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ABSTRACT
Silveira, T.M. and Psuty, N.P., 2009. Morphological Responses of Adjacent Shoreline Segments in a FetchRestricted Estuarine Beach. Journal of Coastal Research, SI 56 (Proceedings of the 10th International Coastal
Symposium), 208 – 212. Lisbon, Portugal, ISSN 0749-0258
Beaches in fetch-restricted estuarine settings are often aligned orthogonal to the direction of greatest fetch and
they function as systems that have little alongshore transport or exchange. This situation is tested in a portion of
the bayside of Sandy Hook, New Jersey, on a 1.4 km stretch of beach. The beach is divided into segments by
engineering structures. GPS topographical-surveys were conducted over a span of two years to analyze the
adjoining segments to determine their constancy in response among and within segments. The within and among
segment comparisons reveal the degree of alongshore versus cross-shore interaction at the bayside beaches and
describe those portions of the beach profile that are more related to the maximum fetch directions and those that
are least related. Further, the methodology employed offers a procedure to identify the comparative dimensional
responses of the beach system to the orthogonal wave approach.
ADITIONAL INDEX WORDS: Shoreline orientation, Sediment budget, Alongshore transport, Low-energy,
Bayside

INTRODUCTION
It is generally known that most intense morphological changes
occur along oceanside beaches, and that is why most studies in
beach morphodynamics apply to open coast environments. Several
authors, however, have studied bayside beaches, pointing out the
differences in the characteristics and nature of morphodynamic
response of lower energy beach environments (e.g., OWENS, 1977;
NORDSTROM, 1977, 1992; HEGGE et al., 1996; JACKSON et al.,
2002). Because of their sheltered location relative to ocean waves,
the mobility of estuarine beaches is generally reduced and
sediment transport rates are much smaller than those measured on
oceanside beaches. Beaches in fetch-restricted estuarine
environments are mainly affected by local wind-generated waves,
and tidal currents, and it is generally found that coastal stretches
are often aligned orthogonal to the direction of greatest fetch and
dominant winds. However, site-specific controls may alter local
wave action and, hence, sediment mobility (JACKSON and
NORDSTROM, 1992), inducing much different beach responses.
Sandy Hook, NJ, is the location of such contrasts. The net
sediment migration along Sandy Hook spit is from south to north
on the oceanside and from north to south on the bayside. Whereas
the oceanside is considered one open system with significant
amounts of alongshore sediment transport rates, the bayside can
be divided into a series of closed systems with little or no
sediment being transported by littoral drift from one bayside
segment to the next (ALLEN, 1981). The presence of deep coves
and extensive seawalls along the estuarine shoreline prevents
and/or limits the amount of sediment that is transferred between
the segments (NORDSTROM et al., 1975).

The objective of this study is to compare the morphological
response of adjacent shoreline segments in a portion of the
bayside shoreline of Sandy Hook, known as Kingman-Mills. The
segments that form this coastal stretch are separated by
engineering structures, such as groins, seawalls, and bulkheads,
and although subjected to the same wind and wave processes,
show different shoreline orientations and beach morphological
response. The different patterns of response among and within
segments are analysed and related to site-specific settings.

STUDY SITE
Sandy Hook is a 18 km long barrier spit situated at the northern
end of coastal New Jersey (Figure 1). The study site corresponds
to a coastal segment located on the bayside of the spit, in the
southern section of a recurved embayment known as Horseshoe
Cove (Figure 1). The northern end of this embayment is a
migrating microspit that induces a considerable offset to the
shoreline, and an effective shelter to the north and northwesterly
wave action. These conditions create a deep cove updrift of
Kingman-Mills, which limits the inputs of sand to the system.
The study site is known as Kingman-Mills due to the presence
of two gun batteries built during 1917-1919 and named Battery
Kingman and Battery Mills (Figure 1). At that time, because of its
location at the entrance to New York Harbor, Sandy Hook was
highly militarized with all sorts of defense structures.
The Kingman-Mills segment experiences considerably less
change than the more exposed segments located updrift on the
bayside, not only due to the low energy incident waves and
sheltered position relative to tidal currents, but also due to the
presence of seawalls and bulkheads. Nordstrom et al. (1975)
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Figure 1. Sandy Hook, New Jersey. Location of the study site,
Kingman-Mills coastal segment, on the bayside of the spit.
have described this location as being the most stable of all the
major segments of Sandy Hook.
However, erosion of this segment has long been reported, and
retention structures were built to try to prevent damage to the main
road along Sandy Hook and the historical cultural resources.
Riprap stone seawalls were built in front of the two batteries as
well as to the north, to protect the main road. Three wooden
groins, one of which is a terminal groin at the southern limit of the
segment, were put in, and a 1135 m long wooden bulkhead was
built fronting the two batteries and two ammunition bunkers, the
latter located at the southernmost end of Kingman-Mills (Figure
1). These bunkers are concrete structures, 10 m x 10 m, and,
similar to the batteries, were originally located inland. Now, they
are in the beach face and connected by a tombolo-like sand ridge
across the beach face to a position inland of the foredune. Some of
the engineering structures, and especially the long wooden
bulkhead, have been breached and destroyed, and erosional
features, such as scarped dunes and undermining of the existing
road have been identified as being the result of the deterioration of
these features (NORDSTROM et al., 1976).
A number of authors have studied the bayside beaches at Sandy
Hook, and related the measured morphological response to the
local wind-generated wave regime (Yasso, 1964; Nordstrom et al.,
1975; Nordstrom, 1977). Strong northwest winds that are
predominant during fall, winter, and spring generate higher energy
waves that strike the bayside obliquely, inducing alongshore
movement of sediment southward (Yasso, 1964; Nordstrom et al.,
1975). In the summer, smaller incident waves from the south
strike the bayside shoreline more directly, promoting reworking of

the beach sand (YASSO, 1964). NORDSTROM (1977) indicates that
the frequent short, steep erosional waves induce a permanent loss
of material from the beach face and dune, while preventing any
onshore movement of sediment between storms. NORDSTROM et
al. (1975) state that the bayside beaches appear to effectively
respond and change under storm conditions, rather than evolving
with the seasonal lower wave energies. Also, as pointed out by
NORDSTROM (1977) and Center for Coastal and Environmental
Studies Staff (1981), the rate of sediment transport is low and a
pattern of dune and foreshore erosion is persistent on the bayside
of Sandy Hook
On the bayside of Sandy Hook, the local wind-generated waves
are the only effective ambient agents causing beach changes
(YASSO, 1964; NORDSTROM et al., 1975). Wind speed, duration,
and fetch distance determine wave height and period. On the
Sandy Hook bayside, waves from the northwest are favored and
attain larger heights and periods, given the length (maximum: 20
km) over which wind can blow across the Lower New York and
Raritan Bay (Figure 1). The Kingman-Mills segment is, therefore,
mostly exposed to the effects of waves generated by winds
coming from the west quadrant. Due to the presence of the
Horseshoe Cove recurved spit to the north of Kingman-Mills,
northerly waves reach the study site after undergoing refraction.
Sandy Hook Bay confines fetch distances to a maximum of 12 km
for winds blowing from the west and 3 km from the southwest
(Figure 1).
Average breaking wave characteristics for Horseshoe Cove
include breaker heights of about 0.10 m and 2.5 sec (NORDSTROM
et al., 1975; NORDSTROM, 1980). JANNIK (1980) reported a
maximum of 0.27 m wave heights on days with high wind speeds,
in a more exposed segment, north of Horseshoe Cove. During
storm conditions, strong onshore winds reaching 10 m/s were
recorded, promoting waves with 3 sec period and 0.40 m
significant wave breaking heights.
The general environmental processes affecting this coastal
segment of Sandy Hook bayside need to be related to the site
specific settings of the area in order to provide a comprehensive
understanding of the geomorphological behavior and trend of
these beaches. The engineering structures represent limiting
factors to the processes acting upon the beach in this segment,
such as winds, waves, and tidal currents. They also act as features
that affect erosion, sediment transfer, and accumulation along the
segment. In this study, the Kingman-Mills area is subdivided into
sectors of sandy beach, bounded by structures, and analyzed to
determine the spatial variation of response to the differing
exposure.

DEFINITION OF SECTORS
The Kingman-Mills area was divided into 3 sectors, equivalent
to continuous sandy beach segments with a constant shoreline
orientation and separated from each other by the presence of an
engineering structure. Sector 1 was further divided into two
subsectors (Sectors 1a and 1b) which exhibit a similar shoreline
orientation, but are separated by a wooden groin (Figure 1).
Sector 1a is the northernmost sector and exhibits a shoreline
orientation of 7° (azimuth). It is 227 m long, fairly linear, and is
limited to the north by a seawall. The presence of a permanently
scarped dune line shows evidence of some erosion. Sector 1b,
south of Sector 1a and the first wooden groin, shows an inland
offset in shoreline position of about 5 m relative to Sector 1a,
despite the similar shoreline orientation (azimuth 4°). Sector 1b is
178 m long and culminates against the seawall seaward of Battery
Kingman in its southern limit (Figure 1). This sector exhibits
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METHODS
In order to compare the responses of the sandy beaches in each
of the sectors, detailed topographical surveys were undertaken to
track changes in volumetric and morphological conditions.
Topographical surveys were conducted using a Trimble R8 GPS
RTK equipment with 1 to 2 cm horizontal and vertical accuracy,
respectively. High resolution grids of coordinate points were
collected during May and November 2007, and during January,
June, and October 2008. The topographical data were used to
create Digital Elevation Models with Arcmap 9.2. Difference in
elevation maps were created for each pair of successive surveys,
as well as for the spring surveys of both years. Volumetric
changes were calculated and expressed in cubic meters per linear
length of shoreline (in meters), in order to allow comparison
among sectors. Volume change data were used to identify which
sectors changed the most, and to assess transfers between them.
The changes within the sectors were also analyzed through the
difference in elevation maps to identify which portions of the
beach and sectors were more mobile.
In order to have an indirect measure of direction and intensity of
local wind-generated waves acting upon the beaches, wind data
were retrieved from the National Oceanic and Atmospheric
Administration (NOAA) water level and meteorological station at
Sandy Hook, NJ. Mean hourly speeds and directions were
analyzed for the study period, and used to characterize the
processes between surveys. Wind conditions were related to the
measured volumetric changes, and to events that potentially
mobilized the beach and induced sediment transport.

RESULTS
During the study period, wind conditions varied by season, and
prevailing winds ranged between southwest during the summer of
2007, west during the 2007/2008 winter, and north during the
summer of 2008 (Table 1). Average wind speeds ranged between
a minimum of 3.4 m/s in June 2008, and a maximum of 5.5 m/s in
February and March 2008. The winter period is well
individualized by the constancy of higher mean wind speeds and
by the occurrence of two stormy events. On February 10, 2008,
wind velocity reached a maximum of 18 m/s from the west, and
on March 8, 2008, winds reached 20.5 m/s from the southwest
(Table 1). The first event promoted a rise in the tide above the
predicted water level, generating a surge of 0.35 m. During the
second event, the water level rose 0.49 m above the predicted
level (National Ocean Service web site).

Table 1: Mean hourly wind speeds and predominant directions,
and monthly maximum wind speed events, during the study
period (National Ocean Service web site).

2007

Year, Month

2008

small dunes and no evidence of erosional scarps. The long wooden
bulkhead is present seaward of this segment.
South of the seawall fronting battery Kingman, Sector 2 is the
longest of all sectors (315 m) and shows an inland offset in
shoreline position of about 50 m relative to Sector 1b. The
shoreline is oriented 14º (azimuth). The landward limit of Sector 2
is highly manipulated and, in some sections, the presence of a
partly destroyed road indicates that this sector is eroding. The
southern limit of Sector 2 corresponds to a wooden groin just
north of the seawall south of Battery Mills. Sector 3, the
southernmost one, is limited to the north by the seawall south of
Battery Mills, and to the south by a wooden terminal groin. It is
275 m long and exhibits a shoreline orientation of 12º (azimuth),
very similar to that of the previous sector. In the northern and
central part of the sector, the upper beach has a scarped dune, and
in the southernmost part there is a wooden bulkhead. This is the
sector where the two ammunition bunkers are located in the beach
face undergoing severe undermining and sinking into the water.
The long wooden bulkhead fronts both Sectors 2 and 3.

May
June
July
August
September
October
November
December
January
February
March
April
May
June
July
August
September
October

Mean hourly
wind speed
(m/s)

Predominant
direction

4.0
3.8
3.7
3.5
3.9
4.5
5.0
5.2
5.1
5.5
5.5
4.0
4.7
3.4
3.7
3.6
3.8
4.7

SW
S
SW
SW
SW
W
W
W
W
W
NW
N
N
N
N
N
N
N

Maximum hourly
wind speed
(m/s)
10.4
11.4
13.2
10.8
10.8
14.2
14.4
16.6
14.7
18.0
20.5
12.0
12.8
12.5
13.6
9.1
11.8
15.8

SW
W
NW
NW
NW
NW
SW
NW
W
W
SW
NW
NW
W
NW
NW
NW
NW

Seasonal volumetric changes in the beach were small, ranging
between +1.8 and -2.6 m per linear meter of shoreline, and all four
sectors showed similar magnitudes of change (Figure 2). Between
two successive surveys, the beach sectors showed some sediment
mobilization with erosion and accretion occurrences that, in some
cases, cancelled each other, resulting in almost zero net changes
within sectors. However, loss of material was predominant during
the entire survey period and, in the case of Sector 1b, a negative
net budget was detected for all the survey periods. The maximum
positive net change calculated was 0.88 m3/m for Sector 2 during
the period between the June and October 2008 surveys. Still, it
was almost half of the maximum negative net change calculated
between two consecutive surveys, -1.51 m3/m in Sector 3, for the
period between the January and June 2008 surveys. Except for
Sector 1b, the most intense loss of material occurred during the
period between January and June 2008. Over the span of one year,
all the sectors showed a general loss of volume, in particular
Sector 1b that reached an annual erosion rate of -3.1 m3/m.
The erosion and accretion volumes calculated between two
consecutive surveys were also analyzed by looking at the
difference in elevation maps. The pattern of distribution of gains
and losses of sediment show where the major changes occurred
spatially. The changes at Sector 1a are localized and refer mainly
to the loss of material in the dune area. On the other hand, most of
the morphological change taking place in Sector 1b was on the
beach face, concentrated in the northern half part of the sector.
Likewise, morphological and volumetric changes registered in
Sector 2 occurred mainly in the northern area of the sector, within
110 m of the seawall. Sector 3 experienced most of the
morphological changes in the dune and the lower beach face.

DISCUSSION
The study area showed a general pattern of erosion along all the
sectors. The accretion values measured were, in most of the cases,
of the same order of magnitude as the erosion, indicating that
reworking of sediment and transfer within the beach profile and

Journal of Coastal Research, Special Issue 56, 2009
210

Figure 2. Volume changes in the different sectors, by survey period. Values are in cubic meters per meter length of shoreline (m3/m).
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sectors was the main response of the study area beaches, and no
input of sediment was occurring. In most of the sectors, this
transfer occurred by erosion of the upper beach profile and
accumulation on the beach face. In Sector 1a and Sector 3, the
scarped dunes are a clear evidence of this process. In Sector 2, the
upper beach removal of sediment seems to be happening through
the undermining of the existing road. Sectors 1b and 2, showed a
similar pattern of localized sediment mobilization in the northern
part of the sectors, adjacent to the groin and seawall, respectively,
revealing the influence of these structures in the mobilization of
sediment within the sectors.
The only relevant positive net change was detected in Sector 2
between the June and October 2008 surveys, where an input of
sediment was confined to an area just south of the seawall. This
period, the summer of 2008, was characterized by the
predominance of north winds, and more intense wind from the
northwest, which might have been the mechanism by which
sediment was inputted into the sector. However, the net losses of
the updrift sectors do not account for the overall gain of sediment
in Sector 2.
The annual net loss of sediment is due to the general erosion
pattern verified in all of the sectors for the period between the
January and June 2008 surveys. This period was characterized by
two stormy events, in February and March 2008. Although
reaching the study area obliquely, from southwest directions, the
high winds may have potentially generated waves that resulted in
storm surge and some eroding capacity, inducing the predominant
loss of sand that was registered in all the sectors.
Despite being the least confined by structures, Sector 1a,
showed the lowest volume variations of the study area. This is
because it is the northernmost sector, and therefore, the most
sheltered in relation to the northerly and northwesterly incident
waves. On the other hand, Sectors 1b and 3, both confined by
groins and seawalls, and fronted by the long wooden bulkhead,
showed the highest rates of volumetric change. These two sectors
also correspond to the locations where the wooden offshore
bulkhead is less deteriorated, and therefore, where it might have
more affect on sediment mobilization.

CONCLUSION
The sectors of the Kingman-Mills segment have little
connection between them, and the existing seawalls, groins and
bulkheads provide effective obstacles to sediment transport and
exchange alongshore. These structures also influence the location
of major sediment mobilization within some of the sectors.
The Kingman-Mills segment responds to episodic storm
conditions rather than evolving with the seasonal lower wave
energies, a pattern previously described by NORDSTROM et al.
(1975). However, the processes that induced the general and
persistent erosion along the study area did not correspond to the
occurrence of northwesterly wind-generated waves, described by
the authors as the major forcing factors in beach response.
Although arriving from an oblique and fetch-restricted direction,
the southwesterly wind-generated waves were responsible for the
major erosion event detected during this study.
Regarding the magnitude of change, the calculated volumes are
very similar to those reported by other authors at Sandy Hook.
The present study revealed net annual volume changes that ranged
between +0.98 and -3.59 m3/m, and JANNIK (1980) reports
changes between +0.9 and -3.6 m3/m during a one-year period
(June 1978 to May 1979) in a more exposed area, north of
Kingman-Mills.
The rate of sediment transport was found to be low, and a
pattern of persistent erosion of the upper beach, dune, and

foreshore was detected at Kingman-Mills. These results are
similar to those found by other authors on other segments of the
Sandy Hook bayside (NORDSTROM, 1977; Center for Coastal and
Environmental Studies, 1981).
There is no indication of inland transport of sediment, and no
significant accumulation around the structures confining each
sector, nor at the southern terminal groin. Therefore, the offshore
seems to be the probable sand sink of the system.
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