10 Profile line 2 
LOCALlTV STA"PING ON MARl( AGENCY (C,t.ST IN MARKS) ELEVATION 

'F T) 

At lantic Ci ty~ NJ BE-B 0+10 Corps of Engrs. 8.03 'f-.x 
~AT1TUOt: L.OHctJTUOE DATUM DATUW 

39
0

21 '44. 56" 74 24'46.26" S.L.D. 1929 
tNORTMIHC )~IMOC;JJ: 1FT! leAST!NGI(loIlf~lG) 1FT) ORrO AHO lONE f:STA8LISHfO BY (AGENCY) 

192 786 
H_ 

2 071 767 )QI)( NJ Trans Mere. Corps of Engineers 
(HOATH(NGlI(A S T INC) 1FT) iE ASTtNG)lNOAT HI HC) 1FT) GRID AND lONE OATE \ ORDEF! ,., ,., 19 Nov 75 
T008TAIN GAIO AZIMUTH . AOO '0 THE Gf.OOETIC AI'MUT .... 

TO oaTAIN CF!ID AI . IAOO)(SuO .1 • '0 THE GEODETIC ... ~ 

AZIMUTH OF! DIRECTION 
OBJf.CT (Gf:OOETlC)(CRIO) BACK: AZIMUTH 

GE O D . Q'STAHCE GRID DISTANCE 

MAGN.ETIC 
''''(TEAS ) p: E C 1"1 ''''(TERS) IF Ef. T\ 

• . • . 

The station is located in Atlantic City, NJ on the west s idewalk of Rhode 
Island Avenue; 130.40 feet north of a square cut i n the top of concre te reinforce-
ment On south side of boardwa lk of Rhode Island Avenue (elevation 12.43'); 53.86 
feet east of inner COrner of Beaehview convelescent heme building; 48.5 feet north 
of a timbe r bulkhead at the ocean end of avenue; 39.97 feet NE of outer corner of 
Beachview convelescent home Qui Iding; 10.00 feet south of top of fire hydrant and 
1.5 feet west of t he west curb of Rhode Is la nd A" enue. 

Station is marked by a standard disk grouted fluSh with sidewalk. 

NJ Grid Azimuth of Line BE-B 3320 -18' 
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.~"C, I. U.S.Cenll .... 1I. r A t ... , Co ...... o ... .:i. 
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COUHlft't' TYPE OF ..... Rt( STATION Profile line 3 
U. S. A. Standard Bronze Disk BE-C Sta. (-)2+00 20' west 

LOCALlT'" !TAWPINC; ON "'ARl'< ELEV ... TION AGt"lCV (CAST I~"A"KS) [FTI 
Atlantic City, NJ BE-C -2+()0 20'W erps of nglneers 

7.85 ~~i" 
LATiTUDE LONGITUDE DATUM DATU .... 

39°21'36.91" 74°25'04. IS" S.L. D. 1929 
t"'ORTHING~~ t,,"T) ([AST INGIPQ~":X~1 ["T) GRID AHO ,tONE ESTABLISHED BY (AGE:HCV) 

192 008 IMXX 2 070 364 """ NJ Trans Merc. Corps of Engineers 
(HOFITHINCHIEAST INO) (,.T) 'EASTING)lNORT H I NG) ,,.n GRID AND ZONE O .... T( 1 ORDER 

I"' I"' 19 Nov 75 
TO OBTAIN GRID AZIMUTH. ADO 

0 
TO THE: GEODeTIC AZ'MUTH 

TO OBTAIN GRID AZ. (ADDIISUB.' • TO THE OEODETIC AZIWUTH 
--

AZIMUTH OR DIRECTION 

OBJEC T IGEOO£T ICHGRIDI BACl< AZI .... UTH 
GEOD. DISTANCE. ORID DIST .... NCE 

(MAGNETIC) 
l"'ETEFISl I FEET) l"'E:TE:FlSI IFEET) . . . . 

The station is located in At lantic City, NJ on the 'Y.'es t side of Delaware 
Avenue in an area due for redeve lopment j 45.23 fee t north of south west' corner of 
sewer main cover; 32.25 feet north of a fire hydrant; 4.92 feet west of a PK nail 
in the seam of west curb of Delaware AvenllE' . 

Station is marked by a standard disk grouted flush into Sidewalk, and is 20' 
west of profile line. 

NJ Grid Az.imuth of Line BE-C 333°_26' 
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I~QU"T.Y 

U. S. A. 
T'f' PE or IIIII"R PC 

Standard Bronze Disk 
HATIO'" 

BE - D St •. O-WO Prof 11e !lne 4 

LOCALITY STAMPING ON ..... FlIC "'OI!HCY {C AST IN MAAPCS) ELEVA liON 
IF Tl 

Atlantic City. NJ BE-D O-!{)O Corps of Engrs. 10.71 
~"" LATlTUO[ 

39°21 '27. 78" 
j"ORTHING~)tiG1 

191 081 
IN aRT HINCH [AS TlNG) 

T008TAIN 

TO OBT AIN 

OB1ECT 

l.ONGITUOE 

74°25 '20. 50" 
(ll'T) rEASTIHGIJ)IDflXtcOlUiX 

OArUM 

IrT ) GA IO "NO 10H[ 

--OATut( 

S.L.D. 1929 

l\1IX 2 069 082 x~ NJ Trans mere, 
E.STABLI'SHEo 8Y (AGENCY I 

Corps of Engineers 
1FT) IEASTlNG)[HORTHIHG ) I rT I GRIO ANO tONe 

,w, IWI 

GAro A%I\oI U TH . ADO • 
GRID AZ . (AOOH5u8 . 1 

OATE ORDER 

19 Nov 7S 

TO T!"IE GEOOETIC AZ''''OTI1 

G(OD. DISTANCE GRID OISTANCE 
9ACI( AZIMUTH 

AZIMUTH OR OIRECTIOH 

(GEOO( T ICHGRIO ) 
:MAGNE~T~'~CL-'.c-__ e-__ -c.,- _. ____ ~. __ 1-__ '"_< __ ' _<_· _' _' ____ '_'_E_<_'_'1-_'" __ E_'_O_"_'_' ____ "_E_E __ '_'i 

S tation is located in Atlantic City, NJ at the beClch (south) end of Nort.h 
Carolina Avenue, under tIle boardwa lk; 87.88 fe et south ~ast of the SE Corner of 
Chalfont Building., 72.29 feet sou th ""est oi S\~ corner of Resorts [nternati.onal; 
29 • .52 fe e t so ut hwest of the top center bolt of Eire hydrant. 

S tBtion is ma rked by a standard disk grouted flush into the top step of 8 

pedcscrUln ramp. 

° NJ Grid Azimuth of Line BE-D 332 -01' 
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DESCRIPTION OR RECOVERY Of HORIZONlAL CONlROL STATION 
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COUNTRY TYPE O' MAIRK 51A'ION 

U. S. A. Standard nronze Disk BE-£ (-)2+75 20' west Profi t e l i ne 5 
LOCALITY , srAMPINC ON "AIR"; AG[NCY (CAST ,N WAR~S I ELEv .TlOk 

1~T1 

Atlantic City, NJ BE-E -2+75 20'W Corps of Engr •. 6.56 
""'" LATITUOE LOHOITUDE DATUM DATUW 

39 0 21'22.90" 74 0 25 , 52.27" S.L.D. 1929 
(NO" T H I H G l)e«;'O; )ttQ !~Tl (E: AS T ING IOfltl( Jl.:KIJI1Ij) I~Tl GRIO ANO zo~~ ESTA8LISH[O 8Y IAGEJIiIICYI 

190 580 XlllfX 2 066 588 - NJ Trans Mere Corps of Engineers 
(NOR TH ING)(EA S TIHC) (~T I IE Asr 1101 G)LNOR rtflNG ) I ,.T ) GRID AHO ZONE CATE I ORDER 

IMI IW, 24 All!': 76 
TO OST AI .... GRID AIIIIIUTH, ADD • TO n u ClOC l llC AI1 Wunt 

TO OBTAI"" GRIC AI. IADD)(SU9., • TO THE G£OC !:TIC ",'I"' \'/ T ~ 

AllWUTH OR DIRECTION 
GEOD. DlSTAr-.:CE GI5I: IO DISTANCE 

09J£CT (GEf~OFTIC IIG R 10 1 ElACr< AIIMUTH 
(METERS) (""(Ell IMETERSI ,r [E T I 

...... GNETIC! . . , . 

Station is located in Atlantic City, NJ on t he west side of Indian3 Ave nue, 
south of t he Cla ridge Hotel, 49.60 feet wes t of th e SE corner of sel,..>er cover on t he 
east 3ide of lndinna Avenue; 18.79 feet north \OJest of the N1.[ co rnc.r or iI.C.D.S. 
cover, just t.,·est of the cc:nterline of street, and 12 . 85 feet north east of top 
center of pillar On NE Side of steps Jeading to lawn. 

St3tion ·is marked by a s tand Gird disk g routed flush i:.:lto side\.Ja 1 k, and is 20' 
west of profil€, line. 

NJ Grid Azimuth of Line BE-E 332°.36' 
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COUHTA'I 

U. S. A. 
LOCALIYY 

Atlantic City, NJ 
LATlTUOE 

39°21'08.93" 
(NOR THI HGH.lU(OfKCI 

TVPE 0' "ARK 

Standard Bronze Disk 
,T A"PING O N ....... UI( 

BE-F -0+75 
LONQITUD£ 

STATION 

BE-F StD. (-) 0+75 
AQ~NCY {CAST IN "'ARI(SI 

Corps o f Engrs. 
DATUM 

?rofile line 6 
(LEvATIO ... 

5.20 
I,.TI 

i'if 
OATUIo4 

74°26'34.43" S.L.D. 1929 
I~T ) (EASTING)~~~C-----'~'~'~I~O·.~IO~'~H~O~I~O~H~EC-----------~E·'·T 7'=.'L·7.I'"H~'~O';.~v~" ~O·E·H~C~V71~ 

189 159 XICX 2 063 280 ..." NJ Trans Me re. Corps of Engineers 
~~~~~~--~~~~~~~~----

(NORTHIHClIEA,HtHG) (J"TJ ( EASTIN G)(NORTI1 I HC I (~Tl GAID AND 10N( DATE I ORDER 

("'I ("'I 19 Nov 75 
, 

TO OBTAIN G"IO Alllo4UTH, Aca TO TI1E C. EaC ETIC AZ'MUTI'I 
~~~---------------------------~~~~~-. 
1-'..;o:..:o.:a_' ..; • ..;'..;H ______________ ... ==~"c_=c .~===cc=G;.c • ..;'.:O..; • .:..:''-' '-,.cO:cD::-Ic.":cu:ca:.."-' ____ ~--------------~'c.:D:...:.';:M.::Ec.::0 ::E.:O:::Oe: TIC AZI"UTH 

AI,Io4UT ... OR OIRECTION 
(GEOOE"TlC H GRIO ) eACx AZIIoIUTH ca,OD . OIS-TANCE 

:"'A~N~~TU'~CI7..c---t----,o,_---~,----~.--4---'-H-E-'~E~R~'~I ----'-.~E~E_'_'4-~I_H~E_'~E~R~'~' __ ~IF~E~E_'~I~ 
GRID OIST ANCE OBJECT 

Station is located i n Atlantic City, NJ under the boardwalk at the ?cean, or 
south end of California Avenue, 49.38 fe e t s outh of the SE co rner of sewer cover, 
just we s t of cen t e rline o f California Avenue, 12. 0 f ee t SW of ~~ carne r of east 
wall for ramp, 8.08 SE of the NT,.! corner of \.Jest wall and 1. 3 feet east of ~~r. wall. 

Station is marked by a s tandard di s k grouted flush with s urface of a 
pedes train ramp. 

NJ Grid Azimuth o f Line BE-F 332°_55' 

Novellies 

0. 
E 
~ 

Sewer 
Cover 
o 

-
o 

U 0. 
E 
o 

ex: ReSlurcnl 

& E E-FH ~.7 

__ ----4--L~'~:_+I----~L-------~ 
, N 

B()ordwolk I I I -J 
LineBE.gj _ 

1,"[TeM :O«Q,SIO.O.OO 

DA ,~~~~.1959 fll_~L"'CIE' 0'" .011 .... "I!I' 
...... " It.O, I rE:I't Ir ........ <" DESCRIPTION OR RECOVERY Of HORIZONTAL CONTROL STATION 
... He OfUOLI:.,.C. 

63 

For u.' 01 ,hI. lor,." ••• TW. ~JJ1 ; Ih. p.open.nl 
CI~"ly I. U.5.Cenllro'nr-o( At"''' Co", ... o"d. 



, 

CO UtU !III" T1 5'"£0'",A", ,, If '-'''011 Pro file line 7 
U. S. A, StBndard Bronze Disk BE-G S to.. (-) 0+75 25.5' Ells t 
L. OCALITY STAMPING ON /toIAFIK AGfNCY (CAST IN NARKSI lL£V'" t lOt; 

" T) 
AtlBntic City, NJ BE-G -0+75 25.5 ' E Corps of Engrs. 11. 64 11'5 
LATITVDe. LONGITUOE DATUM DA TUM 

39°20'45.28" 74 0 27' 34,82" S,L.D. 1929 
(NOI'I:TH 1 .... <j I(l,.not: ... 1 \I'"T) \£ASTINGSDK)AT~ I'TI GRID AND ZONE tS.f4I1 LIS:~EO BY IAGEIoICYI 

186 754 ~M" 2 058 542 XIIIll< NJ Trans Herc Corps of Eogineers 
(HORT HIHG){£" Sf ,NG) (FT! (E AST)NG)lHOI'I: T HI 1010 I HI"Tl GRID AND lONE DATE I ORDER 

IMI I.' V Aull. 76 
TO OBTAIN G'HO AII"UTI-I , C D • '0 T~E C[OO£l IC ,, " "fU TH 

• -" 
TO oeTAIN 01'1:.0 Al !AOD)(SUe,1 TO T.-e: C(OOF,TIC Al i lol U Tti 

.AZIMUTH OR OlREC11 IJ H 
GEOD OISTANC E GI=I;IO 0 15. T AN C£ 

DBJEC T IGEODETIC)(GRID) SACK AZIMUTH 
IMe: T [AS) [I"£ETI !toIET£AS) {FEE T I· 

MAGHE~TIC 
0 . 0 . 

-

The station is 1 oc a t ed in I\tlantic City, NJ on the cas t SidC' of south (ocean) 
end of Raleigh A"\lcnue; 52.59' south of north end of cone l"C te \·la 11 ; 44.31 feet 
southeast of fi re hydrant; 38.20 feet north of reference B.M. which is 3 squa re cut 
in the south\l.'est corner of concrete \I.'al1 (e1e"\lation II. 52) ; and ll,O feet C'ast of 
eas t curb of Ra leigh AvC'nuc. 

Station is marked by 0 standard disk grouted flush t.n Concrete \...,a 11 on east 
side of Ra leigh Avenue, and is 25.5' east of profi Ie line. 

NJ Grid Azimuth of Line BE-G 328 0 _14 ' 
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APPENUIX B 

PROFlLE LINE SURVEY DATA 

The s u rvey data for the Atlantic City beach s tudy are tabulated by profile 
line number and survey date (in the form YRL'100A) . DI s tances are in feet from 
the profile line bench mark; elevations are 1n feet above MSL. 
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VERTICRL DRlU" 18 "8L 
HORIZONTRL DATUn 1& 

SHORELINE POSITION ON 
240CT62 

-200 -160 -I!O -80 

DISTANCE [ n) 

(J .0 80 

PROFILE ENVELOPE FOR PROFILE LINE 5 AT ATLANT]C CITY NJ 
240CT62 - lHAY73 

<> -

N 

• 

VERTICRL OAlUn 18 "al 
HORI1~TAl DATUM 18 

SHORELINf PC31TIGW ON 
2,OCT62 

-200 -160 -!?O -eo -40 0 

OISTANCE ( nl 

PROFILE ENVELOPE FOR PROFILE LINE 6 AT 
240CT62 - 18APR73 
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VERTIC~L O~Tun IS ~BL 
HO~IlONT~L ~TUn IS 

5ijO~fLINE P03ITION ON 
2~OCT82 

-200 -\60 -\20 -80 -<0 0 

olSTANCE I n) 
PROFILE ENVELOPE FOR PROFILE LINE 7 AT 

240CT62 - lNAY73 

142 

'0 60 

RTLANT ICC ITY NJ 



KcCftnn , nn! 1'. 
~u.h d. .. tt .... .H Atbnl U. Cit , . !lit" J .., ruy o~tIo~-n, I 't wl'lr.l. P. 

AiAnn.-f'o t f'; l"o,J'l.'Lr v.. .:t. Ani? ~oI.u l ~B&ln~l '1[ln. ... rc h 
~IH .. .u ; S9 f 1n(j t . 1d. \ .... : vdhhb If_ M·TtS , Ii)~t . 

I !4 .. 1 p. : U l . , _.- ; i7 r • • --( lf.h « 1 ."1~1JIII rl:l'IOrl I U.S. Any 
ew .. t al ~JCt tl l'" rLnl, r."Utc. .. C'.f!n t .. l" ; no. wl-3) 

("".q .. ·tlr t Uh .. 
-.I .. : c:I 1~IH . " 
a.r,·c.HlV ... LlrlJOI y t or t he- Ilk,. ~L 'h 

l' r "J&I .. 11 • ~ t Jo.t. l ffnt .. tc Ci t y , /114 -.1 J.,. ... f , 
.d.- nLi projll(t. "I t-ca.p l l l lulI.l 111 I.:),,.. .,..­

t t .. HI: '" l'" 4 ( 17" . tllf"all. Mrt/ Iltol;~ :..e ·\ . 

"'lC!.n~ .,·Vltl 
r.n 1911. ' W Jil t 
.uac·j ~nl . !li nd 

I. lot h_t.t.c .11:.1 (f\.J .) . ..," • r .. d.,.,. ). 6e .:h ",ou r!" .. nc • 
• . ..... P, ,,'1"0, U, . ) . B....h,. II\II~ . 1.> . ~ I w t· pr >.lul.t.h... ... I·. t.~Otr it .. 
c: twn.~.. \.\'&1 .JJ l a n " roW;r.. . I). 1. d. . J 1. r It : 
1'f 1.t:dll..a1'!r.ll.b&W r" p')("t (Coaa~l tn, lntltlrhll. &.w .. tc h ~nt. r (l. .• • J> ; 
,,0 . ~ I - ) . 

rClO) . u.58h..-r 00 . !B M) 

...... c..t:n. '-!'-n i . r . 
1IIt ~ ch .. ng .. 4 t "' ''atl tl'l" CHy , • wi ~tll.r tiff l - ; j ' ''' '1 tltm' i ... 

'kt.t ' th . -''''I l &clya tr v.. U. S. ~'1 ~ •• La l.n.lna flnt.. ~a.'H"C" 
r .... rt.t f'.( ; :"'f. r l q,Cl&l rl. 'o' • : n a .l. lJi1.1.:- , C~ " I !I , 1'I"6 ' ~ 

I I ... : J P I : 0 1., a;,1ip.l i 2] tll .~ -l Hu~ " l l .. f1..,'?W. t'II!ptQr t / u.~ . l.r: Y 
C,o,uc. .. l Utg l ulu r 1!:J , k •• a Nh nte r j 1,0. 1\1- 3' 

VQI'" c.Lt ! ... . 
"'PI,a f cl, t'8 1.~ 

lWl"_ Ut lv c ~..l,I,",' I! ' ''' >.I f r, ." II~VW M:. L b4a.1.1\ :.: re _ od. .. If' j V_" 

\lrO IHl" .uu"" At Arhnl1C " : Y. f!,yV Jf'" r 4t: ~ . fro. ntll to 1t)1·1. ~ J..,r 
4 rh - f l J rltt.J jI:l.!. A. ... cca~· II .t.d. 1" 196) . ~d ~ rn () .ar. J h ·11 . "4 . "\d 

t hu aU.ct._ u f 17 U.OIt .. II,.. 4~QtlS • • 
I . At l a ut i c eu )' U . J . .) . Z. Ii or:l d ll..ioll . l • • ~u rl\. ~rh' ,1\ . 

• • ~~n I"Ir til",. ~. a.-o~& • • • ~!-.:J~ prot .. ~t ~ on . , . l""r.11 
C.ru fl ~IU . 1. . l at h t'o1alwnlon fT",c 11. Tl lU" lIt . i4n.,: 
:Uat._ ll .r\.l:vw: r .. p:ort ( Co. w ( l1!:ur1nc .... .. rc: ~ w ju (lr (~.,) .n 

GO. 1-). 

I C2.0) no . li l -) 

Hr:c:.lln , ntHa F. 
Iko .~ I l C!.41 It • • C Alhn r• c Cley, /k.w J e O I)Y (l 9 b! - J) I b7 QsM h P. 

ttr. rARn .- F'(Jr~ let~t r ...... . 1./.5 . M.'1 Cl\lIJ.t..I l f.1\i. '"ce rl ...... .... c.:b 
C."W' , 1 i Sp r l nafldd . '. . . ~'l" Lhblw tr ia ""'T IS, 198.1_ 

tl .r./ l 11- ; 'J1 . , .. p" ; 17 c. •• - ( lth " l l ... ne uul n :port U.S. Ar.-y 
eoutal f..nlotI\Unl1~ ~"rlrc: h Ce\ltCI' ; 11'1: .. . 111-) 

t o ... .. r ILtl .... . 
!\a r ch IQH l.R 

1ta". t H 'JIr. IIll 1I,. • .:It I t"... a bo"," ~L t .. .:.h w r .... d ~ .,lon,al .¥,~.II, 
rTOflll l i Ma 4l MI ll-TI tle CI LY, _ II J .u. y , f r .. 1 ~(O 2 t u PH.l . Ji.-jjH 
t •• .:1t- J lt l r,)~C'h d(.; l~11 1 1 . 1.4 lq ph) .at -4 ~910 .a r ... u. l Ii ':' Ulllil/d , .1. t'" .fr ('11- .1 11 U IH·. H~ (llJc ..... t 

I. :.,d".lh. CJ c ,! (t; • . I.). 2. lI!!: .. dl {'":- !)tolon. 3. tv. t. h ,HIlH·l ,;:bRnt. 
it . r1I '('I :lh ••• D.; ,at.b~ • • O. 5hoN protK Uu~. 7. Sha a "\i nlt 

I'" ... a . 1. ~(.,.. l ..... llIulO"Q I'l'ogra. . 11. TH lw. Ill . S,Ub. : 
'lH.:. .. Ua ·An r f'lI rt CC3... .. ua l E~St l """ 'rlll(; Ko· Arch Ct-nt.4 r (U.S.») ; 
nu. al·j , 

em , no. 81 - ) 

Mr.c..l\lII , O" ...... nl. 1' . 
..:fJ LJ.f1illl& .Il .\tlrlltltlc CHy , J ...... f W' O l}b2-1)) I b)' nllL P • 

.. (.uu ... -lun botL't'o t r .. ~ ll.S. M.,. C'N .. LA l f.nl!; l n •• r h lj, R> ' . ... tc h 
WoI'lL .. r ; 'Sf! cl n 'l lll d, VII . ; . ~'. i. l ,,*l l. fr ..- !;! I.S , 19 br . 

!IUI ,,,, : 111., ' I~ ; :l: , c;a: .- ( ft.hcd larNC)~ rc~rt / u. s. Arny 
l.,u.u.u W,'M"l'ri ~ •• lI r c h O"!ntcr ; IG. lS l-3) 

W y u. r eJrh. 
·I\u. b 19rL R 
Htf";.ULI .· /io "",r"",y, CoL tl l'l!; .. brove ~ 1. beAt'l . .... r o •••• 1"' 1~1 WYt!1J 

pr llt l l. lin.. U ).l.l ... ' ttl". C1 cy , iJelo' J IH ~ fI ~· . fro» 190L t ... l ') 7 J . NjOr 
b".cn -! ~ 11 (roJ.~ I •• ~~p11~h.d lD Iq~ J .~ d 19?u .r. '1t<~ •• eJ , eDd 
t l~ .the'_ "'. 11 u~c. a re docuMllt.d . 

r . r\thn"c " ltv (· . • I ~ l . 2. ch ,to. lon. ). lel'! r.ou.rl."l'I t • 
.. . ..u-:h nrullt.. ~ . ... ..: tl .... . fl. . ~'nOrc prolt:tc:t1crn. ] . Sbo r~lL&. 
It.''''41111 . I . &'. t;h r. .. d .. t1on Pr~raa.. \J. Hel",. U l. s.t r- le,,: 
"h tC lll l.n t,Oua '1"0 n ~Co.aIilLa.l In". rl fll IIn t'c.h Cc;.n t cr (U .S.» 
In). 1:JI-3. 

T(20) . ) tar no. 81-) 




