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DEVELOPMENT OF A COASTAL SAND DUNE MANAGEMENT PROGRAM 
 
 

J. Richard Weggel1 and David C. Weggel2 
 
 

ABSTRACT 
 
Coastal sand dunes can provide protection from flooding and wave action to coastal 
development. Generally, the volume of sand contained in a dune above the storm surge 
level and its elevation determine whether the dune will survive a given storm and 
continue to provide protection.  The elevation of the dune crest and its alongshore 
continuity will determine whether the dune provides protection from coastal flooding. 
Thus, dunes are desirable coastal features from a shore protection standpoint. However, 
dunes also have their detractors. High dunes can obstruct a coastal property owner or 
tenant’s view of the ocean, one of the many reasons people visit the shore. Unstabilized 
dunes can also cause problems with wind-blown sand. Dunes stabilized with vegetation 
can mitigate the wind-blown sand problem, but maintenance of the vegetation requires 
that pedestrian traffic over the dunes be precluded. Thus, bathers must often walk some 
distance to a dune crossover structure in order to reach the beach.  To address these 
conflicting uses and to satisfy state regulators, a sand dune management program was 
developed for the City of Ocean City, New Jersey in 1986.  

During the period covered by the dune study, a number of small beach nourishment 
projects were undertaken by the State of New Jersey and the City of Ocean City; 
however, the program pre-dated the major beach nourishment program undertaken by the 
U.S. Army Corps of Engineers in the early 1990s. At the time of the dune study (1986), 
Ocean City’s beaches were relatively narrow and, in some areas, did not supply enough 
sand for dunes to exist and grow.  In other areas dunes existed but were periodically 
eroded during storms.  In these areas, the sand supply on the beach seaward of the dunes 
was sufficient to allow the dunes to recover.  Development of the dune management 
program involved the collection of beach profile data in the vicinity of the existing dunes 
and to characterize the conditions under which dunes could exist and survive in Ocean 
City.  A typical dune profile, characteristic of Ocean City, was developed and areas 
where dunes could be developed and maintained identified.  Shoreline change trends 
were quantified for the 8-mile-long beach using 21 sets of historical aerial photographs 
taken over the 32-year period from 1952 to 1984.  The location of the seaward dune 
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vegetation line was defined at 41 locations and plotted as a function of time. In general, 
beaches toward the south end of the barrier island were accreting, those near the middle 
of the island were retreating and those near the north end were variable but, in the long 
term, stable. The deviation of the vegetation line’s position from the 32-year trend line 
was plotted against the “day of the year” on which the measurement was made in order to 
extract any seasonal effect. This attempt to quantify the seasonal variation of the seaward 
dune vegetation line was not successful. 

The final dune management program included a dune profile “typical” of Ocean 
City and the locations along the beach where those dunes could exist and be maintained. 
(The subsequent Corps of Engineers’ major beach nourishment project allows this dune 
profile to exist along all of the nourished shoreline.)  Sand that accumulates to raise the 
dune crest elevation above +15 feet NGVD datum can be removed provided that it is 
placed in front of the existing dune; thus, the dune maintains its volume of sand per unit 
length of beach.  A 20-foot wide easement behind the dune and in front of the existing 
bulkhead/sea wall was established to allow pedestrian traffic behind the dune and to 
allow construction vehicles access to the back of the dune.  The study was incorporated 
into the City of Ocean City’s dune ordinance.  
 
1. INTRODUCTION 
 
Ocean City, New Jersey is located on an 8-mile-long barrier island known as Pecks 
Beach.  The island is bounded on the north by the Great Egg Harbor Inlet and on the 
south by Corsons Inlet.  See Figure 1.  The net longshore sand transport on Peck’s Beach 
is southward except for the area near the Great Egg Harbor Inlet where transport is 
northward into the inlet.  The mean tidal range is 4.1 feet and the spring range is 5.0 feet.  
Prior to 1991 there were several small beach nourishment projects in Ocean City 
undertaken variously by the city and state.  In 1991 the U.S. Army Corps of Engineers 
placed about 5.8 million cubic yards of sand on the beaches north of 34th Street.  The 
history of beach nourishment in Ocean City is summarized in Figure 2.   

The island is heavily developed with single family and duplex residences, most of 
which are rented to tourists during the summer months.  There are only two high rise 
buildings along Ocean City’s beachfront with most beachfront development limited to 
two story duplexes.  Thus ocean and beach visibility by owners and renters are issues in 
any dune management program.  There were various stakeholders with many opinions on 
how Ocean City’s dunes should be built and managed.  The State of New Jersey wanted 
the city to enact a dune ordinance that would encourage dune development and insure 
their protection and maintenance.  Some residents wanted “nature to run its course” to 
allow the dunes to develop naturally, even if it meant very high dunes or no dunes at all.  
Others wanted no dunes at all or wanted to control the height of the dunes to allow an 
ocean view.  Still others wanted to insure that the back of the dune was well seaward of 
the existing bulkhead line to preclude water from being “ramped over” the bulkhead by 
wave action.  Control of windblown sand by dune stabilization with sand fencing and 
vegetation was important to city maintenance officials and to beachfront property owners.   
 



 
 

Figure 1  Location Map, Pecks Beach, Ocean City, NJ. 
 

Beach access was an issue, especially for mid-block property owners who would have to 
walk to dune crossover structures located at street ends.  The present study (Weggel, 
1986) was undertaken in 1986 to develop a dune development and maintenance program 
for the city that would satisfy state regulators while addressing the concerns of city 
property owners.  The study reported on here was subsequently made a part of the city’s 
dune ordinance.   

Recently, dunes again have the attention of several coastal communities and 
beachfront property owners in New Jersey, hence the belated publication of this study.  
Some municipalities are being sued by beachfront property owners to control dune height 
so as to not impair visibility over the dunes.  This paper presents procedures and analyses 
to develop a compromise position that satisfies the need for dunes to provide protection 
while still addressing the concerns of the various stakeholders.   

Coastal dunes serve several functions.  If they are well established and provide a 
continuous line of relatively high ground, they provide protection against coastal flooding 
and wave attack from low to moderate intensity storms.  They provide a reservoir of sand 
that storm waves can attack.  Redistribution of the dune sand across the beach profile 
forms an offshore bar which causes waves to break farther from shore and reduces their 
height near shore.   Sand contributed to the littoral system by dunes also mitigates erosion  
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Figure 2  Cumulative Volume of Beach Nourishment Placed on Ocean City’s Beaches 

between 1952 and 1991. 
 

along downdrift shores.  The level of protection afforded to upland areas depends on the 
height and integrity of the dune, i.e., a continuous line of high dunes obviously provides 
better protection than a dune line that has intermittent low areas.  High, uninterrupted 
dunes containing large volumes of sand provide the best protection. Dunes can also be a 
nuisance.  Uncontrolled dunes - dunes that are not stabilized by vegetation or sand 
fencing - can be a source of blowing sand.  Such uncontrolled dunes migrate in response 
to prevailing winds.  In the coastal zone prevailing winds are most often onshore so 
resulting dune migration is onshore.  If the dunes migrate or extend to the area behind the 
bulkhead line, the sand they contain is not available to the littoral system during storms 
and the dunes are less effective in mitigating erosion.  In effect, the sand is separated 
from the littoral system by the bulkhead.  In contrast, vegetated, well maintained dunes 
can serve as a wind break.  Well established dune vegetation and/or sand fencing traps 
wind-blown sand. 

Dunes can also impose an undesirable visual barrier, i.e., they can obstruct one's 
view of the beach and ocean.  They can also provide a physical barrier by limiting access 
to the beach, particularly if pedestrian traffic over the dunes is prohibited.  The objective 
of this study was to develop a dune establishment and management program that 
reconciles, to the maximum extent possible, the conflicting purposes of dunes by 
maximizing their advantages and minimizing their disadvantages.  Factors considered 
included, a) the level of protection afforded by the dunes against flooding and wave 
attack, b) wave runup and overtopping, c) beach access by both beachfront residents and 
non-resident beach users, d) the desire by some beach-front residents to excavate in front 
of their bulkheads to control sand transport over the bulkheads by wind, wave runup and 



overtopping, e) control of wind-blown sand, f) control of dune migration, g) visual 
considerations, and h) the futility of trying to maintain dunes on narrow beaches where 
the dune toe is too close to the active shoreface.  This last issue was important in 1986 
when Ocean City’s beaches in some places were too narrow to support dunes.  The state 
wanted dunes to be established along the entire Ocean City shoreline even if conditions 
would not support them.  After the major beach fill in 1991 and subsequent 
renourishments, the beaches now support dunes along their entire length.  
 
2. SHORELINE REACHES 
 
Ocean City's shoreline was divided into 11 reaches based on existing dune conditions and 
the potential for establishing a viable dune system in each area.  See Figure 3.  The 
reaches divide Ocean City's beaches into separate physiographic areas.  The reaches are 
referenced to street ends in Ocean City.  Streets are numbered from north to south with 
59th Street the southernmost street.  The area north of North Street (one block north of 1st 
Street) is termed “The Gardens.”  Streets in the Gardens are not numbered but bear names 
with nautical themes.  

Reach 1 comprised Ocean City's Great Egg Harbor Inlet shoreline.  This reach 
extends generally westward from the northernmost rubble-mound groin on Ocean City's 
ocean shoreline from near the intersection of Seaspray Avenue with the beach to the 
Longport Bridge.  The beach here experiences large fluctuations as Great Egg Harbor 
Inlet responds to storms and to the periodic influx and subsequent loss of sand.  

Reach 2 included the three groin compartments along the northernmost ocean 
beaches beginning at the rubble-mound groin at Seaspray Avenue and extending 
generally southward to a groin at the intersection of East Atlantic Boulevard and Beach 
Road.  Even prior to the 1991 Corps of Engineer’s beach nourishment project, this area 
had a relatively wide, stable beach in front of an extensive, well vegetated dune.  

Reach 3 extended from a groin at the intersection of East Atlantic Boulevard and 
Beach Road southward to a groin at North Street, the southernmost street in the Gardens.  
A few buildings were among the existing dunes along this reach.  Between the buildings, 
a relatively well vegetated dune provided protection against flooding.  

Reach 4 extended from the groin at North Street southward to 6th Street.  There 
were a few dunes behind the boardwalk and interspersed between existing buildings in 
this reach. 

Reach 5, the longest in the study area, extended from 6th Street southward to 22nd 
Street.  This reach is heavily developed and the beaches were generally narrow; in some 
cases the shoreline was beneath or behind the boardwalk.   In many  areas the high water  
shoreline was at the bulkhead at the back of the beach.  Except for a few scattered 
vegetated areas, there were no dunes in this reach.  

Reach 6, extended from 22nd Street to 29th Street.  It had well developed, 
vegetated dunes.  

Reach 7 extended southward from 29th Street to between 38th and 39th Streets.  
Wide beaches south of 29th Street allowed natural dunes to develop along much of this 
reach. At 38th Street the dunes disappeared and the vegetation line and bulkhead line met.



 

 
 

Figure 3a  Shoreline Reaches Adopted for Study. 
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Figure 3b Shoreline Reaches Adopted for Study. 
 
 
 
 
 

NORTH 



 
 
 
 
 
 

 
 

Figure 3c Shoreline Reaches Adopted for Study. 
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Reach 8 extended from between 38th and 39th Streets southward to 44th Street.  In 
1986 the wide beaches in this area supported natural, well vegetated dunes.  Moving 
southward, the dune area narrowed until the vegetation line intersected the bulkhead line 
at about 44th Street.  

Reach 9 extended from 44th Street to 57th Street.  No dunes existed on the narrow 
beach in this reach. 

Reach 10 extended from 57th Street to 59th Street.  Where the beach was wide in 
this area, it allowed a vegetated dune.  A sand fillet along the northerly side of the rubble-
mound groin at 59th Street produced a higher beach elevation.  Here the dune vegetation 
line had built seaward to the high water line resulting in a narrow beach.  

Reach 11 extended from 59th Street southward to Corsons Inlet and comprises 
Corsons Inlet State Park.  This area is undeveloped; natural dunes were and still are well 
established.  In addition to beach grass (pioneer zone vegetation), shrubs and small trees 
(scrub or intermediate zone vegetation) exist in this area. The sand spit extending into the 
inlet built up through the accumulation of sand carried southward by longshore currents. 
 
3. ANALYSIS OF EXISTING DUNE SYSTEM 

 
3.1 Historical Dune Locations – Aerial Photograph Analysis 
Twenty-one sets of aerial photographs dating from April 1952 to September 1984 were 
analyzed to determine the historical location of the dune toe at 41 locations along the 
shoreline.  The 41 locations, extending from the spit south of 59th Street at Corsons Inlet 
(Line 1) to the Great Egg Harbor Inlet shoreline in the north (Line 40), are shown in 
Figure 4.  The dune toe was defined as the most seaward location of any identifiable dune 
vegetation on the photographs.  In some cases the photographs were obtained following a 
coastal storm; thus, there is likely some bias in the data toward a narrower dune zone. 
The distance from a baseline to the most seaward dune vegetation line was plotted as a 
function of time for each of the 41 lines. The baseline was usually the centerline of a 
shore-parallel street or some other easily identified landmark.  Figures 5 through 10 are 
several example plots of the time series of the dune vegetation line data.  The figures are 
presented in sequence from the south end of the island (Line 3) to the north (Line 39).  

In the area south of 59th Street (Lines 1 through 4, Reach 11) the location of the 
dune toe through time shows  significant  variation  since  the shoreline is not stabilized 
here but is allowed to respond to storms, beach building waves, and longshore sand 
transport.   The back and forth  movement of  the dune toe  between  1953  and 1984 
exceeded 700 feet along Line 1, the southernmost line located 1,850 feet south of 59th 
Street.  At Line 4, about 300 feet south of 59th Street, the range of dune movement was 
only about 500 feet.  In general, the trend of the dune line in this area was to push 
seaward, although its location in 1984 was about 100 feet farther landward than it was at 
its most seaward historical maximum.  In the developed area between 57th and 59th 
Streets (Reach 10), the trend of the dune line also was to move seaward, albeit at a slower 
rate.  Along Lines 5, 6, and 7, the seaward rate of movement was about 2.6 ft/yr. The 
trend of seaward movement of the dune line was probably in response to the southward 
littoral drift and the accumulation of sand in the updrift fillet of the 59th Street groin and 
in the spit at Corsons Inlet.  Farther north, between 42nd and 32nd Streets (Lines 8 through  



 

 
 

 
Figure 4a  Location of Aerial Photograph Transects for Duneline Change Analysis. 
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Figure 4b  Location of Aerial Photograph Transects for Duneline Change Analysis. 
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Figure 4c  Location of Aerial Photograph Transects for Duneline Change Analysis. 
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Figure 5  Regression Analysis of Dune Toe Location at Line 3. 
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Figure 6  Regression Analysis of Dune Toe Location at Line 8. 



 

y = 0.00263x + 304.91294

-600

-400

-200

0

200

400

600

- 2,000 4,000 6,000 8,000 10,000 12,000 14,000

TIME (days since 1 Jan 1950)

D
IS

TA
N

C
E 

FR
O

M
 B

A
SE

LI
N

E 
(fe

et
)

 
Figure 7  Regression Analysis of Dune Toe Location at Line 16. 
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Figure 8  Regression Analysis of Dune Toe Location at Line 25. 
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Figure 9  Regression Analysis of Dune Toe Location at Line 32. 
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Figure 10  Regression Analysis of Dune Toe Location at Line 39. 

 



17, Reaches 8 & 7), the dune line moved seaward slowly.  The rate of seaward movement 
was about1.4 ft/yr. Between 31st and 28th Streets (Lines 18 through 22), the dune line was 
almost stationary while north of 28th Street to about 19th Street (Lines 23 through 28, 
Reach 6), the dune line moved landward at a rate averaging about 2.2 ft/yr.  

Lines 29, 30 and 31 are located between 12th and 13th Streets, between 5th and 6th 
Streets, and between 2nd and 3rd Streets respectively. The dunes are interspersed between 
buildings and other nearshore development.  The dunes tended to move seaward although 
they were scattered and irregularly spaced.  The accretion trend was not significant. 

Lines 32 through 36 are between North Street and the rubble-mound groin at 
Seaview Avenue (Reaches 3 & 2), the northernmost groin on Ocean City's ocean 
shoreline.  The dune line moved seaward in this area.  At line 36, the location of the dune 
line was variable, presumably in response to large variations in shoreline location. This 
reach is exposed to attack by northeasters.  It is afforded some shelter by the ebb tidal 
shoal of Great Egg Harbor Inlet and by a shore-parallel offshore bar. 

Lines 37 through 40 are on Ocean City's Great Egg Harbor Inlet shoreline.  The 
dune toe in this area varies in response to the large shoreline changes that occur here.  
There is no general trend in the location of the dune toe.  However, during periods when 
the beaches are wide, extensive dunes develop, only to disappear again when the beaches 
erode.  

The alongshore distribution of trends in dune toe movement are summarized in 
Figure 11.  In general, the dunes were relatively stable as measured by the most seaward 
dune vegetation here.  The location of the dune toe in 1986 was in about the same 
location as it was in late 1953.  In some areas the dune line moved slowly seaward; in 
other areas it moved slowly landward.  Rates of change, as measured by the trend of a 
least-squares-best-fit straight line to the data, are generally less than about 2.5 ft/yr.  
Exceptions to this gradual dune movement were in the spit at Corson’s Inlet south of 59th 
Street and along the Great Egg Harbor Inlet shoreline.  The statistics of the residuals – the 
deviations of the data points from the best fit regression lines – are shown in Figure 12 on 
a normal probability plot.  The residuals appear to come from two distinct distributions, 
each with a different variance.  The two distributions are likely the result of a) 
measurement errors and b) variability due to natural processes.  Figure 13 shows the 
mean deviation of the data from the trend line as a function of day of the year.  It was 
generated to identify any seasonal trend in the data.  One might expect differences in 
dune toe location between summer months and winter months with the vegetation line 
moving closer to the shoreline in the summer; however, no seasonal trend is discernable 
in the figure.  
 
3.2 Dune Profile Surveys 
A typical dune cross-section was developed based on surveys of existing profiles at eight 
locations.  Surveys were made on 14 September 1987 and on 6 April 1988.  The surveys 
were made along the 8 lines shown in Figure 14.  A composite plot of the profiles is 
shown in Figure 15.  

The September 1987 survey showed profiles typical of a period following 
summer when relatively low wave conditions prevail and the dunes are farthest seaward.  
The second survey, near the end of the winter storm season, showed the effect of high 
water and waves.   
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Figure 11  Rates of Accretion and Erosion along Ocean City’s Shoreline between 1952 

and 1986 Based on Movement of Dune Toe. (Distance is measured northward  
from Line 1.) 
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Figure 12  Statistics of Deviations from Trend Lines (Residuals) Suggesting Two Sources 

of Variability.  
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Figure 13  Mean Deviation of Dune Toe Location as a Function of the Day of the Year. 

 
The highest dune crest was measured at Surf Road and Atlantic Boulevard where 

it exceeded +21.3 feet NGVD (National Geodetic Vertical Datum - Mean Sea Level of 
1929).  Generally, however, dune crests were about +15 to +17 feet above MSL.  The 
composite profile (Figure 15), typical of Ocean City's dunes, was developed by shifting 
the measured profiles horizontally until they nearly coincided.  When the seaward 
portions of the beach profiles are superimposed, an approximate match point occurs at 
elevation +7.5 feet, about 250 feet from the shoreline.  Above this elevation vegetation 
consistently begins to appear on Ocean City's dunes.  Below the +7.5 foot elevation 
dunes are subjected to wave run-up frequently enough to preclude the development of 
vegetation.  (An unusually prolonged period of low waves and water levels over one or 
more growing seasons could permit vegetation closer to the shoreline below elevation 
+7.5 feet.)  It was deemed futile to maintain dunes and dune vegetation at elevations 
below about +7.5 feet and in areas where the beach was less than about 250 feet wide.  
Below the +7.5 foot elevation, vegetation is destroyed by high water levels, waves and 
resulting erosion during at least one storm per year.  The beach width needed to sustain 
dunes in Ocean City is about 250 feet. 

Based on the composite dune constructed from the profile surveys, a typical or 
“design” dune cross-section was established.  Table 1 presents the average characteristics 
of Ocean City dunes.  A typical “design” cross-section based on the "average dune" is 
shown in Figure 16.  This represents an "average dune" based on the averaged elevations 
and dune face slopes.  For example, the seaward toe of the design dune is at elevation 
+7.5 feet; the dune crest is at +15 feet; the slope of the seaward side of the dune is 
approximately 0.25 ft/ft and the back slope is 0.18 ft/ft.  The average elevation of the area 
landward of the dune is +11.0 feet. 



 

 
Figure 14a  Location of Dunes Surveyed for Typical Dune Characteristics 
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Figure 14b  Location of Dunes Surveyed for Typical Dune Characteristics 
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Figure 14c  Location of Dunes Surveyed for Typical Dune Characteristics.
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Figure 15  Composite Dune based on Dune Surveys – Shifted to Determine Match Point 

at Elevation +7.5 MSL. 
 

Table 1 Characteristics of Ocean City Dunes 
 

Elevation Slope Profile 
No. 

Location 
Dune Toe Dune Crest Front Back 

3 Seaspray & Waverly 7.8 16.2 0.24 0.11 
4 Surf & Atlantic 8.2 21.4 0.28 0.34 
5 Between 27th & 28th 7.5 14.7 0.13 0.13 
6 30th Street 7.6 16.9 0.42 0.15 
7 Between 35th & 36th 8.4 19.1 0.35 0.20 
8 880 ft south of 59th 7.7    

Average = 7.9 17.6 0.28 0.18 
Standard Deviation = 0.4 2.6 0.11 0.08 

 

 
Figure 16 “Average Dune” – Adopted as “Design Dune” for Ocean City. 



4. STORM EROSION ANALYSIS OF THE “DESIGN” DUNE 
 

During the elevated water levels and high waves during storms, dunes erode.  They 
sacrifice their sand to the littoral stream to protect upland development and mitigate 
downdrift erosion.  If the dunes are high enough and contain enough sand so that they are 
not totally destroyed by the storm, they also protect against flooding.  The part of a dune 
eroded away during a storm depends on the median sand grain diameter, the shape of the 
beach profile, the height of the storm surge and the height of offshore waves.  Vellinga 
(1982, 1983) developed a method for estimating the shape of the post-storm profile for 
storms along the North Sea coast of Holland.  His procedure has been evaluated by the 
Corps of Engineers along with several other procedures and found to predict dune erosion 
reasonably well (Sargent & Birkemeier, 1985; Birkemeier, et al., 1987).  Vellinga's 
method was used to evaluate the level of protection afforded by the design dune for storm 
water levels and waves typical of New Jersey. (Note that the Corps of Engineers now 
uses SBEACH, a numerical beach profile computational model (Rosati, et al. 1993).) 

Three levels of wave action and three storm surge elevations were evaluated.  
Storm profiles were computed for deepwater significant wave heights of 10, 12 and 14 
feet, believed in 1983 to have return periods of about 2, 10 and 100 years respectively 
(Jensen, 1983), and for median sand grain diameters of 0.15 and 0.29 mm (the range of 
median sizes observed on Ocean City's beaches).  (Note that a subsequent reanalysis of 
Atlantic Coast hindcast waves by the Corps of Engineers produced much higher 2-, 10- 
and 100-year waves.  Figure 17 compares the 1983 offshore hindcast wave heights at 
Ocean City with the revised hindcasts of 1993.  See Hubertz, et al., (1993).)   Since finer 
sand produces more critical erosion conditions, a 0.15 mm diameter was used to evaluate 
the design profile.  The typical design profile is given in Figure 18.  The sub-aerial 
portion of the profile is the design dune profile while the sub-aqueous portion is based on 
a 1984 offshore survey near 45th Street. 

The results of the original dune erosion analysis along with the values recomputed 
for the revised wave hindcast data are summarized in Table 2.  To estimate storm erosion, 
the Vellinga profile is superimposed on the design profile and areas of erosion and 
accretion are balanced.  See Figure 19.  Surge levels of +5, +7.5 and +10 feet above 
NGVD were studied.  The maximum storm surge elevation measured at Atlantic City, NJ 
in more than 55 years of record was +6.4 feet.  A similar surge in Ocean City during high 
spring tide would produce a level about +8.7 feet above NGVD datum.  A 10-foot surge 
exceeds anything observed at Ocean City.  A 7.5-foot water level has a return period of 
more than 80 years.  A 5-foot level has a return period of about 2 years. 

Table 2 presents the results of the Vellinga analysis.  It shows that for the original 
1983 wave data a water level at +7.5 feet would cause erosion to the dune toe for offshore 
significant wave heights of 12 feet.  For 14-foot-high storm waves the shoreline would be 
about 15 feet landward of the dune toe.  For water levels 10 feet above NGVD, the entire 
dune would erode and for water levels 5 feet above NGVD, the shoreline during the 
storm would be about 70 feet seaward of the dune toe.  The numbers in parentheses in 
Table 2 are the revised erosion values.  The nearly doubling of wave heights increases the 
predicted erosion; however, not by much.  The Vellinga analysis suggests that the dune 
system would provide some level of protection from storm erosion.  However, in view of 



the revised offshore wave heights, that level of protection is diminished.  The level of 
protection in areas with smaller dunes is obviously lower. 
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Figure 17  Comparison of Offshore Wave Height Statistics for 1983 Wave Information 
Study (Jensen, 1983) and 1993 Wave Information Study (Hubertz, et al., 1993), Station 

Closest to Ocean City, NJ. 
 
 
 

 
Figure 18  Beach Profile Used in Vellinga Procedure to Evaluate Protection Afforded by 

the Design Dune. 



 
Figure 19  Vellinga Storm Erosion Profile Superimposed on Pre-storm Profile and 

Shifted to Balance Erosion and Accretion Areas. 
 

 
Figure 20  Typical Design Profiles for Beaches Varying in Width from about 250 feet to 

Greater than 350 feet. 



5. DUNE DEVELOPMENT AND MAINTENANCE RECOMMENDATIONS 
 

Based on the analyses, specific recommendations were made for each shoreline reach for 
the conditions that prevailed in 1986.  In general, areas where dunes could be maintained 
on the beach were identified.  The width of the dune area varied with the width of the 
beach.  Figure 20 shows how the recommended dune profile would change as the beach 
narrows.  Specific recommendations for each reach follow: 

Reach 1 - Install sand fencing and plant beach grass to establish dunes and control 
their migration. Provide access to the beach at street ends by constructing dune cross-over 
ramps where necessary. 

Reach 2 - Maintain existing dunes and control their landward migration by 
installing sand fencing and planting beach grass.  Control pedestrian traffic by providing 
dune cross-over ramps.  Sand removed from the parking area along East Atlantic 
Boulevard was to be put along the seaward toe of the existing dune so the dune builds 
seaward rather than landward.  

Reach 3 - Maintain dunes with sand fencing and beach grass.  Control pedestrian 
traffic.  Dunes are interrupted by residences and other buildings on the beach along the 
eastern side of Beach Road.  To establish an uninterrupted dune line the city should 
acquire private properties along the easterly side of Beach Road as opportunities arise.   

Reach 4 - Under 1986 conditions, dunes could only be established and maintained 
between 1st and 3rd Streets and between 5th and 6th Streets.  Dunes in front of and behind 
the boardwalk were to be stabilized by erecting sand fencing seaward of the existing 
dunes.  Planting beach grass on the dune surface was recommended. 

Reach 5 – In 1986 the beaches in this reach were too narrow to maintain dunes.  
 Reaches 6, 7 & 8 - The recommended dune profile (Figure 16) could be 
established and maintained in this reach with modifications to accommodate the existing 
beach width.  The width of the dune zone varied depending on the beach width as shown 
in Figure 16.  A 20-foot wide, shore-parallel pedestrian access easement was established 
between the bulkhead line and dune zone.  Figure 21, a photograph taken in 2003, shows 
the pedestrian easement and the backside of the dunes established near 38th Street.  Dune 
cross-over ramps and structures were to be provided at street ends and mid-block to 
provide beach access. 

Reach 9 - Beaches in Reach 9 were too narrow to establish and maintain dunes.  
Following beach nourishment, a dune system could be established above the +7.5 foot 
elevation. 

Reach 10 - The existing dune system was to be maintained by erecting sand 
fencing along the seaward toe of the dunes and by planting beach grass.  Fencing will 
encourage seaward migration of dunes and control wind blown sand.  Control pedestrian 
traffic. 

Reach 11 - No action was recommended other than to control pedestrian and 
vehicular traffic on the dunes. 
 



Table 2  Dune Erosion Analysis – Vellinga Method 
 

Water Level (ft) 1 HOS (ft) 2 X (ft)  3 X’ (ft)  4 
5.0 10 

(16)5 
150 

(180) 
75 

(40) 
7.5 10 

(16) 
220 

(250) 
10 

(-25) 
10.0 10 

(16) 
285 

(330) 
-50 

(-90) 
    

5.0 12 
(19) 

155 
(180) 

70 
(60) 

7.5 12 
(19) 

230 
(270) 

0 
(-30) 

10.0 12 
(19) 

290 
(340) 

-60 
(-100) 

    
5.0 14 

(22) 
160 

(180) 
70 

(60) 
7.5 14 

(22) 
245 

(275) 
-15 

(-40) 
10.0 14 

(22) 
305 

(360) 
-75 

(-110) 
Notes:  1  Storm surge plus astronomical tide above NGVD. 
 2  HOS = deepwater significant wave height. 
 3  X = distance landward of normal shoreline to storm shoreline (see Figure 18) 
 4  X’ = location of storm shoreline relative to the seaward toe of the dune (see  
  Figure 18) 

5  Numbers in parentheses are recalculated for 1993-revised offshore wave 
heights. 
 

 
 

Figure 21  Backside of Dune Showing Bulkhead, Sand Fencing and 20-foot-wide 
Pedestrian Easement. 



6. SUMMARY AND CONCLUSIONS 
 
A typical dune profile for Ocean City was established based on surveys of existing dunes 
at several locations within Ocean City.  The typical, average, Ocean City dune profile has 
a crest elevation at +15 feet NGVD datum, a front (seaward) slope of 0.25, and a back 
(landward) slope of 0.18.  The seawardmost location of the dune toe was found to be at 
an elevation of about +7.5 feet.  Above this elevation vegetation develops and survives on 
the dunes.  At lower elevations vegetation is frequently destroyed by storms.  The typical 
dune profile (Figure 16) was adapted to meet the shore protection needs of various 
shoreline reaches (Figure 20).  Eleven shoreline reaches were established, each with 
different physiographic features that affected the feasibility of establishing a viable dune 
system within the reach.  The installation of sand fencing and planting of dune vegetation 
was recommended for areas where dunes could be established and maintained. 

In some areas, under 1986 beach conditions, it was not possible to establish and 
maintain dunes. The beach was too narrow.  Dunes in these areas would be attacked by 
storm waves and tides frequently enough to make their maintenance expensive and futile. 

The recommended dune profile in those areas where private property abuts the 
beach and a bulkhead is present provides for a pedestrian access easement between the 
proposed dune zone and the bulkhead line. Dune cross-over structures should be provided 
at the street ends and, if necessary, at mid-block to allow pedestrian beach access. 

The historical location of the seaward dune toe was established from air photos 
for the period from 1953 to 1984.  In general, over this period the seaward dune 
vegetation line had been relatively stable within the developed portion of Ocean City, 
while along the Great Egg Harbor Inlet shoreline and in the spit near Corsons Inlet, the 
dune vegetation line was more variable.  The relative stability of Ocean City's existing 
dune system suggests that a dune development and maintenance program can be 
successful.  The subsequent Corps of Engineers beach nourishment project in 1991 
produced a wide beach conducive to dune development along the entire length of Ocean 
City’s shoreline.   
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