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PREFAC E

This report provides coastal engineers wi th a study of the effec t of a
moderately severe northeast storm on Atlantic coast beaches from Cape Cod ,
Massachusetts , to Cape May, New Jersey , 17 December 1970. This report is
also the source for most of the data in Table 4-5 of the Shore Protection
Manual (U.S. Army , Corps of Eng ineers , Coastal Eng ineering Research
Center, 1975). The work was carried out under the Beach Evaluation Pro-
gram (BEP) of the U.S. Army Coastal Engineering Research Center (CERC).

The report was prepared by Allan E. DeWall , Patricia C. Pritchett, and
Cyril J. Galvin , Jr., respectively, Geolog ist, Oceanographer , and Chief ,
Coas tal Processes Branch , CERC , under the general supervision of R.P.
Savage , Chief , Research Division, CERC.

The authors acknowled ge the contributions of the follow ing ind ivid uals
and organ izations : Beach profile surveys and other data from the U.S.
Army Eng ineer Div ision , New England , and U.S. Army Eng ineer Districts ,
New York and Philadelphia; pipe profile and visua l wave observat ions made
by volunteer observers : Neil Ackerson, Dennis Galv in , Larry McCormick ,
Mitchell Granat , Peter Kief , Joseph Lawl ess , Charles McDonnell , Bill
Stafford , Larry Til iman , John Wilk , and Howard Wright. Profile data reduc-
tion and analysis were provided by the following CERC personnel: Dr. Craig
Everts, Linda Min tz , Ra if Koh ier , David Mowrey, William Seelig, Leon Tenney ,
Barry Sims , and John Buchanan. Poststorni inspections were conducted with
the assistance of Edward Thompson, Ray Bodine , Marc Koen ig, and Gilber t
Nersesian.

Comments on this publication are invited .

Approved for publication in accordance with Public Law 166, 79th
Congress , approved 31 July 1945, as supplemen ted by Publ ic Law 172 , 88th
Congress , approved 7 November 1963.

J~ OHN H. COUSINS
~~Colonel , Corps of Eng ineers

Commander and Director
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRiC (SI)
UNITS OF MEA SURE MENT

( S .  customary units of measurement used in this report can he converted to metric (SI)
units as follows:

Multi ply by To obtain

inches 25.4 millimeters

2.54 centimeters

square inches 6.452 square centimeters
cubic inches 16.39 cubic centimeters

feet 30.48 centimeters

0.3048 meters
square feet 0.0929 square meters
cubic feet 0.0283 cubic meters

yards 0.9144 meters
square yar ds 0.836 square meters
cubic yards 0.7646 cubic meters

miles 1.6093 kilometers

square miles 259.0 hectares
knots 1.8532 kilometers per hour
acres 0.4047 hectares

foot-pounds 1.3558 newton meters
millibars 1.0197 X iO~~ kilograms per squ are centimeter
ounces 28.35 gram s

pounds 453.6 grams

0.4536 kilograms

ton , long 1.0160 metric tons
ton , short 0.9072 metric tons
degrees (angle) 0.1745 radians

Fahrenheit degrees 5/9 Celsius degrees or Kelvins’

~To obta in Celsius (C) temperature readings from Fahrenheit (F) readings, use formula: C = (519) (F — 32).
To obtain Kelvin (K) readings, use form ula : K = (5/9) (F — 32) +273.15.
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BEACH CHANGES CAUSED BY THE ATLANTIC COAST STORM OF 17 DECEMBER 1970

by
AZZa n E. DeWall, Patricia C. Pritchett , and Cyri l J. Galvin , Jr.

I. INTRODUCTION
On 17 December 1970 a storm of moderate intensity affected the Atlantic

coast from North Carolina to New England . This report relates character-
istics of this coastal storm to the resulting beach changes at selec ted
localities. As part of the U.S. Army Coastal Eng ineering Research Cen ter
(CERC) Beach Evaluation Program (REP), 91 beach profile lines at seven
local ities between Cape Cod , Massachusetts, and Cape May , New Jersey
(Fig. 1) , were surveyed from the frontal dune or bulkhead to the low tide
terrace before and after the storm. The variables analyzed and discussed
include: (a) Environmental measurements of the storm ’s intensity, includ-
ing winds , waves , and tidal heights; (b) beach changes , includ ing the
change in horizontal position of the mean sea level (MSL) contour, and the
change in area above MSL between the prestorm and poststorm profiles ; and
(c) correlations between the storm characteristics and resulting beach
changes.

DeWa ll , Pritchett , and Calvin (1971) is a condensed version of the
present report. Additional information on the REP and the 17 December
storm is given in Galvin (1968), Pritchett (1971) , and DeWall (1972).
The present report contains revised estimations of some data in the earlier
reports , and is the source for most of the data in Table 4-S of U.S. Army,
Corps of Eng ineers , Coastal Eng ineering Research Center (1975) .

II. METEOROLOGY OF STORM

1. Characteristics and Path of Low-Pressure System.

The storm began as a low-pressure area over northeastern New Mexico
on 14 December 1970. By 2200 hours e.s.t. on the 15th , the center of
the low had crossed Texas and Oklahoma and was on a northeastern path
across Arkansas (Fig. 2). It continued on this trajectory until reaching
southern Indian a where it turned eastward , moving toward the coast. Late
on the even ing of the 16th , the center passed over Salisbury, Maryland ,
and began heading northeast, crossing the Delmarva Peninsula and moving
out over the ocean. At 0400 hours on the 17th , the low was centered jus t
off Cape May; the central pressure was about 998 millibars . Six hours
later the low, centered off New York began to strengthen (deepen). The
pressure dropped to 992 millibars as is passed Nantucket, Massachusetts.
As the low began moving east-northeast , the distance between the coast and
the center increased . On the afternoon of the 18th , the center passed
over Nova Scotia, and then continued toward Greenland .

2. Windspeed and Wind Direction.

Wind vectors for Atlantic City , New Jersey , New York City, Boston ,
Massachusetts, and Portland , Maine , are presented in Figure 3. The

~~~CEDflG PAQ&~~ ~~~~~ FII~~D
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Fi gure 1. Data-contributing localities to the 17 December 1970 storm.
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w i n d sp e ed  at these local ities usually reached a maximum shortly before
the center of the low passed up the coast ; e.g ., m a x i m u m  winds at Atlantic
Cit y (2.2 knots from the northeast) occurred shortly after 2400 hours on
the morning of 1 ’ December. At that time , the direction of the wind began
chang ing, from easterly to northwesterly, as the center of the low moved
up t h e  coast. Similar changes in wind direct i on occurred later that
morning as the low passed offshore of New York and Boston . At Boston ,
the maximum windspe eds that preceded the passage of the front (35 knots)
were the hi ghest recorded during the 3-day period at the  four local ities.

The Port l and t~ind record was more variable with maximum windspeeds
occurring after the storm passed . The change in direction , indicating the
passage of the low , occurred shortly after 1600 hours on 17 I)ecember.

Generally, as the low moved up the coast , it was preceded by strong
winds from the northeast and followed by a shift in the wind direction
(from the northwest), causing sli ghtly weaker winds .

I T T .  WAVES, TIDE S, AND SURGE

1. Waves.

During the storm , wave variables were recorded by CERC wave gages and
visually observed. l)etailed wave data for the storm period , including
gage data , BEP visual data , and visual surf observations from the U.S.
Army-Coast Guard Cooperat i ve Surf Observat ion Program , are reported in
Pritchett (1971).

Gage data were taken for 7 minutes at 4-hour intervals at Atlantic
City, Virg inia Reach , Virginia , and Wri ghtsville Beach and Nags h ead ,
North Carolina. Each 7-minute record was analyzed , and the wave period
calculat ed from the regular waves; then , all the hei ghts were ordered and
the hi ghest one-third was averaged to yield a significant wave hei ght
(Fig. 4) (Thompson and Harris , 1972). In add iti on to gage data , visual
estimates of wave hei ght , period , breaker type , and d irection were made,
usually once a day at selected localities .

Gage data from At lantic City show that the maximum si gn i fican t wave
hei ght (11 feet) and maximum period (12 seconds) occurred on the morning
of 17 December. These were the largest values recorded on the At lantic
coast by the gages during the 3-day period . The maximum wave height
dropped off rapidly to a more normal value after passage of the storm
center; the period remained near its maximum until 1200 hours , 19 December .

Virg inia Beach , the next gage station south of At lantic City, reached
its hei ght maximum 6 hours earlier than Atlantic City, fol lowed several
hours later by the period maximum. The hei ght maximum at Wrightsvi lle
Beach also occurred earl ier , bu t was sma l le r  than at Virg inia Beach .

13
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Fi gure 4. Wave gage per iod and he ight , 15 to 19 December 1970.
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There were no gages located north of Atlantic City. Visual observations
made at localities north of At l antic City included maximum hei ghts of 10
feet at Tones Reach , New York (1000 hours , 17 December), and at Cape Cod
(Le Count Hollow) (1200 hours , 18 December). Volunteer observers report-
ing by telephone on the 1~ th and CERC field crews out on the beaches on
the 18th did not observe wave hei ghts greater than 10 feet .

2. Storm Surge.

Tide data were examined from the following stations : Sandy Hook , New
Jersey , Newport , Rhode Island , and Boston (Fig. 1). The predicted and
measured tides for these locations on 16, 17 , and 18 Decen~her are shown
in Fi gure 5. The greatest difference between predicted and measured tides
at the three tidal gage stations occurred at Sandy Hook at 0400 hours on
17 December. This was a storm surge of 3.6 feet . At Newport , the maxi-
mum storm surge was 2.8 feet at 1000 hours on the 17th ; at Boston , the
storm surge was cnly about 2 feet , occurring early in the afternoon on
the 17th.

Above normal tides at Sandy Hook lasted approximately 48 hours , from
the beginning of the 16th to the end of the 17th. The duration of the
e l e v a t e d  tides at the other two locations was about the same , but later
in time . The maximum tides at Sandy Hook were about 1.5 feet hi gher than
the springtide s that occurred on the 12th and the 28th of December . Damage
probably would have been greater had the storm occurred at the time of the
springt ides.

3. Wave Direction.

Estimates of the direction of breaking waves during the week of 13
December at 12 localities between Cape Cod and Assateague Island are sum-
marized in Figure 6. The average wave direction is expressed in a code
diagrammed at the top of the figure . Because of the different orienta-
ti ons of the beach es observed , direction relative to true north is not
specified . The data indicate that waves were approaching the coast north
of east before the passage of the storm , and south of east after the storm ,
which generally agrees with the wind patterns during that period .

IV .  BEACH SURVEYS

1 . Back ground.

The effect of the storm was measured from sur Teys at the following
seven BEP local ities: In north-to-south order , Cape Cod , Massachusett s;
Mi squamicut , Rhode r sland ; Westhampton Beach and Jones Beach on the south
shore of Lon g Isl and , New York ; and Long Beach I sland , At lantic City, and
Ludlam Island in southern New Jersey . The surveys were done by sur-
veying crews from the U.S. Army Eng ineer Div ision , New Eng land (Cape
Cod and Misquamicut), and U.S. Army Engineer Districts , New York
(Westhampton Beach and Jones Beach) and Philadelp h ia ( Long Beach I s l and ,

IS
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A tlantic City , and Lud lam I s l and) , according to techniques described by
Czerniak (1973).

Scheduled monthly surveys for December had been made at all seven
localities within 16 days preceding the storm , and poststorm surveys were
made at all hut Misquamicut within 48 hours of the storm passage . The
before-and-after survey dates for the seven localities are shown in Table

Table 1. Before-and- after BEP survey dates of the 17 Deceaber 1979 $tor..

locality Decerber

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

C ape Cod 8 x

M ,squaaicut S S x
Wes th amp ton x T x

Jones Beach 8

Long Beach I H x

Atlant i c City S I

Ludlae lsland [  X

2. Beach Characteristics.

The environmental factors characterizing each locali ty are summarized
in Table 2. Generally, the shores change from low barrier beaches in
southern New Jersey to steep , cliffed shorelines on Cape Cod . These shore
changes accompany increases in mean slope and mean sand size in the same
south-to-north direction . This reflects the glacial origin of the coarser
sed iment on Cape Cod , Rhode Isl and , and the Long Island beaches , in con-
trast to the local , reworked material on the New Jersey beaches.

The mean shore l ine orientation ranges over 90 0
. The beaches on Cape

Cod face the east-northeast ; those on Rhode Island and Long Island face
the south-southeast. Misquamicut Beach is partially sheltered by Block
Island and , similar to the Lon g Island beaches , is sheltered from north-
easterly winds by its orientation . The three New Jersey beaches face the
southeast, with At lan tic Ci ty facing more toward the south than Long Beach
Island or Ludlam Island.

3. Data Collection.

The 91 surveyed profile lines were located at previously established
bench mark s wi th known elevations . The landward end of the profile lines
terminated most frequently in dunes or on boardwalks in developed areas
or on cl i ffs , such as at Cape Cod . In the seaward direction , the surveys
were intended to reach -2 feet MSL , but because of hi gh water they did not
always reach that far. Distance and elevat ion were determined by tape and
leve l techniques , except for the New York District surveys where stadia

8
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was used for distance on Westhampton Beach and Jones Beach . Distance was
measured to the nearest whole foot and elevations were measured to the
nearest tenth of a foot . The survey data were recorded in field note-
book s , transferred to optical-scanning sheets , and sen t to C~RC for pro-
cessing.

In addition to the instrument surveys , sand levels were surveyed at
rows of p ipes ins tal led  al ong two prof i les at each locali ty (Urban and
Calvin , 1969). Position and elevation of the pipes had been determined
previously by instrument leveling techniques . Local volunteer observers
recorded the sand level at the pipes on optical-scanner forms.

Poststorm inspection trips were made to each locality by CERC personnel
in order to visually assess damage to the beaches and structures. Data
collec ted on these visits incl uded visual wave observations , pipe prof ile
surveys , photos and sketches , as well as interviews with residents.

4. Data Processing.

Process ing of the storm data is summarized in the flow chart in Figure
7. Profile survey data were converted to punched cards , edited , and ma-
chine plo tted; pos itions of contours and area chan ges under the prof i les
were computed (see Section V)

V. BEACH SURVEY RESULTS BY LOCALITIES

This section presents a detailed discussion of the effects of the 17
December 1970 storm on each of the seven localities. The discussion for
each locality is illustrated by a location map , prestorm and poststorin
profiles , and a table listing changes at each profile line.

The map of each locali ty iden ti fies the prof i le  l ines where data were
col lec ted , includ ing the two pipe profile lines observed . All location
maps are the same scale to aid compar isons between local ities.

The prestorm and poststorm profiles are plotted at a 15:1 vertical
exaggeration . The horizontal axes of these plots are distances in feet
meas ured from an or igin which is the intersection of the datum and the
profile of the initial survey. The positive direction is seaward from
the origin. The datum is nominally MSL, but in most cases it is actually
the mean tide level (MTL) obtained by adding half the mean tide range to
the known mean low water datum . (The actual difference between MSL and
MTL is negl ig ible for the purpose of this pape r .) Dates are given in the
legend of each plot for the prestorm and poststorm surveys and for the
initial survey used to establish the origin. Where poss ible , resul ts
obtained from the pipe profiles are included .

The table accompanying each locality lists two classes of data Hor-
izontal change in position of the shoreline , and uni t volume chan ge at
the profile line (Fig. 8). The horizontal change in position of the
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shorel ine is thc difference between the prestorm and poststorm positions
of the ~‘1Sl. intercept on the profiles (poststorm distance minus prestorm
distance ). In those cases where MSL intersects the profile more than once
(usually due to an aecre t ionary  rid ge on the poststorm profile) , the most
seaward of the multi ple intercept s is defined as the shoreline .

In the tables , unit vo l ume cl .an g e ( in  cubic  yards per lineal foot of
beach) is g iven in two ways : “PRC}JAR ” unit volume and “Plus 12” unit
volume (Fig. 5). For most cases . PRCIIA R unit volume is identical to Plus
12. Both unit volume changes are measured above MSL; i.e., above a hori-
zontal line drawn landward from the most seaward MSL intercept . If either
the prestorm or poststorm survey reaches 2 feet MSL but failed to cross
MSL (perhaps because of hi gh water at the time of the survey), that profile
was extrapolated linearly to MSL. If either of the before-or-after pro-
files did not cross 2 feet MSL , unit volume was not computed . A positive
area change indicates a net accret ion on the profile line; negative area
change indicates net erosion .

The distinction between PRCHAR and Plus 12 unit volume changes is in
the limits on the landward side of the profile. The PRCI-IAR landward limit
is defined by a vertical line intersecting both profiles and passing
through the landward termination of at least one profile. (In most cases ,
both profiles terminate landward at the same point.) The Plus 12 landward
limit is defined by drawing a horizontal line at +12 feet MSL elevation
through both profiles , provided both profiles go above +12 feet MSL. If
there is more than one Plus 12 intercept on a profile , the most seaward
intercept is used. If either or both profiles fail to exceed +12 feet
elevation , then the landward limit is the PRCHAR limit , modified if nec-
essary so as not to include area above +12 feet elevation .

The choice of which landward limit to use becomes important on hi gh
profi les  such as those at Cape Cod , Wes thampton Beach , and Long Beach
Island. The Plus 12 unit volume change differs from PRCHA R in not includ-
ing the effect of changes at hi gh elevations on cl if fs , bluffs , or h igh
dunes . Such changes include accretion of windblown sand and slump ing of
uns table slopes.

1. Cape Cod, Massachusetts.

The profile line locations are plotted in Figure 9, surveyed storm
ch anges in Fi gure 10, and MSL contour and area changes in Table 3 . A
trend of decreasing erosion from north to south was noted which corre-
la tes with changes in beach morphology from the h igh (greater than 100
feet on prof i le 02) , actively eroding scarps at Welifleet , to the low
accreting sp it of Nause t Beach . Generally , eros ion seemed to be grea test
on the upper part of the profile (above +2 feet MSL) with deposition
occurring below +1 foot elevation . The average net unit volume change
above MSL between 10 and 18 December on the 10 Cape Cod profile lines was
-5.5 cubic yards per foot or -8.1 cubic yards per foot if profile l ine 06
is el iminated because of the susp ic iously large accret ion on the face of
the cliff.
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f a b l e  3. Shoreline and unit volume changes at Cape Cod
for F’ flecember 1970 storm .

Pro f ile MSL PRC IIAR 1 Plus 12 1
l i n e  shoreline change unit volume unit volume

(ft ) (yd3/ f t) (yd 3/ft)

01 86.7 -21.7 -17.7

02 -22.4 —12.9 —2.2

03 -7.9 - 17 .1 - 5 . 2

0-1 -4.2 -8.4 -6.1

os o .o -2 .6  - 1.7

4.3 17.5 -9.0

0’ 6.9 -2.1 0.9

08 35.9 -10. 2 -9. 7

09 -2 .7 -6 .3  -6.5

10 66.7 8.8 5.6

Average 16.3 -5.5 
- 

-5.8
1See Fi gure 8 for definitions .

Pipe profiles were located along profile lines 04 and 08. At profile
line 04, pipes 1 to 6 were read on both 16 and 18 December 1970. Maximum
eros ion at any one of the p ipes was 4 feet , measured at pipe 4 where the
sand leve l changed from 3.4 to -0.6 feet MSL. There was no accret ion at
any of the pipes.

At profile line 08, pipes 1 to 7 were read on both 16 and 18 December
1970. Maximum erosion at any one of the pipes was 2.5 feet , measured at
pipe 2 where the sand level changed from 9.9 to 7.4 feet MSL. Maximum
accretion at any one of the pipes was 0.5 foot 4 measured at p ipe 3 where
the sand level changed from 5.5 to 6.0 feet MSL.

2. Misguamicut Beach, Rhode Island.

Poststorm surveys at Misquamicut were not completed until 23 and 24
December , so the analysis of these data probably does not reflect maximum
storm effects. A reconnaissance inspection of the profiles on 19 December
indicated that the beach had already rebuilt significantly since the storm.
Profile l ine locations are shown in Figure 11 , prestorm and poststorm
prof i les in Figure 12 , and MSL contour and area changes in Table 4. All
profile lines showed a net loss from MSL to the 12-foot contour. Erosion
was noted to be less severe on the east and west ends of the beach . This
may be a result of protection a fforded by Watch lu ll Point on the west
and Week apaug Inlet to the east. Profile lines 01 and 02 are within 500
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fcet of the west jetty at ~ecl~apaug; profile line 07 is approximat ely 2
miles east of Watch lu ll Point .

Table 4. Shoreline and unit volume changes at
Misquamicut Beach for 17 December
1970 storm.

Pro f i l e MSL PR CII AR 1 Plus 12 1

l i n e  shore l ine change unit volume uni t vo l ume
(ft) (yd 3/ft) tyd 3/ft)

01 4 . 2  —0 .3 -0.5

-29.4 -6.0 -6 .1

03 -26.3 -2.9 -2 .9

04 -32 .0  - 4 . 6  - 4 . 6

05 -38. 2 -8.0 -8. 0

06 —6.8 -4 .2  — 4 . 2

07 3.0 2 .0 -1.9

Average -17.9 -4.0 -4 .0

1See Fi gure 8 for definitions.

There was minor accretion on the upper parts of profile lines 01 and
04. This may be due to eolian deposition in the dunes , or accumulation
of slump material at the toe of the dune . Profile line 01 is an example
of a c c u m u l a t i o n  of slump material with erosion of the dune scarp and a
comparable accretion at the toe . Accretion occurred below the 1-foot
contour on profile lines 01 and 07 where surveys reached the -2-foot
contour.

The avera ge net volume change above MSL between 9 and 23 December on
the seven Misquamicut Beach profiles was -4.0 cubic yards per foot . The
MSL contour was displaced landward at all profile lines except 01 and 07.

Pipe profiles were located along profile lines 04 and 06. At prof i le
line 04, pipes 1 to S were read on both 9 and 19 December 1970; pipes 3
and 4 were damaged , presumably by the storm . Maximum erosion at any one
of the undamaged pipes was 2 feet , measured at p ipe 2 where the sand level
changed from 7.0 to 5.0 feet MSL. There was no accretion at any of the
pipes .

At profile line 06, pipes 1 , 2, and 5 were read on both 9 and 23
December 1970. Maximum erosion at any one of the pipes was 0.5 foot ,
measured at pipe 5 where the sand level changed from 0.5 to 0.0 foot MSL.
There was no accretion at any of the pipes.
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3. Wcsthampton Beach, New York.

Profile line locations are plotted in Figure 13 , surveyed beach pro-
files in Figure 14 , and MSL contour and area changes in Tab l e  S. With
the except ion of profile lines 07, 08, and 11 , all profile tines exhibited
net erosion . Since prestorm surveys were done more than 2 weeks bc- f re
the storm , profile changes were probably not entirely the result of the
storm.

Table 5. Shoreline and unit volume c h a n ges at
Westhampton Beach for 17 December
1970 storm .

Profile MSL PRCIIAR 1 
- 

Plu s 12 1
line shoreline change unit vo lume unit volume

_____ 

(ft) (yd3/ft) (yd 3/ft)
—— 

01  14.1 -3.4 ~3 4

02 -12.4  -8.0 -8 .0

03 -12.2 —1.7 -1. 6

04 17.9 -16.9 -16.9

05 -63.0 -1.3 -6.2

06 -17.2 -8.6 -8.6

07 7 . 1  7 . 1

08 17.9 3.9 4.6

09 -4.9 -5.0

10 30.0 -12.5 -13.0

11 52.5 1.0 0.8

Average 3. 1 -4 . 1  -4 .6
1See Figure 8 for definitions.

2Poststorm survey did not reach MSL.

In general , the greatest erosion on the Westhampton profile lines was
observed above the 6-foot contour; less erosion or accretion occurred on
the lower profile. An exception was profile line 03 which showed minor
accretion at the 6- to 4-foot contours , with erosion occurring on both the
upper and lower parts of the prof i le.

Profile lines 06 to 09 are within a field of iS groins and an assoc i-
ated art i ficial beach-fi ll project , which was completed in November 1970.
Profi le  line 05, which is about 0.3 mile east of the easternmost groin ,
showed two sections of maximum erosion--between the 8- and 6-foot contours
and between the 1-foot and MSL contours . Profile line 06, which is located
midway between two gro i ns, eroded between the 12-foot and MSL contours ,
with the greatest erosion occurring between the 8- and 6-foot contours .
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g r o f i  le  l i n e  )7 , located 25(1 feet we~~t of a o r o i f l , ~‘ i~’,~~ l SOOC cr o ’ 1 0f l  a t
the 11— t o  . 5 — f o o t  co!it or , w i t h  t c c i e t  ion seaward to t h e  — I — f o o t  contour .
Pro t ’~ Ic l in e 15 , w h i c h  i s 1 o c a t  ed 210 feet west of a g r o i n  , showed minor
eros ion  a~ the 1 . 1 — t o 9— foot cont  ours , wi th accretion sous a rd of t h e
9— foot co n t ou r  i o th e  — 2 - l o t  coot o u r .  Profile line (9 , shich i c locatod
3s feet  east of  a g ro i n  , e ro .led .iho cc the .1 — foot cont our a rol showed in —

c e r a S i n g  ace  e~ 1 ion bet or  ii 3 — t o o t  and ~1S1 . contours

The a v e r a g e  net \~~ I ume ch an er above 15 I. bet  ween I and  1 8 Dec enhe r on
t h e  I I  1~e st  h . u r r t  on it e . i ch  p r o f i  I c  l i n e s  was  — L I  c u b i c  y a rd s per t o t
l l o w e v . r , the s h o r e l i n e  had  eroded on onl y f u r  profile lines ; i.e. , t he
~4.51. c o n t o u r  moved I a n d sa  rJ

P i p e  pro fi i cc  were I oc.i t ed a l o n g  p r o f i l e  l i n e s  0.1 and 08. .-\t p r o f i l e
l i n e  1)4 , p i n es 1 t o  .1 were read on 11 , 17 , and 18 December  1970 ; p i pes 5
and c were  read on both 11 and 18 Dece mber 1070. M a x i m u m  e ros ion  at any
one  of the  p i pes was 1 feet , mea su red between 11 and  17 December at p ipe
.1 whe re the  sand level  changed from 5.8 to  1.8 feet MS L.  Between l and
IS  December , p ipe  4 showed 2 . 5  feet of ace ret  ion . There was a l s o  .1 feet
of e r o s i o n  at pip. 3 be tween  11 and 18 December 1070 . M a x i m u m  a c c r e t i o n

it any  one of the  p i pes w as  1 .0 feet , measured at p i pe 6 where  t h e  sand
l e v e l  changed  from 0 .5  to . 1.5  feet  M SL .

\t p r o f i l e  l i n e  08 , pipes I to  6 were read on 11 , 17 , and 18 December
19”0 . M a x i m u m  e r o s i o n  at any one of t he  p i pes was -4.0 feet , measured
be tween  11 and 17 I) ecemher at p i p e  S w h e r e  t he  sand l eve l  changed from
9 . 3  t o  5 . 3  feet  MS ) , . By t h e  15 t h , sand l eve l  at p ipe  5 had  r e c o v e r e d  to
8 .3  feet .

4. Southa mpton Beach ,  N eS York.

A l t h o u g h no BFT s ur v e y s  were  made a t  S o u t h a m p t o n  Beach , vi sual  w a v e
o b s e r c ; i t i o n s  were collected by students from the Sou thampton  C o l l e g e
G e o l o g y  D e p a r t m e n t  a po.ct s t o r m  inspec t  ion wa s  made by ( 1~Rf The beach
it  h a l s e y  Ncc k !.an€- has  a p p a r e n t l y  been the  s i t e  of coat m u o n s  e ros ion  in
rec en t  years . There was  a 10— to  2 0-  foot  s ca rp  deve loped  to  w i t h i n  10
fe et  of s e v e r a l  h o m e s .  l a r g e  a r e a s  of peat  beds were exposed at t h e  base
of t h i s  scarp .

l o c a l  ob s er v e r s  reported t h a t  several  p onds  b o r d e r i n g  t h e  ocean , in—
cl ud ng ~1ecu x Bay , had broken t h r o u g h the b a r r i e r  1w ach to  the  o c e a n  - At
le - i c t  on e a~Idi  t i o n a l  w a s h o v e r  had occurred a p p r o x i m a t e l y  2 . 3  m i l e s  eas t

1’ ShjnneL-cc l-, Inlet . Se v er a l  of t he se  a r e a s  wer e  s t i l l  f l o o d e d  on 18
December , but had not  r emained  open .

S. - t on e s  Beach , New York .

P r o f i  10 I m e-; 10 t o  18 we re su i r v e v & ’ d  on i t )  December (2  d ay s  a f t e r  t h e
s t o r m )  , and p r o f i l e  l i n e s  (12 , 03 , ((.1 , 07 , 08, and 09 were s u r vey e d  on 20
December .  ( P r o f i l e  l i n e s  01 , 05 , and 06 were not r e g u l a r l y  su rvey e d  in
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this stud~’ . )  Because of t h e  d e l a y  i n  t h e  pos t  s t o r m  s u r v ey  and t h e  rap id
r ecover ~ observed it l c e st h a mp t o n  Beach pi pe p r o f i l e s  , i t  is  p r o b a b l e  t h a t
the  post s to rm s u r v ey  i s  not an a c c u r a t e  p i c t u r e  of m a x i m u m  e ros ion  at
Jones Beach . P r o f i l e  1 i n c  I ocat  ions  are  sh own in  Fi gu re 15 , su r veyed beach
profiles in Fi gure 16 , and ‘ISL con tour  and area changes in Table 6 . Maxi-
mum erosion occurred at profile line 04. Profile lines 08 and 09 showed
t h e  o n l y  net  a c c r e t i o n . Maximum erosion occurred between the 9- and 4-
foot contours on all profile lines. hither accretion or less severe ero-
sion , occurred between the 3- and 1-foot contours . Nine of the 16 post-
storm profiles indicated additional erosion below the 1-foot contour.

Tab le  6. S h o r e l i n e  and u n i t  volume ch a n g e s  at Jones
Beach for 17 i~ecember 1970 s to rm .

P r o f i l e  PRC II AR 1 P l u s  12 1
line shoreline change unit volume unit vo l ume

( f t ) (vd 3 / f t ) (yd 3/ f t )

02 —11.0 -4.0 -4.0

03 -25.1 -4.0 -1 .0

04 —33.2 — 19 .4 —18.9

07 -26 .6 -9 .8  -10. 1

08 -5.3 1.4 1.2

00 29.3 2.6 2.1

10 -2.5 -8.7 -8.6

11 -10.2 -2.8 —2.1

12 -28.6  -9 .4  -9. -i

13 - .1. 0 — 5 . 6  — S . o

14 — 1 9 . 4  — 1 4 . 5  — 1 . 1 .5

15 -5 . 3  — 1 1 . 7  - 1 1 . 7

16 19.0 -7.5 — 7 . 5

17 ~~ _ 2 -16 .5 -16 .5

18 0.4 -1 .2 -1.2

Average -8.8 -7 .4  -7 .4

1See Fi gure 8 for definit ions.
2Poststorm survey did not reach MSL.

Profile line 1)2 , the eastern limit of the Jones Beach stirve~’ , is
located approximately I mile west of the dike at Fire Island Inlet . There
was sli ght accretion at the 4-foot contour , with erosion occurring along
the rest of the profile.
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Figure 16. Prestorm and poststorm surveys at Jones Beach , New York .
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Profile line 18 , on the west end of .Jones Beach , is locate d app ro x i  -
mately I mile east (updrift) of the .Jones Inlet jetty where the beach has
been accreting since placement of the jetty. The profile line showed a
s l i ght net erosion from the storm , althoug h accretion occurred between the
-1 - foot and M~-~I, contours and from the 8- to 7-foot contours .

The average net unit volume change above MSI . on the 15 .Jones Beach
profiles was -7 .4 cubic yards per foot .

Pipe profiles were located along profile lines 07 and 1 1 . At p r o f i l e
line 07, pipes 1 to 5 were read on both 12 and 18 December 1970 . M a x i m u m
erosion at any one of the pipes was 3 feet , measured at pipe 3 wher e t he
sand level changed from 8.5 to 5.5 feet MSL. Maximum accretion at any
one of the pipes was 1.5 feet , measured at pipe 4 where the sand level
changed from 1 .5 to 3.0 feet MSL.

At profile line 11 , pipes 1 , 2 , and 3 were read on both 12 and 18
December 1970. Maximum erosion at any one of the pipes was 1 foot , meas-
ured at pipe 2 where the sand level changed from 6.5 to 5.5 feet . There
was no accretion at any of the three p ipes .

The effects of the December 1970 storm on Jones Beach resemble the
effects of the storm on 4 February 1972 reported by Evert s (1973) , al though
Everts ’ report deletes data on profiles 2 , 3, 16 , 17 , and 18. Bo th s to rms
were the first severe storms of the winter storm season . The elevation of
maximum erosion (4 to 9 feet) and the accretion or less severe erosion
below 3 feet were approximately the same (see Fi g. 5 in Everts , 1973) .
Profile line 08 in this study showed accretion in both storms . The average
erosion in the 4 February 1972 storm was 9.9 cubic yards per foot (IJ .°’.
Army , Corps of Eng ineers , Coastal Eng ineering Research Center , 1975 ,
p. 4-73 in Vol. 1), which is comparable to the loss of 7.4 cubic yards per
foot in December 1970. Tn both storms , MSL retreated at almost every
profile and greater erosion occurred on the west than on the eas t h a l f
of the beach .

6. Long Beach Island, New Jersey.

There are approximately 100 groins of vary ing effectiveness and two
major jetties protecting the 18 miles of beach between Barnegat and Beach
Uaven Inlets. Sixteen of the 21 surveyed profile lines are within 400
feet of the least one of these structures. Profile line location s are
plotted in Figure 17 ., storm changes in Figure 18 , and MSL contour and
area changes in Table 7. Most of the p r o f i l e s  showed net erosion . The
exceptions were profile lines 03, 04, 07, 10 , and 19. The prestorm survey
at profile line 12 was judged unreliable so changes were not computed .

Erosion generally increased from north to south , with maximum erosion
occurring at profile line 18. Maximum erosion was observed between the
8- and 5-foot contours on 16 of the p r o f i l e  lines. Profile line 03 had
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lab  1e 7 . Shore I i  ne and unit vol time c h a n  ~es :1 t I o n  e
Beach I s l a n d  for 17 December l9 7~) s t o r m .

P r o f i l e  ‘INI . PRCJ 1.-\1t 1 P l u s  12 1
1 i tie shore Ii ne cha rt ge tin i t  v o l u m e  un i t  v o l u m e

( f t ) - (~d 3 / f t )  ( v d  3 / f t  ~
01 -5 .5  -7 .8 -7 .8

02 8.7’ -0.5 -0.7

03 2 S . 1) 1. 6 1 .7

u4 — 3 5 . 6 3 .9  0 .3

05 15 .5  - 1 . 5  —3. 6

06 2 8 . 2  - 2 . 7  - 4 . 1

07 30. 6 0 .1  0. 2

-2 3 . 1  -1 .5  - 5 . 3

19 — 1 1 . 6  -0 .3 -2 .0

10 13.3 . . 6  — 1 . 1

11 28.9  - 2 . 3  -3. 2

12 2

13 23.1 -1 .8  -1 .8
1.1 ~~~~~ -3. 1 - - 1 .5

is - -- - a -6.0 -8.7

16 17 .5 - 6 . 3  -6.3

17 9 .4 -3.8 -4 .9

18 - -- ~~~~~ -20.8 -25.6

19 ~~~~~ 1.6 -1.3

- 1 1 . 0  -10 .2

21 - -- - s -s.~ -5.9

Average 8.9 -3.5 -.1.4

1See Figure 8 for definitions .
2Question able prestorm survey.
3Poststorm survey did not reach MSL.
1’Prestorm survey did not reach MSL.

51



: i .i ~~i m u m  erosion between the 16- and 14-foot contours . Profile line 04
a c c re t e d  be tween  t h e  8- and 5-foot contours , hut si gnificant erosion oc-
cu r r ed  at ~1SI. .  .. \ l t h o ugh profile line s 09 and 18 showed erosion between
t h e  8- and 5-foot  contours , greater  erosion occurred below the 5-foot
contour. Accretion was observed on the lower part of most profile lines.

Those profile lines that indicated erosion on the lower ends generally
eroded  along the entire profile. Profile line 18 , which is located approx-
i m a t e l v  260 feet south of a groin , showed acc re t ion  in the dune area (18-
to  10-foot  con tou r s )  w i t h  severe e ros ion  o c c u r r i n g  be low t h e  8-foot  con-
t o u r .

Profile lines 01 and 02 are located inside Barnegat Inlet and are also
within a field of six closely spaced groins . Profile line 01 eroded along
the entire surveyed length (to -2 feet MSL), with maximum erosion between
the  8- and 1-foot contours . Profile line 02 showed almost no change above
the 1-foot contour; it accreted seaward to the -2-foot contour. Profile
lime 03 is located approximately 450 feet south of the Barnegat Inlet south
j e t t y .  Th i s  p r o f i l e  l ine  showed s i gnificant accret ion from the 13-foot
contour to a depth of -l foot , except for minor erosion at the 6- and
S-foot contours . From the 16- to 14-foot contours there was much erosion .

The average net volume change over 20 profile lines on Long Beach
Island was -10.6 cubic yards per foot . Ten of the 14 profile lines that
were surveyed to MNI , had a positive or seaward MSL contour change between
the prestorm and poststorm surveys ; i.e., the poststorm survey showed
accretion at MSL on 10 profile lines .

Pi pe profi les were located along profile lines 13 and 16. At profile
line 13 , pipes 1 to S were read on 24 November and 18 December 1970. ~1ax -
imum erosion at any one of the pipes was 3 feet , measured at p ipe 3 where
the sand level changed from 9.2 to 6.2 feet MSL. Maximum accretion at any
one of the pipes was 1.5 feet , measured at pipe S where the sand level
changed from 1. 4 to 2.9 feet MSL.

At profile line 16 , p ipes 1 to 4 were read on both 25 November and
18 December 1970. Maximum erosion at any one of the pipes was 2.5 feet ,
measured at p ipe 3 where the sand level changed from 6.4 to 3.9 feet MSL .
Maximum accret i on at any one of the pipes was 0.5 foot , mea sured at p ipes
1 and 4.

Because the prestorm pipe readings were obtained more than 3 weeks
before the storm , they are of limited use in jud ging the storm effects at
this locality.

7 . At l antic City, New Jersey.

Profile line locat ions are shown in Fi gure 19 , surveyed beach profiles
in Figure 20, and MSL contour and area changes in Table 8. Extensive
accretion was observed on profile line 01 , wh i ch appears to be caused
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by i t s l o c a t i o n  i m m e d i a t e l y  south of the  \bsecon I n l e t  j e t t y .  The beach
is v e r y  b ro ad a nd f l a t , due to the fillet joining the s h o r e l i n e  from the
j e t t y  to  the  normal  coast .  The pro fil e showed some eros i on between the
2-foot  and M Sl . contours , w i t h s u b s t a n t i a l  acc re t i  on o c c u r r i n g  above the
;;- foot co n tour , where the sand leve l accre ted  1 to 2 feet over a d i s t a n c e
ot more than 500 fce~~. Wi th the  except i on of r t r o f i l e  l i n e  (11 , m a x i m u m
e ro s i o n  at the .\t l a n t i c  City profile lines was observed between the 6-
and 1-foot contours . Accretion was observed below the 1-foot contour on
f i v e  of the  seven p r o f i l e  l i n e s .

Table  8. Shore l ine and unit volume ch an~ cs at At l antic
City for 17 December 1970 storm .

Profile MSL °f~CllAR 1 Plus 12 1
line shoreline change unit volume unit volume

(ft) (y d 3/ ft )  (yd 3/ f t )

01 2.1 21.4 24.4

(12 -3. 7 -9 .2  - 9 . 2

03 - 24.6 - 1 0 . 2  -10.2
( 11 2 1 .3  — 3 . 9  -3.9

05 2 - 7 . 1  -7 .1
06 1 .4  1 .4

07 63.0 -5.2 -5 .2

A v e r a g e  11.6 -0.3 -0.3
t See Figure 8 for definitions .
2Poststorm survey did not reach MSL.

P r o f i l e  l i ne s  01 to 04 are located in an area where 165 cubic ya rds
per foot of heac~ f i l l  was placed in June and Ju ly  197 0, w i t h  approximately
48 percent of the total fill volume placed above ~ISL (Everts , E)eWall , and
C z e r n i ak , 19 7 5) .  Therefore , at the t ime  of t he  December 197’0 s to rm , the
beach may not have been in equilibrium and net-vo lume changes at profile
l ines 01 to 01 could r e f l ec t  th i s  c o n d i t i o n .

The average net vo l ume change above MSL on the seven Atlantic City
profile lines was -0.3 cubic yards per foot . This fi gure is heavily
weighted by profi le line 01 , which showed the maximum accretion (24.4
cubic yards per foot) measured in this study. Exc l uding profile line 01 ,
the average net change was -4.4 cubic yards per foot.

Pipe profiles were located along profile lines 05 and 07. At profile
line 05 , pipes I to 8 were read on both 24 November and 18 December 1970 .
Maximum erosion at any one of the pipes was 1 foot , measured at pi pe 8
where the sand leve l changed from 4.1 to 3.1 feet MSL. There was no
accre t ion  at any of the p ipes .
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At prof ile l ine 07, pipes 1 to 9 were read on both 24 November and
19 December 1970 . Maximum erosion at any one of these pi pes was .1 feet ,
measured at pipe 8 where the sand level changed from 5.2 to 1.2 feet ‘tSI..
There was no accretion at any of the pipes at profile line 07.

ftc prestorm pipe readings were taken more than 3 week s be f ore the
storm , which limits their u sefulness in judging the effects of the storm.

~ . Ludlam Island, New Jersey .

Profile line locations are shown in Figure 21 , surveyed beach profiles
in Fi gure 22 , and MSL contour and area changes in Table 9. Many of the
profile lines on Ludlam Island have exposure s of peat beds cropping out
on the low tide terrace ; scarps formed by the peat bed outcrops are prob-
ably the cause of apparent discontinuities near MSL on profile lines 05
and 07. Peat affords some protection to these profile lines by absorbing
or reflecting some of the energy of the breaking waves. During storms
such as this one , the peat is ripped up and the peat blocks are depos i ted
hi gher up on the beach . As it is reworked , the peat disintegrates into
particulate silt , cl ay , and organic material which , as suspended sediment ,
gives the surf a yellowish color. The disintegrated peat does not remain
on the beach .

There are approximately 20 shore-protec t ive  s t ruc tu re s  on Lu 11am
Island , between Corson Inlet and the town of Sea Isle City. Profile
line 01 was surveyed i mmediatel y adjacent to a timber groin , and profile
lines 03, 11 , 12 , 13 , 14 , and 15 are located withi n 400 feet of a groin.

All profile lines except lines 10 , 11 , 17 , and 20 showed net erosion .
For some profiles , minor accretion was observed in the dune area and below
the 1-foot contour. A poststorm field inspection of selected profile
lines on Ludlam Island indicated that the accretion in the dune area is
probably due to a buildup of eolian material along the sand fences.
Photos show an accumulation of fresh sand on the seaward side of the sand
fence at p r o f i l e  l i m e s  10 and 16.

P r o f i l e  l i n e  20 , located about 400 feet north of Townsend Inlet ,
showed anomalous a c c r e t i o n  a long  i t s  en t i re  l eng th  except for  minor cr0-
sio n at the  3-foot contour .

The average net volume change above MSL on 19 Lud l am Island profile
lines was -2.6 cubic yards per foot ; the average MSL contour change was
-1 .6 feet .

Pip e p r o f i l e s  were loca ted  a long  p r o f i l e  l i n e s  05 and 18. .\t  profile
l i n e  05 , pipes 1 to 4 were read on both 13 and 19 December 1970. There
was no erosion at any of the  pipes . Maximum accre t ion  at any of the  p ipe s
was 1.0 foot , measured at p ipe 4 where the sand level changed from 0.8
to 1.8 feet ~~~
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Table 9. Shoreline and unit volume changes at Ludlam
I s l and  for 17 l) ecember 1970 storm.

Prof i l e  MSI . PR C II A R 1 P l u s  12 1

line shoreline change unit volume unit volume
( f t )  (y d~ / f t )  (yd 3 / f t )

01 — 5 3 . 8  -1 1.0 — 1 1 . 0

02 - 2 1 . 4  -1.5 -1.5

03 -22. 2 -0.7 -0.7

04 -18. 1 -5.7 -5.7

05 -83.5 - 1 .1 -1.1

06 -16. 7 -5 .1  - .1.7

07 -7 .7 - 2 . 6  - 2 . 6

08 47.9 -1.7 -0.5

09 -17.0 -3.3 -4.1

10 18.6 0.9 0.8

11 -6.4 0.0 0.0

12 —22.1 -3.5 -3.5

13 35.8 —1. 1 —1 .1

14 -23.5 -4.0 -3.9

15 -35.4 -2 .9  -2 .9

16 -96.3 -16.3 -15.9

17 6.8 5.0 3.9

18 
_ _ 2 -4.2 -4 .2

19 -37.5 -3.0 -3.0

20 72.7 9.9 9.9

Average -1.6 -2.6 -2.6

1See Figure 8 for definitions.
2Poststorm survey did not reach MSL.
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•\t p r o f i l e  l i n e  18 , pi pes 1 , 2 , and 3 were read on both 25 November
and 19 December 1970 . Maximum erosion at any one of the  pi pes was 0 . 5
foot , measu red a t p i p e  .1 where t he  sand leve l  changed from 2 . 5  to  2 . 0  feet
M~ I.. Th ere was no acc re t i o n  at any of the pipes.

V I  . DISCUSSION

Changes  in  the ~~~ con tour p o s i t i o n  and un i t  volume were t a b u l a t e d
for each localit y and summarized in Figures 23 and 24. For 78 of the 91
pr ofile lines surveyed , both prestorm and pos t s torm surveys  reached the
‘tSI. contour. The MSI. c h a n g e  and t he  volume cha n ges ~t each of t h ese 78
profile lines are plotted in Fi gure 25. On l y 57 of t h e 78 p l o t t e d  pro-
f i l e s  show l i k e  changes in si gn;  i . e . ,  volume increases when shoreline
accretes or vo l ume decreases when shoreline retreats , although it is
often assumed that the two parameters (volume chan ge and shoreline posi-
tion change ) are equally good indicators of erosion or accretion .

Of the 21 profile lines showing a negative correlation between volume
change and MSL contour change (one increases when the other  decreases)
all hut 2 lost vo lume and accreted at the shoreline (Fi g. 25). A good
examp le of the negative relation between changes in MSL and unit volume
can be seen on Cape Cod profile line 01 (Fig. 10). The prestorm MSL
contour intercept occurs at +4.8 feet . The poststorm survey indicates
erosion on the upper profile and accretion on the lower end of the pro-
file as a bar. The crest of the poststorm bar was about 1.5 feet above
the MSL contour , which resulted in triple intercepts of the MSL contour
with the profile at -51.0 , +21.2 , and +9L5 fee t . Thus , the most seaward
shoreline shifted 86.7 feet seaward ; the volume at the profile was actually
reduced by 65.0 cubic yards per foot between MSL and +52 feet .

The only two profile lines to show a net increase in unit volume wi th
a net retreat in shoreline were Jones Beach profile line 08 and Long Beach
Island prof i le l ine 04.

For the 17 December 1970 storm , it can be concluded that a shift in
the MSL contour is generally proportional to unit volume changes on the
prof i le above MSL. Usua l l y , a retreat in the MSL contour is accompan i ed
by a unit vo lume loss from the beach profile above MSL , but in a signif-
icant number of cases , a decrease in uni t  volume is not accompanied by a
retreat in the MSL shoreline.

The dashl ine in Figure 25 shows the rule of thumb relating permanent
vo lu me lo ss to perm anen t shore l i ne sh i ft ( 1 cub i c yard per foot for a
1-foot shoreline change , U . S. Army , Corps of En gineers , Coastal Engineer-
ing Re search Center , 1975 , Vol. 1 , p. 4-122) . The nonpermanent storm
loss f rom above MSL is apparent l y much less than the rule of thumb .

Storm Surge Elevation and Duration versus Maximum Erosion Elevation.

Maximum water elevations , max imum observed wave he ights , and contours
of maximum erosion for each locality surveyed are summarized in Table 10.
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Fi gure 23. MSL contour changes , 17 December 1970 storm .
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Fi gure 24.  U n i t  volume beach changes , 17 December 1970 s torm.
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Figure 25. Volume change versus change in MSL contour , 17 December 1970
storm.
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The elevation s of maximum average erosion and accretion correspond rea-
sonab l y well with the maxinum water elevation . Maximum erosion occurred
at , or slig ht l v  above , the maximum water elevation ; maximum deposition
‘~a o b s e r v ed  below this elevation . On those beaches where maximum ero-
sion occurred at significantly high elevat ions (princi pa lly Cape Cod) ,
the loss waS probably due to slump ing of material from scarps made unstable
by w a ve  s c o u r  at the  scarp bas e.

Bec ause the  s torm moved r ap id ly  nor thwa rd (F ig  2 ) ,  t he  accompanying
surge was effective through less than two tidal cycles.

V I I .  CONCLUSIONS

I. As a result of the 17 December 1970 storm , 80 percent of 89 sur-
veved profile lines suffered an average net volume loss of ~i .5 cub ic  ya rds
per foot , between MSL and the maximum elevation contour surveyed for each
profile line . (These data omit profile lines 06 on Cape Cod and 12 on
Long Beach Island which appear questionable.) Storm intensity is expected
to be equaled or exceeded about twice a year.

2. The maximum recorded erosion was 21.7 cubic yards per foot on
(ape Cod profile line 01 , wh i ch included loss from the cliff behind the
beach . The maximum recorded accretion was 24.4 cubic yards per foot at
the At l antic City profile line 01 , which is immediately adjacent to the
Ab secom I n l e t  j e t t y  and in an area of a beach f i l l  made a few months
earl icr.

3. The larger vertical changes in sand level (4 to 5 feet) were
observed on the coarser , steeper beaches of Cape Cod and Long rsland ; the
maximum horizontal change in the MSL contour of -96.3 feet was observed
on the finer , flatter beaches of Ludlam Island .

4. Profile contours of maximum erosion correlated reasonably well
with maximum water elevation obtained from tide and surge data and were
generally between +1 and +8 feet MSL. Accretion was generally observed
near the MSL contour , except at Lud lam Island , where colian accretion in
the dunes was more si gn i f ican t .

5. Ext rapolation from surveyed profiles indicates that a m i n i m u m  of
10 .1 million cubic yards of sand was moved from the beach above MSL along
about 450 miles of ocean front between Cape May, New J e r s e y ,  and Race
Point , Massachusetts , as a result of this storm . This volume , equivalent
to 4.4 cubic yards per foot , compares with 3.2 to 9.5 cubic yards per
foot computed by Shuyskiy (1970) for a storm in the eastern Baltic Ocean
in October 1967. Data from Harrison and Wagner (1964) indicate that the
average erosion of the dunes at Virg inia Reach , during the March l9(2
storm , was on the order of 4.4 cubic yards per foot . For four storms at
Atlantic City between November 1963 and February 1972 (including the 17
December 1970 storm) an average loss of 5.2 cubic yards per foot per storm
was estimated , based on REP surveys (Everts , DeW al l , and Czern ia k , 1975).
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I orm~ 4 !  ~~ in i~ •~ones ~each in February 1972 , the net loss of beach
0 en  a t over ID p r o t i  Ics averaged ¶~.0 cub c yards per foot for the first

i i .  c v~ i r J ~ per foot for the second (F i ve r t s  , 1973) . In
t~~I I c  I ’ i i ’ .~~~ .~~~iJ i  c e e , profi lc~ at either end of the beach , which tend

i c e  ‘ e , w e r e  oni  t t ed  from t h i s  s t u d y ,  and even then severa l of the
pr  t I •~s sb ‘)~ed net ~~~ re t  ion .

P i p e p r t i  Ie l i t  a ol t a m e d  at W e stham p ton  Beach i n d i c a t e  the
i ‘ip or t  ar lc c  o f  ~~t a i n  i ng  po~ t s t o r m  su r v e y  dat  a as rap i d l y  as p o s s i b l e .
‘~ind 1 e~ e 1 oh -t reat ions  made a t  the pipeS d u r i n g  t i l e  s torm i n d i c a t e  t ha t
the sand level was ~ feet  lower on the foreshore  d u r i n g  the  s torm than

u~a~ when ~oirveved  the u i e ~~ t day . During the day f o l l o w i n g  the  s to rm ,
the  ~ ind l e v e l  on t i le t o i - e s ho r e  was  observed to recover 1 foot in less
than 2 hours .

79



I. ITERA I’IIRE Cl TEl)

C :1•ENIAK , M.T.  , ‘‘Report Summar y fo r  P r o j e c t  0 2 — 2 0 2 . 2 , REP Su r v e y  C r i t e r i a , ’’
II. S. A r m y , Co rps 1( Eng ineers , Coa s t a l  E n g i n e e r i n g  Resea rch ( c u t e r ,
t o r t  Re 1 vo r , V i  . , unp ub l i s h e d , Miii- . 1973 .

l ( e W•\ LL , A. . , ‘‘Th e 17 1)ecemher 1970 List Coast Storm : Beach Changes ,
U .  S . \rin~ , Corps of E n g i n e e r s , C o a s t a l  Eng i n e e r i n g  R e s e a r c h  C e n t e r ,
lca sh in g t oui , l) .C .  , unpublished , Feb . 1972.

DeW\i.L * . F . , PR I TCIIE TT , I’ .C . , a nd GA1\  I N , C . 1 . , Jr. , ‘‘Reach Changes
Caused by a N o r t h e a s t e r  A l o n g  the  At l a n t i c  Coast  , “ \ h s t  rac t , Geolog-
i c a l  S o c i e ty  of Amer ica , Wash i n g to n , l) .C . , 1971 .

E V E R I S  , C . 11. , ‘‘Beach P r o f i l e  Changes on W e s t  em Long Island ,’’

‘~;e ; : ‘ . , State Universit Y of New York , Alban y , N . Y . ,  1973 .

[VERTS , C .l1 . , D e W A l I , A . E .  , and C [ R N I A K , ‘l .T. , ‘‘Behavior of Reach Fil l
at At Lint ic Cit , New Jersey ,’’ Feoe~. ~ c~;; ~Ji. ’ 1i~ ~ ~~er~ t~z~ ‘~ ~ i —

2 ~~~~~ ~~~c , ASC1 . , 1975 , pp. 137 0— 1388 .

L \ i . V I N , C. .J. , J r . ,  “CERC Bea ch E v a l u a t i o n  Program : 1962-68 , Par t  I :
Backgrou nd , “ U . S .  \ r mv , Co rp s of Eng ineers , C o a s t a l  E n g i n e e r i n g  Research
Center , W ash i n gton , D.C., un p u b l i s h e d , J u l y  1968.

GALV IN , C .J. , .Jr. , “17 Dece mber 1970 East  Coast  Storm - Background , “ U.S.
A rmy , Cor ps of E n g inee r s , Coasta l  Eng inee r i n g Resea rch  Ce n t e r ,
Washington , D.C ., unpublished , .Julv 1971.

HARR I SON , W .  , a nd W A G N E R , K..\ . , “Beach Changes at Vir ini a Beach ,
V i r g i n i a , ” MP 6-~ 4 , U . S .  A rmy , Corps of E n g i n e e r s , C o a s t a l  E n g i n e e r i n g
Research  C e n t e r , W a s h i n g t o n , D . C . ,  Nov . lORI .

MINI: , L.P. , “i’RCIiAR and PROFCII , Compu ter Pro v an s  to  A n a l v :e  Surveyed
Beach i’ r o f i  les , ” 1 1 . 5 . Army , Corps of Eng i n e e r s , C o a s t a l  E n g i n e e r i n g
Researc h C e n t e r , For t  Bel voi r , V a . ,  un p u b l i s h e d , Sept . 1973.

PR ITC I l i i i , P . C . , ‘‘The 17 December 1970 East  ( ‘eu st Sto rm: M e t e o r o l o g i c a l
and ) c ’ . u i r u o g r : i p l u i c a l  D a t a , ’’ U . S .  •\1 -my , Co rps of E n g in e e r s , C o a s t a l
i n g i  nu’e ring Research ( c ut  ci- , W a s h i n g t o n  , I). C . , tinp ubl shed , ~la l9~ 1

H llJY SF I Y , 1.1). , “ E f f e c t s  of St rong S torms  on Sand Beaches  o f  t h e  Balt i c

I . r t c rn Shore , ’’ ~ S ic ‘ ‘ i : ~~, Vol. 9, No. 3, 1970 , pp .  3 8 8 — 3 9 1 .

TI lO’ll SHN , I . 1 . , ord H A R R I S , I L L . ,  ‘‘A Wave C l i ’’i ;ito ’.ogv for 11 .5. Coastal
t’,aters , ‘‘ ~~~~~ .;~ : . ‘:‘ c ’ e ~ ‘ , M:o 1972 , pp.  8 h—8 55 .

I JRBAN , \ .1) . , cud \ IVIN , C..J., Jr. * ‘‘Pifle P r o f i l e  D a t a  and ‘ \ ‘ i v e  (
~h s e r v ; r —

I i o n s  f r ’  t h e  CE R C R e a c h  I v a l u a t  ion Program , J a n u a ry  — M a r c h  lOu 8  , ‘‘
MI’ 3— (,u , 11 .5. \ r -n v  , Corps o f Eng ineers , Coastal Er ig in e eri ru Research
(e nt e r , W a -d u m t  o~~~, P .C . , Sept . 19(9.

U.S. \RM’ u , CORPS OF INC I SE E R S , COASTAl ENGINEER INC RI S i 1 \ R C I I  (:ENFI1~ ,o 
~ 

.. ,‘i . ’t~l , Vol  s~ I , I I , and I I I , 2d ed . , Stock No. 008-022-
()0(17’— l , U .S. C i veruunivui t Print ing Office , Was h i n g to n , P .C., 1973 ,
1 , 1(0 pp .

80



.,
~~~~~~ ‘1 ’J .. Ø~~~~~~~~~~~~~ O ~~~~~~~ < U ~~~~ (n .. ~~~~~~~~~~~~~ U

~~~~~ 
-~~~.. ,_ .-‘ . ~~~~~~~~~~~~~~~ .~~~) ~~~~~~~~

~~~~~~~~~~ 
.-, ~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~ . -~

~~~~~~~~~~~~ ~ z ~~~~~0 .1 .~ ‘1 ~ ~. C ~ 
.. .~ .,~ 

.,
t 6) SI .4 .C I U 1.. 4) . -.4 -‘ 4) )., Q La .4 U 1 ‘ I  fl l~ . - 0
4 ~~ .~~ ~~~~ C ~ 1’ ~ ,.4 . ‘ . 4)) ~ ~~ .0 . C ~ I 4) 1.. . ~4) 4) . C I 41  ‘ C  - ,  .~ 4) 4) 4 .~~~~4 ) .—. ’4U. ~.- — C) SI .If . ~-. C) - -. C..) • •~ ~.‘C .. 4.4 LI



C) . C -
I. . r.-- ~. 0 4..

1 . )  - 4. — .. C~~~ — 4-i
C 1) 1 1 -  .- 4) U I — —

4) 4- ‘1 - -‘ •

4 ) 1  4 .—~ 4. 4 . )  V ~. C. . - 4 U 4 . O U
1.4 1. 1 4 ) L .  - . .:. .4 7, 4 4 4 =

4. . 4 . 4  ~.1 ...~~~~ El 4. ‘1-’ .:. C_~ tI ii _

:‘ -J Ii C ‘~ 4 ) 4 - i  .44 0 4 . 1  C .1
U F-. . c i-. ‘ C U ‘11 —

1) ~ ~~~ 4 . 4 .  14 3 0  4 . 4 .  414
0 IC ~‘41 I U - . C) Ii. U 0 4) 11

I t I .  ~ . .- t .4
_ 4.

I C. - - ~~~~~~~~ . 4
.4 4- .-- - ‘1~~~’ 4 1. 4 - - -~ 4 ) .  • f l _ _

. 1 4  -. 0  :1 - .- .4 4 ) 4  ‘ _~
. _

~ - - —
O :~~— 4 . 4 4 14 4) -1 ’- r. c .‘  4 ) 4 . - C ~~~~~~

I .-..~~~~~~~ 
.- .2 ~~~

— —
4. . ‘ 44. .- 14 45 44 . 14 414 . I.. — . 4).. — . U. U ..i I -I.
c . ,  ,. —.~~~~ 44. F - 0 . -

1, - - 4 . 1 4  1 0 4 1 -  4 4 )  .7~~~ 
I - -. P r .  -‘ U  4. 

-

4.) 4-4
-x C 4 0 ‘_‘ U U 14. 14 C U U - - U 14

U 1 4 4 . 0 41 U . - 4) 14 4- U
0 4. .4 0’ ..i _ - .4 - - t 4 . C. U - — 4.2 — . . 1 14. 4) . 1.-.

c -  . 1.’ C  t~~~. ~‘ - — 4 . 1) 14
4- . . U . 4 . .  - = . 4 . 4 =  1 . 4 4 . .-.

U 4 -  . 4 1 4  : 1 4 . 4 4 .  H U t  .— 1 . 4 . - i~~~ . .4. U . . - C.. 4. 4— ,:: —
. Z~~~~ 4 4 . . 4 .  4 ‘-‘~~~~~~

.. 4 . 1 4 U  0 4  ...
S. V 14 4 . 4 .  U ) .  .

~~~~~~
. 4 . 4 — : -  4.. .

1 4 .4 . 4 .  4 ) 4 . 4 )  V U  ~~~~1 4 C  r -  4 . 4 ) - fl 4 . :  4 0 1 2 0 U C
U I C t t J ~~~ 4.-. — . U C I  f l C , t . 4  .— IC

. 4 )  4.- C - - C O  4 ) 4 )  4) - . 4 .  4 . . O .’ U I .  .
..) _ C .1 4 ) .  J~~~. E ’ O . r  . 1 4 4 )  4. .- _ 4 U .  t . -~~~~~~ U 4 . .r. . 1 4 1  C

.4) 4. 2 1 .  1 4 F -  4) 4 1 4 ’ )
1 4 1 1 14.. 4., - 4 . . -’ 0 1  I .~~~~. 1- ~~~~~~~~~- 4 . — C U  1 4 ., U U . -  — I 1 ) . 4 1 4 4  2 . . C t  4.

1 4 J . 4 f l .  f l Y  > 4 . 4 .  . I . . Ci. 1 ’ !  > 4 :- 1. -
4-4 .-’ ) U t : . .IC .C. l. 4, . i~ ..4 .. fl. U U C . 4 U 4. 0 - .-

4 . 4 ) -’. 4) 0 ) .  > 4 . .  4 - 4 . . — .  4) 1 4 4 -. 4. 4 . 4 .
.4. 4 . 4 . 1 4  f! 4 . O . . t 4 - .  4 2 0 .  > . — 4 ) ’  E , t S : 4 1 . . .  4 4 1 2 . . i

.C U C  - . C .  4 ) 1 4  14 .L C .  .4 14 14

. 4 - C )  - 14 ... fl . 4) 14. ., ‘fl t ..i P . U  4.
114 14 2 4) - 4) 4J — -. CU - .  - ; t !  C V 4) -- 4 4) -— 4.

4) . C 1 1  ~~~~~~~~~~~~~~~~~~~ C. - -  C. . 1 4 . 1 4  ~~~~~~~~~~~~~~~~~~~~~~

4) . . U C i . , 1 1 4 .  . 4 - . .- :47 -. 4 )  . 4 - . ’ 1 4 4 . t 4  . 4  4)
‘C U — H r. 0. U 14) .4 1) 43 1 i-4 ,~~ U U — 1—. r C— - :  .—. 11 1. .4 1 .4 4. LI

-4) • . - 4) 4. CU .14 . 44 .4. 4 . .  . II 4-i . - 4. - - U .-L 1. 14. 4)
4.’ 4 C i r’. - 14 41, I 4.4 j  C ‘1 r— 4. .- -~

1. 4 • f — >. 4 ) 0 1 . 1 4 4 4  .1 . 4 .  4) ~ .5. ,. 4 - ~ ~~~ r. 4
4 . 1 1 4  . 0 —  .U S - 4 Z t C 4 1 .  C E-i C 4 . 4 4 . 0 — 1  ‘ 4 . 4 . 4 4 4 .4 ) !  .1 4 . 7 2
U C L I V —’  14 L- 4~ 4- 4- ’ > 1.. 1) 4.4 U C 4_. 1_ . .  : - = .. - ,.. ; 1 — - --

4 1 1 1 , - 4 t I O  — 1) 4.. 4 . 4 3  — 4 1 1  . - O U U  — 4 ) 4 .  4 ) 4 3
1 4 4 . .  0. 4 . 4 1 4 ’.-- 1 4 . 4 .  14 .- . C Z  . 1 4 i _ 0 . J 1 4 ’. . 4  . 1 4 1 1 1 4

< 4 3 ) ’4 414 .. 4 ) 1 4 . 4 4  -
‘ -- -.4 < ‘ . 1 4 1 4 . ’  4 4 ) 1 4 1. 0  -

— 4 .  . . 4 j 4.. t 4 .  ... ‘, t . i _  — . - .  0 4 . 1 4 4  ..L 4 )  ~~~.-=

— V . - .~ — I.. LU e i. 4) ‘ -‘ 4. - t. — V -1 4) 4. - -- 4
- C  C.. I . — L l ’t I.. 4.4 14- i. ’) . <  0 U ’ Z I  .. IC 4 . 1 . 14.

—~ .. .4) .4 fl U 4 4. 14 — — — I 4). 1:
C l > .  0 L U - .-4 .C 1 - i- . 0 7 4 4 > .  O . ”~~~~~ 44. 4) .

.4~~~~ .0 .~~~~~14~~~~ H 4 ) . 4  1 4 4  . 4 3  54 11~~~1 . 1L. . ‘C 4 44 4~~ 4. 4 4 .  14 . 4 4
4 44 . - ‘ C l - - . I 14 0 4. ‘4 14 --.~~~ f I ~ . C 42

C. ~-. 4.- 2 -- 43 -)~ .‘3 72 —. 4-4 1-. C ~~ 4)- -- 4) -14 — )~ H

_ 1 )  
~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~“. 4 ) . L

H



F
, 

IIIIII1I11I~~~1 % 
. 

“:~:~
• 

.


