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SECTION 1

GENERAL

This Engineering Technical Appendix was prepared in accordance with ER 
1110-2-1150, Engineering and Design for Civil Works Projects.  Information in 
this appendix supplements data in the Feasibility Study to satisfy criteria in ER 
1110-2-1150.
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EXISTING CONDITIONS

Basic Physical Characteristics. The basic physical characteristics of Long Beach Island
are similar to those of many developed barrier islands found along the mid- and southern
segments of the Atlantic Seaboard.  The island’s beach strand is comprised of quartz sand with
median grain diameter of roughly 0.35 mm.  The intratidal and swash zone, i.e., the foreshore,
has a slope of about 1V to 11H and meets the beach berm at an elevation which varies from 7 to
8.5 feet above North American Vertical Datum (NAVD).  The astronomical tide range at Long
Beach Island is approximately 4.26 feet and mean sea level is about 0.7 feet below NAVD.  The
widths of the beach berm along the length of the island are highly variable over time, due to the
presence of groins which compartment the beach along the entire developed ocean frontage.
Accordingly, the berm' widths alternate from relatively broad to narrow at the ends of the groin
compartments as dictated by alternating short-term changes in the directions of littoral transport.

The average beach berm widths along Long Beach Island are about 115 feet (as measured
from the dune centerline) but may vary from as narrow as 50 feet to as broad as 200 feet or more.
It is also of interest to note that a typical berm feature does not always exist.  That is, on
occasion, beach profile surveys reveal a continuous, upwardly sloping surface from the water
line to the toe of the frontal dune situated at elevation 7 to 8.5 feet above NAVD.  An exception
to the island’s relatively narrow beach berm is found along the northern-most 1 mile of shore
located immediately south of the original Barnegat Inlet south jetty.  In that area, the berm is
relatively broad, having a width of about 200 feet but expanding to as much as 800 feet in the
vicinity of the original jetty structure.

The island’s oceanside development is fronted by a single dune line which has base
widths of 150 to 500 feet, and peak elevations that generally vary from 16 to 21 feet above
NAVD.  An exception to these basic dune characteristics is found along the area extending
about 1/2 mile south of the original Barnegat Inlet south jetty.  Along that particular area, a
broad series of dunes and hummocks reach elevations as high as 25 to 30 feet above
NAVD.  Also, there are a few very limited reaches of shore, particularly in the southern
end of the developed area, where there is little or no frontal dune.  Along the frontal dune,
vegetative cover ranges from dense to very sparse and use of sand fences is a common
practice, employed by the local authorities, to enhance dune development and to fix the
position of the dune line against wind-induced migration.  Pedestrian access to the beach
strand, over the dune line, is generally provided at street ends.  Landward of the frontal
dune, the densely developed land area is flat and generally has elevations in the range of 4
to 6 feet above NAVD.

Winds, Waves, Tides, and Storm Surges.  Given its north-northeast alignment, Long
Beach Island has a direct exposure to normal oceanic conditions as well as storm tides and waves
which are generated over a broad sector of Atlantic Ocean from north-northeast to south-
southwest.  These natural agents and the primary generating force of wind, to which the study
area is exposed, are discussed in the following subsections of this report. The resulting effects of
these natural agents on the study area’s beach and dune system, in large measure, dictate the
degree of damage-potential which exists in the study area, and the type and extent of additional
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shore protection necessary to effectively reduce the existing damage-potential to economically
efficient levels of risk.

Winds.  Data on prevailing winds over the ocean areas between New York Harbor
Entrance and the Entrance to Delaware Bay, as published by the U.S. Navy Hydrographic Office,
have been evaluated for the 10-year period 1932-1942, see USACE/Philadelphia, 1974 [Ref. 2].
These data show that, in the 5-degree quadrangle nearest the New Jersey coast, the winds over
the offshore areas are distributed with respect to duration as follows: onshore (northeast, east
and southeast winds), 27 percent; upshore (south winds), 11 percent; offshore (southwest, west
and northwest winds), 44 percent; downshore (north winds), 15 percent; and calms, 3 percent.
Analysis of onshore winds recorded during the period 1923-1952 at Atlantic City, New Jersey,
only 12 miles from the south end of Long Beach Island, shows that the prevailing winds are from
the south and of moderate velocity of from 14 to 28 miles per hour, USACE/Philadelphia, 1990
[Ref. 1].  Winds from the northeast have the greatest average velocity of about 20 miles per hour.
The wind data for this period also show that winds in excess of 28 miles per hour occur from the
northeast more than twice as frequently as from any other direction.

The maximum five-minute average wind velocity at Atlantic City was recorded during
the hurricane of September 1944, with a value of 82 miles per hour from the north.  Over the
period 1960-1984, the fastest wind speed of 63 miles per hour was measured at the Atlantic City
Marina during the passage of Hurricane Doria in August 1971.  These statistics indicate that the
most extreme winds occur with the relatively infrequent passage of hurricanes near the study
area.  However, of equal and perhaps more significance as regards effects on the shores of Long
Beach Island, are the high winds associated with common, yearly occurrences of extratropical
cyclones, i.e., northeasters.

An analysis was conducted to determine the frequency of storm winds in the general
study area based on Atlantic City records for the period 1936-1958, USACE/Philadelphia, 1974
[Ref. 2].  The basic index used in that analysis was “storm-hours,” defined as a one-hour period
in which wind velocities equaled or exceeded 32 miles per hour and which occurred during a 24-
hour period when the average wind velocity was 25 miles per hour or higher.  The analysis found
that the number of storm-hours during each year varied from 101 to 293 with an average of
approximately 175, and that the preponderance of these storm winds were blowing in the
onshore directions from the north-east to south sector of the ocean. These results suggest that the
study area could experience roughly 4 to 12 full days of storm activity during any year, an
inference which is supported by the record of storm occurrences affecting Long Beach Island in
the 12-year period 1962-1973, USACE/Coastal Engineering Research Center (CERC), 1980
[Ref. 3].  In that period, 77 storm events, some of which had durations greater than 24 hours,
affected Long Beach Island.  Therefore, in terms of the number of storm events from 1962
through 1973, the average annual storm exposure at Long Beach Island was 6 to 7 storms, with
the average duration in excess of 24 hours.

An analysis of the recent Wave Information Studies Hindcast "Hindcast Wave
Information for the U. S. Atlantic Coast: Update 1976 - 1993 with Hurricanes" (Wave
Information Study (WIS) Report 33) prepared by Brooks et al., 1995 [Ref. 33] was performed to
obtain insight into average wind conditions.  WIS Station 70 centered off of Barnegat Inlet was
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selected for the Study area.  Tables 2-1 and 2-2 provide information on monthly distribution of
wind magnitude and direction.  The maximum wind speed over the time period analyzed was
approximately 32 m/sec (72 mph) on 13 March 1993 from a direction of 95 degrees with respect
to true north.  The tables indicate the predominant wind direction is from 270 degrees or blowing
offshore; however, there is no way to directly infer from these tables which direction bands
contain the larger wind magnitudes.

Waves.  The earliest recorded wave statistics for the region are based on limited visual
observations made at Barnegat Light between July and October in 1939, USACE/Philadelphia,
1974 [Ref.  2].  The results of those observations gave an average nearshore significant wave
height of 2.7 feet and a maximum wave height of 13 feet, with 12 percent of the observed waves
having significant heights greater than 5 feet.  Significant wave heights are defined as the
average height of the highest one-third of the waves observed for a specified time period.  Wave
periods, during the 1939 observation, ranged from 6 to 11 seconds.

Results of the first detailed studies of wave characteristics in waters off the New Jersey
coast were reported in 1958, and were based on computational (hindcasting) procedures utilizing
synoptic weather information, USACE/BEB, 1958 [Ref. 4].  The results of those studies gave an
average significant wave height of about 2 feet, and expected annual storm wave heights of 11 to
12 feet.  Average wave periods were computed at approximately 8 seconds.  The highest waves
were found to approach the coast most frequently from the east-northeast.  The 1958 report also
provided information on swells based on the analysis of shipboard observations documented by
the U.S. Navy Hydrographic Office.  These data showed that swells of 6 to 12 feet in height
approach the coastline from the east, while swells over 12 feet in height come predominantly
from the easterly and southerly quadrants of the sea.

General wave statistics for the study area shoreline are presented in a report entitled
"Hindcast Wave Information for the U. S. Atlantic Coast" (Wave Information Study (WIS)
Report 30) prepared by Hubertz, et al., 1993.  The revised WIS data is also available digitally
through the Coastal Engineering Data Retrieval System developed by the U.S. Army Engineer
Coastal Engineering Research Center.  WIS Report 30 and information in CEDRS provides
revised wave data for 108 locations along the U. S. Atlantic coast, and supersedes WIS Report 2
(Corson, et al. 1981), WIS Report 6 (Corson, et al. 1982) and WIS Report 9 (Jensen 1983).  The
wave information for each location is derived from wind fields developed in a previous hindcast
covering the period 1956 through 1975, exclusive of hurricanes, and the present version of the
WIS wave model, WISWAVE 2.0 (Hubertz 1992).  Wave heights are universally higher for the
revised hindcast than for the original hindcast since the values more closely correspond to
maximum measured (buoy) values.  A separate report (WIS Report 19) documents hindcast wave
information for Atlantic Coast hurricanes during the 1976-1995 time period.

The most recent analysis of general wave statistics for the study area shoreline covers the time
period of 1976 - 1993 and is presented in WIS Report 33.  To better represent a realistic wave
climate, tropical storms and hurricanes were included in the 1976-1993 hindcast.  The update
hindcast was performed using an updated version of WISWAVE 2.0, referred to as WISWAVE.
Extratropical and tropical events were analyzed separately, but combined to form complete
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Wind Speed (m/sec) 0.00-2.49 2.50-4.99 5.00-7.49 7.50-9.99 10.00-12.49 12.50-14.99 15.00-17.49 17.50-19.99  > 20.00 TOTAL
JAN 122 905 851 1101 566 541 204 143 31 4464
FEB 78 877 792 1124 501 425 123 98 54 4072
MAR 123 1012 891 1211 547 396 149 104 31 4464
APR 223 1287 903 1093 435 299 63 17 . 4320
MAY 433 1714 1125 864 215 103 10 . . 4464
JUN 494 1952 1084 657 98 31 4 . . 4320
JUL 671 2341 951 435 59 7 . . . 4464
AUG 837 2276 887 385 53 17 3 5 1 4464
SEP 578 1904 934 693 148 55 3 1 4 4320
OCT 382 1435 982 1067 348 194 34 16 6 4464
NOV 170 1067 898 1132 537 384 74 46 12 4320
DEC 100 993 863 1188 586 464 138 87 45 4464
TOTAL 4211 17763 11161 10950 4093 2916 805 517 184 52600

Table 2-1.  WIS Station 70 Occurrences of Wind Speed by Month for all Years (1976-1993)

Direction Band 337.50 - 22.49 22.50 - 67.49 67.50 - 112.49 112.50 - 157.49 157.50 - 202.49 202.50 - 247.49 247.50 - 292.49 292.50 - 337.49 TOTAL
Center of Band (0.0) (45.0) (90.0) (135.0) (180.0) (225.0) (270.0) (315.0)
JAN 541 340 285 213 383 526 820 1356 4464
FEB 602 397 283 255 323 544 556 1112 4072
MAR 716 392 346 331 556 597 543 983 4464
APR 532 351 306 504 561 590 591 885 4320
MAY 481 416 387 401 728 810 621 620 4464
JUN 427 288 211 289 724 1054 706 621 4320
JUL 435 254 252 354 581 1155 775 658 4464
AUG 501 445 386 310 607 1014 634 567 4464
SEP 587 597 463 375 468 737 560 533 4320
OCT 513 635 337 348 519 650 635 827 4464
NOV 497 363 356 296 459 652 731 966 4320
DEC 544 244 255 221 403 708 823 1266 4464
TOTAL 6376 4722 3867 3897 6312 9037 7995 10394 52600

Table 2-2.  WIS Station 70 Occurrences of Wind Direction by Month for all Years (1976-1993)
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time series and annual statistics.  The hindcast has recently been updated to extend through 1995;
however, the methods and resulting statistics have not been documented to date.

Hindcast results are available as time series every 3-hr for the 20-yr period or as tabular
summaries.  WIS Reports 30 and 33 contains tables presenting the distribution of spectral wave
height, peak period and peak mean direction by month for the 20-yr period; the number of
occurrences by 0.5-m height and 1-sec period categories for eight different direction bands and a
final table for all directions and finally summary tables of mean and maximum wave heights by
month for each of the 20 years hindcast.  These tables also include the peak period and peak
mean wave direction associated with the maximum wave height occurrence.

The WIS output results are a verified source of information for wind and wave climate
along the U.S. Atlantic Coast and have been used to gain a basic understanding of the wind and
wave climate at Long Beach Island.  The wave statistics pertinent to the Long Beach Island study
are those derived for Station 70.  The location of Station 70 is Latitude 39.75 N, Longitude 74.00
W, in a water depth of approximately 59 ft (Figure 2-1).  Monthly mean wave heights at Station
70 for the entire 1956-1975 hindcast range from 2.3 ft in July to 4.3 ft in January.  Mean wave
heights for the 1976-1995 hindcast are slightly larger, ranging from 2.3 ft in July to 5.2 ft in
March.  The maximum wave height (Hmo) at Station 70 for the 1956 - 1975 hindcast is reported
as 23.0 ft, with an associated peak period of 15 seconds and a peak direction of 94 deg on 7
March 1962.  Maximum wave conditions for the 1976-1993 hindcast are reported as 27.6 ft, with
an associated peak period of 13 seconds and a peak direction of 115 degrees on 27 September
1985.  Summary Statistics for WIS Station 70 are provided in Table 2-3 for the years 1976-1995.

The actual wave spectrum experienced at any particular time along the project shoreline
may show considerable local variation.  This variability is largely due to the interaction of
incident waves with: tidal currents at Barnegat and Little Egg Inlets, ebb shoal morphology at the
two inlets, local shoreline alignment, nearshore bathymetry, and presence of shoreline
stabilization structures.  Therefore, the hindcast wave statistics should be viewed as a very
general representation of the wave climate of the study area offshore.  Inshore of the 60 ft depth,
the effects enumerated above will modify the incident waves such that significant alongshore
differences may exist with respect to breaking wave height and angle relative to the shoreline.
Computer programs which transform offshore waves over varying bathymetry must be used to
further investigate wave conditions closer to the shoreline.

Prototype wave data has been collected at Barnegat Inlet as part of the Monitoring of
Completed Coastal Projects Program.   Wave data collection at Barnegat Inlet was initiated May
1994.  A directional wave gage (DWG) was deployed approximately 4000 ft off the south jetty
tip, located in 43 ft of water seaward of the ebb shoal (Figure 2-1) for one year.  Preliminary
analysis of the first years worth of data (May 1994 - March 1995) resulted in an average wave
height (Hsavg) of  2.5 ft, an average peak period of 8.9 seconds, and an average mean direction of
128 degrees.  Maximum wave conditions were measured on 23 September 1994.  The maximum
significant wave height of 12.6 ft had a corresponding peak period of 8.5 seconds and mean
direction of 104 degrees.  Another event (24 December 1994) had a slightly smaller wave height
of 11.4 ft with a significantly longer peak period of 14.2 seconds.  A nearshore wave gage,



Figure 2-1.  LBI Wave Hindcast Station and Field Wave Gage Locations.
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Table 2-3.  WIS Station 70 Summary Wave Statistics (1976-1995).

MEAN WAVE HEIGHT (IN FEET) BY MONTH AND YEAR
STATION A2070 (39.75N/74.00W/59 ft)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC MEAN

1976 5.2 5.2 5.2 4.3 4.3 3.3 2.3 3.9 3.0 5.2 4.3 4.3 4.3
1977 4.9 4.3 4.9 4.3 2.6 3.0 2.3 2.3 3.0 4.9 6.2 5.6 3.9
1978 6.6 4.3 5.2 4.9 4.9 3.3 2.6 2.3 3.9 3.9 4.6 4.3 4.3
1979 6.6 6.2 6.2 4.9 4.3 2.6 2.3 2.6 4.9 3.3 4.6 5.6 4.6
1980 6.2 4.6 6.9 5.6 3.0 2.6 2.6 3.6 3.6 4.6 4.9 5.9 4.6
1981 4.6 7.9 5.2 5.2 5.2 2.6 3.3 2.6 4.9 4.3 5.2 4.3 4.6
1982 4.9 4.6 3.6 4.3 3.3 3.6 1.6 2.0 3.3 4.6 4.3 3.6 3.6
1983 4.9 5.6 5.9 4.6 3.9 2.6 2.3 2.0 3.3 5.2 4.6 6.2 4.3
1984 4.9 5.6 6.9 4.6 3.9 3.0 2.6 2.0 3.0 4.3 4.9 4.3 4.3
1985 4.6 5.2 4.6 4.3 3.6 2.6 2.3 2.3 3.6 3.0 5.9 3.9 3.9
1986 5.6 4.6 5.2 5.2 3.9 3.3 2.0 2.6 3.9 3.6 4.3 5.6 4.3
1987 5.2 4.6 5.6 6.2 3.6 2.6 2.0 2.6 3.0 3.9 4.6 3.6 3.9
1988 3.9 4.6 3.9 4.3 3.6 3.0 2.6 2.6 3.3 3.9 3.9 3.6 3.6
1989 3.9 4.3 5.6 3.9 4.3 2.6 2.3 3.6 6.9 3.9 4.9 4.3 4.3
1990 3.9 4.6 4.3 4.6 3.9 3.6 3.0 3.6 4.3 4.6 3.6 4.9 3.9
1991 4.3 3.6 4.9 3.9 2.6 2.6 2.6 3.0 3.9 4.3 4.3 4.3 3.6
1992 4.9 4.3 4.9 3.0 3.6 2.3 2.0 2.3 3.3 3.0 3.3 5.2 3.6
1993 4.9 5.2 5.2 5.9 3.3 2.6 2.3 2.6 3.3 3.9 4.9 4.9 3.9
1994 3.9 3.3 3.9 3.0 3.0 2.6 2.3 2.3 2.6 2.0 4.3 3.9 3.0
1995 4.3 3.0 3.0 2.6 2.6 3.0 2.0 3.9 3.9 3.6 4.3 3.6 3.3

MEAN 4.9 4.9 5.2 4.6 3.6 3.0 2.3 2.6 3.6 3.9 4.6 4.6

LARGEST WAVE HEIGHT (IN FEET) BY MONTH AND YEAR
STATION A2070 (39.75N/74.00W/59 ft)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

1976 12.1 13.8 13.1 10.5 10.5 7.2 4.9 18.7 7.9 12.1 9.5 9.5
1977 14.1 15.1 14.1 13.1 6.6 11.5 7.2 6.2 9.2 11.8 16.7 17.7
1978 19.0 14.4 14.8 17.1 13.8 9.8 8.9 6.9 8.9 10.5 12.8 11.5
1979 20.0 21.3 18.4 14.1 8.5 6.6 5.9 8.2 12.1 8.9 13.8 12.1
1980 21.3 16.1 19.7 13.8 9.2 6.2 5.2 12.1 8.2 22.6 11.8 17.1
1981 10.2 21.7 15.4 12.8 11.2 7.2 8.9 6.9 12.5 8.2 18.0 12.1
1982 14.1 15.7 9.8 12.5 6.9 8.9 4.3 6.6 9.5 19.7 12.1 9.8
1983 15.7 20.3 18.4 11.8 10.5 6.6 5.6 6.9 9.5 16.1 11.8 19.4
1984 14.1 14.4 19.4 15.7 9.2 8.2 6.9 5.9 7.5 21.0 10.2 9.2
1985 10.2 19.0 12.8 16.1 9.8 7.5 7.5 5.9 27.6 9.8 20.0 11.5
1986 12.1 14.8 16.1 15.7 11.8 9.5 4.6 12.5 9.5 9.5 11.2 24.6
1987 17.1 15.1 17.7 14.8 9.2 6.2 3.9 5.2 7.9 7.9 12.8 12.8
1988 9.2 14.4 8.5 10.8 8.9 8.2 8.2 6.9 8.9 10.2 10.8 8.9
1989 10.8 18.7 15.1 10.8 12.8 5.6 6.9 11.5 25.3 13.1 11.2 9.8
1990 9.5 11.5 13.1 9.8 11.2 8.9 6.9 10.8 9.2 13.8 7.5 11.8
1991 13.1 6.9 10.2 11.5 7.2 8.5 6.9 22.3 22.3 11.8 11.2 9.2
1992 19.0 8.5 11.2 7.9 7.5 6.6 4.9 5.9 11.5 8.9 9.5 18.4
1993 14.1 15.1 16.7 11.8 6.6 5.6 5.6 8.5 14.4 14.8 19.0 13.8
1994 12.1 9.5 17.4 6.6 11.2 8.9 5.9 5.6 10.2 7.9 13.8 15.4
1995 12.5 7.5 9.5 8.9 7.2 7.2 3.9 12.8 10.2 12.8 18.7 10.5

 MEAN SPECTRAL WAVE HEIGHT  (FEET) 3.9
 MEAN PEAK WAVE PERIOD   (SECONDS) 7.7
 MOST FREQUENT 22.5 DEGREE (CENTER) DIRECTION BAND   (DEGREES) 90.0
 STANDARD DEVIATION OF WAVE Hmo   (FEET) 2.6
 STANDARD DEVIATION OF WAVE TP   (SECONDS) 3.0
 LARGEST WAVE Hmo   (FEET) 27.6
 WAVE TP ASSOCIATED WITH LARGEST WAVE Hmo   (SECONDS) 13.0
 PEAK DIRECTION ASSOCIATED WITH LARGEST WAVE HS   (DEGREES) 115.0
 DATE LARGEST Hmo OCCURRED 9/27/85 18:00
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located in approximately 17 ft of water 200 ft off of the south jetty, recorded non-directional
wave data every 3 hours from May 1994 through June 1995.  Analysis of the first 6 months of
data (May 1994 - January 1995) resulted in an average significant wave height of 2.4 ft and an
average peak period of 8.9 seconds.  The September 1994 event showed slight attenuation of the
 and peak period of 9 seconds.  The December 1994 event showed similar attenuation of the
wave height by the ebb shoal, resulting in a 7.41 ft wave height.  However, the impact of the
shoal is seen by the shift in peak period (frequency) from 14.2 seconds offshore to 9.8 seconds
nearshore.

Detailed studies have recently been conducted by the USACE Philadelphia District to
develop combined wave/water-level frequency relationships for various open coast and estuarine
areas within the district boundaries.  The analysis relevant to the Long Beach Island area
involved hindcasting by means of a two-dimensional wave model and statistical analyses related
to 30 storms of record, for which time histories of wave characteristics were developed.  The
selected storm record included 15 hurricanes and 15 northeasters which generated major surges
and/or waves along the study area.  Several output nodes were analyzed for the Study reach with
detailed analyses performed for OCTI Station I35J30 centrally located in the study reach and
south of WIS Station 70 (Figure 2-1).  Details of the analysis will be presented later in this
report in the subsection dealing with assessment of storm effects and damage parameters.
Suffice it to mention at this point, that hindcasted significant wave heights for the 15 hurricanes
of record varied from about 8 feet to 19 feet, with wave periods ranging from 7 to 14 seconds.  In
the case of the 15 major northeasters which were evaluated, significant wave heights varied from
about 9 feet to 22 feet, with wave periods ranging from 10 to 17 seconds.  It will be noted that in
the study area, the storm waves having the greatest heights as well as the longest periods are
associated with northeasters.  The same relationship also obtains for the magnitudes of storm
surges.  The fact that northeasters represent the most intense storm conditions experienced in the
study area reflects a recorded history which is absent of an event in which a hurricane has made a
direct landfall at or proximate to Long Beach Island.  Figure 2-2 contains histograms which
graphically summarize the distribution of wave conditions (Height, Period, and Direction) for
OCTI Station I35J30.  The Wave Roses shown in Figure 2-3 further illustrate the directional
distribution of wave height and period, showing the larger wave heights and periods originate
from the northeast and southeast.

Tides.  The tides affecting the study area are classified as semi-diurnal with two nearly
equal high tides and two nearly equal low tides per day.  The average tidal period is actually 12
hours and 25 minutes, such that two full tidal periods require 24 hours and 50 minutes. Thus, tide
height extremes (highs and lows) appear to occur almost one hour (average is 50 minutes) later
each day.  The mean tide range for the Atlantic Ocean shoreline is reported as 4.29 feet at
Seaside Heights in the Tide Tables published annually by the National Oceanic and Atmospheric
Administration (NOAA).  The spring tide range is reported as 5.15 feet.  Barnegat Inlet and the
back bay areas adjacent to the study area show a large attenuation of the tide range relative to the
ocean shoreline, resulting in a mean tide range of approximately 0.5 ft throughout Barnegat Bay.

No official datum relationships have been established for National Ocean Service (NOS)
tide gage stations in the project area (open ocean); therefore, interpolation between the nearest
NOS stations with datum relationships was required.  Two primary NOS stations are nearly



Figure 2-2  OCTI Station I35J30 Wave Histograms



Figure 2-3  OCTI Station I35J30 Wave Roses
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equidistant to the study area, with one gage located south of the area at Atlantic City, NJ and the
other to the north at Sandy Hook, NJ.  An additional secondary station is located in Long Branch,
NJ.  Interpolation between Atlantic City and Long Branch data, with consideration of Sandy
Hook data, resulted in NAVD being approximately 2.9 ft above mean lower low water (MLLW)
and approximately 1.5 ft below mean high water (MHW) for Barnegat Inlet (Table 2-4).  Recent
analyses have been conducted to establish datum relationships in the vicinity of Barnegat Inlet.
Several tide gages were installed on the open Ocean and in Barnegat Bay for a 2-month period in
the Fall of 1996.  Resulting datum relationships for the Ocean gage are also presented in Table
2-4.

Storm Surges.  The study area experiences events each year in which meteorological
effects generate water levels exceeding the levels of predicted astronomical tides.  As noted
previously in regard to wave characteristics, the USACE Philadelphia District recently
completed studies to establish wave and water-level frequency relationships for the open coast
and estuarine areas within the district.  Time histories of storm tides have been hindcasted for the
areas of interest by means of a two-dimensional storm surge model along with associated wave
hindcasting.  Time histories of storm-induced water levels were developed for the same 30
storms and at the same computational stations used in the companion wave analysis.  As noted
previously, several computation stations exist along Long Beach Island.  The details of the surge
hindcast results will be presented in a later subsection of this report, along with comparable wave
information.  The general results for the study area were the development of water level histories
for 30 extreme events for which the combined surge and astronomical tides had peak elevations
ranging from as low as 3.4 feet above NAVD to as high as 8.4 feet above NAVD.  The highest
computed elevation value of +8.4 feet NAVD is related to a hurricane that passed the study area
on August 18, 1899; however, a storm tide with almost an equivalent peak water level value, i.e.,
+8.0 feet NAVD, was computed for the unusually severe northeaster that devastated the mid-
Atlantic coastline between the 5th and 8th days of March 1962.  Indeed, the history of extreme
events that have affected Long Beach Island demonstrates that in terms of both wave action and
surge levels, northeasters have, in the main, been the most intense type of storm affecting the
study area.  For example, in the case of the 15 hurricanes of record referenced above, the average
of the highest significant wave heights amounted to 13.7 feet and the average of the peak water
surface elevations was +4.8 feet NAVD.  By comparison, the computed values for the 15 severe
northeasters that were examined give the average of the highest significant wave heights as 16.9
feet, and the average of peak water surface elevations as +6.3 feet NAVD.

An evaluation of extreme water levels in Barnegat Bay was also performed to determine
potential flooding along the back bay shorelines.  Several tide gages located throughout Barnegat
Bay, including one located at Loveladies, have been used to assess the potential impact of
Barnegat Inlet’s south jetty realignment on tidal conditions throughout Barnegat Bay.  Mean tidal
ranges have increased slightly throughout the Bay.  Additional efforts were performed as part of
the Seaside Park Reconnaissance Study (1995) to establish stage frequency curves within the
Bay for flood damage analysis.  The resulting still water levels ranged from 1.2 ft NAVD to 6.7
ft NAVD for the 2- and 500-year recurrence intervals, respectively for the Study area.

2.9.3 Sea Level Rise.  Relative mean sea level, on statistical average, is rising at the majority
of tide gage locations situated on continental coasts around the world (National Research
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Barnegat Inlet Barnegat Inlet
Atlantic City (field study) (interpolated ocean) Long Branch Sandy Hook

Tidal epoch 1960 - 1978 1996 N/A 1960-1978 1960-1978
(years data) (1911-present) (27 Sep - 6 Nov) (78-79,81-84) (1910-present)

39 deg 21 min N 39 deg 45 min N 39 deg 45 min N 40 deg 18 min N 40 deg 28 min N
74 deg 25 min W 74 deg 05 min W 74 deg 05 min W 73 deg 59 min W 74 deg 01 min W

Latitude 

Longitude 

Distance from 

AC

0 miles 34 miles 34 miles 70 miles 80 miles

MHHW 4.68 4.74 4.90 4.92 5.20

MHW 4.25 4.43 4.51 4.56 4.86

NAVD 88 2.97 2.94 2.94 2.86 2.90

MTL 2.20 2.37 2.34 2.38 2.53

NGVD 1.64 1.68 1.70 1.77 1.77

MLW 0.16 0.17 0.18 0.18 0.20

MLLW 0.00 0.00 0.00 0.00 0.00

Tidal Range 4.09 4.26 4.33 4.38 4.66
(MHW-MLW)

4.09 N/A 4.33 4.38 4.66
Tide Tables 
Mean Range 
Spring 
Range

4.95 N/A 5.23 5.26 5.60
* Elevation Units in ft
**  NAVD 88 is 1.26 ft above NGVD based on CORPSCON Datum Conversion Program using Barnegat Inlet Coordinates

TABLE 2-4.  Tidal Data and Datum Relationships for Barnegat Inlet to Little Egg Inlet Feasibility Study
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Council  (NRC), 1987; Barth and Titus, 1984).  Although local levels are falling in some areas,
sea level is predominantly increasing with rates ranging from 0.04 to 0.20 in/yr (NRC, 1987).
Major implications of a rise in sea level are increased shoreline erosion and coastal flooding.
Other issues include the change in extent and distribution of wetlands and salinity intrusion into
upper portions of estuaries and into groundwater systems.  Although there is substantial local
variability and statistical uncertainty, average relative sea level over the past century appears to
have risen about 1 ft relative to the East Coast of the United States.

The risk of accelerated mean sea level rise as a contributing factor to long-term erosion
and increased potential for coastal inundation is sufficiently documented to warrant
consideration in the planning and design of coastal projects.  Because of the enormous variability
and uncertainty of the climatic factors that affect sea level rise, however, predicting future trends
with any certainty is difficult.  Many varying scenarios exist for future sea level rise. Engineer
Regulation 1105-2-100 states that the potential for relative sea level change should be considered
in every coastal and estuarine (as far inland as the new head of tide) feasibility study that the
Corps undertakes and that the National Research Council study, Responding to Changes in Sea
Level:  Engineering Implications, 1987, be used until more definitive data become available.
Corps of Engineer's policy calls for consideration of designs which are most appropriate for a
range of possible future rates of rise.  Strategies, such as beach fills which can be augmented in
the future as more definitive information becomes available, should receive preference over
those that would be optimal for a particular rate of rise, but unsuccessful for other possible
outcomes.  Potential sea level rise should be considered in every coastal study, with the degree of
consideration dependent also on the quality of the historical record for the study site.  Based on
historical tide gage records at Atlantic City and Ventnor, NJ, sea level has been rising at an
approximate average of 0.013 ft/yr (Hicks and Hickman, 1988).  Over the proposed fifty year
project life, it is assumed that sea level will rise by approximately 0.66 ft.  This potential rise in
sea level was incorporated into the ocean stage frequency analysis for the Atlantic City gage and
in other project design aspects such as nourishment quantities.

Alongshore Sediment Transport. Alongshore or littoral transport can both supply and
remove sand from coastal compartments.  In order to determine the balance of sediment losses
and gains in a system, net, rather than gross, transport rates are required.  Net longshore transport
refers to the difference between volume of material moving in one direction along the coast and
that moving in the opposite direction.

A number of studies, beginning in the 1950's, have been conducted by the USACE which
examined the magnitude and direction of alongshore sediment transport at Long Beach Island
and the adjoining shores.  A summary of the various results of these past Corps sediment
transport estimates is presented in Table 2-5.

The values in Table 2-5 indicate that gross alongshore sediment transport may vary from
as low as 1/2 million to almost 2 million cubic yards per year and that, generally, there is a net
southward transport which may vary from 50 to about 400 thousand cubic yards per year.
Though there is a trend in the estimates for the net alongshore transport to be in the southward
direction, the estimated differences between north and south transport quantities are not
extremely large with respect to the gross sediment transport values.  Hence, it can be expected
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that reversals in alongshore sediment transport contribute significantly to both the short- and
long-term behavioral patterns of the Long Beach Island shoreline.  This is manifestly evident in
the reversing patterns of north-side and south-side accretion at and in the vicinity of the
individual groins along the length of the island.  Depending on the duration of the antecedent
incident wave directions and intensities, a specific pattern may exist for an extended period time
or change in a matter of a day or so.

Table 2-5

PRIOR USACE ESTIMATES OF ALONGSHORE SEDIMENT TRANSPORT
(LONG BEACH ISLAND, NJ, AND VICINITY)

The majority of the historic alongshore transport analyses performed in the vicinity of the
project area have focussed on the adjacent inlets, with only two studies reported for the central
portions of Long Beach Island.  The wide variation in results as shown in Table 2-5 coupled
with the lack of data for the main reaches of Long Beach Island warranted further investigation.
A longshore transport analysis was conducted for the study area using the energy flux method-
with longshore energy flux and transport rate expressions taken from the Shore Protection
Manual (SPM Equations 4-39 and 4-49).  Recent wave hindcast data from OCTI Station I35J30
(1987-1996) were used along with average shoreline angles for several communities on Long
Beach Island to briefly examine alongshore transport trends.  The methodology used is very

Net
Location or Transport
Reach Method Data Source Database North South (cy/yr)
Barnegat Inlet Wave hindcast & CERC TM-18 50,000 S

Energy flux-method

Wave hindcast & WES (1979) 1972-1975 720,000 860,000 140,000 S
Energy flux-method 1972 1,000,000 890,000 110,000 N

1973 540,000 700,000 160,000 S
1974 780,000 930,000 150,000 S
1975 560,000 930,000 370,000 S

CERC (1967) 1838-1953 500,000 550,000 50,000 S

CENAP (1954) 1939-1941 250,000 S

Wave hindcast & CERC MP 89-11 1956-1975 415,000 S
Energy flux-method

Long Beach Island Historic Caldwell (1966) 1838-1953 500,000 550,000 50,000 S

Profile Analysis CERC MR 80-9 1962-1973 150,000 S

CENAP House Doc 1974 250,000 300,000 50,000 S
# 94-631 Grp III

Gross Transport
(cy/yr)
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sensitive to shoreline angle and results should only be examined for general transport trends.
Results of this analysis shown in Table 2-6 determined a potential net transport to the north for
all communities with an average net transport rate to the south of approximately 95,000 cu yd/yr
for the entire reach.  Potential net transport rates decreased from the southern part of the study
south of Loveladies.  The large gradient in transport between Beach Haven Borough and Holgate
implies that more sediment is being removed from the Holgate area than is being supplied,
resulting in a relatively highly erosive shoreline as evidenced in shoreline positions observed
over the same time period.  The results displayed in Table 2-6 consist of “potential” sediment
transport rates based on the computed wave energy and its angle with respect to the shoreline,
assuming an unlimited supply of sediment.  A calibration constant was selected to provide the
most reasonable sediment transport values.  Actual sediment transport rates for the site may be
slightly less when considering the impact of adjacent inlets and coastal structures.  Alongshore
sediment transport rates were utilized in computing nourishment requirements for with-project
conditions as discussed later.

A numerical model study was conducted by the U.S. Army Engineer Waterways
Experiment Station’s Coastal and Hydraulics Laboratory to assist NAP in evaluating the impact
of potential borrow sites on the Long Beach Island shorelines.  Details of the study are presented
in Appendix A of Section 2.  A numerical wave model was used to transform offshore waves to
the nearshore zone.  The incorporation of nearshore bathymetry, including potential borrow sites,
provides more accurate nearshore wave conditions which control the alongshore sediment
transport.  The study evaluated gradients in the alongshore sediment transport values to estimate
shoreline change rates and nourishment requirements for proposed with-project conditions.

Bathymetry.  An analysis of available offshore and nearshore bathymetric data was
conducted to identify important geomorphic features which may impact nearshore wave
transformation and resulting sediment transport patterns.  A search of the NOS bathymetric
database for the study area resulted in limited data available, with the most recent survey being
performed in 1954.  Near complete coverage of the project area (including Barnegat Bay) exist
for the 1930's time period.  The only other time period NOS surveyed the area was in 1954.  The
1954 NOS survey shown in Figure 2-4 was conducted in the vicinity of Little Egg and Beach
Haven Inlets to document the change in conditions from the 1930's survey due to the opening
and closing of Beach Haven Inlet.

Recent beach profile data were overlaid on the NOS bathymetry in an effort to confirm
the overall bathymetric features represented by the NOS data set were accurate.  Discrepancies
along the finger shoals located adjacent to both Harvey Cedars and Brant Beach warranted
further investigation.  It should be noted such features significantly impact nearshore wave
transformation and resulting storm-induced damage and alongshore sediment transport rates.
Detailed surveys were conducted in the Fall of 1996 to resolve the nearshore features.  The
resulting bathymetry (Figure 2-5) indicated the features were similar to those observed in the
1930's NOS survey.  The overall features had been translated slightly landward with moderate
reductions in elevation.
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TABLE 2-6.  Potential Alongshore Sediment Transport Rates along Long Beach Island, NJ

Shoreline Angle

Community Bundy (deg N) NORTH DIRECTED SOUTH DIRECTED NET GROSS
Barnegat Light 1 39.91 -105,000 175,000 70,000 280,000

Loveladies 1 2 26.41 -95,000 200,000 105,000 295,000

Loveladies 2 3 21.40 -95,000 210,000 115,000 305,000

Harvey Cedars 1 4 21.23 -95,000 210,000 115,000 305,000

Harvey Cedars 2 5 26.26 -95,000 200,000 105,000 295,000

North Beach 6 29.48 -95,000 190,000 95,000 285,000

Surf City 7 31.24 -95,000 185,000 90,000 280,000

Ship Bottom 8 31.33 -95,000 185,000 90,000 280,000

Brant Beach 9 29.43 -95,000 190,000 95,000 285,000

BH Crest to BH Park 10 27.79 -95,000 190,000 95,000 285,000

Haven Beach to BH Gardens 11 28.64 -95,000 190,000 95,000 285,000

Spray Bch to BH boro 1 12 26.96 -95,000 190,000 95,000 285,000

BH Boro 13 33.97 -105,000 185,000 80,000 290,000

BH Boro 2 14 42.20 -113,000 175,000 62,000 288,000

BH Boro, Holgate 15 29.28 -95,000 190,000 95,000 285,000

AVERAGE CONDITIONS 29.70 -97,533 191,000 93,467 288,533

Sed Tran Values Computed using OCTI gage I35J30 with shoreline angles determined from Dec 1997 shoreline.

Sediment Transport Rates (cu yd/yr)



Figure 2-4  1954 NOS Bathymetric Survey in the Vicinity of Little Egg and Beach Haven
Inlets, NJ.



Figure 2-5  Nearshore Survey of Long Beach Island Finger Shoals (1996).



Figure 2-6  Survey Locations of Proposed Borrow Areas.
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Additional surveys were conducted to characterize the potential borrow sites
located in the Study area (Figure 2-6).  The resulting survey data combined with
vibracore measurements allowed for quantification of quality sediment that can be used
in nourishment operations.

Routine surveys have been conducted in the vicinity of Barnegat Inlet since
completion of the south jetty as part of the Barnegat Inlet MCCP Study.  Surveys of the
ebb shoal, flood shoal, and channel conditions aided in evaluating impacts of the
construction on sediment bypassing, channel shoaling, and overall ebb and flood shoal
feature changes.  The survey data were incorporated into numerical bathymetric grids
used for simulating wave and current conditions in the vicinity of Barnegat Inlet.  Figure
2-7 display the ebb shoal, flood shoal, and channel conditions for October 1997.

A numerical grid was developed for modeling nearshore wave transformations
throughout the Study area.  A compilation of survey data from various sources described
above was converted to a common vertical datum and gridded on a scale fine enough to
resolve all significant features which may impact wave transformations into the
nearshore.  The STWAVE grid (Figure 2-8) was extended beyond the bordering inlets to
account for potential refraction around the ebb shoal complexes.

Beach Profile Characteristics.  An analysis of recent and historic beach profile
data was performed to identify the temporal and spatial variability in beach profile
characteristics throughout the study area.  The main profile characteristics of interest
included:  Dune Crest Elevation, Berm Elevation, Berm Width, MHW Location, Volume
of Material above MHW, and Foreshore Slope.  Results of the analysis were used to
development representative profile conditions described further in Section 4.1.6
Development of Input Data for Beach Profile Modeling.  Additional analyses were
performed using the temporal changes in MHW position and volumetric change rates for
each profile to assess long-term shoreline change rates and estimated nourishment
requirements as described further in Section 2.10.4 Examination of Beach Profile Data.
Several sources of beach profile data were assembled and analyzed.  A wide array of
survey techniques was utilized in the collection of the various sources of data.  Onshore
portions of the surveys were typically surveyed using the standard land surveying
techniques.  Nearshore and offshore portions of the surveys utilized fathometers and sea
sleds.  All data sources were adjusted to a common datum, NAVD 1988, and analyzed.
Table 2-7 summarizes the various profile data available throughout the communities
along the Study area.  Figure 2-9 displays the locations of the LRP and MCCP profiles
along LBI.  The stationing scheme presented begins at Barnegat Inlet and extends to
Little Egg Inlet.  Further discussion is presented in Section 2.10.3 Historic Shoreline
Change Analysis.   Specifically, the beach profile data sources are:

1.  Line Reference Points.  Onshore and offshore profile surveys referred to as Line
Reference Point (LRP) Surveys after the nomenclature used on the survey control sheets
to designate the profile reference points, conducted by the USACE, Philadelphia



Figure 2-7  Barnegat Inlet Ebb Shoal, Flood Shoal, and Channel Conditions (October 1997).



Figure 2-8  STWAVE Bathymetric Grid for LBI Wave modeling.
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Stationing Station
Name of Communities (Ft X 1000) Profiles (ft)

Barnegat Light Borough 0 to 9.6 2,725CERC-3 / LRP 54 / 
NJDEP-245 CERC-4 / 
LRP-55 / NJDEP-145

7,625

Long Beach Township 
(LBT)   * Loveladies 
Community

9.6 to 20.6 13,025
16,725

CERC-5 / LRP-56
CERC-6 / LRP-57 / 

NJDEP-144 CERC-7 19,885

Harvey Cedars Borough 20.6 to 31.2 23,685
25,285
27,285
29,885

NJDEP-143 
CERC-8 / LRP-59 

CERC-9
CERC-10 / 

LRP-60 
NJDEP-142

30,105

31.2 to 37.7 CERC-11 / LRP-61 33,505
Long Beach Township 

(LBT)   * North Beach

Surf City Borough 37.7 to 45.5 CERC-12 / LRP-62 / NJDEP-241 38,505

Ship Bottom Borough 45.5 to 52.2 45,705
46,765

NJDEP-141
CERC-13 / LRP-64
CERC-14 / LRP-65 / 

NJDEP-140
51,865

52.2 to 61.9 55,365
58,165

Long Beach Township (LBT)   * 

Brant Beach Community   * Beach 

Haven Crest Community 61.9 to 63.5 61,965

LRP-66
LRP-67

CERC-15 / 
NJDEP-139 LRP-68 62,165

63.5 to 65.1
65.1 to 66.7
66.7 to 69.0 LRP-69 66,465
69.0 to 70.7

  * Brighton Beach Community   * 
Peahala Park Community   * Beach 
Haven Park Community   * Haven 
Beach Community   * Beach Haven 
Terrace Community 70.7 to 73.8 70,565

70,795
73.8 to 75.5

CERC-16 / 
NJDEP-138 LRP-70

LRP-71 74,595
75.5 to 77.2

  * Beach Haven Garden Community   
* Spray Beach Community   * North 
Beach Haven Community 77.2 to 79.2

Beach Haven Borough 79.2 to 89.1 79,355
84,155

CERC-17 / LRP-72 / 
NJDEP-137 NJDEP-136

CERC-18 / LRP-73 85,455

89.1 to 91.3 92,355
91.3 to 93.1 89,755

Long Beach Township (LBT)   * 
South Beach Haven Community   * 
Holgate Community   * Beach Haven 
Inlet Community 93.1 to 96.0 92,855

94,705
  * Holgate Wildlife Refuge

NJDEP-135 
CERC-19 / 

LRP-74 CERC-20
LRP-75

NJDEP-234 95,600

TABLE 2-7.  BEACH PROFILE LOCATIONS ALONG LONG BEACH ISLAND, NJ.
REFERENCE LINE STATIONING IN RELATION TO COMMUNITIES AND PROFILES 

BARNEGAT INLET TO LITTLE EGG INLET FEASIBILITY STUDY



Figure 2-9  LRP and MCCP Profile Locations along LBI, NJ.
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District, were initiated in 1955 and subsequently repeated in 1963, 1965, and 1984.
Twenty-two (22) profiles were originally collected for the 1955 survey.  The number of
profiles decreased for the 1984 survey.  The numbering sequence for the LRP profiles
increases from north to south, and the vertical datums were MLW for the 1965 surveys
and NGVD for the 1984 surveys.  Several of the LRP profiles were recently re-surveyed
by Offshore and Coastal Technologies Inc. - East Coast (OCTI-E) as described below.

2. CERCProfiles.  A total of thirty-two (32) profiles were established and
repeatedly surveyed, on LBI, as part of a broader field research program, Beach
Evaluation Program (BEP), conducted by the USACE Coastal Engineering Research
Center (CERC) in the period 1962 to 1973.  The BEP was initiated after the Great East
Coast Storm of March 1962 to observe variations on typical beaches in response to waves
and tides of specific intensity and duration.  Figure 2-10 displays the CERC profile
locations.  Analysis of the CERC profile data focused on assessing the variability in the
shape of the beach profile.  Although the measured profile characteristics were not useful
in developing representative profile conditions for the Feasibility Study, the
understanding of the potential variability in profile characteristics through time would
greatly benefit future risk and uncertainty analyses.

3. NJDEP Surveys.  Onshore and nearshore profile surveys conducted by the
Coastal Research Center, Stockton State College under contract to NJDEP were collected
annually, beginning in 1986.  Fourteen (14) profiles have been collected within the study
area as part of a general NJDEP program of monitoring the state’s beaches.  These
profiles, referred herein as NJDEP profiles, are numbered in the state’s designation
system:  NJDEP Profile Nos. 245, 145, 144, 143, 142, 241, 141, 140, 139, 138, 137, 136,
135, and 234.   New Jersey profile surveys available for this investigation are the annual
surveys from 1986 to 1994 and semi-annual surveys from 1995 to present.  The
numbering sequence for the New Jersey profiles increases from south to north, and the
vertical datum is NGVD.  The beach profiles are collected using typical land based
surveying techniques with the offshore limits of the surveys extending to wading depth.

Table 2-8 presents the locations of NJDEP beach profiles located in the study
area along with average beach profile characteristics.  The profiles were analyzed to
assess the variability in profile characteristics at each profile and along the entire study
area.  The overall individual profile characteristics have been relatively stable over the
monitoring period.  Dune elevations have deviated approximately 1 ft with a mean
elevation of + 18.6 ft NAVD.  Berm dimensions as well show small changes, with the
berm widths deviating 25 to 50 ft with a mean of  190 ft width, as measured from the
centerline of the dune.  The dune and berm system at Barnegat Inlet significantly bias
average conditions.

4. Barnegat Inlet MCCP Surveys.  A total of forty-two (42) profiles have been
annually surveyed as part of the Barnegat Inlet Monitoring of Completed Coastal Projects
(MCCP) Study since 1993.  Beach profiles were established Eighteen (18) profiles were
established north of Barnegat Inlet into Long Beach Island State Park and twenty-four
(24) profiles were established south of Barnegat Inlet to Harvey Cedars (Figure 2-11).



Figure 2-10  CERC MP-80-9 Profile Locations (1962-1973).
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Alonghsore Coords Dune El Berm Width Berm El Vol above MHW
Profile Type Community wrt GENESIS grid (ft NAVD) (ft, from cl) (ft NAVD) (yd^3/ft)
NJDPE 245 Barnegat Light Borough 2,725 23.71 984 7.87 451.6
NJDPE 145 Barnegat Light Borough 7,625 19.60 180 7.35 135.9
NJDPE 144 Loveladies (LBT) 16,725 17.78 92 8.80 69.9
NJDPE 143 Harvey Cedars Borough 23,685 17.43 97 7.16 77.4
NJDPE 142 Harvey Cedars Borough 30,105 16.48 119 7.95 97.0
NJDPE 241 Surf City Borough 38,505 22.94 150 10.37 151.7
NJDPE 141 Ship Bottom Borough 45,705 19.92 136 9.18 97.7
NJDPE 140 Ship Bottom Borough 51,865 21.36 124 8.75 120.1
NJDPE 139 Beach Haven Crest (LBT) 61,965 17.90 104 8.33 65.9
NJDPE 138 Beach Haven Terrace (LBT) 70,565 19.33 113 7.66 98.1
NJDPE 137 Beach Haven Borough 79,355 16.52 133 7.70 92.8
NJDPE 136 Beach Haven Borough 84,155 15.28 122 7.33 62.5
NJDPE 135 South Beach Haven (LBT) 92,355 17.43 107 7.65 101.0
NJDPE 234 Holgate (LBT) 95,600 14.71 143 6.52 70.5

18.60 186 8.04 120.9

Average Profile Characteristics

AVERAGE CONDITIONS

TABLE 2-8.  NJDEP Average Beach Profile Characteristics (1986 - 1997).



Figure 2-11  Barnegat Inlet MCCP Profile Locations.
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Analysis of the survey data was performed to assess the impacts of the recent
south jetty construction on adjacent shoreline stability.  The analysis primarily focused on
estimating volumetric change rates and variations in the MHW shoreline position as
discussed in detail in the following section on historical shoreline analyses.

5.  OCTI-E Surveys.  Recent onshore and offshore profile data were collected by OCTI-
E for the Philadelphia District July 1996 to document existing conditions.  Forty-two (42)
profiles were collected within the communities to be studied in detail.  OCTI-E utilized a
sea sled beach profiling system which provides a highly accurate depiction of the entire
profile from the upper beach to beyond the theoretical closure depth.  The locations of the
profiles were selected to correspond to locations previously surveyed, allowing
comparative analyses.  Twenty-two (22) of the profiles re-occupied former LRP survey
locations, with the remaining twenty (20) profiles located approximately midway
between adjacent LRP profile locations.  The twenty "sub-profiles" only extended
seaward to wading depth and are denoted with the "-1" extension hereafter.

Table 2-9 presents the locations of OCTI-E beach profiles located in the study
area along with beach profile characteristics.  The profiles were analyzed and used to
assess existing conditions.  The existing conditions compared well to the NJDEP average
profile characteristics. Select profiles were assembled and used as input for numerical
modeling of storm-induced damages as discussed in Development of Input Data for
Storm Erosion Modeling.

SUMMARY OF HISTORICAL SHORLINE CONDITIONS

Historical Shoreline Analysis.  Analysis of historic shoreline positions
constitutes a logical basis for estimating future shoreline locations, assuming there
would be no new and large-scale systematic interventions to control future shoreline
positions.  It is assumed that the “without-project” condition prevails over the time
period in which the future position of the shoreline is to be estimated.  Therefore,
the investigation reported here focused on those portions of the available data which
reflect the current shore regime as dictated by the nearshore hydrodynamics, the
existing shore protection structures along most of the island’s length, and the
navigation improvements at the north end of the study area, i.e., the Barnegat Inlet
dual jetty system.

Though emphasis is placed on defining the existing shore regime, the entire
recorded history of ocean-shoreline positions at Long Beach Island, beginning in 1836,
was examined to the extent of formulating a basic portrayal of the sequential changes in
shoreline movement rates as conditions evolved from an essentially pristine state, to the
existing condition, which includes significant artificial influences on the shore processes
along the study area.  Tracing the evolutionary changes in shoreline positions was of
interest as it would provide the basis to: (a) develop the past and pre-intervention patterns
of shore movements in the interest of defining cause and effect relationships induced by
subsequent progressive anthropogenic influences on shore processes; (b) determine if and
where conditions prior to human influence apparently followed the same patterns evident
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Profile # Community Dune El Avg Berm El Berm Width Vol above Berm
(ft NAVD) (ft NAVD) (ft from cl Dune) (cu yd /ft)

LRP 54 LBT, Loveladies 111.50

LRP 55 LBT, Loveladies 20.10 7.30 205.00 51.73

LRP 55-1 LBT, Loveladies 21.60 7.90 124.00 62.58

LRP 56 LBT, Loveladies 20.50 8.40 67.00 52.59

LRP 56-1 LBT, Loveladies 18.50 7.90 115.00 40.37

LRP 57 LBT, Loveladies 20.70 8.10 98.00 33.12

LRP 57-1 LBT, Loveladies 18.90 8.30 110.00 25.19

LRP 58 Harvey Cedars Boro 15.60 24.41

LRP 58-1 Harvey Cedars Boro 17.20 7.90 136.00 27.10

LRP 59 Harvey Cedars Boro 16.50 7.90 91.00 16.89

LRP 59-1 Harvey Cedars Boro 14.60 7.80 78.00 19.15

LRP 60 LBT, North Beach 16.30 6.70 144.00 23.41

LRP 60-1 LBT, North Beach 13.00 7.60 114.00 8.77

LRP 61 LBT, North Beach 18.60 7.50 134.00 34.28

LRP 61-1 LBT, North Beach 17.00 7.30 126.00 26.51

LRP 62 Surf City Boro 22.40 9.00 127.00 61.70

LRP 62-1 Surf City Boro 21.00 8.40 106.00 35.52

LRP 63 Surf City Boro 21.90 8.00 90.00 39.81

LRP 63-1 Ship Bottom Boro 21.40 8.10 122.00 38.17

LRP 64 Ship Bottom Boro 21.60 8.10 136.00 51.40

LRP 64-1 Ship Bottom Boro 21.00 7.90 151.00 33.64

LRP 65 LBT, Brant Beach 22.20 51.90

LRP 65-1 LBT, Brant Beach 17.20 8.40 68.00 11.37

LRP 66 LBT, Brant Beach 15.40 7.50 83.00 21.31

LRP 66-1 LBT, Brant Beach 17.80 7.70 56.00 11.03

LRP 67 LBT, Brant Beach 18.70 9.30 68.00 22.10

LRP 67-1 LBT, Beach Haven Crest 18.90 7.60 99.00 26.97

LRP 68 LBT, Brighton Beach 18.90 7.60 114.00 26.94

LRP 68-1 LBT, Peahala Park 19.90 7.80 168.00 35.99

LRP 69 LBT, Beach Haven Park 21.10 7.60 120.00 30.63

LRP 69-1 LBT, Haven Beach 17.10 7.20 108.00 13.91

LRP 70 LBT, Beach Haven Terrace 15.90 6.30 143.00 32.88

LRP 70-1 LBT, Beach Haven Gardens 18.20 7.10 150.00 14.53

LRP 71 LBT, Spray Beach 22.70 7.90 118.00 47.78

LRP 71-1 LBT, North Beach Haven 18.20 7.40 103.00 24.70

LRP 72 Beach Haven Boro 20.80 7.90 120.00 45.84

LRP 72-1 Beach Haven Boro 18.40 7.10 104.00 37.21

LRP 73A Beach Haven Boro 17.20 7.10 177.00 45.93

LRP 73-1 Beach Haven Boro 11.90 7.20 58.00 9.10

LRP 74 Beach Haven Boro 20.10 6.70 137.00 47.91

LRP 74-1 LBT, Holgate 19.60 8.60 99.00 40.99

LRP 75 Wildlife Refuge

18.72 7.74 114.92 34.56

PROFILE CHARACTERISTICS
TABLE 2-.9.  OCTI-E July 1996 LBI Beach Profile Characteristics.

AVERAGE CONDITIONS
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in the present shore regime, and how such patterns may influence future shore positions;
and (c) evaluate if the present shore regime is more or less in a state of dynamic
equilibrium or in a state of change with a particular trend, i.e., accretion or erosion.  This
investigation provided the opportunity to provide a very detailed analysis of historic
shoreline movements which can readily be expanded as new shoreline position maps are
added to the UASCE and NJDEP State’s GIS database.

Prior Studies, Reports, and Projects for Manasquan to Barnegat Inlet.
Reports pertinent to Long Beach Island were compiled and reviewed for this historic
shoreline change evaluation.  This information was used to develop a quantitative
understanding of historic behavior of the study area shorelines.  Shoreline change rates
can vary significantly depending on the methodology used and time period analyzed.
The reports reviewed include:

1. House Document No. 208, "Shore of New Jersey - Barnegat Inlet to Cape May
Canal, Beach Erosion Control Study, " 1959;

2. House Document No. 94-631, "New Jersey Coastal Inlets and Beaches -
Barnegat Inlet to Longport ," 1976;

3. USACE, Philadelphia District., New Jersey Shore Protection Study - Report of
Limited Reconnaissance Study, Philadelphia, Pennsylvania, September 1990;

4.  USACE, CERC MP-80-9,  Beach Changes at Long Beach Island, New Jersey,
1962-1973, 1980;

5.  Farrell, S. C., Speer, B., Hafner, S., Lepp, T., and Ebersold, S.E.  1998.  "New
Jersey Beach Profile Network, Analysis of the Shoreline Changes in New Jersey Coastal
Reaches One through Fifteen, Raritan Bay to Delaware Bay,"  prepared for New Jersey
Department of Environmental Protection, Coastal Research Center, Stockton State
College, Pomona, NJ.

6.  Farrell, S. C. et al.  A number of profile lines are monitored annually by
Stockton State College for the State of NJ as part of the NJ Beach Profile Network.  A
series of reports by Farrell, et al. (1991, 1993, 1994, 1995, 1997) analyzes this data for
annual volumetric and morphologic changes.

7.  Farrell, S.C., Inglin, D., Venanzi, P., and Leatherman, S.  1989.  "A Summary
Document for the Use and Interpretation of the Historical Shoreline Change Maps for the
State of New Jersey," prepared for New Jersey Department of Environmental Protection,
Coastal Research Center, Stockton State College, Pomona, NJ.

8.  “Barnegat Inlet to Little Egg Inlet Reconnaissance Study,” U.S. Army
Engineer District, Philadelphia, March 1995.
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Historic Shoreline Change Analysis.  Digital shoreline change maps prepared
for the State of New Jersey Historical Shoreline Map Series (Farrell et al. 1989) were
reviewed to evaluate general shoreline trends.  These maps include MHW shorelines
from 1836-42, 1855, 1866-68, 1871-75, 1879-85, 1899, 1932-36, 1943, 1951-53, 1971,
1977, and 1986.  Added to the analysis were interpreted MHW shoreline positions from
recently digitize aerials for the years 1991, 1993, and 1997.  Additionally a 1996 MHW
shoreline obtained from digital photogrammetry was incorporated into the analysis.  As
part of the coastal structure inventory effort, the groins along LBI were remotely
surveyed and mapped in July 1996 using the Scanning Hydrographic Operational
Airborne Lidar Survey (SHOALS).  The SHOALS survey also provided mapping of the
MHW contour.   Comparison of the SHOALS contour to the MHW contour derived from
the photogrammetry yielded minor differences.  The photogrammetry contour was
utilized as the 1996 shoreline in the analysis.

All shoreline position data were initially converted to the NJ State Plane NAD 83
horizontal coordinate system, if necessary.  As part of this feasibility study, a detailed
quantitative analysis was done to compute shoreline change rates from these maps.
Several of the shorelines were missing, incomplete, or invalid for this area, therefore
shoreline change rates were computed for the following periods: 1899, 1934, 1952, 1971,
1977, 1986, 1991, 1993, 1996, and 1997.

The shoreline change analysis involved rotating and translating each digital
shoreline to a user-defined coordinate system.  The coordinate system will hereafter be
referred to as the GENESIS coordinate system.  The origin of the coordinate system is
located adjacent to Barnegat Inlet (603,000 N, 338,900 E) with a rotation angle of 119.5
deg with respect to north (Figure 2-12).  The alongshore coordinates ranged from 0 at
Barnegat Inlet to 95,870 ft at the terminal groin located north of the Holgate Wildlife
Refuge.  Plotting the shorelines in the GENESIS coordinate system using a distorted
scale (Figure 2-13) displays the deviation in shoreline orientation as well the overall
historic shoreline changes throughout the Island.

The digital shorelines were segmented into discrete compartments alongshore that
were spaced 1,000 ft. apart except in areas where groin compartments were used (Figure
2-14).  In the vicinity of Barnegat Inlet, compartment boundaries were selected to
correspond to limits represented by MCCP profile conditions for comparative purposes.
Figures 2-15 to 2-29 display the compartment boundaries and recent shoreline positions
for each BUNDY.

A mean shoreline position was computed within each compartment by integrating
the shoreline with respect to the coordinate system over the length of the compartment
and dividing by the length of the compartment.  A least squares fit of the mean shoreline
positions versus date data was performed for each compartment to determine a shoreline
change rate.  Figure 2-30 displays the digitized shorelines in GENESIS coordinates
(compartment 58 located in Brant Beach), the computed mean shorelines for each time
period, and the resulting shoreline change rates computed for select time periods.  Figure
2-31 displays the computed mean shoreline positions for all compartments throughout



Figure 2-12  GENESIS Coordinate System for Shoreline Change Analyses.



Figure 2-13  Historic Shoreline Positions in GENESIS Coordinate System.



Figure 2-14  Shoreline Change Analysis Compartment Boundaries.



Figure 2-15  Recent Shoreline Conditions for BUNDY 1.



Figure 2-16  Recent Shoreline Conditions for BUNDY 2.



Figure 2-17  Recent Shoreline Conditions for BUNDY 3.



Figure 2-18  Recent Shoreline Conditions for BUNDY 4.



Figure 2-19  Recent Shoreline Conditions for BUNDY 5.



Figure 2-20  Recent Shoreline Conditions for BUNDY 6.



Figure 2-21  Recent Shoreline Conditions for BUNDY 7.



Figure 2-22  Recent Shoreline Conditions for BUNDY 8.



Figure 2-23  Recent Shoreline Conditions for BUNDY 9.



Figure 2-24  Recent Shoreline Conditions for BUNDY 10.



Figure 2-25  Recent Shoreline Conditions for BUNDY 11.



Figure 2-26  Recent Shoreline Conditions for BUNDY 12.



Figure 2-27  Recent Shoreline Conditions for BUNDY 13.



Figure 2-28  Recent Shoreline Conditions for BUNDY 14.



Figure 2-29  Recent Shoreline Conditions for BUNDY 15.



Shoreline Change Rates via Linear Regression

Epoch Shoreline Change Rate (ft/yr)
1971-1997 0.26
1986-1997 -6.32
1991-1997 -2.51
1996-1997 12.60

Figure 2-30  Shoreline Change Analysis Results for Compartment 58 located in Brant Beach.
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Figure 2-31  Computed Mean Shoreline Positions by Compartment.
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LBI.  Shoreline change rates were computed for sequential historic time periods and then
relative to 1997 as displayed in Figures 2-32 and 2-33, respectively.  Tabular results of
computed mean shoreline positions, shoreline change rates by epoch, and shoreline
change rates through 1997 are displayed in Tables 2-10, 2-11, and 2-12, respectively.



LBI Computed Shoreline Change Rates by Epoch
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Figure 2-32  Computed Shoreline Change Rates by Epoch.



LBI Shoreline Change Rates thru 1997

-50

-40

-30

-20

-10

0

10

20

30

40

50

0 20000 40000 60000 80000 100000 120000

Distance Alongshore (ft)

Sh
or

el
in

e 
C

ha
ng

e 
ra

te
 (f

t/
yr

)

1899-1997

1932-1997

1951-1997

1971-1997

1977-1997

1986-1997

Figure 2-33  Computed Shoreline Change Rates Relative to 1997.



TABLE 2-10  Long Beach Island Computed Mean Shoreline Positions by Compartment.
Beachfills Not Removed

Shoreline Mean
BUNDY COMMUNITY Compartment START STOP Distance North South 1836 1873 1899 1934 1952 1971 1977 1986 1991 1993 1996 1997

1 Barnegat Light 1 17.2 1821 919 None None 2432.4 2172 1958.3 1621.4 1392.2 1214.6 1300.7 1690.9 2654.6 2749.9 3144.4 3100.6
2 1821 2135 1978 None None 2576.7 2100.7 2111.1 2383.6 2216.6 #N/A #N/A 2067.5 2560 2757.5 2963 2936
3 2135 2601 2368 None None 2653.1 2046.1 2031.3 2349.9 2248.4 2293.3 #N/A 2276.2 2717.3 2876 2966.7 3030.3
4 2601 3210 2906 None None 2783.2 2026.2 2008.2 2306.2 2267.6 2529.5 2728.9 2674.1 2902.6 2945.4 3002.3 3084.6
5 3210 3810 3510 None None #N/A 2017.4 1982.5 2395.8 2311.5 2551.9 2743.8 2837.8 2801.3 2749.6 2883.2 2924.5
6 3810 5010 4410 None None #N/A 1995.5 1918.3 2296.7 2169.8 2305.9 2408.2 2503.5 2537.4 2437.1 2583.4 2583.3
7 5010 6595 5803 None None 2859.7 2015.9 1856 2157.6 2031.6 2059.3 2099.7 2202.2 2248.1 2199.4 2271.7 2274

2 Loveladies N 8 6595 8352 7474 None None 2872.2 2099.2 1901.7 2065.1 2016.6 1997 #N/A 2022.7 2075.9 2046.1 2127.1 2130.9
9 8352 9270.6 8811 None None 2907.2 2226.3 1974.6 2090.8 2099.2 2087.2 2094.2 2078.6 2106.2 2116.5 2170.8 2166.8

10 9270.6 10160.1 9715 1 2 2928.6 2377.5 2075.1 2168.9 2207.2 2166.2 #N/A 2160.9 2171.4 2193.6 2196.7 2208.6
11 10160.1 10980.1 10570 2 3 2936.6 2494.5 2185.4 2285.9 2302.7 #N/A 2277.6 2243 2247.9 2265.2 2273.8 2271.6

3 Loveladies S 12 10980.1 11856.9 11419 3 4 2993.7 2548.6 #N/A 2390.3 2372.6 #N/A 2368.1 2327.7 2319.9 2318.4 2347.4 2319
13 11856.9 12663.6 12260 4 5 3034.9 2710.6 2451.9 2473 2434 2419.6 #N/A 2410.9 2431.8 2428.5 2437.7 2421.9
14 12663.6 13364 13014 5 6 3092.9 2752.8 2562 2610.4 2528.3 2519.4 2556.1 2515.5 2530.1 2535 2505.9 2510.2
15 13364 14248.3 13806 6 7 3192.9 2839 2708.1 2691.8 2640.2 2625.6 #N/A 2599.1 2600.9 2612.8 2592 2614.7
16 14248.3 15066.5 14657 7 8 3376 2957 2857.9 2819.2 2728.1 2716.3 #N/A 2711.9 2716 2711.7 2698.4 2719.3
17 15066.5 15964.3 15515 8 9 3532.8 3047 3004 2928.9 2854 2836.3 2886.9 2853.3 2859.6 2858.5 2825.7 2854.6
18 15964.3 16830.4 16397 9 10 3712.7 3316.2 #N/A 3058.6 2971.5 2983.1 3022.8 2998 2986.8 2965.1 2957.3 3009.9
19 16830.4 17706.3 17268 10 11 3844 3438.1 3258.6 3195.3 3104.2 3091.4 3134.5 3180.4 3108.7 3082.8 3075.9 3141.1
20 17706.3 18564.6 18135 11 12 3999.1 3543.9 3378.2 3338.3 3244.6 3228.5 3247.6 3295.4 3253.7 3219.2 3209.2 3264.3

4 Harvey Cedars N 21 18564.6 19425.6 18995 12 13 4114.4 3727.5 3527.5 3460.3 3379.3 3343.2 3370.6 3447.9 3401.5 3381.9 3382.7 3408.3
22 19425.6 20221.9 19824 13 14 4248.5 3780.8 3667.8 3584 3531.5 3446.2 #N/A 3592.4 3560.2 3548.7 3518.2 3543
23 20221.9 20999 20610 14 15 4361.7 3984.1 3784.5 3658.8 3609.4 3600.1 #N/A 3725.3 3711.6 3670.2 3655.1 3694.5
24 20999 22048.2 21524 15 16 4538.6 4131.7 3948.8 3778.4 3703.5 3738.9 #N/A 3812.1 3787.9 3763.9 3777.6 3796.9
25 22048.2 23091.7 22570 16 17 4725.7 4281 4127.2 3908.2 3824.9 3904.7 #N/A 3969.6 3908.2 3891.9 3926.4 3939

5 Harvey Cedars S 26 23091.7 23958.7 23525 17 18 4863.4 4454.3 4203.6 4056.9 3998.4 4006.7 #N/A 4106.1 4058.3 4018.6 4042.8 4074.2
27 23958.7 24851.8 24405 18 19 4895.6 4536.9 4288 4138.6 4069.8 4106.7 #N/A 4162.9 4120.9 4071.4 4124 4131.9
28 24851.8 25644.4 25248 19 20 4956.8 4613.2 #N/A 4194.3 4130.1 4165.3 #N/A 4256.1 4176.5 4155.3 4175.9 4203.6
29 25644.4 26635.9 26140 20 21 5039.9 4601 4446.2 4289.7 4217.7 #N/A 4260 4268.2 4206 4185.1 4212.2 4235.4
30 26635.9 27558.3 27097 21 22 5125.8 4647.4 4484.7 4322.5 4313.6 #N/A #N/A 4337.1 4265.3 4238.5 4264.9 4278

6 North Beach 31 27558.3 28423 27991 22 23 5211.1 4686.4 4542.2 4332.6 4270.5 4327.4 4361.1 4386.7 4305.5 4264.5 4307 4315.8
32 28423 29581 29002 23 24 5317 4702.3 4557.2 4367 4297 4337.8 4407.3 4398.3 4326.3 4260.2 4335.1 4353
33 29581 30622.2 30102 24 25 5439.6 4711.3 4528.9 4403 4332 4345.5 #N/A 4401.2 4318 4322.3 4356.5 4352.3
34 30622.2 31431.9 31027 25 26 5539.5 4728.8 4546.7 4415.5 4329 4348.5 4422.9 4450.1 4353.6 4340.6 4372.9 4375.6
35 31431.9 32235.9 31834 26 27 5594.9 4735.2 #N/A 4367.4 4382.4 4384 4454.3 4452.6 4361.1 4343.5 4371.9 4362.3
36 32235.9 33039.2 32638 27 28 5666.4 4757.6 4535.3 4342 4383.6 4391.8 4448.5 4452.9 4367.8 4342.8 4363.6 4368
37 33039.2 33835.7 33437 28 29 5675.8 4737.3 #N/A 4370.9 4364.9 #N/A 4461.6 4461.9 4377.8 4346.5 4353.5 4369.7
38 33835.7 34642 34239 29 30 5647.3 4684.8 4468.8 4373.1 4351.9 #N/A 4438.8 4460 4380.2 4337.3 4334.2 4379.5
39 34642 35436.5 35039 30 31 5613 4685.1 4458.9 4319.8 4348 #N/A #N/A 4424.1 4362.6 4334.7 4323.9 4356.2
40 35436.5 36238.9 35838 31 32 5554.1 4647 4456.3 4324.9 4338 #N/A 4356.3 4423.4 4372.3 4363.2 4349.8 4335.2
41 36238.9 37384.3 36812 32 33 5505.1 4601 4437.3 4308.5 4355.4 #N/A 4403.3 4436.1 4358.7 4376.2 4376.6 4360.1

7 Surf City 42 37384.3 38428.9 37907 33 34 5498 4563.8 4414.1 4263.7 4351 #N/A 4421.9 4484.1 4406.3 4380.5 4396.6 4388.2
43 38428.9 39502.1 38966 34 35 5370.3 4500.4 4384.7 4264.3 4341.2 #N/A 4382.6 4465.7 4401.9 4379 4390.7 4389.3
44 39502.1 40565.8 40034 35 36 5344.9 4428.3 4353.1 4267.2 4289.6 #N/A #N/A 4438.2 4376 4348.6 4334.6 4335.4
45 40565.8 41623.9 41095 36 37 5241.9 4391.1 4326.4 4217 4248 #N/A 4311.6 4381.8 4337.4 4303.8 4315.4 4315.6
46 41623.9 42745 42184 37 38 5173.3 4361.1 4255.7 4172.7 4213.4 4232.3 #N/A 4345.9 4290 4267.3 4259.9 4283.8
47 42745 43798.3 43272 38 39 5217.7 4320.3 4144.6 4145.3 4164.6 4176.4 #N/A 4278.2 4245.3 4219.1 4200.5 4236.6

8 Ship Bottom 48 43798.3 44851.2 44325 39 40 5083.4 4246.4 4105 4081.9 4085.3 4112 4142.2 4237.9 4193.1 4162.7 4173.6 4175.4
49 44851.2 45895.2 45373 40 41 5040.3 4213.7 4076.9 4031.8 4074.5 4087.6 #N/A 4171.9 4174.3 4142.7 4124.8 4136.1
50 45895.2 46960 46428 41 42 4950 4205.2 4002.5 3987.2 4013.5 4035 4104.7 4118 4111.1 4076.6 4068.2 4070.8
51 46960 48017 47489 42 43 4935.1 4159.4 3952 3969.6 3966.8 3993.1 4066 4063.4 4088.6 4033.1 4050.1 4055.7
52 48017 49076.3 48547 43 44 4861.3 4155.5 3907.9 3955.4 3935 3984.2 #N/A 4051.2 4044.9 4025.3 4061.1 4063.8

9 Brant Beach 53 49076.3 50127.5 49602 44 45 4783 4136.5 3864.8 3931.3 3921 3837.5 4046 4040.8 4040 4015.6 4040.9 4044.7
54 50127.5 51063.2 50595 45 46 4747 4156.7 3887.2 3932.4 3910.5 #N/A #N/A 4040 4040.4 4022.1 4021.3 4037.1
55 51063.2 52048.4 51556 46 47 4658.8 4145.3 3942.7 3959.6 3885.5 3938.6 3985.3 4034.5 4040.6 4032.7 4036 4026.8
56 52048.4 52828.4 52438 47 48 4622.3 4161.2 3965.8 3953.8 3936.9 3936.7 #N/A 4010.9 4069.8 4066.1 4033.1 4036
57 52828.4 53645.9 53237 48 49 4569 4149.5 3962.7 3961.9 3955.8 3975.5 4087.9 4042.1 4032 4017.3 4028.7 4019.5
58 53645.9 54449 54047 49 50 4632.7 4160 3990.1 3927.3 3913.1 3941.3 4021.9 4042.5 3989.9 3985.9 3969.4 3982
59 54449 55255.2 54852 50 51 4695.7 4154.6 #N/A 3940.7 3925.5 3926.5 #N/A 3998.7 3976.1 3956.7 3930.1 3954.4
60 55255.2 56046.2 55651 51 52 4503.2 4190.8 4110.4 3967.6 3946.9 3909.2 4016.9 3969 3988.7 3951.3 3965 3960.1
61 56046.2 56805.8 56426 52 53 4430.2 4204.5 #N/A 3973.8 3977.4 3938.4 4032.2 4004.2 4019.6 3992.5 3997.8 4007.1
62 56805.8 57545.8 57176 53 54 4344.5 4208.6 4148.3 4019.6 3955.4 3947.5 4056 4040.8 4050 4002.1 3998.2 4047.8
63 57545.8 58304.3 57925 54 55 4322.5 4202 4132.6 4084.4 3997.4 #N/A 4087.8 4078.2 4099.2 4056.7 4050.8 4086.6

MEAN SHORELINE POSITION (ft) wrt GENESIS COORDINATE SYSTEMGENESIS Coords BOUNDING GROINS
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Shoreline Mean
BUNDY COMMUNITY Compartment START STOP Distance North South 1836 1873 1899 1934 1952 1971 1977 1986 1991 1993 1996 1997

MEAN SHORELINE POSITION (ft) wrt GENESIS COORDINATE SYSTEMGENESIS Coords BOUNDING GROINS

10 BH Crest to BH Park 64 58304.3 59055 58680 55 56 4300.1 4190.3 4106.1 4125.5 4059.4 #N/A 4149.3 4099.3 4124.6 4092.1 4090.5 4117.4
65 59055 59802.1 59429 56 57 4332.4 4193.6 4145.4 4137.5 4099.6 #N/A #N/A 4131.2 4138.7 4126.4 4115.9 4154.2
66 59802.1 60556.5 60179 57 58 4308.7 4231.2 4182.2 4158.6 4140.4 #N/A 4209.2 4171.4 4182.2 4154.9 4155.9 4186.4
67 60556.5 61373.3 60965 58 59 4297.6 4240.5 4204.8 4180.8 4171.5 #N/A #N/A 4255.1 4245 4196.8 4211.2 4194.4
68 61373.3 61993.1 61683 59 60 4269.3 4255 4221.7 4206.1 4192.7 #N/A 4316.1 4289 4276.4 4253.5 4213.2 4242.9
69 61993.1 63027.1 62510 60 61 4308.8 4257.6 4259.5 4238.2 4197.9 #N/A 4355.8 4318.6 4272.9 4224.8 #N/A 4273.8
70 63027.1 63907.7 63467 61 62 4327.7 4284.1 4308.3 4252.9 4225.6 #N/A 4362 4363.2 4363.8 4291 #N/A 4332.5
71 63907.7 64949.8 64429 62 63 4293.2 4300 4358.2 4260.1 4225.1 4277.3 #N/A 4392.2 4398.9 4353.3 #N/A 4367.8
72 64949.8 65798.5 65374 63 64 4230.6 4321.4 4359.6 4270.3 4219.5 4262.9 #N/A 4405.7 4418.6 4381.7 4382.6 4376.9
73 65798.5 66631.8 66215 64 65 4257.9 4291 4347.4 4267.7 4205.6 4243.4 4360 4364.8 4391.8 4341.8 4358 4349.9
74 66631.8 67520.1 67076 65 66 4284.1 4295.1 4307.4 4280.5 4260.6 4214.6 #N/A 4330.5 4382.6 4338.7 4333.7 4348.9

11 Haven Bch to BH Gardens 75 67520.1 68619.9 68070 66 67 4254.9 4301.2 4302.1 4296.7 4233.5 4224.5 4317.5 4302.1 4288 4253.5 #N/A 4279.3
76 68619.9 69446 69033 67 68 4225.7 4300.7 4314.8 4322.8 4135.4 4207.6 4314.1 4291.2 4262.9 4238.4 #N/A 4249.6
77 69446 70513.1 69980 68 69 4236.2 4327.9 4315.2 4325.5 4188 4228.8 #N/A 4304.5 4253 4222.1 #N/A 4234.7
78 70513.1 71247.8 70880 69 70 4258.8 4335.3 4285.3 4309 4283.3 4214.9 #N/A 4337.8 4292.3 4252.6 #N/A 4258.1
79 71247.8 72167.5 71708 70 71 4172.1 4352.3 4292.7 4296.2 4269 4215.8 #N/A 4346 4309 4273.5 #N/A 4296.9
80 72167.5 73047.7 72608 71 72 4126.2 4396 #N/A 4305.8 4272.7 4236.6 #N/A 4410.3 4361.3 4315.6 #N/A 4326.4
81 73047.7 73949.6 73499 72 73 4118 4391.9 4273.8 4334.9 4283.6 4305.5 4405.1 4427.8 4381.7 4346.1 #N/A 4377.5

12 Spray Bch to BH Boro N 82 73949.6 74872.3 74411 73 74 4109.3 4399.7 4284.3 4384.5 4299.7 #N/A 4413.2 4487.3 4413.4 4373.3 #N/A 4385
83 74872.3 75947.1 75410 74 75 4128.3 4413.2 4323.4 4405 4343.8 #N/A 4443.2 4481.8 4452.3 4402.2 #N/A 4421.8
84 75947.1 76951.7 76449 75 76 4076.8 4440.6 4376.2 4428 4376.4 4380.5 4452.9 4516 4492.5 4452.5 #N/A 4452.6
85 76951.7 77951.8 77452 76 77 4097.9 4547.4 4434.9 4481.8 4419.2 4377 #N/A 4551.7 4537.1 4509.8 #N/A 4516.8
86 77951.8 79166.5 78559 77 78 4121.7 4560.3 4484.4 4567.8 4508.8 4428.7 4554 4583.5 4587.6 4550.4 #N/A 4566.8
87 79166.5 80182.3 79674 78 79 4089.5 4579.7 4530.8 4637.8 4549.1 4493.1 #N/A 4626.3 4633.2 4617.5 #N/A 4609.4
88 80182.3 81201.1 80692 79 80 4087.2 4593.1 4473.8 4656.6 4595.1 4522.6 #N/A 4669.6 4638.2 4659.4 #N/A 4651.1

13 Beach Haven Boro 89 81201.1 82468.3 81835 80 81 4099.9 4644.1 4507.1 4643.8 4593.4 4525.7 #N/A 4660.6 4605 4612.6 #N/A 4645.2
90 82468.3 83586.8 83028 81 82 4092.1 4587.3 4513.7 4561.9 4541.8 4472.8 #N/A 4606.3 4588.1 4585.7 #N/A 4576.5
91 83586.8 84617.3 84102 82 83 4082.7 4682.3 4518.6 4444.1 4469.4 4400.2 #N/A 4526.4 4495.3 4473.1 #N/A 4461
92 84617.3 85932.8 85275 83 84 4166.1 4806.4 4503.6 4381.7 4353.8 4279.8 #N/A 4393.7 4349.2 4327.7 #N/A 4368.3

14 Beach Haven Boro S 93 85932.8 87273.9 86603 84 85 4217.5 4929.1 4527.7 4000.6 3907.8 3977.3 4094.2 4065.6 4008.7 3997.7 #N/A 4043.2
94 87273.9 88507.6 87891 85 8688 4362.9 5068.5 4629.4 3783 3655.8 3718.9 3842.2 3822.1 3756.4 3727 #N/A 3734.9
95 88507.6 89048.2 88778 8688 89 4540.4 5145 4652.8 3730.5 3662.7 3578.8 3730.3 3622.4 3547.3 3549.6 #N/A 3591

15 BH Boro to Holgate 96 89048.2 89546.4 89297 89 90 4620.6 5213.3 #N/A 3732 3611 3536.5 #N/A 3610.4 3510.5 3466 #N/A 3596.6
97 89546.4 90042.9 89795 90 91 4772.7 5263.7 #N/A 3777.8 3551.9 3522 #N/A 3577.2 3517.6 3474.5 #N/A 3557.8
98 90042.9 90550.3 90297 91 92 4912.5 5294.3 #N/A 3805.7 3562.6 #N/A 3622 3591.8 3530.6 3487.1 #N/A 3588.8
99 90550.3 91330.7 90941 92 93 5013.6 5344.6 4756.3 3784.3 3587 #N/A 3582.5 3637.8 3551.2 3495.7 #N/A 3595.7

100 91330.7 92359.7 91845 93 94 5137.3 5469.4 4817.8 3808.1 3629.9 #N/A 3532.7 3622.2 3567.3 3532 #N/A 3550.6
101 92359.7 93192.4 92776 94 95 5249.7 5537.1 4947 3803.5 3626.5 #N/A 3530.1 3591.2 3546.9 3532.2 #N/A 3549.3
102 93192.4 93936.3 93564 95 96 5386 5640.2 4962.1 3661.9 3661.3 #N/A 3581.9 3656.3 3596 3584.1 #N/A 3569.4
103 93936.3 94651 94294 96 97 5534.4 5727.3 4965.3 3688.5 3741.6 #N/A #N/A 3715.8 3692.1 3685.4 #N/A 3638.8
104 94651 95434 95043 97 98 5666.7 5827.4 5001.9 3701.4 3675.9 #N/A 3601.7 3627.5 3589.9 3596.6 #N/A 3564.8
105 95434 95824 95629 98 99 5742.3 5900.4 5035.4 3585.2 3686.8 #N/A #N/A 3209 3236.1 #N/A #N/A 3292.6

Not Studied Holgate Wildlife Refuge 106 95824 96500 96162 None None 5771.4 5935.1 5034.2 3533.4 3710.1 #N/A 3090.7 2974.1 2859.7 2924.3 #N/A 2990.3
107 96500 97500 97000 None None 5635.3 6014.9 5053.5 3456.1 3691 #N/A 2955.6 2881.9 2724.3 2705.8 #N/A 2853.3
108 97500 98500 98000 None None #N/A 6125.3 5110.4 2999.6 3741 #N/A 2869.5 2899.6 2764.1 2702.6 #N/A 2834.6
109 98500 99500 99000 None None #N/A 6203.4 5000 #N/A 3591 3006.4 2854.2 2940.5 2825.7 2781.5 #N/A 2838.7
110 99500 100500 100000 None None #N/A 6209.6 4888 #N/A 3489.2 3009.5 2897 3000.3 2903.1 #N/A #N/A 2812.5
111 100500 101500 101000 None None #N/A 6155.6 4818.8 #N/A 3243.8 3036.6 #N/A 3055 2844.3 2765.7 #N/A 2735.8
112 101500 102500 102000 None None #N/A #N/A #N/A #N/A 2976.1 2990.5 #N/A #N/A 2839.5 2720.7 #N/A 2652.2
113 102500 103500 103000 None None #N/A #N/A #N/A #N/A #N/A 2840.7 2567.9 #N/A 2769.4 2730.2 #N/A 2539.1
114 103500 104500 104000 None None #N/A #N/A #N/A #N/A #N/A 2406.6 #N/A 2825.5 2684.3 2652.9 #N/A 2362.9
115 104500 105500.5 105000 None None #N/A #N/A #N/A #N/A #N/A 1748.6 2082 2483.3 2491.2 2406.6 #N/A 2165.8
116 105500.5 106500 106000 None None #N/A #N/A #N/A #N/A #N/A 934.8 1729.8 #N/A 2238.2 2186.9 #N/A 1986.6
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TABLE 2-11  Long Beach Island Computed Shoreline Change Rates by Epoch
Beachfills Removed

Shoreline Mean
BUNDY COMMUNITY Compartment START STOP Distance North South Length 1836-1871 1871-1899 1899-1932 1932-1951 1951-1971 1971-1977 1977-1986 1986-1991 1991-1993 1993-1996 1996-1997

1 Barnegat Light 1 17.2 1821 919 None None 1804 -7.66 -8.22 -9.63 -12.73 -9.35 14.06 42.18 131.88 293.56 131.5 -43.8
2 1821 2135 1978 None None 314 -14 0.4 7.79 -9.28 #N/A #N/A #N/A 54.83 307.04 68.5 -27
3 2135 2601 2368 None None 466 -17.85 -0.57 9.1 -5.64 2.36 #N/A #N/A 73.25 171.63 30.23 63.6
4 2601 3210 2906 None None 609 -22.26 -0.69 8.51 -2.14 13.78 32.56 -5.92 34.33 73.19 18.97 82.3
5 3210 3810 3510 None None 600 #N/A -1.34 11.81 -4.68 12.65 31.33 10.16 -7.26 -38.3 44.53 41.3
6 3810 5010 4410 None None 1200 #N/A -2.97 10.81 -7.05 7.16 16.7 10.3 6.75 -74.3 48.77 -0.1
7 5010 6595 5803 None None 1585 -24.82 -6.15 8.62 -7 1.46 6.6 11.08 9.13 -36.07 24.1 2.3

2 Loveladies N 8 6595 8352 7474 None None 1757 -22.74 -7.6 4.67 -2.69 -1.03 #N/A #N/A 10.59 -22.07 27 3.8
9 8352 9270.6 8811 None None 919 -20.03 -9.68 3.32 0.47 -0.63 1.14 -1.69 5.49 7.63 18.1 -4

10 9270.6 10160.1 9715 1 2 890 -16.21 -11.63 2.68 2.13 -2.16 #N/A #N/A 2.09 16.44 1.03 11.9
11 10160.1 10980.1 10570 2 3 820 -13 -11.89 2.87 0.93 #N/A #N/A -3.74 0.98 12.81 2.87 -2.2

3 Loveladies S 12 10980.1 11856.9 11419 3 4 877 -13.09 #N/A #N/A -0.98 #N/A #N/A -4.37 -1.55 -1.11 9.67 -28.4
13 11856.9 12663.6 12260 4 5 807 -9.54 -9.95 0.6 -2.17 -0.76 #N/A #N/A 4.16 -2.44 3.07 -15.8
14 12663.6 13364 13014 5 6 700 -10 -7.34 1.38 -4.56 -0.47 5.99 -4.39 2.91 3.63 -9.7 4.3
15 13364 14248.3 13806 6 7 884 -10.41 -5.03 -0.47 -2.87 -0.77 #N/A #N/A 0.36 8.81 -6.93 22.7
16 14248.3 15066.5 14657 7 8 818 -12.32 -3.81 -1.11 -5.06 -0.62 #N/A #N/A 0.82 -3.19 -4.43 20.9
17 15066.5 15964.3 15515 8 9 898 -14.29 -1.65 -2.15 -4.16 -0.93 8.26 -3.63 1.25 -0.81 -10.93 28.9
18 15964.3 16830.4 16397 9 10 866 -11.66 #N/A #N/A -4.84 0.61 6.48 -2.68 -2.23 -16.07 -2.6 52.6
19 16830.4 17706.3 17268 10 11 876 -11.94 -6.9 -1.81 -5.06 -0.67 7.04 4.96 -14.27 -19.19 -2.3 65.2
20 17706.3 18564.6 18135 11 12 858 -13.39 -6.37 -1.14 -5.21 -0.85 3.12 5.17 -8.3 -25.56 -3.33 55.1

4 Harvey Cedars N 21 18564.6 19425.6 18995 12 13 861 -11.38 -7.69 -1.92 -4.5 -1.9 4.47 8.36 -9.23 -14.52 0.27 25.6
22 19425.6 20221.9 19824 13 14 796 -13.76 -4.35 -2.39 -2.92 -4.49 #N/A #N/A -6.41 -8.52 -10.17 24.8
23 20221.9 20999 20610 14 15 777 -11.11 -7.68 -3.59 -2.74 -0.49 #N/A #N/A -2.73 -30.67 -18.7 80.4
24 20999 22048.2 21524 15 16 1049 -11.97 -7.03 -4.87 -4.16 1.86 #N/A #N/A -4.82 -17.78 -9.1 60.3
25 22048.2 23091.7 22570 16 17 1044 -13.08 -5.92 -6.26 -4.63 4.2 #N/A #N/A -12.22 -12.07 -2.17 53.6

5 Harvey Cedars S 26 23091.7 23958.7 23525 17 18 867 -12.03 -9.64 -4.19 -3.25 0.44 #N/A #N/A -9.51 -29.41 -5.6 72.4
27 23958.7 24851.8 24405 18 19 893 -10.55 -9.57 -4.27 -3.82 1.94 #N/A #N/A -8.36 -36.67 3.87 48.9
28 24851.8 25644.4 25248 19 20 793 -10.11 #N/A #N/A -3.57 1.85 #N/A #N/A -15.84 -15.7 -6.8 68.7
29 25644.4 26635.9 26140 20 21 992 -12.91 -5.95 -4.47 -4 #N/A #N/A 0.89 -12.38 -15.48 9.03 23.2
30 26635.9 27558.3 27097 21 22 922 -14.07 -6.26 -4.63 -0.49 #N/A #N/A #N/A -14.29 -19.85 8.8 13.1

6 North Beach 31 27558.3 28423 27991 22 23 865 -15.43 -5.55 -5.99 -3.45 2.99 5.5 2.77 -16.16 -30.37 14.17 8.8
32 28423 29581 29002 23 24 1158 -18.08 -5.58 -5.43 -3.89 2.15 11.35 -0.97 -14.33 -48.96 24.97 17.9
33 29581 30622.2 30102 24 25 1041 -21.42 -7.02 -3.6 -3.94 0.71 #N/A #N/A -16.56 3.19 11.4 -4.2
34 30622.2 31431.9 31027 25 26 810 -23.84 -7 -3.75 -4.81 1.03 12.15 2.94 -19.2 -9.63 10.77 2.7
35 31431.9 32235.9 31834 26 27 804 -25.29 #N/A #N/A 0.83 0.08 11.48 -0.18 -18.21 -13.04 9.47 -9.6
36 32235.9 33039.2 32638 27 28 803 -26.73 -8.55 -5.52 2.31 0.43 9.26 0.48 -16.94 -18.52 6.93 4.4
37 33039.2 33835.7 33437 28 29 797 -27.6 #N/A #N/A -0.33 #N/A #N/A 0.03 -16.74 -23.19 2.33 16.2
38 33835.7 34642 34239 29 30 806 -28.31 -8.31 -2.73 -1.18 #N/A #N/A 2.29 -15.88 -31.78 -1.03 45.3
39 34642 35436.5 35039 30 31 795 -27.29 -8.7 -3.97 1.57 #N/A #N/A #N/A -12.24 -20.67 -3.6 32.3
40 35436.5 36238.9 35838 31 32 802 -26.68 -7.33 -3.75 0.73 #N/A #N/A 7.25 -10.17 -6.74 -4.47 -14.6
41 36238.9 37384.3 36812 32 33 1145 -26.59 -6.3 -3.68 2.61 #N/A #N/A 3.55 -15.4 12.96 0.13 -16.5

7 Surf City 42 37384.3 38428.9 37907 33 34 1045 -27.48 -5.76 -4.3 4.85 #N/A #N/A 6.72 -15.48 -19.11 5.37 -8.4
43 38428.9 39502.1 38966 34 35 1073 -25.59 -4.45 -3.44 4.27 #N/A #N/A 8.98 -12.7 -16.96 3.9 -1.4
44 39502.1 40565.8 40034 35 36 1064 -26.96 -2.89 -2.45 1.24 #N/A #N/A #N/A -12.38 -20.3 -4.67 0.8
45 40565.8 41623.9 41095 36 37 1058 -25.02 -2.49 -3.13 1.72 #N/A #N/A 7.59 -8.84 -24.89 3.87 0.2
46 41623.9 42745 42184 37 38 1121 -23.89 -4.05 -2.37 2.26 0.99 #N/A #N/A -11.12 -16.81 -2.47 23.9
47 42745 43798.3 43272 38 39 1053 -26.39 -6.76 0.02 1.07 0.62 #N/A #N/A -6.55 -19.41 -6.2 36.1

8 Ship Bottom 48 43798.3 44851.2 44325 39 40 1053 -24.62 -5.44 -0.66 0.19 1.41 4.93 10.35 -8.92 -22.52 3.63 1.8
49 44851.2 45895.2 45373 40 41 1044 -24.31 -5.26 -1.29 2.37 0.69 #N/A #N/A 0.48 -23.41 -5.97 11.3
50 45895.2 46960 46428 41 42 1065 -21.91 -7.8 -0.44 1.46 1.13 11.38 1.44 -1.37 -25.56 -2.8 2.6
51 46960 48017 47489 42 43 1057 -22.81 -7.98 0.5 -0.16 1.38 11.9 -0.28 5.01 -41.11 5.67 5.6
52 48017 49076.3 48547 43 44 1059 -20.76 -9.52 1.36 -1.13 2.59 #N/A #N/A -1.25 -14.52 11.93 2.7

9 Brant Beach 53 49076.3 50127.5 49602 44 45 1051 -19.01 -10.45 1.9 -0.57 -4.39 34.04 -0.56 -0.16 -18.07 8.43 3.8
54 50127.5 51063.2 50595 45 46 936 -17.36 -10.37 1.29 -1.22 #N/A #N/A #N/A 0.08 -13.56 -0.27 15.8
55 51063.2 52048.4 51556 46 47 985 -15.1 -7.79 0.48 -4.12 2.79 7.62 5.32 1.21 -5.85 1.1 -9.2
56 52048.4 52828.4 52438 47 48 780 -13.56 -7.52 -0.34 -0.94 -0.01 #N/A #N/A 11.72 -2.74 -11 2.9
57 52828.4 53645.9 53237 48 49 818 -12.34 -7.18 -0.02 -0.34 1.04 18.35 -4.95 -2.01 -10.89 3.8 -20.7
58 53645.9 54449 54047 49 50 803 -13.9 -6.53 -1.79 -0.79 1.48 13.16 2.23 -10.47 -2.96 -5.5 1.1
59 54449 55255.2 54852 50 51 806 -15.91 #N/A #N/A -0.84 0.05 #N/A #N/A -4.5 -14.37 -8.87 12.8
60 55255.2 56046.2 55651 51 52 791 -9.19 -3.09 -4.08 -1.15 -1.98 17.58 -5.18 3.92 -27.7 4.57 -16.4
61 56046.2 56805.8 56426 52 53 760 -6.64 #N/A #N/A 0.2 -2.05 15.31 -3.03 3.06 -20.07 1.77 9.3
62 56805.8 57545.8 57176 53 54 740 -4 -2.32 -3.68 -3.57 -0.42 17.71 -1.64 1.83 -35.48 -1.3 49.6
63 57545.8 58304.3 57925 54 55 759 -3.54 -2.67 -1.38 -4.83 #N/A #N/A -1.04 4.18 -31.48 -1.97 35.8

10 BH Crest to BH Park 64 58304.3 59055 58680 55 56 751 -3.23 -3.24 0.55 -3.67 #N/A #N/A -5.41 5.03 -24.07 -0.53 26.9
65 59055 59802.1 59429 56 57 747 -4.08 -1.85 -0.23 -2.11 #N/A #N/A #N/A 1.49 -9.11 -3.5 38.3
66 59802.1 60556.5 60179 57 58 754 -2.28 -1.88 -0.67 -1.01 #N/A #N/A -4.09 2.15 -20.22 0.33 30.5
67 60556.5 61373.3 60965 58 59 817 -1.68 -1.37 -0.69 -0.52 #N/A #N/A #N/A -2.01 -35.7 4.8 -16.8
68 61373.3 61993.1 61683 59 60 620 -0.42 -1.28 -0.45 -0.74 #N/A #N/A -2.93 -2.51 -16.96 -13.43 29.7
69 61993.1 63027.1 62510 60 61 1034 -1.51 0.07 -0.61 -2.24 #N/A #N/A -4.02 -9.09 -35.63 #N/A #N/A
70 63027.1 63907.7 63467 61 62 881 -1.28 0.93 -1.58 -1.52 #N/A #N/A 0.13 0.12 -53.93 #N/A #N/A
71 63907.7 64949.8 64429 62 63 1042 0.2 2.24 -2.8 -1.94 2.75 #N/A #N/A 1.33 -33.78 #N/A #N/A
72 64949.8 65798.5 65374 63 64 849 2.67 1.47 -2.55 -2.82 2.28 #N/A #N/A 2.57 -27.33 0.3 -5.7
73 65798.5 66631.8 66215 64 65 833 0.97 2.17 -2.28 -3.45 1.99 19.04 0.52 5.37 -37.04 5.4 -8.1
74 66631.8 67520.1 67076 65 66 888 0.32 0.47 -0.77 -1.11 -2.42 #N/A #N/A 10.37 -32.52 -1.67 15.2

GENESIS Coords BOUNDING GROINS SHORELINE CHANGE RATES (ft/yr)  by Epoch

Table 2-11 page1



Shoreline Mean
BUNDY COMMUNITY Compartment START STOP Distance North South Length 1836-1871 1871-1899 1899-1932 1932-1951 1951-1971 1971-1977 1977-1986 1986-1991 1991-1993 1993-1996 1996-1997

GENESIS Coords BOUNDING GROINS SHORELINE CHANGE RATES (ft/yr)  by Epoch

11 Haven Bch to BH Gardens 75 67520.1 68619.9 68070 66 67 1100 1.36 0.03 -0.15 -3.51 -0.47 15.18 -1.66 -2.81 -25.56 #N/A #N/A
76 68619.9 69446 69033 67 68 826 2.21 0.54 0.23 -10.41 3.8 17.39 -2.48 -5.63 -18.15 #N/A #N/A
77 69446 70513.1 69980 68 69 1067 2.7 -0.49 0.29 -7.64 2.15 #N/A #N/A -10.25 -22.89 #N/A #N/A
78 70513.1 71247.8 70880 69 70 735 2.25 -1.92 0.68 -1.43 -3.6 #N/A #N/A -9.05 -29.41 #N/A #N/A
79 71247.8 72167.5 71708 70 71 920 5.3 -2.29 0.1 -1.51 -2.8 #N/A #N/A -7.36 -26.3 #N/A #N/A
80 72167.5 73047.7 72608 71 72 880 7.94 #N/A #N/A -1.84 -1.9 #N/A #N/A -9.75 -33.85 #N/A #N/A
81 73047.7 73949.6 73499 72 73 902 8.06 -4.54 1.75 -2.85 1.15 16.26 2.45 -9.17 -26.37 #N/A #N/A

12 Spray Bch to BH Boro N 82 73949.6 74872.3 74411 73 74 923 8.54 -4.44 2.86 -4.71 #N/A #N/A 8.01 -14.71 -29.7 #N/A #N/A
83 74872.3 75947.1 75410 74 75 1075 8.38 -3.45 2.33 -3.4 #N/A #N/A 4.17 -5.87 -37.11 #N/A #N/A
84 75947.1 76951.7 76449 75 76 1005 10.7 -2.48 1.48 -2.87 0.22 11.82 6.82 -4.68 -29.63 #N/A #N/A
85 76951.7 77951.8 77452 76 77 1000 13.22 -4.33 1.34 -3.48 -2.22 #N/A #N/A -2.91 -20.22 #N/A #N/A
86 77951.8 79166.5 78559 77 78 1215 12.9 -2.92 2.38 -3.28 -4.22 20.46 3.19 0.82 -27.56 #N/A #N/A
87 79166.5 80182.3 79674 78 79 1016 14.42 -1.88 3.06 -4.93 -2.95 #N/A #N/A 1.37 -11.63 #N/A #N/A
88 80182.3 81201.1 80692 79 80 1019 14.88 -4.59 5.22 -3.42 -3.82 #N/A #N/A -6.25 15.7 #N/A #N/A

13 Beach Haven Boro 89 81201.1 82468.3 81835 80 81 1267 16.01 -5.27 3.91 -2.8 -3.56 #N/A #N/A -11.06 5.63 #N/A #N/A
90 82468.3 83586.8 83028 81 82 1119 14.56 -2.83 1.38 -1.12 -3.63 #N/A #N/A -3.62 -1.78 #N/A #N/A
91 83586.8 84617.3 84102 82 83 1031 17.64 -6.3 -2.13 1.41 -3.64 #N/A #N/A -6.19 -16.44 #N/A #N/A
92 84617.3 85932.8 85275 83 84 1316 18.83 -11.65 -3.48 -1.55 -3.89 #N/A #N/A -8.86 -15.93 #N/A #N/A

14 Beach Haven Boro S 93 85932.8 87273.9 86603 84 85 1341 20.93 -15.44 -15.06 -5.16 3.66 19.09 -3.09 -11.32 -8.15 #N/A #N/A
94 87273.9 88507.6 87891 85 8688 1234 20.75 -16.89 -24.18 -7.07 3.32 20.13 -2.17 -13.07 -21.78 #N/A #N/A
95 88507.6 89048.2 88778 8688 89 541 17.78 -18.93 -26.35 -3.77 -4.42 24.73 -11.66 -14.95 1.7 #N/A #N/A

15 BH Boro to Holgate 96 89048.2 89546.4 89297 89 90 498 17.43 #N/A #N/A -6.72 -3.92 #N/A #N/A -19.88 -32.96 #N/A #N/A
97 89546.4 90042.9 89795 90 91 497 14.44 #N/A #N/A -12.55 -1.57 #N/A #N/A -11.86 -31.93 #N/A #N/A
98 90042.9 90550.3 90297 91 92 507 11.23 #N/A #N/A -13.51 #N/A #N/A -3.26 -12.18 -32.22 #N/A #N/A
99 90550.3 91330.7 90941 92 93 780 9.74 -22.63 -27.77 -10.96 #N/A #N/A 5.98 -17.23 -41.11 #N/A #N/A

100 91330.7 92359.7 91845 93 94 1029 9.77 -25.06 -28.85 -9.9 #N/A #N/A 9.68 -10.93 -26.15 #N/A #N/A
101 92359.7 93192.4 92776 94 95 833 8.45 -22.7 -32.67 -9.83 #N/A #N/A 6.61 -8.82 -10.89 #N/A #N/A
102 93192.4 93936.3 93564 95 96 744 7.48 -26.08 -37.15 -0.03 #N/A #N/A 8.04 -12 -8.81 #N/A #N/A
103 93936.3 94651 94294 96 97 715 5.67 -29.31 -36.48 2.95 #N/A #N/A #N/A -4.72 -4.96 #N/A #N/A
104 94651 95434 95043 97 98 783 4.73 -31.75 -37.16 -1.42 #N/A #N/A 2.79 -7.48 4.96 #N/A #N/A
105 95434 95824 95629 98 99 390 4.65 -33.27 -41.43 5.64 #N/A #N/A #N/A 5.39 #N/A #N/A #N/A

Not Studied Holgate Wildlife Refuge 106 95824 96500 96162 None None 676 4.81 -34.65 -42.88 9.82 #N/A #N/A -12.61 -22.77 47.85 #N/A #N/A
107 96500 97500 97000 None None 1000 11.16 -36.98 -45.64 13.05 #N/A #N/A -7.97 -31.36 -13.7 #N/A #N/A
108 97500 98500 98000 None None 1000 #N/A -39.03 -60.31 41.19 #N/A #N/A 3.25 -26.97 -45.56 #N/A #N/A
109 98500 99500 99000 None None 1000 #N/A -46.28 #N/A #N/A -30.77 -24.85 9.33 -22.85 -32.74 #N/A #N/A
110 99500 100500 100000 None None 1000 #N/A -50.83 #N/A #N/A -25.25 -18.37 11.17 -19.34 #N/A #N/A #N/A
111 100500 101500 101000 None None 1000 #N/A -51.42 #N/A #N/A -10.91 #N/A #N/A -41.93 -58.22 #N/A #N/A
112 101500 102500 102000 None None 1000 #N/A #N/A #N/A #N/A 0.76 #N/A #N/A #N/A -88 #N/A #N/A
113 102500 103500 103000 None None 1000 #N/A #N/A #N/A #N/A #N/A -44.54 #N/A #N/A -29.04 #N/A #N/A
114 103500 104500 104000 None None 1000 #N/A #N/A #N/A #N/A #N/A #N/A #N/A -28.1 -23.26 #N/A #N/A
115 104500 105500.5 105000 None None 1001 #N/A #N/A #N/A #N/A #N/A 54.43 43.38 1.57 -62.67 #N/A #N/A
116 105500.5 106500 106000 None None 1000 #N/A #N/A #N/A #N/A #N/A 129.8 #N/A #N/A -38 #N/A #N/A
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TABLE 2-12  Long Beach Island Computed Shoreline Change Rates thru 1997
Beachfills Removed

Shoreline Mean
BUNDY COMMUNITY Compartment START STOP Distance North South Length 1836-1997 1871-1997 1899-1997 1932-1997 1951-1997 1971-1997 1977-1997 1986-1997 1991-1997 1993-1997 1996-1997

1 Barnegat Light 1 17.2 1821 919 None None 1804 1.55 5.05 10.76 24.53 42.83 79.34 99.73 145.04 139.5 97.79 -43.8
2 1821 2135 1978 None None 314 2.38 5.01 6 7.18 13.61 #N/A #N/A 91.81 102.6 50.13 -27
3 2135 2601 2368 None None 466 3.24 6.77 8.35 10.22 16.59 29.19 #N/A 73.35 62.8 36.65 63.6
4 2601 3210 2906 None None 609 4.1 8.48 10.42 12.58 16.79 18.41 18.38 38.08 38.4 31.15 82.3
5 3210 3810 3510 None None 600 #N/A 7.73 9.11 9.26 12.47 10.73 6.61 7.92 27.69 43.91 41.3
6 3810 5010 4410 None None 1200 #N/A 5.07 6.11 5.6 8.98 9.35 7.82 7.89 17.7 39.37 -0.1
7 5010 6595 5803 None None 1585 -1.21 2.45 3.51 2.77 5.88 8.33 8.46 6.84 9.2 19.91 2.3

2 Loveladies N 8 6595 8352 7474 None None 1757 -2.62 0.56 1.58 0.94 2.34 4.87 #N/A 10.63 14.1 22.54 3.8
9 8352 9270.6 8811 None None 919 -2.78 0.1 1.39 0.85 1.31 2.83 3.97 9.32 12.99 13.85 -4

10 9270.6 10160.1 9715 1 2 890 -2.93 -0.54 0.89 0.17 -0.07 1.45 #N/A 4.49 5.58 3.12 11.9
11 10160.1 10980.1 10570 2 3 820 -2.84 -0.92 0.43 -0.55 -0.86 #N/A -0.04 3.16 4.14 1.89 -2.2

3 Loveladies S 12 10980.1 11856.9 11419 3 4 877 -3.36 -1.7 #N/A -1.08 -1.18 #N/A -1.88 0.5 2.31 2.35 -28.4
13 11856.9 12663.6 12260 4 5 807 -2.93 -1.56 -0.37 -0.55 -0.04 0.49 #N/A 1.59 -0.62 -0.56 -15.8
14 12663.6 13364 13014 5 6 700 -2.7 -1.41 -0.66 -1.12 -0.33 -0.77 -2.03 -0.99 -5.14 -7.01 4.3
15 13364 14248.3 13806 6 7 884 -2.86 -1.64 -1.17 -1.28 -0.85 -0.76 #N/A 0.63 0.25 -1.23 22.7
16 14248.3 15066.5 14657 7 8 818 -3.25 -1.87 -1.54 -1.36 -0.37 -0.23 #N/A -0.25 -0.71 0.44 20.9
17 15066.5 15964.3 15515 8 9 898 -3.19 -1.6 -1.45 -0.93 -0.15 -0.4 -2.1 -1.31 -3.46 -3.27 28.9
18 15964.3 16830.4 16397 9 10 866 -3.97 -2.44 #N/A -0.8 0.04 -0.81 -2.16 -1.04 2.31 8.02 52.6
19 16830.4 17706.3 17268 10 11 876 -3.66 -2.2 -1.37 -0.86 0.13 -0.28 -2.38 -6.23 3.63 10.68 65.2
20 17706.3 18564.6 18135 11 12 858 -3.68 -2.07 -1.36 -1.07 0 -0.05 -1.31 -5.36 0.29 7.9 55.1

4 Harvey Cedars N 21 18564.6 19425.6 18995 12 13 861 -3.63 -2.17 -1.17 -0.45 0.83 1.77 0.43 -4.79 0.82 5.14 25.6
22 19425.6 20221.9 19824 13 14 796 -3.34 -1.65 -1.02 -0.14 0.99 3.3 #N/A -6.02 -5.04 -3.44 24.8
23 20221.9 20999 20610 14 15 777 -3.39 -1.85 -0.61 0.79 1.8 2.25 #N/A -6.96 -7.46 0.36 80.4
24 20999 22048.2 21524 15 16 1049 -3.89 -2.32 -1.17 0.52 1.62 0.99 #N/A -4.13 -1.29 4.25 60.3
25 22048.2 23091.7 22570 16 17 1044 -4.13 -2.47 -1.4 0.69 1.74 -0.16 #N/A -4.88 3.53 8.56 53.6

5 Harvey Cedars S 26 23091.7 23958.7 23525 17 18 867 -4.18 -2.54 -1.12 0.27 1.14 0.87 #N/A -6.17 0.4 9.4 72.4
27 23958.7 24851.8 24405 18 19 893 -4.14 -2.72 -1.36 -0.06 0.71 -0.46 #N/A -5.08 2.03 12.53 48.9
28 24851.8 25644.4 25248 19 20 793 -4.41 -2.95 #N/A 0.17 0.91 -0.35 #N/A -7.68 1.81 7.72 68.7
29 25644.4 26635.9 26140 20 21 992 -4.2 -2.71 -1.95 -0.86 -0.28 #N/A -2.8 -3.7 6.13 11.76 23.2
30 26635.9 27558.3 27097 21 22 922 -4.27 -2.61 -1.84 -0.91 -1.14 #N/A #N/A -5.94 3.72 9.63 13.1

6 North Beach 31 27558.3 28423 27991 22 23 865 -4.45 -2.59 -1.7 -0.03 0.32 -1.93 -3.92 -6.89 4.61 13.13 8.8
32 28423 29581 29002 23 24 1158 -4.73 -2.56 -1.71 -0.22 0.23 -1.93 -4.71 -4.75 9.36 23.61 17.9
33 29581 30622.2 30102 24 25 1041 -5.1 -2.48 -1.54 -0.55 0.23 -0.38 #N/A -3.78 7.63 8.4 -4.2
34 30622.2 31431.9 31027 25 26 810 -5.29 -2.34 -1.34 -0.16 0.71 -0.71 -3.83 -6.7 5.62 9.22 2.7
35 31431.9 32235.9 31834 26 27 804 -5.95 -2.42 #N/A -0.06 -0.7 -2.43 -5.67 -7.92 2.39 5.8 -9.6
36 32235.9 33039.2 32638 27 28 803 -5.7 -2.31 -1.05 0.22 -0.74 -2.53 -5.4 -8.11 1.55 6.45 4.4
37 33039.2 33835.7 33437 28 29 797 -6.23 -2.39 #N/A 0.05 -0.45 #N/A -6.24 -9.48 -0.81 5 16.2
38 33835.7 34642 34239 29 30 806 -5.36 -1.77 -0.64 0.05 -0.16 #N/A -5.36 -9.66 -0.76 7.88 45.3
39 34642 35436.5 35039 30 31 795 -5.4 -1.89 -0.62 0.42 -0.08 #N/A #N/A -7.95 -2.05 3.3 32.3
40 35436.5 36238.9 35838 31 32 802 -5.04 -1.63 -0.51 0.59 0.37 #N/A -1.44 -8.08 -6.31 -6.42 -14.6
41 36238.9 37384.3 36812 32 33 1145 -4.57 -1.15 -0.12 0.93 0.18 #N/A -2.61 -6.2 0.39 -3.07 -16.5

7 Surf City 42 37384.3 38428.9 37907 33 34 1045 -4.18 -0.54 0.6 2 0.85 #N/A -2.74 -8.82 -1.37 2.72 -8.4
43 38428.9 39502.1 38966 34 35 1073 -3.6 -0.21 0.74 1.99 1.18 #N/A -0.73 -7.25 -0.96 2.88 -1.4
44 39502.1 40565.8 40034 35 36 1064 -3.61 -0.13 0.53 1.54 1.33 #N/A #N/A -10.24 -7.01 -3.62 0.8
45 40565.8 41623.9 41095 36 37 1058 -3.36 -0.12 0.56 1.81 1.59 #N/A -0.72 -6.55 -2.33 3.16 0.2
46 41623.9 42745 42184 37 38 1121 -3.28 -0.1 0.76 1.82 1.63 1.22 #N/A -7.01 -1.69 2.6 23.9
47 42745 43798.3 43272 38 39 1053 -3.58 0 1.1 1.52 1.62 1.5 #N/A -5.73 -3.01 1.93 36.1

8 Ship Bottom 48 43798.3 44851.2 44325 39 40 1053 -3.24 0.11 1.14 1.94 2.37 2.25 0.67 -6.21 -1.79 3.28 1.8
49 44851.2 45895.2 45373 40 41 1044 -3.22 0.08 1.08 1.89 1.77 1.79 #N/A -4.51 -7.05 -2.65 11.3
50 45895.2 46960 46428 41 42 1065 -3.19 -0.12 1.15 1.67 1.52 0.64 -2.07 -5.2 -6.56 -1.76 2.6
51 46960 48017 47489 42 43 1057 -3.19 0.01 1.3 1.71 2.06 1.51 -0.78 -1.61 -3.6 5.65 5.6
52 48017 49076.3 48547 43 44 1059 -2.94 0.11 1.62 1.98 2.78 2.76 #N/A 1.29 5.43 10.16 2.7

9 Brant Beach 53 49076.3 50127.5 49602 44 45 1051 -2.69 0.21 1.9 2.32 3.53 5.47 -0.41 0.2 2.55 7.54 3.8
54 50127.5 51063.2 50595 45 46 936 -2.6 0.06 1.67 2.02 2.81 #N/A #N/A -1.1 -0.69 2.82 15.8
55 51063.2 52048.4 51556 46 47 985 -2.42 -0.15 1.2 2.01 3.58 3.5 2.23 -0.52 -1.69 -0.88 -9.2
56 52048.4 52828.4 52438 47 48 780 -2.28 -0.21 1.1 1.95 2.97 4.44 #N/A 1.65 -7.46 -8.33 2.9
57 52828.4 53645.9 53237 48 49 818 -2.09 -0.24 0.87 1.23 1.33 0.01 -3.66 -2.6 -2.47 -0.91 -20.7
58 53645.9 54449 54047 49 50 803 -2.68 -0.72 0.37 1.22 1.43 0.07 -3.23 -7.02 -4.09 -4.23 1.1
59 54449 55255.2 54852 50 51 806 -3.57 -1.29 #N/A 0.42 0.7 0.42 #N/A -6.32 -6.98 -4.7 12.8
60 55255.2 56046.2 55651 51 52 791 -2.71 -1.61 -1.06 0.14 0.47 0.42 -2.99 -1.83 -4.7 0.53 -16.4
61 56046.2 56805.8 56426 52 53 760 -2.31 -1.28 #N/A 0.63 0.85 1.32 -1.46 -0.42 -1.52 3.22 9.3
62 56805.8 57545.8 57176 53 54 740 -1.8 -1.29 -0.75 0.68 1.74 1.56 -1.82 -1.81 -1.08 8.49 49.6
63 57545.8 58304.3 57925 54 55 759 -1.29 -0.8 -0.33 0.39 1.54 #N/A -0.95 -1.18 -2.62 5.3 35.8

10 BH Crest to BH Park 64 58304.3 59055 58680 55 56 751 -0.88 -0.39 0.03 0.06 0.77 #N/A -2.09 0.23 -1.43 4.74 26.9
65 59055 59802.1 59429 56 57 747 -0.88 -0.33 -0.04 0.2 0.82 #N/A #N/A 0.56 1.13 4.54 38.3
66 59802.1 60556.5 60179 57 58 754 -0.62 -0.27 0.04 0.33 0.45 #N/A -1.89 -0.03 0.41 6.13 30.5
67 60556.5 61373.3 60965 58 59 817 -0.3 0 0.31 0.71 0.88 #N/A #N/A -5.73 -6.18 0.65 -16.8
68 61373.3 61993.1 61683 59 60 620 0.06 0.25 0.56 0.88 0.77 #N/A -4.52 -6.23 -8.21 -5.14 29.7
69 61993.1 63027.1 62510 60 61 1034 0 0.28 0.43 0.89 1.13 #N/A -5.57 -5.26 2.93 12.25 #N/A
70 63027.1 63907.7 63467 61 62 881 0.24 0.53 0.74 1.77 2.27 #N/A -2.22 -3.98 -2.15 10.37 #N/A
71 63907.7 64949.8 64429 62 63 1042 0.43 0.54 0.75 2.51 3.74 3.78 #N/A -2.9 -3.66 3.63 #N/A
72 64949.8 65798.5 65374 63 64 849 0.74 0.62 0.97 2.74 4.26 4.67 #N/A -3.13 -5.99 -0.85 -5.7
73 65798.5 66631.8 66215 64 65 833 0.53 0.54 0.72 2.29 3.66 3.15 -0.38 -1.77 -4.85 2.8 -8.1
74 66631.8 67520.1 67076 65 66 888 0.34 0.43 0.67 1.57 2.73 5.27 #N/A 0.37 -5.46 1.58 15.2

GENESIS Coords BOUNDING GROINS SHORELINE CHANGE RATES (ft/yr)  thru 1997
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Shoreline Mean
BUNDY COMMUNITY Compartment START STOP Distance North South Length 1836-1997 1871-1997 1899-1997 1932-1997 1951-1997 1971-1997 1977-1997 1986-1997 1991-1997 1993-1997 1996-1997

GENESIS Coords BOUNDING GROINS SHORELINE CHANGE RATES (ft/yr)  thru 1997

11 Haven Bch to BH Gardens 75 67520.1 68619.9 68070 66 67 1100 -0.02 -0.2 -0.15 0.17 1.11 0.74 -2.56 -2.76 0.22 6.45 #N/A
76 68619.9 69446 69033 67 68 826 -0.11 -0.44 -0.44 0.12 2.51 0.15 -3.83 -4.41 -1.28 2.8 #N/A
77 69446 70513.1 69980 68 69 1067 -0.3 -0.73 -0.71 -0.51 1.24 0.03 #N/A -7.26 -1.92 3.15 #N/A
78 70513.1 71247.8 70880 69 70 735 -0.12 -0.39 -0.19 -0.33 0.24 1.79 #N/A -8.24 -4.62 1.38 #N/A
79 71247.8 72167.5 71708 70 71 920 0.3 -0.27 0.11 0.39 1.22 3.02 #N/A -5.35 -0.41 5.85 #N/A
80 72167.5 73047.7 72608 71 72 880 0.73 -0.25 #N/A 1.1 2.17 3.64 #N/A -8.75 -4.42 2.7 #N/A
81 73047.7 73949.6 73499 72 73 902 1.08 0.39 1.17 1.28 2.22 1.34 -2.47 -5.54 1.19 7.85 #N/A

12 Spray Bch to BH Boro N 82 73949.6 74872.3 74411 73 74 923 1.33 0.56 1.26 1.01 2.18 #N/A -2.47 -10.54 -3.43 2.93 #N/A
83 74872.3 75947.1 75410 74 75 1075 1.37 0.59 1.16 0.99 1.88 #N/A -1.76 -6.5 -3.28 4.9 #N/A
84 75947.1 76951.7 76449 75 76 1005 1.62 0.53 1.05 1.3 2.49 2.67 -0.27 -6.58 -5.75 0.03 #N/A
85 76951.7 77951.8 77452 76 77 1000 1.53 0.15 0.96 1.41 3.2 5.79 #N/A -3.73 -2.53 1.75 #N/A
86 77951.8 79166.5 78559 77 78 1215 1.68 0.25 0.71 0.61 2.19 4.41 0.43 -2.09 -2.06 4.1 #N/A
87 79166.5 80182.3 79674 78 79 1016 2.07 0.39 0.67 0.41 2.35 5.09 #N/A -1.72 -3.9 -2.02 #N/A
88 80182.3 81201.1 80692 79 80 1019 2.39 0.82 1.41 0.5 2.12 5.25 #N/A -1.59 1.39 -2.07 #N/A

13 Beach Haven Boro 89 81201.1 82468.3 81835 80 81 1267 2.01 0.25 0.9 0.19 1.47 4.12 #N/A -1.77 7.66 8.15 #N/A
90 82468.3 83586.8 83028 81 82 1119 1.84 0.19 0.67 0.73 1.71 4.43 #N/A -2.88 -2.2 -2.3 #N/A
91 83586.8 84617.3 84102 82 83 1031 0.89 -1.14 -0.14 0.66 0.8 2.79 #N/A -6.53 -5.64 -3.02 #N/A
92 84617.3 85932.8 85275 83 84 1316 -0.72 -2.91 -1.28 -0.18 0.59 2.9 #N/A -3.06 5.07 10.15 #N/A

14 Beach Haven Boro S 93 85932.8 87273.9 86603 84 85 1341 -3.77 -6.27 -3.59 1.22 2.45 0.09 -4.03 -2.73 7.57 11.37 #N/A
94 87273.9 88507.6 87891 85 8688 1234 -6.93 -9.74 -6.75 0.38 1.78 -1.21 -6.39 -8.93 -2.65 1.98 #N/A
95 88507.6 89048.2 88778 8688 89 541 -9.14 -11.9 -9.06 -2.39 -2.22 -3.14 -8.72 -3.48 8.67 10.35 #N/A

15 BH Boro to Holgate 96 89048.2 89546.4 89297 89 90 498 -9.48 -12.39 #N/A -2.7 -1.37 -0.01 #N/A -2.92 19.87 32.65 #N/A
97 89546.4 90042.9 89795 90 91 497 -10.41 -12.95 #N/A -3.12 -0.45 -0.01 #N/A -3.02 10.55 20.82 #N/A
98 90042.9 90550.3 90297 91 92 507 -10.84 -12.94 #N/A -3.24 -0.66 #N/A -4.12 -1.58 14.2 25.42 #N/A
99 90550.3 91330.7 90941 92 93 780 -11.68 -13.47 -10.17 -2.84 -0.66 #N/A -1.97 -5.52 12.13 25 #N/A

100 91330.7 92359.7 91845 93 94 1029 -12.61 -14.45 -10.91 -3.52 -1.56 #N/A 0.01 -7.53 -1.35 4.65 #N/A
101 92359.7 93192.4 92776 94 95 833 -13.49 -15.35 -12.05 -3.64 -1.69 #N/A 0.21 -4.42 1.32 4.28 #N/A
102 93192.4 93936.3 93564 95 96 744 -13.85 -15.28 -11.09 -1.31 -1.62 #N/A -1.06 -8.56 -4.68 -3.67 #N/A
103 93936.3 94651 94294 96 97 715 -13.85 -14.84 -10.15 -0.59 -1.71 #N/A #N/A -7.24 -10.35 -11.65 #N/A
104 94651 95434 95043 97 98 783 -15.44 -16.45 -11.62 -1.97 -2.1 #N/A -1.78 -5.86 -5.44 -7.95 #N/A
105 95434 95824 95629 98 99 390 -18.66 -20.53 -16.13 -7.03 -10.31 #N/A #N/A 8.08 10.56 #N/A #N/A

Not Studied Holgate Wildlife Refuge 106 95824 96500 96162 None None 676 -21.04 -23.36 -19.79 -12.66 -18.03 #N/A -7.57 1.48 22.61 16.5 #N/A
107 96500 97500 97000 None None 1000 -21.89 -25.21 -21.57 -14.48 -21.17 #N/A -9.53 -4.35 27.02 36.87 #N/A
108 97500 98500 98000 None None 1000 #N/A -25.42 -20.41 -9.14 -21.86 #N/A -5.54 -8.13 17.7 33 #N/A
109 98500 99500 99000 None None 1000 #N/A -26.94 -22.95 #N/A -16.14 -6.17 -3.04 -10.95 5.14 14.3 #N/A
110 99500 100500 100000 None None 1000 #N/A -26.48 -21.41 #N/A -13.36 -5.3 -4.23 -18.09 -16.93 #N/A #N/A
111 100500 101500 101000 None None 1000 #N/A -25.58 -20.23 #N/A -10.57 -12.1 #N/A -31.92 -17.36 -7.47 #N/A
112 101500 102500 102000 None None 1000 #N/A #N/A #N/A #N/A -6.84 -11.94 #N/A #N/A -30.93 -17.12 #N/A
113 102500 103500 103000 None None 1000 #N/A #N/A #N/A #N/A #N/A -4.25 3.18 #N/A -44.13 -47.77 #N/A
114 103500 104500 104000 None None 1000 #N/A #N/A #N/A #N/A #N/A 3.39 #N/A -43.33 -62.91 -72.5 #N/A
115 104500 105500.5 105000 None None 1001 #N/A #N/A #N/A #N/A #N/A 21.33 8.53 -29.83 -60.68 -60.2 #N/A
116 105500.5 106500 106000 None None 1000 #N/A #N/A #N/A #N/A #N/A 41.71 19.58 #N/A -47.72 -50.07 #N/A

Table 2-12  page2
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Examination of Beach Profile Data.  Beach profile surveys along Long Beach
Island have been conducted by various agencies since 1836.  The data most relevant to
this study are listed below in Table 2-13:

TABLE 2-13.  Summary of Beach Profile Data Collection Efforts along LBI, NJ.
AGENCY DATA SET DATES SURVEYED

USACE, Philadelphia District Line Reference Point Surveys
(LRP)

1965, 1984, 1996

USACE, Coastal Engineering
Research Center (CERC).

CERC Surveys 1962-1973

NJDEP, Coastal Research
Center at Stockton State
College

New Jersey Beach Profile
Network (NJBPN)

1986 to Present

USACE, Coastal and
Hydraulics Laboratory (CHL)

Barnegat Inlet MCCP Surveys 1993 to Present

Each of these data provides information relevant to the evaluation of previous
shoreline behavior and assessment of the continued evolution of the island’s shoreline
positions.  The CERC survey data set is, by far, the most detailed in terms of the number
of profiles, the associated number of repeat surveys, and the continuity of record which
covers a continuous period of about 13 years, following the storm of March 1962.
Therefore, the CERC data provide an extended view of shore behavior, and due to the
relatively frequent repetition of the surveys, give valuable insights regarding short-term
beach responses.  The primary limitation of the CERC data set is that it does not provide
information seaward of the intratidal zone.  On the other hand, the LRP data set provides
information on the offshore as well as onshore portions of the active beach profiles, but is
extremely limited in regard to the number of comparable sequential surveys.  The NJDEP
and MCCP profile surveys constitute the latest set of recorded data and accordingly, are
the most representative of the databases in regard to the present characteristics and
behavior of Long Beach Island’s beach and dune system.  The MCCP profiles; however,
are limited to the vicinity of Barnegat Inlet.

Analysis of the NJDEP profile data indicate volumetric changes in the profile
only through the nearshore zone.  The profiles do not extend beyond the surf zone where
significant movement of littoral material occurs.  Thus, storage of material removed from
the nearshore during a significant event may not be accounted for.  The lack of
established survey controls for the NJDEP surveys prevented direct comparison of recent
shoreline positions against historic shoreline positions determined through shoreline
change mapping.  However, the data identify relative changes in the shoreline position
and account for losses and gains to the berm/dune system.

Qualitative changes over time for each profile are summarized by Farrell et. al
(1998) as described above.  Additional analyses were performed on the temporal changes
in MHW positions for each profile to provide more quantitative shoreline change
information.  The MHW position, distance along profile corresponding to an elevation of
approximately +1.5 ft NAVD, was determined for each profile.  Analysis of the positions
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over time for each profile provides insight into the variability in shoreline positions and
estimation of trends in shoreline movement. The MHW positions were plotted for each
profile versus the date surveyed  and a least squares fit was performed to estimate a
shoreline change rate over the corresponding time period.  Figure 2-34 displays the
shoreline positions at profile NJDEP 143 in Harvey Cedars.  The figure shows the gross
changes in the shoreline position on the order of 70 ft with an accretional trend of 0.7 feet
per year. Table 2-14 displays the results of the shoreline change rate analysis on the
NJDEP profiles

Profile data collected as part of the MCCP program were used to compute
shoreline change rates and volumetric change rates in the vicinity of Barnegat Inlet.
Changes in the MHW contour position were analyzed for each profile to compute a
shoreline change rate as shown in Figure 2-35.  The shoreline change rates for the time
period analyzed compare favorably to shoreline change rates computed using the
shoreline positions shown previously.  Additionally, volumetric changes across the entire
profile over time were computed.  Volumetric changes for representative reaches
(compartments) were then computed using average-area-end method.  A volumetric
change rate was also computed using shoreline change rates (from shoreline positions)
using the active profile (average berm elevation to depth-of-closure) assumption.
Comparison of the two methods resulted in small refinements in the assumed depth-of-
closure to provide equal volumetric change rates.  Therefore, shoreline position data can
be used with confidence to estimate historic volumetric changes and to predict future
with-project nourishment requirements.

Summary of Historical Shoreline Conditions.  Analysis of the overall study
area indicates a relatively stable shoreline, with brief periods of erosion which are
followed by a quick recovery.  The bulk of the analysis was performed using the
Leathermann Shoreline Change Maps (and recent additions) to document long-term
conditions from 1839-1997.  More recent conditions were analyzed using the NJDEP
profile data from 1986 to present with detailed analyses conducted in the Barnegat Inlet
vicinity using the MCCP profile data.



Figure 2-34  Profile NJDEP 143 (Harvey Cedars) MHW Shoreline Positions and Computed Shoreline Change Rate.
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TABLE 2-14.  SHORELINE CHANGE ANALYSIS RESULTS FOR NJDEP PROFILES LOCATED on Long Beach Island, NJ.
NJDEP Sl Chg Rate
Profile (ft/yr)

Nov-94 Apr-95 Oct-95 Jun-96 Nov-96 May-97
OC245 1350.13 1398.49 1386.13 1315.02 1326.89 1339.91 -20.5

Nov-86 Oct-87 Nov-88 Nov-89 33189.5 Nov-91 Nov-92 Oct-93 Oct-94 Apr-95 Oct-95 Jun-96 May-97 Nov-97
OC145 351.59 389.61 395.70 373.30 384.07 387.78 415.13 397.42 416.96 412.99 443.47 435.01 472.31 456.41 8.3

Nov-86 Oct-87 Nov-88 Nov-89 33189.5 Nov-91 Nov-92 Oct-93 Sep-94 May-95 Dec-95 May-96 Nov-96 May-97
OC144 209.30 204.33 205.45 200.34 211.76 208.29 209.28 200.63 218.81 205.88 200.17 179.83 202.62 211.29 -0.5

Nov-86 Oct-87 Nov-88 Nov-89 Nov-90 Nov-91 Nov-92 Nov-93 Sep-94 May-95 Dec-95 May-96 Nov-96 May-97
OC143 186.06 193.28 173.21 162.34 177.77 177.79 188.23 177.96 169.45 232.47 191.41 170.52 181.83 179.91 0.7

Nov-86 Oct-87 Nov-88 Nov-89 Nov-90 Nov-91 Nov-92 Nov-93 Sep-94 May-95 Nov-95 May-96 Nov-96 May-97
OC142 400.20 422.76 405.75 440.63 427.41 441.82 419.49 428.27 430.12 450.95 448.24 450.73 457.47 443.11 3.9

Oct-94 Apr-95 Oct-95 May-96 Nov-96 May-97
OC241 357.25 370.16 364.15 323.56 339.54 322.03 -17.5

Nov-86 Oct-87 Nov-88 Nov-89 Nov-90 Nov-91 Nov-92 Nov-93 Oct-94 Apr-95 Oct-95 May-96 Nov-96 May-97
OC141 267.56 274.08 256.62 None 249.03 261.12 215.44 255.73 241.64 249.68 268.64 234.78 266.77 225.63 -2.1

Nov-86 Oct-87 Dec-88 Nov-89 Nov-90 Nov-91 Nov-92 Nov-93 Oct-94 Apr-95 Oct-95 May-96 Nov-96 May-97
OC140 353.96 342.47 301.08 320.74 311.49 314.24 338.38 319.27 235.04 322.45 344.63 309.25 323.72 302.28 -2.6

Nov-86 Oct-87 Dec-88 Nov-89 Nov-90 Nov-91 Nov-92 Nov-93 Oct-94 Apr-95 Oct-95 May-96 Nov-96 May-97
OC139 198.37 176.27 224.97 193.02 199.77 159.50 190.82 182.89 210.26 171.49 192.33 180.93 191.71 205.24 -0.5

Nov-86 Oct-87 Dec-88 Nov-89 Nov-90 Nov-91 Nov-92 Nov-93 Oct-94 Apr-95 Oct-95 May-96 Nov-96 May-97
OC138 297.67 260.72 255.91 281.86 280.45 261.27 259.55 281.15 270.26 271.40 279.15 255.21 252.24 239.08 -2.1

Dec-86 Oct-87 Dec-88 Nov-89 Nov-90 Nov-91 Nov-92 Nov-93 Oct-94 Apr-95 Oct-95 May-96 Nov-96 May-97
OC137 297.06 283.68 307.64 276.48 277.19 289.47 279.55 285.40 262.72 265.52 291.50 245.51 289.54 259.59 -2.7

Dec-86 Oct-87 Dec-88 Nov-89 Nov-90 Nov-91 Nov-92 Nov-93 Oct-94 Apr-95 Oct-95 May-96 Nov-96 May-97
OC136 256.37 247.07 233.78 203.94 226.24 203.47 176.78 219.40 208.36 191.95 185.30 186.77 213.21 211.73 -4.6

Oct-86 Oct-87 Dec-88 Nov-89 Nov-90 Nov-91 Nov-92 Nov-93 Oct-94 Apr-95 Oct-95 May-96 Nov-96 May-97
OC135 311.35 307.25 373.99 355.81 357.58 312.97 351.39 353.01 346.63 357.35 367.19 340.08 352.05 384.33 3.5

Nov-94 Apr-95 Oct-95 May-96 Nov-96 May-97
OC234 348.45 305.89 379.91 255.76 425.70 327.77 6.7

SURVEY DATE and SHORELINE POSITION
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LBI MCCP Profile Analysis
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Figure 2-35.  Shoreline Change Rate Analysis Results from Barnegat Inlet MCCP Profile Data (1993-1997)
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WITHOUT PROJECT ANALYSIS

HYDRAULIC ANALYSIS

Storm erosion, Inundation and Wave Attack Analyses.  Storm erosion, inundation and
wave attack analyses were conducted for the communities north of Holgate Wildlife Refuge to
determine the potential for erosion caused by waves and elevated water levels which accompany
storms.  Storm-induced erosion and coastal flooding is first evaluated for the without project
condition, which is a projection of existing conditions in the base year.  Similar analyses will
then be conducted using selected alternatives for the with project conditions.

Factors Influencing Storm Effects.  A brief summary of the mechanisms that result in
erosion and inundation from coastal storms is provided in this section.  Although wind, storm
track, and precipitation are the primary meteorological factors affecting the damage potential of
coastal storms, the major causes of damage and loss of life are storm surge, storm duration, and
wave action.

Under storm conditions, there is typically a net increase in the ocean water level which is
superimposed on the normal astronomic tide height fluctuations.  The increase in water level
caused by the storm is referred to as "storm surge."  The effect of storm surge on the coast
depends on the interaction between the normal astronomic tide and storm-produced water level
rise.  For example, if the time of normal high tide coincides with the maximum surge, the overall
effect will be greater.  If the surge occurs at low or falling tide, the impact will likely be lessened.
The term "stage" as applied in this analysis pertains to the total water elevation, including both
tide and storm surge components, relative to a reference datum (NAVD88, used herein).  The
term "surge" is defined as the difference between the observed stage and the stage that is
predicted to occur due to normal tidal forces, and is thus a good indicator of the magnitude of
storm intensity.  Slowly moving "northeasters" may continue to build a surge that lasts through
several high tides.  Such a condition occurred during the devastating March 1962 storm that
lasted for five high tides.

In addition to storm surge, a rise in water level in the near shore can occur due to wave
setup.  Although short period surface waves are responsible for minimal mass transport in the
direction of wave propagation in open water, they cause significant transport near shore upon
breaking.  Water propelled landward due to breaking waves occurs rather rapidly, but water
returned seaward under the influence of gravity is slower.  This difference in transport rates in
the onshore and offshore directions results in a pileup of water near shore referred to as wave
setup.  Wave setup was computed and included in this storm analysis.

There is typically also an increase in absolute wave height and wave steepness (the ratio
of wave height to wave length).  When these factors combine under storm conditions, the higher,
steeper waves and elevated ocean stage cause a seaward transport of material from the beach
face.  Net movement of material is from the foreshore seaward toward the surf zone.  This
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offshore transport creates a wider, flatter nearshore zone over which the incident waves break
and dissipate energy.

Lastly, coastal structures can be exposed to the direct impact of waves and high velocity
runup in addition to stillwater flooding.  This phenomenon will be considered the wave attack for
the purpose of this analysis.  Reducing wave attack with a proposed project such as a beach fill
would reduce the severity of coastal storm damage and also improve the utility of bulkheads and
seawalls during the storm.

Wave zones are the regions in which at least a 3 ft wave or a velocity flow that overtops
the profile crest by 3 ft can be expected to exist.  These zones are the areas in which greater
structural damages are expected to occur.  The remaining zones are susceptible to flooding by
overtopping and waves less than the minimum of 3 ft.  Total water level information for the
study area was compiled, and the values used as input to the economic model that ultimately
computes damages associated with all three storm related damage mechanisms.

Modeling Storm-induced Erosion.  Storm erosion analyses require either a long period
of record over which important storm parameters as well as resultant storm erosion are
quantified, or a model which is capable of realistically simulating erosion effects of a particular
set of storm parameters acting on a given beach configuration.  There are very few locations for
which the necessary period of prototype information is available to perform an empirical analysis
of storm-induced erosion.  This is primarily due to the difficulty of directly measuring many
important beach geometry and storm parameters, before, during, and immediately after a storm.
Thus, a systematic evaluation of erosion under a range of possible starting conditions requires
that a numerical model approach be adopted for the study area.

The USACE has developed, released and adopted the numerical storm-erosion model
SBEACH (Storm induced BEAch CHange) for use in field offices (Rosati, et al., 1993).
SBEACH is available via a user interface for the personal computer or through the Coastal
Modeling System (CMS) (Cialone et al., 1992).  Comprehensive descriptions of development,
testing, and application of the model are contained in Reports 1 and 2 of the SBEACH series
(Larson and Kraus 1989; Larson, Kraus, and Byrnes 1990)

Overview of SBEACH Methodology.  SBEACH Version 3.2 (Windows version) was
used in this analysis.  SBEACH is a geomorphic-based two-dimensional model that simulates
beach profile change, including the formation and movement of major morphologic features such
as longshore bars, troughs, and berms, under varying storm waves and water levels (Rosati, et al.
1993).  SBEACH has significant capabilities that make it useful for quantitative and qualitative
investigation of short-term, beach profile response to storms.  However, since SBEACH is based
on cross-shore processes, there are shortcomings when used in areas having significant longshore
transport.

Input parameters include varying water levels as produced by storm surge and tide,
varying wave heights and periods, and grain size in the fine-to-medium sand range.  The initial
beach profile can be input as either an idealized dune and berm configuration or as a surveyed
total profile configuration.  SBEACH allows for variable cross-shore grid spacing, simulated
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water-level setup due to wind, advanced procedures for calculating the wave breaking index and
breaker decay, and provides an estimation of dune overwash.  Shoreward boundary conditions
that may be specified include a vertical structure (that can fail due to either excessive scour or
instability caused by wave action/water elevation) or a beach with a dune.  Output results from
SBEACH include calculated profiles, cross-shore parameters, and log and a report file.

SBEACH Calibration.  Calibration refers to the procedure of reproducing with
SBEACH the change in profile shape produced by an actual storm. Due to the empirical
foundation of the SBEACH model and the natural variability that occurs along a beach under
storm attack, proper use of the model requires calibration and verification using data from beach
profiles surveyed  before and after exposure to the effects of a particular storm.  The calibration
procedure involves iterative adjustments of controlling simulation parameters until agreement is
obtained between measured and simulated profiles.  In this investigation, model calibration and
verification were based on original SBEACH calibration/verification efforts conducted by CERC
at Point Pleasant Beach, see USACE/CERC, 1990.  The Point Pleasant Beach profile used in
calibration has similar characteristics in terms of nearshore, berm, and dune features to profiles
found throughout Long Beach Island.  The conditions selected for calibration were associated
with a northeaster that occurred over the period 27 to 29 March 1984 during which the peak
water level reached +6.2 feet NGVD, and maximum wave heights of 21.6 feet were recorded in a
water depth of 50 feet off of Manasquan Inlet.  The selected pre-storm profile surveys were taken
on 26 and 27 March.  Post-storm profiles were taken on 2 April.  Examination of the post-storm
profile shows considerable deposition on top of the dune.  The eroded portion of the profile was
contaminated with some recovery that occurred between post-storm and the survey.  The
calibration adjustment runs for this area were brought to a conclusion on reaching conditions that
generally followed the pattern of the post-storm profile survey.

All in all, the calibration and verification of the SBEACH model produced acceptable but
not outstanding results.  Admittedly, the process lacked complete data with respect to overall
onshore/offshore surveys of pre- and post-storm profiles, and measured water levels at Long
Beach Island.  Additionally, it should be appreciated that actual profile responses along the
shores of the study area are probably significantly influenced by alongshore processes and the
related effects of the adjacent jetties and groin field.  Since the alongshore component of
sediment transport and groin/sediment-transport interaction cannot be simulated by the SBEACH
model, it is highly probable that, even with ideal data sets, extremely close correspondence
between simulated and measured results is not achievable in the case of Long Beach Island.

Development of Input Data for Storm Erosion Modeling.  Transects were selected
representing the "average" shoreline, structure, backshore configuration, and upland
development conditions for various reaches in the study area.  For each reach, storm erosion and
inundation were computed and reported relative to a designated baseline.  Input data was
developed for each cell as follows.

Profile Data. The principal physical characterization of each cell is provide by the cross-
sectional configuration of its beach and dune system.  In this investigation, the July 1996 most
recent survey profiles were selected to represent the onshore and nearshore areas under the
“without” (“W/O”) project base year condition.  Each profile extended from the dunes to a
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sufficient distance seaward beyond the depth of closure.  The original survey information was
sufficient to perform beach/dune response modeling; however, economic damage assessment
requires evaluation of damage potential landward of the first row of development.  Therefore, the
profiles were artificially extended in a landward direction until the profile reached the Bay.
These extensions were based on general characteristics of the island’s topography as determined
by field investigations, USGS topographic sheets, 1996 digital ortho-photogrammetric data, and
recent structure inventory surveys.  Cross sections of representative beach profile lines can be
seen in Figures 2-36 to 2-39.  The profile line names correspond to the cells that they represent.
The cell limits were previously described in Table 3-5 in Volume 1 and are graphically depicted
in Figure 2-40.

Potential "future" damages were also evaluated for cells where long term erosion may
result in profile conditions significantly different from those simulated in the "base year."
Sufficient long term erosion warranted modification of profiles for cells 3 to 15 (Loveladies to
Holgate), with the ends of the Island being historically stable.   Long term erosion was
incorporated by translating the profile landward a distance equal to the long term erosion rate
adopted for each cell times the number of years projected into the future.  It was assumed the
locals would maintain existing dune conditions, as has been demonstrated historically.
Therefore, no modifications were made to the profile above the berm.  Figure 2-41 shows both
the base year and future (year 15) conditions for BUNDY 9 located in Brant Beach with a long
term erosion rate of -2 ft/yr.

Model Parameters.  Various model parameters required to run SBEACH are
input into the reach and storm configuration files.  The reach configuration parameters include
grid data, profile characteristics, beach data (including grain size), sediment transport
parameters, and seawall or bulkhead data.  The storm configuration file includes information on
wave angle, height and period, water elevation, wind speed and angle and other storm
information.

Water Elevation.  The water level is the most important or first-order forcing parameter
controlling storm-induced beach profile change, normally exerting greater control over profile
change during storms than either waves or wind.  Water level consists of contributions from the
tide, storm surge, wave- and wind-induced setup, and wave runup; the latter three are computed
within SBEACH.  Input data in this case is tide and storm surge data.  The combined time series
of tide and surge is referred to as the hydrograph of total water level. The shape of the
hydrograph is characterized by its duration (time when erosive wave conditions and higher than
normal water elevation occur) and by its peak elevation.
 Water level input data files for representative 5-, 10-, 20-, 50-, 100-, 200-, and 500-yr
events were developed for the study area as part of the wave hindcast conducted by OCTI.  The
Gumbel distribution (Fisher-Tippett Type I) was used.



Figure 2-36  Representative Beach Profiles for BUNDYs 1-3 (Base Year).



Figure 2-37  Representative Beach Profiles for BUNDYs 4-7 (Base Year).



Figure 2-38  Representative Beach Profiles for BUNDYs 8-11 (Base Year).



Figure 2-39  Representative Beach Profiles for BUNDYs 12-15 (Base Year).



Figure 2-40  BUNDY Limits.



 Figure 2-41  BUNDY 9 Without Project Profile Conditions for "Base Year" and "Future" Conditions.
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Wave Height, Period, and Angle.  Elevated water levels accompanying storms allow
waves to attack portions of the profile that are out of equilibrium with wave action because the
area of the beach is not normally inundated.  Wave height and period are combined in an
empirical equation within SBEACH to determine if the beach will erode or accrete for a time
step.  In beach erosion modeling, a storm is defined neither by the water level nor by the wave
height or period alone, but by the combination of these parameters that produces offshore
transport.

The SBEACH Version 3.2 allows for the input of random wave data, that is, waves with
variable height, period, and direction or angle.  Storm wave data for the seven representative
events used in this analysis were generated in the OCTI wave hindcast described previously in
the Physical Processes Section.  Storm wave heights, as well as water levels, were developed by
rescaling hindcasted actual storm time series.  Figures 2-42 to 2-49 display the storm conditions
for the 2- to 500-yr events developed for SBEACH.

Storm Parameters.  A variety of data sources were used to characterize the storms used
in this analysis.  The twenty highest ocean stages recorded at the Atlantic City tide gage between
1912 and 1997 were listed in a previous section on water levels.  For each stage, additional
information on the storm type causing the water surface elevation and if possible the actual storm
surge hydrograph were obtained.  Of the 20 highest events, 12 are northeasters and 8 are
hurricanes.  The duration of hurricanes along the New Jersey shore is generally less than 24
hours, while the average duration of northeasters is on the order of 40 hours, and in some cases
(e.g., 5-7 March 1962) considerably longer.  Though actual storm surge hydrographs are not
available for all storm events, it was assumed that all hurricanes exhibit similar characteristics to
one another.  Northeasters demonstrate similar features; however, durations may vary
significantly from storm to storm.

Storm Erosion Simulations.  The SBEACH model was applied to predict storm-induced
erosion for all cells within the study area.  All representative storm events were run against the
pre-storm profiles for both the base year and "future" conditions shown in Figures 2-36 to 2-39.
Model output for each simulation includes a post-storm profile plot and plots showing volume
change and maximum wave and water level conditions.  Simulation results from each particular
combination of profile geometry and storm characteristics yield predicted profile retreat at three
selected elevation contours.  In this analysis, profile retreat for a given storm event was measured
landward from the proposed project baseline to the location of the top of the erosion scarp on the
beach face.  Typical plots of input pre-storm profiles and the resultant post-storm (50-yr event)
profiles based on SBEACH predicted retreat are provided in Figure 2-50 for BUNDY 9 located
in Brant Beach.

Analysis of Erosion Model Results.  Two approaches can be taken to estimate storm-
induced beach erosion: the "design-storm" and the "storm-ensemble" approach.  For the storm-
ensemble approach, erosion rates are calculated from a large number of historical storms and
then ranked statistically to yield an erosion-frequency curve.  In the design-storm approach, the
modeled storm is either a hypothetical or historical event that produces a specific storm surge
hydrograph and wave condition of the desired frequency.  The design-storm approach was used
in the storm erosion and inundation analyses for this study area.  Volumetric erosion into the



Figure 2-42  "2-yr" Storm Conditions used in Storm Damage Analysis.

Figure 2-43  "5-yr" Storm Conditions used in Storm Damage Analysis.



Figure 2-44  "10-yr" Storm Conditions used in Storm Damage Analysis.

Figure 2-45  "20-yr" Storm Conditions used in Storm Damage Analysis.



Figure 2-46  "50-yr" Storm Conditions used in Storm Damage Analysis.

Figure 2-47  "100-yr" Storm Conditions used in Storm Damage Analysis.



Figure 2-48  "200-yr" Storm Conditions used in Storm Damage Analysis.

Figure 2-49  "500-yr" Storm Conditions used in Storm Damage Analysis.



Figure 2-50  Pre- and Post-Storm Conditions for BUNDY 9 (Brant Beach).
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community per unit length of shoreline can subsequently be computed from the pre- and post-
storm profiles.

Results of the without project storm erosion analysis are presented in Tables 2-15 and 2-
16 for base and future conditions, respectively.  Predicted shoreline erosion positions are
reported relative to the designated economic baseline.  The baseline commonly placed through
the centerline of existing dunes.  In order to satisfy constraints in the economic analyses, the
baseline was offset 500 ft seaward to ensure all structures were landward of the "economic"
baseline.  The length of the groins along the Island governed the 500 ft offset.   For most cells,
assuming the majority of structures lie landward of the dune lines, zero erosion (not greater than
500 ft) into the community is reported until the 50-yr event for base year conditions.  Slightly
increased erosion is reported for the "future" conditions, with erosion typically beginning at the
20-yr event.  These erosion values are used as input to the economic model that ultimately
computes storm damages associated with storm-related erosion.

Storm Inundation and Wave Attack Evaluation.  The project area is subject to
inundation from several sources including ocean waves overtopping the beach and/or protective
structures as well as flooding from the back bay.  The inundation can be analyzed as two separate
categories:  1) Static flooding due to superelevation of the water surfaces surrounding the project
area and 2) wave attack, the direct impact of waves and high energy runup on coastal structures.

The model SBEACH calculates nearshore wave characteristics, wave runup, wave setup and
elevation of the beach profile for each hindcasted event.  The wave runup and wave setup values
are used, along with the eroded beach elevations, to determine inland water surface profiles,
inland wave characteristics, and volumes of eroded material which in turn are used to assess
economic damages.  SBEACH output parameters are used to define the maximum water depth,
runup, and minimum dune crest elevation.

Inundation/Wave Attack Methodology.  The inland wave attack and inundation
methodology used in this project is based upon FEMA guidelines for coastal flooding analysis.
The procedure divides possible storm conditions into four cases as follows:

- Case 1 (shown in Figure 2-51): Entire storm-generated profile is inundated.  For this case, the
maximum water elevation including wave setup is maintained to the crest of the eroded dune.
Landward of this point, the wave setup decays at 1 ft vertical drop per 1000 ft of horizontal
distance until the bay flood level is met.  A wave height of 0.78 times the water depth at the crest
of the dune is maintained landward of the dune.

- Case 2 (shown in Figure 2-52): The top of the dune is above the maximum water level, with
wave runup greater than (3 ft above the dune crest elevation.  In this case, the runup depth at the
crest is limited to 3 ft, the water depth decays to 2 ft over first 50 ft landward of the crest, and
stays at 2 ft until intersecting the bay water level.  The wave height is limited to 0.78 times the
water depth.
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LOCATION 2-yr 5-yr 10-yr 20-yr 50-yr 100-yr 200-yr 500-yr
BUNDY 1 0.0 0.0 0.0 0.0 0.0 180.0 242.5 322.5
BUNDY 2 292.5 317.5 322.5 340.0 407.0 442.5 463.0 517.5
BUNDY 3 477.5 482.5 477.5 492.5 517.5 545.0 562.5 637.5
BUNDY 4 487.5 562.5 577.5 577.5 582.5 607.5 612.5 657.5
BUNDY 5 407.5 422.5 422.5 482.5 522.5 537.0 547.0 582.5
BUNDY 6 492.5 497.5 492.5 497.5 512.5 532.5 552.5 582.5
BUNDY 7 432.5 437.5 437.5 437.5 452.5 452.5 487.0 502.5
BUNDY 8 407.5 497.5 492.5 507.5 512.5 527.5 532.5 587.5
BUNDY 9 507.5 517.5 507.5 532.5 567.5 597.5 627.5 682.5
BUNDY 10 437.5 502.5 497.5 502.5 527.5 557.5 601.0 627.5
BUNDY 11 517.5 522.5 517.5 547.5 622.5 707.5 758.0 797.5
BUNDY 12 482.5 487.5 482.5 487.5 497.5 522.5 532.5 577.5
BUNDY 13 427.5 442.5 442.5 452.5 462.5 487.5 522.5 572.5
BUNDY 14 492.5 507.5 507.5 577.5 577.5 587.0 604.0 632.5
BUNDY 15 522.5 522.5 527.5 527.5 532.5 567.5 572.5 617.5

TABLE 2-15  Storm Erosion Analysis Predicted Shoreline Positions (Base Year Conditions)
Storm Return Period

Erosion Distance (ft) measured from Baseline
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LOCATION 2-yr 5-yr 10-yr 20-yr 50-yr 100-yr 200-yr 500-yr
BUNDY 1 0.0 0.0 0.0 0.0 0.0 180.0 242.5 322.5
BUNDY 2 292.5 317.5 322.5 340.0 407.0 442.5 463.0 517.5
BUNDY 3 482.5 482.5 487.5 507.5 547.5 580.5 607.5 697.5
BUNDY 4 572.5 582.5 582.5 587.5 592.5 627.5 637.5 682.5
BUNDY 5 497.5 512.5 512.5 532.5 542.5 570.0 592.5 682.5
BUNDY 6 507.5 512.5 512.5 527.5 552.5 572.5 642.5 704.0
BUNDY 7 452.5 452.5 452.5 457.5 477.5 484.8 500.0 542.5
BUNDY 8 432.5 507.5 507.5 512.5 517.5 537.5 542.5 607.5
BUNDY 9 522.5 527.5 527.5 552.5 584.0 624.0 642.5 687.5
BUNDY 10 497.5 507.5 507.5 507.5 532.5 562.5 604.0 712.5
BUNDY 11 517.5 527.5 522.5 557.5 647.5 757.5 792.0 840.0
BUNDY 12 487.5 487.5 492.5 492.5 507.5 522.5 537.5 577.5
BUNDY 13 457.5 467.5 467.5 472.5 487.5 537.5 582.5 617.5
BUNDY 14 502.5 532.5 552.5 627.5 687.5 702.0 730.0 770.0
BUNDY 15 527.5 532.5 537.5 537.5 557.5 592.0 622.5 652.5

TABLE 2-16  Storm Erosion Analysis Predicted Shoreline Positions (Future Conditions)
Storm Return Period

Erosion Distance (ft) measured from Baseline



 Figure 2-51  Illustration of FEMA Inland Wave Attack and Inundation CASE I.



Figure 2-52  Illustration of FEMA Inland Wave Attack and Inundation CASE II.
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- Case 3 (shown in Figure 2-53): The top of the dune is above the maximum water level, with
wave runup exceeding but still less than 3 ft above the dune crest elevation.  In this case, the
depth at the dune crest is the calculated runup depth, which decays to 1 ft over the first 50 ft
landward of the crest, and stays at 1 ft until it intersects the bay water level.  The wave height is
limited to 0.78 times the water depth.

- Case 4 (shown in Figure 2-54): The wave runup does not overtop the dune.  In this case, the
wave height seaward of the dune is limited to 0.78 times the water depth.

Back Bay Flooding.  The project area is subject to flooding from back bay and adjacent
waterways as well as direct ocean inundation.  This elevated stage flooding is referred to as back
bay stillwater flooding and is accounted for by subtracting the residual damages due to back bay
flooding from the damages caused by ocean front inundation.

In order to quantify back bay water levels, the numerical model DYNLET (Amein and
Cialone, 1994) was used.  DYNLET is based on full one-dimensional shallow water equations
employing an implicit finite-difference technique.  The model simulates one-dimensional fluid
flow through a tidal inlet and its tributaries. Flow conditions can be predicted in channels with
varied cross section geometry and friction factors.  Water surface elevation and average velocity
can be computed at selected locations and times both across and along channels.

The model conducted for this study included Little Egg, Barnegat, and Mansquan Inlets.  Figure
2-55 depicts the channels that were modeled.  A total of 114 cross-sections or nodes were input
to describe the system.  Depth soundings for each cross section were interpolated from the
National Oceanic Atmospheric Administration (NOAA) Nautical Chart for Little Egg Harbor to
Cape May.  Recent bathymetric data from Barnegat and Manasquan Inlets were incorporated into
the model.  The model was calibrated to measured currents through Barnegat Inlet and water
levels throughout Barnegat Bay.  Predicted stages for 5 through 500-year storms were then used
to drive the model.   The tidal range is rapidly attenuated through the Barnegat Inlet system, with
water levels throughout most of Barnegat Bay being fairly uniform. Therefore, it is assumed that
Bay water levels for all communities can be represented by predicted water levels for
Loveladies, as described earlier in Coastal Processes.

Other  Parameters.  The output from the SBEACH modeling at each of the profile lines
and 8 storm events was used to compute inland wave attack and inundation for each case.  Inland
island ground elevations for each shoreline cell were taken from quad sheets and recent surveys.
Bay elevations were used as specified above.  For all but the most extreme events, failure of the
protective structures (dunes) is required for significant wave attack to occur.  However, extreme
waves on certain profiles can plunge over the fixed barriers and attack the adjacent structures
causing significant damage.  The recurrence interval in which the protective structure will fail
was determined previously in conjunction with the erosion analysis.

Without Project Inundation and Wave Attack Results.  Detailed results of the
inundation and wave attack analyses for base and future conditions are summarized in the



Figure 2-53  Illustration of FEMA Inland Wave Attack and Inundation CASE III.



Figure 2-54  Illustration of FEMA Inland Wave Attack and Inundation CASE IV.



 Figure 2-55  DYNLET Layout (Cross-Sections and Channels) used in Back-Bay Water
Level Analysis.
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Economics Appendix.  Inundation curves and wave attack limits are provided in modified
COSTDAM model format for each of the BUNDYs and respective storm conditions.
Inundation curves and wave attack limits are provided in modified COSTDAM model
format for each of the BUNDYs and respective storm conditions.
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WITH PROJECT COASTAL PROCESSES ANALYSES

GENERAL. Benefits and costs for Long Beach Island were developed for the alternative
plans recommneded for further analysis in the cycle 1 and 2 screenings as discussed in
the plan formulation sections. This was done in order to optimize an  NED plan in the
study area.  This was accomplished using the same numerical modeling techniques
utilized in the without-project analysis coupled with engineering and technical
assessments to interpret model results as applied to the various alternatives.  Reduced
damages based on the predicted reduction in storm impacts due to the with-project
alternatives were compared to the without-project results to generate project benefits.
Costs for each alternative were estimated based on standard construction practices and
District experience in the construction of beach nourishment projects.

DESIGN ALTERNATIVE - BEACHFILL. In Cycle 3, the beach nourishment
alternative required optimization of the design parameters.  In developing these
parameters the Shore Protection Manual, Coastal Engineering Tech Notes (CETN), the
existing conditions in the study area and accepted coastal engineering practices were
reviewed.  Listed below are the boundary condition utilized to construct a logical
methodology to efficiently identify the optimum plan.  The necessary design parameters
for beachfill include beach slope; berm elevation and width; and dune width, height and
slope. The beach slope, berm elevation, dune top width, and dune slope are effected by
the prevailing natural processes and were based on the study area existing beach
conditions.  Berm width and dune elevation were varied to achieve project optimization.

Beach Slope. Beach slopes are the result of on-site wave climate and the characteristics
of the beach material.  Both are similar throughout the study area.  Existing beach slopes
are rather steep in this region compared to other Atlantic ocean shorelines in the mid-
Atlantic region.  An average nearshore beach slope throughout the study area of 1 V:10 H
was adopted for all alternatives.

Berm Elevation.  Tides, waves, and beach slope determine the natural berm elevation.  If
the nourished berm is too high, scarping may occur, if too low, ponding of water and
temporary flooding may occur when a ridge forms at the seaward edge.  Design berm
heights for each alternative have an elevation set at the natural berm crest elevation as
determined by historical profiles.  The existing berm elevations in the study area vary
between + 6.3 ft NAVD and + 9.3 ft NAVD. The average berm elevation is 7.75 ft
NAVD. It was determined that a constructable template which closely matches the
prevailing natural berm height in the study area is + 8.0 ft. NAVD.  This elevation was
used for all designs.

Berm Width.  An interval between successive berm widths was chosen for modeling
purposes.  This interval is set wide enough to discern significant differences in costs and
benefits between alternatives but not so great that the NED plan can not be accurately
determined.  Additionally, due to the capability of the storm modeling methodology and
effectiveness of the existing condition parameters, a 25-ft. interval achieved the desired
accuracy.  The largest design berm width is based on an analysis of existing beach profile
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and determining where berm distance quantities increased faster than additional benefits
captured.  Based on the Cycle 3 analysis, the largest berm width considered was 175 ft.
The smallest berm width was determined in a similar manner, by analyzing benefits
captured with minimum dimensions.

Dune Position. Following available Corps guidance, dunes were placed as landward as
possible on the beach profile.  Existing dunes throughout the Island typically lie just
seaward of the first row of houses.  The design layouts tie new dunes into existing
wherever possible, allowing for smooth transitions of both dunes and berm.

Dune Slope. The existing dunes within the project area have seaward slopes averaging
1:5. This value was chosen for all design alternatives.

Dune Top Width. The existing dune top widths within the project area vary between 5
and 50 feet.  Dune top widths of 25 ft. and 30 ft. were evaluated as alternatives.  Since
most dunes are already 25 ft. wide, only the 30-ft. alternative was uses.

Dune Elevation. The lowest design dune height evaluated was sufficiently above the
height of the berm and existing protective structures in order to provide for additional
storm damage protection, principally reducing inundation damages. Dune heights along
the oceanfront of LBI average 18 ft.  Therefore the minimal dune height evaluated was 20
ft. Additionally a 22 ft and 24 ft dune height were considered with the latter dropped as
initial calculations for the additional sand quantities did not capture additional storm
damage reduction benefits.  The height of +20 ft. and +22 ft. NAVD are the most
appropriate to capture significant benefits within this study area.

Summary of Alternatives.  From cycle 1 and cycle 2 analyses, various beachfill options
were recommended for analysis in cycle 3. Based on the design parameters discussed
above, 6 combinations of berm widths and dune heights were generated.  Several other
berm and dune alternatives were easily identified as non-constructable given the footprint
requirements of the varying dune options as well as the toe protection required for dune
stability, real estate impacts and the limited sand quantities available.

As the modeling proceeded, it became evident that the “no dune” alternatives
provided virtually no inundation benefits.  This was important along the entire project
area. Inundation was sensitive to dune height and erosion was sensitive to berm width.
To a small degree, berm width affected the total storm stage due to the berm’s ability to
break the waves further offshore.  Both dune and berm affected wave attack.

Six (6) beachfill alternatives were considered as an initial screening to narrow
down the possible plans of improvement to achieve project optimization. Dune heights
varying from 20 to 22 ft NAVD in combination with berm widths ranging from 125 to
175 feet were analyzed for several BUNDYs 3,6,7,9,11, and 14 (Figures 2-56 to 2-61).
Based on the initial screening the more feasible alternatives were analyzed for all
BUNDYs in order to achieve the optimal project beachfill dimensions.  The plans were



Figure 2-56  BUNDY 3 With-Project Alternatives



Figure 2-57  BUNDY 6 With-Project Alternatives



Figure 2-58  BUNDY 7 With-Project Alternatives



Figure 2-59  BUNDY 9 With-Project Alternatives



Figure 2-60  BUNDY 11 With-Project Alternatives



Figure 2-61  BUNDY 14 With-Project Alternatives
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analyzed for erosion, wave attack and inundation damage reductions compared to the
without project conditions.

Storm Impacts.  The with-project conditions are the conditions that are expected based
on the predicted impacts of storm events on the various project alternatives.  The periodic
nourishment associated with the project is designed to insure the integrity of the project
design. In the case of beachfill this ensures the project design cross section will be
maintained and the elimination of shoreline recession due to long-term erosion.
However, coastal processes will continue to impact the shoreline along the project area.
Storm-induced erosion, wave attack and inundation were evaluated for the with-project
conditions using the same methodologies utilized in the without-project analyses.  The
following sections describe the coastal processes used to estimate the with-project
damages.

Storm Induced Erosion.   The numerical model SBEACH was applied to predict storm-
induced erosion for the with-project conditions for the study area.  All SBEACH input
variables were identical to the without-project runs except the input profiles were
modified to include the alternative beachfill designs.  As in the without-project condition,
storm events from 2 to 500 year return periods were analyzed on the with-project
alternatives.   Erosion distances are measured from the Hydraulic/Economic reference
baseline to the landward-most occurrence of vertical erosion.  The storm-induced
recession distances (2- through 500-year) for six project alternatives for each BUNDY
analyzed in the initial screening are presented in Table 2-17.   Model results were
reviewed and analyzed for reasonableness as applied to the varying with-project
alternatives.

Storm Inundation.  The post storm recession profiles generated by SBEACH were used
to analyze inundation and wave attack using the same methodology described in the
without-project analyses.  The wave height frequency and stage-frequency data utilized to
assess the alternative designs was identical to that used for the without-project conditions.
Figure 2-62 presents the total water elevation profiles for the 20 and 22 ft dunes on 125
ft berm alternatives in BUNDY 9 (Brant Beach) for the 200-yr event.  Similar inundation
profiles were computed for each alternative at each BUNDY and each storm event to
determine the total water level across the beach profile and into the community.  The
inundation results are presented in the "contrl" file format which is compatible for use
with the economic COSTDAM analysis to compute storm-induced damages.  A unique
contrl file was produced for each alternative for each BUNDY within the study area.
Detailed results are presented in the Economics Appendix.
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Table 2-17.  LBI With-Project Erosion Values for BUNDY's evaluated in Initial Screening.
Distance from Economics Reference Line (ft)

Bundy 3
Return Period Dune 20, Berm 125 Dune 20, Berm 150 Dune 20, Berm 175 Dune 22, Berm 125 Dune 22, Berm 150 Dune 22, Berm 175

2 368 348 322 368 348 322
5 468 372 358 468 392 352

10 472 372 352 472 398 352
20 472 472 462 472 468 462
50 472 472 462 472 470 468

100 492 472 462 482 478 472
200 512 488 478 488 482 478
500 552 538 528 538 528 522

Bundy 6
Return Period BF6_D20B125.POS5 BF6_D20B150.POS5 BF6_D20B175.POS5 BF6_D22B125.POS5 BF6_D22B150.POS5 BF6_D22B175.POS5

2 408 388 358 402 388 358
5 498 402 388 498 428 388

10 502 408 392 502 443 392
20 508 502 492 508 502 492
50 508 508 508 508 502 502

100 532 512 508 512 512 508
200 548 522 508 522 512 508
500 568 562 552 562 557 552

Bundy 7
Return Period Berm 125 Berm 150 Berm 175

2 338 312 288
5 432 428 318

10 432 428 318
20 438 432 428
50 438 432 428

100 442 438 438
200 452 452 442
500 492 488 478

Bundy 9
Return Period Dune 20, Berm 125 Dune 20, Berm 150 Dune 20, Berm 175 Dune 22, Berm 125 Dune 22, Berm 150 Dune 22, Berm 175

2 402 378 352 398 378 352
5 438 402 392 433 398 382

10 448 402 388 443 398 382
20 508 498 492 508 498 492
50 508 498 492 508 498 492

100 512 508 502 512 508 502
200 518 512 508 518 512 508
500 578 568 558 568 558 552

Bundy 11
Return Period Dune 20, Berm 125 Dune 20, Berm 150 Dune 20, Berm 175 Dune 22, Berm 125 Dune 22, Berm 150 Dune 22, Berm 175

2 408 388 362 408 388 362
5 502 408 388 508 402 388

10 502 408 388 512 508 388
20 512 508 502 512 508 508
50 512 508 502 518 512 508

100 522 512 508 522 518 512
200 552 522 512 528 522 518
500 568 562 562 572 568 562

Bundy 14
Return Period Dune 20, Berm 125 Dune 20, Berm 150 Dune 20, Berm 175 Dune 22, Berm 125 Dune 22, Berm 150 Dune 22, Berm 175

2 392 372 348 392 372 348
5 438 392 372 433 378 372

10 488 392 382 482 388 378
20 492 488 482 488 488 482
50 492 488 482 492 488 482

100 502 488 488 498 492 488
200 522 498 492 518 492 488
500 552 548 542 552 548 542



Figure 2-62  Inundation Curves for BUNDY 9 (Brant Beach) With-Project Atlernatives with Dune Elevations of 20 and 22 ft NAVD
and Berm Width of 125 ft against a 200-yr Event.
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Nourishment Requirements.  In order to maintain the integrity of the design beachfill
alternatives, beachfill nourishment must be included in the project design.  If periodic
nourishment were not performed throughout the life of the project, longshore and cross
shore sediment transport mechanisms, separate from storm induced erosion, would act to
erode the design beach.  This erosion would reduce the protection from storm damage
afforded by the project design.  The nourishment quantities are considered sacrificial
material which acts to ensure the integrity of the project design.  Various coastal
processes were analyzed to develop an estimate of the required annual nourishment fill
volumes.

The nourishment parameters were developed by considering background erosion
losses using shoreline recession rates developed in the historic shoreline change analysis,
losses due to the predicted rate of sea level rise, losses due to storm induced dune erosion,
and "spreading out" losses due to diffusion of the beachfill through longshore transport
gradients.  The results of these analyses were compared and the volumetric requirements
were combined to obtain the total nourishment needs for each of the project alternatives.
A number of numerical tools were utilized to aid in the analysis including the Planform
Evolution Model in the Beach Fill Module 1.0 and GENESIS.  Both tools allow the
influence of retention structures (groins) to be included in the analysis.

Nourishment requirements were initially computed for the six BUNDYs
evaluated in the initial screening.  A range of berm widths (125, 150, and 175 ft) and
nourishment intervals (3-, 5-, 7-, and 10-years) were evaluated.  Therefore, twelve
nourishment quantities were computed for each BUNDY analyzed as input into the
cost/benefit analysis.  This large number of alternative nourishment schemes provided a
means of determining the economically optimum nourishment interval.  The nourishment
costs for each alternative, both initial and periodic nourishment throughout the project
life, were annualized and compared to the corresponding average annual damages
prevented by the alternative.

Historically, projects along the Atlantic Coast have initially used a 3-yr
nourishment interval.  Intuitively, for Long Beach Island with relatively small
background erosion rates, a longer nourishment interval appeared feasible. Although
background losses can be assumed to be nearly the same regardless of the fill width
placed, "spreading out" losses increase as a function of beachfill width.  The larger
quantities of advanced nourishment required in order to maintain the integrity of the
design profile throughout a 7- or 10-yr nourishment interval result in the fills diffusing
fairly quick when compared to the 3-yr advanced nourishment.  In terms of total volumes
placed throughout a project life, there is little difference between placing smaller
quantities more frequently versus large quantities at longer intervals.  Therefore, it
becomes an economic evaluation which is heavily dependent upon dredging operation
costs, especially the frequency of mobilization/demobilization costs associated with each
nourishment interval.

The initial screening resulted in a nourishment interval of three years to be used
with a berm width of 125 ft.  Detailed analyses were performed for all BUNDYs to
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determine overall nourishment requirements for the selected plan.  Table 2-18
summarizes the initial and periodic nourishment volumetric requirements for the Study
area.  The final nourishment quantities were increased by an overfill factor of a range of
1.05 to 1.60 depending on the grain size.  Initial design volumes were determined by
adding the advanced nourishment volumes and the design volumes obtained from the
survey cross sections.  Volumes were separated into "above berm" and "below berm" to
account for the irregularities in shoreline positions found amongst the groin
compartments.  Volumes "above berm" were computed using the difference between the
design template and existing conditions and multiplying the unit volume by the
appropriate reach length.  Volumes "below berm" were computed by comparing the
existing shoreline position throughout the entire reach (BUNDY) to the proposed design
MHW line.  Total volumes "below berm" were computed by multiplying the difference in
shoreline positions by an active profile depth, the average berm elevation to the depth of
closure.
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TABLE 2-18  LBI Initial and Periodic Nourishment Volume Requirements
BUNDY Reach Initial Vol Below Berm (yd^3) *

Length (ft) Above Berm +20 Above Berm +22 BFM Analysis 3-yr 5-yr 7-yr 10-yr
1 6910 0 0 0 0 0 0 0
2 4298 0 0 0 0 0 0 0
3 7664 103,901 181,637 332,111 68,435 100,378 144,804 223,827
4 4491 0 27,215 52,062 19,906 33,688 47,469 71,969
5 4551 48,241 54,885 136,281 45,938 75,031 104,125 153,125
6 9815 70,432 175,394 638,446 181,452 302,421 443,551 658,607
7 6425 0 707 321,052 78,094 121,479 173,542 251,635
8 5285 7,764 48,041 185,792 25,010 37,516 50,021 66,099
9 9252 160,346 255,633 598,038 31,476 44,066 69,247 132,198

10 9199 122,338 214,705 491,020 30,063 48,563 63,825 84,175
11 6438 57,131 128,502 376,007 128,285 181,368 252,146 376,007
12 7260 0 37,099 394,722 32,625 47,125 59,813 81,563
13 4761 0 40,754 145,468 19,396 27,477 35,559 48,490
14 3156 89,492 125,735 174,733 147,875 203,125 261,625 346,125
15 6646 15,126 75,698 97,183 74,189 128,421 182,653 275,931

Total 96151 674,770 1,366,004 3,942,915 882,744 1,350,658 1,888,380 2,769,751
50-yr Totals (Including Advanced) 14,712,429 13,506,580 13,218,660 13,848,755

* Note:   Add one cycle advanced nourishment to initial volumes to obtain total initial volume requirements. 3-yr 5-yr 7-yr 10-yr
** Note:  Volumes do not include overfill and renourishment factors. Dune +20 19,330,115 18,124,265 17,836,345 18,466,440

Dune +22 20,021,349 18,815,499 18,527,579 19,157,674

Periodic Nourishment Requirements (yd^3)Initial Vol Requirements BMAP Analysis (yd^3)

Estimated Total Volume Requirements (yd^3)
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Major Rehabilitation. Major rehabilitation quantities were developed in accordance
with ER 1110-2-1407 to identify additional erosional losses from the project due to
higher intensity (low frequency) storm events.  The nourishment rates developed for the
project alternatives include losses due to storms that have occurred within the analysis
period, storms of approximately 50 year return period and more frequent are
encompassed in those rates. Major rehabilitation losses are computed as the losses that
would occur from the 50% risk event over the project life. The annual percent frequency
event with a 50% risk during the 50-year economic project life is 1.37%.  The period of
record of stages recorded at the study area is approximately 73 years.  SBEACH was
employed to compute volumetric erosion from the selected beach alternative design
profile utilizing the 50- and 100-yr return period storm parameters utilized in the without-
and with-project analyses.  Volumetric erosion quantities for the 73-yr event were
obtained by interpolating between the 50- and 100-yr events.  Water levels and waves
were hindcasted at the study area for the storm, and all model parameters were identical
to the without and with-project analyses.  Volumetric storm induced erosion was
computed within each BUNDY for the design beach profile.  Based on local profile
analyses and experience developed at the Philadelphia, and other Corps coastal Districts,
it is estimated that approximately 60% of the material displaced during large storms will
return to the foreshore within weeks and only the remaining 40% will require mechanical
replacement.  As a conservative estimate of the necessary major rehabilitation quantity, a
volume equal to 60% of the estimated storm eroded volume will require mechanical
placement onto the subaerial beach to regain the design cross-section and insure the
predicted level of storm damage reduction.

It is estimated that a volume of approximately 500,000 cubic yards along Long
Beach Island would be required to perform major rehabilitation in response to the 50%
risk event.  Table 2-19 displays the volumetric requirements for each BUNDY.
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Unit Volumetric Losses Total Volume Losses
Bundy Reach Length (ft) (yd^3/ft) (yd^3)

1 6910 0.00 0
2 4298 0.00 0
3 7664 6.00 45,984
4 4491 5.60 25,150
5 4551 6.50 29,582
6 9815 7.00 68,705
7 6425 7.40 47,545
8 5285 5.00 26,425
9 9252 4.60 42,559

10 9199 4.20 38,636
11 6438 5.90 37,984
12 7260 7.20 52,272
13 4761 7.30 34,755
14 3156 5.10 16,096
15 6646 6.00 39,876

TOTAL 505,568

TABLE 2-19.  Major Rehabilitation Volume Requirements.

All Volumes should be adjusted with Overfill and Renourishment Factors
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Beachfill Monitoring Plan.  The project monitoring plan will document beach fill
performance and determine conditions within the borrow areas.  Periodic assessments
will assist in determining renourishment quantities.  The program was developed in
accordance with EM-1110-2-1004, ER-1110-2-1407, CETN-II-26 and the draft CETN
dated 3/13/95 entitled "Recommended Base-level Physical Monitoring of Beach Fills."
The following items are to be included in the project monitoring plan: Pre- and post-
construction monitoring will consist of beach profile surveys, hydrographic surveys of
borrow area, sediment sampling of the beach and borrow areas, aerial photography, and
tidal data collection.  The field data collection will be followed up by lab and data
analyses.  The proposed monitoring program will begin at the initiation of pre-
construction efforts and continue throughout the project life.

Beach Profiles
PURPOSE:   To quantify loss rates from project cells in order to define required
renourishment quantities and determine the accuracy of predicted loss rates, and
document cross-shore and longshore transport patterns of the beach fill.

FREQUENCY:  Monthly onshore rod surveys for 2 years following construction; then
quarterly onshore surveys for the next 3 years.  Semi-annual onshore/offshore sled
surveys (combine with monthly/quarterly onshore surveys in first 5 years).

NUMBER AND LOCATION:  Total of 42 profile lines from Barnegat Inlet to Little Egg
Inlet.

Inlet Hydrographic Surveys
PURPOSE:  To document changes in Barnegat Inlet channels and ebb shoal complex.

FREQUENCY:  Comprehensive hydrographic survey of Barnegat Inlet channels and ebb
shoal complex every 2 years.

Borrow Site Hydrographic Surveys
PURPOSE:  To document changes in borrow site conditions and evaluate infilling rates.

FREQUENCY:  Comprehensive hydrographic survey of all borrow sites every 2 years.

Aerial Photography
PURPOSE:  Document changes along Long Beach Island shoreline as supplement to
beach profile data.

FREQUENCY:  Quarterly flights

LOCATION:  Long Beach Island, Barnegat Inlet complex, and Island Beach State Park.

Tidal Data
Tide gage installed at tip of Barnegat Inlet northern jetty if not already in place.
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Sediment Sampling
PURPOSE:  Identify sediment resorting and fill behavior; identify cross-shore and
longshore grain size distribution changes; evaluate fill factor method.

FREQUENCY:  Collect samples post-fill and then semi-annually (Winter and Summer,
coordinated with beach profiles) every 3 years.

NUMBER AND LOCATION:  Along 14 established lines only; sample at dune, berm,
high tide, mid tide, low tide lines, then 6 ft intervals to 30 ft (total of 10 samples per
profile line).
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1 Introduction

Background
Long Beach Island is located on the southern portion of the barrier islands of New

Jersey, just south of where the general shoreline orientation changes from north-northeast
to a northeast direction (Figure 1).  The 32-km-long barrier island separates the Atlantic
Ocean from three shallow bays extending along the western side of the island.  The
northernmost bay is Barnegat Bay, the centrally-located bay is Manahawkin Bay, and the
southernmost bay is Little Egg Harbor.  Long Beach Island is bounded on the north by
Barnegat Inlet and on the south by Little Egg Inlet.  Tides are semidiurnal with a neap
range of 0.9 m and a spring range of 1.5 m.  A generally accepted estimate of net sediment
transport along Long Beach Island is approximately 75,000-150,000 m3/yr towards the
south, however estimates range from 40,000 to 4,000,000 m3/yr (NAP, 1999)

The oceanfront along Long Beach Island is developed entirely for residential use.  The
bay side of the island has residential development, commercial marinas, and numerous boat
ramps.  A 9.7-km-long causeway provides the only vehicular access to Long Beach Island.
 Beach erosion along Long Beach Island oceanfront communities of Harvey Cedars,
Loveladies, and Brant Beach has required recent placement of material.  Some material has
been trucked in from inland sources, some borrow material has come from maintenance
dredging of Barnegat Inlet, and some material has come from offshore borrow areas.  The
offshore bathymetry includes finger-like shoal features which extend out from the shoreline
in a north-easterly direction (Figure 2).

The present study was conducted to assist NAP in evaluating the impacts of borrowing
sediment from four borrow sites on nearshore wave climate, longshore transport potential,
beach nourishment requirements, and shoreline change rates.  Approximately 6.7x106 m3 of
sediment proposed for the present study is to be excavated from the potential borrow sites
and placed along a 27-km stretch of Long Beach Island from Loveladies to Holgate for
initial construction.  Approximately 1.5x106 m3 of material is needed for periodic
nourishment every 7 years over the 50-yr project life.

Needs and Objectives

As part of a beach nourishment feasibility study for Long Beach Island, New Jersey, a
study of the impacts of borrowing material from nearshore and offshore regions on the
regional coastal processes was required.  Four potential borrow sites for the Long Beach
Island nourishment project were identified (Figure 1):  Area A-the ebb shoal at Barnegat
Inlet, Area B-nearshore shoal off of Loveladies, Area D-offshore borrow area, and Area E-
nearshore shoal off of Brant Beach/Beach Haven Crest.  Note that these borrow sites are in
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three different coastal environments.  Specific analyses to determine the impacts of
borrowing material from these sites are:  1) to examine the relative changes in wave climate
due to bathymetric changes created at the borrow sites; 2) to determine the changes in
potential longshore transport rates; 3) to examine the impacts on nourishment requirements
for proposed beachfill areas; and 4) to look at the relative impacts on shoreline change
rates.  Therefore, the objective of this study was to perform these analyses and determine
the relative impacts of the four borrow sites on these processes.

Study Approach

The study described in this report was performed by the U.S. Army Engineer
Waterways Experiment Station (WES), Coastal and Hydraulics Laboratory (CHL).   The
approach consisted of the following components:

a.  Evaluate offshore wave climate

b.  Use a numerical model to transform offshore wave climate to nearshore areas, for
existing and proposed bathymetric configurations

c. Estimate littoral transport potential along the coast, both for the existing and
proposed bathymetric configurations
 
d. Estimate nourishment requirements for segments of Long Beach Island defined by
NAP for existing and proposed bathymetric configurations, and

e. Estimate shoreline change rates for existing and proposed bathymetric configurations
for segments of Long Beach Island defined by NAP.

Offshore wind wave and swell climate was investigated with the Wave Information
Study (WIS) numerical hindcast information covering the 20-yr time period 1976-1995 and
with the Offshore and Coastal Technologies, Inc.-East Coast (OCTI) numerical hindcast
covering the 10-year time period 1987-1996.  Buoy measurements and a directional wave
gage near Barnegat Inlet were used to help validate the hindcasts.  The offshore wave
climate evaluation is presented in Chapter 2.

A numerical wave model was used to transform offshore wave to the nearshore zone. 
The numerical model used for the studies, STWAVE, is a standard WES tool for shallow
water wave transformation.  Development of the two numerical model grids (one for the
entire study region and a more refined grid for the Barnegat Inlet area), model output
stations, longshore sediment transport calculation procedures, and other aspects of the
modeling approach are described in Chapter 3.  In addition to existing bathymetry, the
proposed borrow area bathymetry configuration was used in numerical simulations.

Study results are presented in Chapter 4.  Littoral transport results needed for assessing
impacts on beach nourishment rates and shoreline change rates along Long Beach Islands
are presented.  Beach nourishment rates and shoreline change rates are also presented. 

Conclusions and recommendations are given in Chapter 5.  This chapter is followed by
references and appendices with detailed information supporting the main report.



Chapter 4 Littoral Transport Processes
3

This study only involved use of wave transformation model results to estimate potential
sediment transport rates, renourishment requirements, and expected shoreline change rates.
 A thorough analysis of historical shoreline changes and inferred volumetric changes should
also be done to gain additional information about sand transport processes in the region.
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2 Offshore Wave Climate

Evaluation of the incident wave climate is a critical first step in nearshore wave climate
and littoral transport studies.  Ideally, a long-term, high-quality hindcast is available with at
least a few years of concurrent deep water directional wave measurements in the same area
to validate the hindcast.  This study used a relatively recent 20-yr hindcast and a recent 10-
yr hindcast, as discussed in the following sections.  Nearby directional measurements (at
Barnegat Inlet) were available for only a 1-year period.  Previous studies of this general
area have used a variety of sources for wave information, including nondirectional gages
mounted on the “Steel Pier” at Atlantic City, shipboard wave observations, and Coast
Guard station observations (GDM, 1984)

WIS Hindcasts

The WES Wave Information Studies (WIS) has developed wave information along
U.S. coasts by computer simulation of past wind and wave conditions.  This type of
simulation is termed hindcasting.  The present hindcast information base consists of two
20-yr blocks.  WIS produced the first block, covering years 1956-75, in the early 1980's
(Corson et al. 1982).  The second block, covering years 1976-95, was produced in the mid
1990's (Brooks and Brandon 1995).  The more recent hindcast is considered to be more
reliable since it was produced using an improved wave hindcast model and results were
evaluated against an extensive array of wave measurements which were not available
during the initial study.  Also, the 1976-95 hindcasts include tropical storms whereas the
previous hindcasts do not. 

The 1976-95 WIS parameters are available at 3-hr intervals over the 20-yr period.  At
each 3-hr interval, a number of wave parameters are given.  Parameters typically used to
represent waves are significant wave height, Hs, peak spectral period, Tp, and peak
direction, ?p.  WIS parameters of importance to this study include overall Hs, Tp, and ?p,
and, when more than one wave component is present (such as a locally-generated sea and a
swell coming from a distant storm),  Hs, Tp, and ?p values for primary and secondary wave
components.

Hindcast information for the period 1976-1995 from two nearby WIS stations AU2069
(WIS 69) and AU2070 (WIS 70), was used to examine offshore wave climate.  Station
AU2070 is located 8 km off of Barnegat Inlet at 39.75N, 74.0W and AU2069 is located
approximately 20 km south of Barnegat Inlet at 39.5N, 74.0W(Figure 3).  Results from the
two stations were similar and Hindcast Station AU2070 was selected for use in the analysis
(Figure 4) due to its closer proximity to the project study grid boundary.  A percent
occurrence table of significant wave height, peak period, and peak direction was
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constructed for Station AU2070 (Appendix A).  At Station AU2070, waves typically
approach the study area from between 67.5 and 180.0 deg azimuth.  Wave heights are
most likely in the 0.5 to 1.0-m range with a mean of 0.9 m.  The maximum hindcast wave
height was 8.4 m. The highest percentage of wave periods is 5.0 to 9.0 sec, with a mean
wave period of 6.4 sec.

For littoral transport studies, the primary and secondary wave components were taken
separately.  Breaking wave height and direction are critical to longshore sediment transport.
 Hence, it was useful to retain information about both components of the offshore wave
climate.  A wave height threshold of 0.3 m was used to eliminate waves that would not
likely cause transport.  The primary component distribution for Station AU2070 (Figure 5)
is very similar to Figure 4.  The secondary component distribution shows an increased
frequency of offshore-traveling wave conditions (Figure 6).  As will be shown in the model
simulations, waves from 67.5 to 180 deg were used in model simulations, therefore a large
percentage of the secondary component waves were eliminated because they would not
impact the coast.  Even though wave heights are relatively low, the secondary components
were included for littoral transport studies.

NDBC Buoy 44025 and DWG Measurements

The offshore directional wave measurement station nearest the study area is National
Data Buoy Center (NDBC) buoy 44025, located at 40.25 N, 73.17 W.  Water depth at the
buoy is 40 m.  Directional wave data were available for six years, from November 1991 to
November 1997.  Data were collected hourly for 1024 sec at a rate of 1 Hz.  Although
NDBC buoy 44025 is distant from the study area, it provides a valuable indication of the
WIS wave climate quality.  Wave statistics for buoy 44025 (Figure 7) and for the nearest
WIS station (AU2070) (Figure 4) indicate very similar wave direction, wave period, and
wave height climates.  The distribution for the WIS station AU2070 is quite consistent with
buoy 44025.  Overall, the study area offshore wave climate as represented by WIS station
AU2070 appears acceptable.

In May 1994, a directional wave gauge (DWG) was deployed 1300 m off the Barnegat
Inlet south jetty tip in approximately 12 m of water for a one-year period.  The average
significant wave height, Hsavg , for that time period was 0.7-0.8 m, the average peak period,
Tavg , was 8.9 sec, and the maximum significant wave height, Hsmax , was 3.8 m.  The wave
statistics for this shorter time period show less directional spread, a longer average wave
period, and a somewhat smaller distribution of wave heights than the WIS AU2070 hindcast
and NDBC buoy 44025 data (Figure 8).

OCTI Hindcast

OCTI performed a hindcast for NAP which was also analyzed for possible use as a
source for wave statistics to use in the potential littoral transport computations.  OCTI
Station I=35, J=30 located at 39.5833N, 74.1666W was selected due to its proximity to the
grid offshore boundary.  Water depth at the hindcast station was 19 m.  A percent
occurrence table of significant wave height, peak period, and direction were constructed for
the hindcast station (Appendix B).  At the hindcast station, waves approach the study area
from a broader range of directions with the highest percentages being the nearly shore-
normal angles between 157.5 and 202.5 deg azimuth (Figure 9).  Wave heights are
statistically most likely in the 0.5 to 1.0-m range with a mean of 0.9 m.  The maximum
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hindcast wave height was 5.9 m.  The highest percentage of wave periods is 0.0 to 5.0 sec,
with a mean wave period of 5.4 sec.  These data do not correspond to the buoy data as
well as the WIS data, but both the WIS and the OCTI datasets were retained for use in
computing littoral sediment transport as requested by NAP.
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3 Modeling Approach

Wave Model and Grids
Wave Model

The WES spectral wind-wave growth and propagation model STWAVE (STeady-state
spectral WAVE) (Smith et al., 1999) was chosen for wave transformation modeling in this
study (Appendix C).  The spectral representation was expected to be advantageous for
transforming waves over the complex bathymetry of the borrow areas and the finger-like
shoals which exist offshore of Long Beach Island.   As described in Appendix C, model
input requirements include a bathymetric grid, water level, and a two-dimensional wave
spectrum at the offshore boundary.  Details of these data requirements, as they apply to
this study, are given in the following sections.

Grids

An STWAVE grid was developed to include coastal bathymetry extending from Station
AU2070 west to the Long Beach Island shoreline  and from north of Barnegat Inlet to
Beach Haven (Figure 3).  The grid encompassed all four potential borrow areas outlined in
Chapter 1.  Wave transformation between offshore and the Long Beach Island shoreline
was modeled with this 100-m resolution grid referred to as Grid 1.  A finer grid, with 50 m
resolution, was developed for the Borrow Area A Barnegat Inlet area (Figure 3) and is
referred to as Grid 2.  This grid was needed for investigation of sediment transport potential
along beaches to the south of Barnegat Inlet, outside the immediate influence of Borrow
Area A.  Specifications for the two grids are given in Table 1.

Bathymetry data were taken from several sources provided by NAP.  As provided, the
data were all referenced to mean high water (MHW).  (Adjustment of the model to another
datum can be easily accomplished within the STWAVE model framework.)  Data sources
included 1936 and 1954 National Ocean Survey (NOS) surveys, 1996 OCTI surveys of
two nearshore regions, 1996 profile data collected along Long Beach Island for the
feasability study, and 1996 profile data north and south of Barnegat Inlet and a 1997 ebb
shoal survey collected as part of the Monitoring Completed Navigation Projects program
for Barnegat Inlet.  These data were combined into one dataset and converted to metric
units using Spectra Precision Software TerraModel.  For the many places with data
overlap, the most recent data superceded any older data.  Data outside the STWAVE grid
boundaries were eliminated to reduce the size of the dataset.  Contour maps for the existing
condition bathymetric configuration for the two grids are given in Figures 10-11.

STWAVE is available in the PC-based Surface Modeling System (SMS) (SMS 1995).
Hence, SMS was used for grid building and output visualization in this study. The digital
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bathymetry provided by NAP was input into SMS to build the uniform rectangular grids
required by STWAVE.  Grids in SMS were built in the New Jersey State Plane coordinate
system (metric).  Grid specifications are given in Table 1.  In addition, borrow areas were
numerically “dredged” using SMS grid modification capabilities.  Contour maps for the
borrow area bathymetric configuration for the two grids are given in Figures 12-13. 

Table 1
Specifications for STWAVE Grids from SMS

Parameter Grid 11 Grid 2

Cell size 100 m 50 m

Origin, x (state plane) 195282.57 m 190639.71 m

Origin, y (state plane) 103801.49 m 105515.86 m

x-axis length 9750 m 6000 m

y-axis length 30500 m 10000 m

Counterclockwise rotation of x-axis
from east

         150.5O              160O

No. of I=s (columns)              97               120

No. of J=s (rows)              305               200

1 Used for existing conditions and borrow area bathymetry

Incident Wave Conditions

STWAVE input requirements include wave conditions defined at the offshore grid
boundary.  The first step in generating input wave conditions was to examine the percent
occurrence tables computed from the WIS parameters at station AU2070 and OCTI station
i35j30 (as described in Chapter 2 and given in Appendices A and B).  From these data,
intervals selected for the wave parameters were 0.5 m for wave height, 2 sec for peak
period, and 22.5 deg for direction. Wave height ranges .3-.75, .75-1.25, 1.26-1.75, etc.;
period ranges 3-5 sec, 5-7 sec, 7-9 sec, etc, and direction ranges 56.25-78.75,78.75-
101.25, etc. were simulated with the parameters described in Table 2.  An STWAVE
simulation was run for each combination shown in Table 2, for a total of 756 wave
conditions simulated.

For each STWAVE input height/period/direction combination, the ACES 2.0 software
was used to generate a directional wave spectrum in a water depth appropriate to the
corresponding Grid 1 seaward boundary (20 m).  Spectral frequencies ranged from 0.04 Hz
to 0.33 Hz at 0.01 Hz intervals.  Spectral direction components covered ∀85 deg from
normal incidence to the grid, in 5-deg increments.  A single water level was used in all
simulations, representing Mean Sea Level (0.61 m below the MHW datum).

For Grid 2 simulations, wave spectra from Grid 1 were saved at five points
corresponding to the Grid 2 offshore boundary.  The spectra were averaged for each case
to give a representative incident spectrum for the Grid 2 boundary.  Boundary points which
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were not consistent with the more representative boundary points were omitted from
averaging.

Table 2
Wave Conditions Simulated with STWAVE

Wave Height (m) Wave Period (sec) Wave Direction (deg N)

0.5  4  67.5

1.0  6  90.0

1.5  8 112.5

2.0 10 135.0

2.5 12 157.5

3.0 14 180.0

3.5 16

4.0 18

4.5 20

5.0

5.5

6.0

6.5

7.0

STWAVE Output

The main output from STWAVE simulations consists of arrays of significant wave
height, peak period, and peak direction over the entire grid for each incident wave
condition.  These relatively large files are useful for visualizing wave transformation over
the entire grid.  The height/period/direction information at selected stations in the grid is
another, much more condensed output which was useful for the littoral transport
computations required in this study.  Station output at grid cells along a nearshore reference
line was generated for each STWAVE simulation, as discussed in the following sections. 
Station output can be generated during the STWAVE runs or it can be extracted from the
main output arrays as a post-processing step.

Wave Transformation Examples

Figures 14 and 15 illustrate the Grid 1 wave transformation patterns for the existing
condition bathymetric configuration and borrow area bathymetric configuration,
respectively.  These patterns are for one incident wave case (waves approaching from the
most northerly angle band 67.5 deg).  In this case, a 3-m wave height and longer than
average (10-sec) peak period were selected to illustrate wave transformation over the four
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borrow areas.  Note the changes in wave height in the vicinity of the borrow areas induced
by the changes in bathymetric configuration from Figure 14 to Figure 15. 

Similarly, Figures 16 and 17 show computed Grid 1 wave transformation patterns for
the existing condition bathymetric configuration and borrow area bathymetric configuration,
respectively, for the case with the same offshore wave height and peak period but
approaching from a southerly direction (180 deg).  In these cases, wave heights are more
noticeably reduced as waves propagate from the offshore boundary into the nearshore area.
The wave height reduction in shallow water is mainly due to the effects of refraction and
nonlinear wave-wave interaction introduced in the STWAVE model.  The wave-wave
interaction induces significant loss of wave energy in the high frequency range through
energy transferring from spectral peak to high frequency components.

Figures 18 through 21 show wave transformation patterns for Grid 2 for the same
incident wave conditions described above.  Changes in the vicinity of Borrow Area A are
observed.

Littoral Transport

The approach to estimating littoral transport was to use STWAVE to transform each
incident wave condition to near-breaking; transform the near-breaking wave to a point at
which breaking begins, using the assumption of locally straight, parallel bottom contours;
and compute potential longshore transport rate from that breaking wave height and angle. 
With consideration of the WIS and OCTI percent occurrence tables, the potential transport
rate due to each incident wave condition was then converted to an annual potential
transport volume of sediment.  Finally, potential transport contributions from all incident
wave conditions were added to give estimates of annual northward, southward, net, and
gross longshore transport.  Details of the approach are given in the following paragraphs.

Calculation of Breaking Wave Conditions

Stations for saving STWAVE wave parameters to be used in littoral transport estimation
were selected with two primary objectives.  First, the stations should be shoreward of all
significant effects of irregular bathymetry, so that STWAVE will have included these
effects in wave transformation.  Second, stations should be seaward of the nearshore surf
zone, so that STWAVE has not yet invoked breaking limits on wave height and the
breaking wave height and angle needed for calculating longshore transport rates can be
accurately estimated.

A nearshore station was selected for every alongshore grid cell of the proejct study
grids. Nearshore stations for Grid 1 and Grid 2 are illustrated in Figures 22 and 23. 
Stations in Grid 1 were placed around the 6-m contour, where bottom contours were
reasonably parallel to the shoreline.  Near Barnegat Inlet, the ebb shoal extends offshore,
causing wave breaking there rather than on the nearshore beach slope.  These breaking
waves are not directly driving littoral transport at the beach.  Hence, nearshore stations in
shoal areas were placed regardless of water depth to follow a smooth line of stations
reasonably parallel to the beach or along expected paths of longshore transport around
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small inlets.  These stations are expected to be representative of the breaking wave
conditions actually driving nearshore littoral transport across shoal areas and along the
adjacent beaches.

A shoreline angle was specified for each nearshore station to establish the orientation of
the straight, parallel bottom contours to be used in calculating wave breaking conditions. 
Shoreline angles were computed from a recent digitized shoreline provided by NAP. 

A computer program adapted from the GENESIS shoreline modeling system program
NSTRAN (Gravens, Kraus, and Hansen 1991) was used to iteratively calculate breaking
wave heights and angles.  Inputs to the program included nearshore station output from
STWAVE and shoreline angles.  The breaking criterion is Hs = 0.78 d, where d = water
depth.

Calculation of Longshore Transport Rates

The program calculates potential longshore transport rates as

where Q  = potential longshore transport rate
     K  = constant
    Hbs = significant wave height at breaking
    ab = breaking wave angle relative to bottom contours

When Hbs is in meters and  Q in m3/day, the generally accepted value of K is K = 5100
(Equation 6-7b of USACE 1992).  Program calculations were done in metric units with Q
expressed in m3/sec.  The corresponding constant is K = 0.0590.

When Equation 1 is applied to the study area, longshore transport rates computed by
WIS are unreasonably large.  As in previous model studies, a calibration of the constant K
was needed.  Previous estimates of net and gross longshore transport rate along Long
Beach Island provided a reasonable basis for calibration (GDM 1984, NAP 1999).  The
value of K in Equation 1 was reduced from 0.059 to 0.023 after calibration.  The same
calibration value of K was found in a concurrent STWAVE study of Cape Fear River
Entrance and Smith Isle to Ocean Isle Beach, North Carolina (Thompson et al., 1999). 
Transport computed with the OCTI dataset did not require a reduction in the K coefficient
and 0.059 was used.

A Q was calculated with Equation 1 for each wave condition.  Using percent
occurrences from WIS, Q was converted to an annual longshore transport volume in m3/yr.
 Following standard convention, longshore transport toward the right of an observer on the
beach facing the ocean is positive (southward transport in this study), and transport toward
the left is negative (northward transport in this study). 

Contributions from all wave conditions were added together to give total annual
northward and southward potential longshore transport volumes, which can be expressed as
annual transport rates.  Net potential longshore transport rates are determined as the
difference between magnitude of the northward and southward rates.  Gross potential
longshore transport rates are the combined magnitudes of northward and southward
transport rates.

                                       )(2   H  K  =Q  bbs αsin2
5

(1)
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This study used both primary and secondary WIS wave components, as represented in
wave climate percent occurrence tables.  This approach is expected to give a better estimate
of net transport rates than if only overall WIS parameters were used.  However, it tends to
increase northward, southward, and gross transport rates because wave components
contribute individually rather than as combined events.  The impact on longshore transport
rates is expected to be small, but it is advisable to consider net transport rate as the most
accurate littoral transport parameter in this study.
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4 Littoral Transport Potential

Net Potential Transport
The net potential transport computed for this study is strictly controlled by the

calibration coefficient K as described in the previous section.  The selection of this
coefficient is therefore critical.  It was the intent of this study to compute “reasonable”
transport values along Long Beach Island, with the ultimate goal being the comparison of
these values for with- and without-project conditions.  A reasonable transport value for
Long Beach Island is on the order of 75,000 to 150,000 m3/yr.

Calibrated net potential longshore transport rates for Long Beach Island using the WIS
and OCTI wave climatology are given in Figures 24a and 24b, respectively.  Alongshore
cell numbers shown on the x-axis refers to the Grid 1 cell number, with Cell 1 located at the
northern grid limit and Cell 300 located near the southern grid limit.  Townships are given
at their general location for reference.  It is important to remember that these are potential
transport rates and do not consider the availability of sediment or the influence of coastal
structures on sand transport rates.  It is interesting to note the nodal zone in the vicinity of
Barnegat Inlet, where the general shoreline orientation of New Jersey changes.  The
potential net transport shows a notable change from net northerly transport to net southerly
transport in this region.  The predominant shoreline orientation changes dramatically at
Barnegat Inlet.  The position of Long Island, NY affects the wave climate which in turn
affects transport rates.  The sheltering effect created by Long Island, NY limits waves from
the north impinging on northern New Jersey.  South of Barnegat Inlet, the sheltering effect
is not as apparent and net transport along Long Beach Island, NJ is generally to the south.
There is a local reversal (transport to the north) near Barnegat Inlet (cell 134-135),
probably due to the effects of the inlet and its shoal system on the downdrift beaches.

Using OCTI and WIS hindcast wave climatology for this study, net potential transport
north of Barnegat Inlet is approximately 400,000-500,000 m3/yr to the north.  Net potential
transport across Barnegat Inlet is approximately 500,000-600,000 m3/yr to the south. 
Using the 1976-1995 WIS hindcast for Station 70 and the GENESIS support program
SEDTRAN (Gravens et al., 1991), the net potential transport rate near Barnegat Inlet is
estimated to be 530,000 m3/yr to the south, assuming a local shoreline orientation of 29 deg
east of north.  In 1954, the Corps of Engineers estimated that the net littoral transport in the
Barnegat Inlet area was 190,000 m3/yr to the south (USACE, 1954).  Other USACE
estimates of net longshore transport at Barnegat Inlet range from 80,000 m3/yr to the north
to 280,000 m3/yr to the south (USACE, 1995). The average of grid cells 135 through 305
was used to estimate the net potential transport along Long Beach Island for this study. 
Using OCTI hindcast wave climatology, the net potential transport for Long Beach Island
was approximately 76,000 m3/yr to the south and using the WIS hindcast wave
climatology, the net potential transport was approximately 114,000 m3/yr to the south. 
NAP estimates of net longshore transport for Long Beach Island using an earlier OCTI
hindcast and SEDTRAN are approximately 70,000 to 140,000 m3/yr.  Prior USACE NAP
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estimates of net longshore transport for Long Beach Island based on 1838-1953 data and
1974 data indicate a much lower value (approximately 40,000 m3/yr) (USACE, 1995).

It is evident that there is great variability in longshore transport estimates due to the
quality of the input data as well as the level of sophistication used in the analysis.  A
reasonable transport value for Long Beach Island is on the order of 75,000 to
150,000 m3/ yr.

By comparing the with- and without-project conditions it is observed that there are
changes in the net transport potential induced by the project.  The greatest changes are in
the vicinity of Borrow Area A (affecting cells 50-70) and Borrow Area E (affecting cells
230-280).

Grid 1 Erosion and Accretion
The northerly (defined as negative) and southerly (defined as positive) longshore

potential transport rates computed for Long Beach Island were used to estimate areas of
erosion and accretion.  Shoreline reaches defined by NAP for Grid 1 were used in these
computations with slight adjustments to the suggested Reach 3-5 boundaries (Table 3). 
Longshore transport values for cells in each reach were summed and an average northerly
and southerly longshore transport value was determined for each reach (Table 4).  Three
methods of computing erosion or accretion X(i) for a given Reach i were defined as follows:
 In Method 1 (Figure 25a), the average north and south transport values for a given reach
were applied at the cell faces (the boundaries of the reach):

              X LT  LT LT - LT(i) =  S(i-1)  S(i) N(i) N(i+1)− +                                    (2a)

where LTS(i) is the southerly longshore transport value for a given Reach i and LTN(i) is the
northerly longshore transport value for a given Reach i.  LTS(i) is applied at the right face of
Reach i and LTN(i) is applied at the left face of Reach i.  In Method 2 (Figure 25b),
transport values for adjacent reaches were averaged to determine transport values at the
cell faces:

              X LT  LT LT - LT(i)  =  S(i-1/ 2)  S(i+1/ 2) N (i+1/2) N(i-1/2)− +                       (2b)

Distances to the cell face from (i-1), (i), and (i+1) were incorporated into the calculations to
weight the transport rates used in the averaging.  In Method 3 (Figure 25c), the transport
rates at the cell faces were determined by averaging 25 cells around the reach boundaries. 
Equation 2b applies to this method also.  The number of cells used in the averaging
corresponds to the average length of the reaches. 

These procedures were repeated for each reach.  A boundary reach, Reach 0, across
Barnegat Inlet (cells 58-61) was used to provide an adjacent cell for Reach 1.  It was
assumed that the southerly transport rate at the inlet would lose 175,000-225,000 m3 of
sediment to the inlet and/or ebb shoal based on recent inlet dredging records.  Northerly-
directed transport into Reach 12 from the southern boundary of the grid was estimated by
averaging the northerly transport rates from the 5 cells closest to the grid boundary.  This
estimate is reasonable because the northerly-directed transport is fairly constant in this
region (Table 4).  This analysis assumes no losses or gains due to cross-shore transport
processes. 

Table 3. Long Beach Island Shoreline Reaches for Grid 1
Reach Grid cells Township

1 62-81 Barnegat Light
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2 82-94 Loveladies North
3  95-119 Loveladies South
4 120-130 Harvey Cedars North
5 131-144 Harvey Cedars South
6 145-174 North Beach
7 175-194 Surf City
8 195-210 Ship Bottom
9 211-238 Brant Beach

10 239-266 Beach Haven Crest to Beach Haven Park
11 267-286 Haven Beach to Beach Haven Gardens
12 287-305 Spray Beach to Beach Haven Boro North

Table 4.  Southerly and northerly longshore transport potential for Long
Beach Island

Reach Southerly and
(Northerly)
Longshore
Transport

WIS
Without-Project

(m3/yr)

Southerly and
(Northerly)
Longshore
Transport

WIS
With-Project

(m3/yr)

Southerly and
(Northerly)
Longshore
Transport

OCTI
Without-Project

(m3/yr)

Southerly and
(Northerly)
Longshore
Transport

OCTI
With-Project

(m3/yr)
0 403300 289400 363000 392000 

1 453500 
(-136300)

282600 
(-136900)

589000 
(-241800)

386900 
(-231500)

2 204300 
(-254300)

199400 
(-251400)

265600 
(-368100)

264400 
(-357700)

3 179900 
(-257500)

179800 
(-256900)

267400 
(-359300)

273400 
(-355900)

4 197900 
(-288500)

203800 
(-277400)

293100 
(-395900)

310100 
(-384300)

5 292300 
(-254500)

305600 
(-247200)

379700 
(-361300)

398200 
(-357000)

6 323400 
(-213400)

327500 
(-216700)

422400 
(-325900)

434500 
(-331600)

7 226800 
(-192900)

233800 
(-195500)

293500 
(-301700)

307400 
(-310400)

8 262000 
(-177700)

273800 
(-191600)

316300 
(-286600)

334600 
(-308000)

9 272600 
(-184500)

254100 
(-213000)

336700 
(-288500)

332200 
(-318900)

10 349300
(-176400)

300400 
(-170500)

419000 
(-282600)

381200 
(-270300)

11 293300 
(-184400)

348000 
(-165100)

360400 
(-298300)

416800 
(-278800)

12 339300 
(-166100)

341700 
(-166100)

402800 
(-283700)

407700 
(-283700)

13 (-157500) (-157500) (-277600) (-277600)
Southerly transport is given first followed by northerly transport given in parentheses

The three methods of computing erosion and accretion described above, and an
average value, are given in Tables 5a and 5b for each bathymetric configuration (with- and
without-project) and each wave dataset (WIS and OCTI), providing a range of results.
Discussion and comparisons will focus on the average conditions as well as the range of
responses.  Since the overall trends for the three methods are similar, Figures 26 and 27
show only Method 1 erosion and accretion quantities for WIS and OCTI, respectively. 
Table 5a.  Erosion and accretion potential for Long Beach Island (WIS)
Reach Erosion/Accretion

without project

(m3/yr)

Erosion/Accretion
with project

(m3/yr)
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1 2 3 Avg 1 2 3 Avg
1 67800 248200 354200 223400 121300 153900 192300 155800
2 252300 154100 44600 150400 88600 86500 40800 72000
3 55500 27200 38700 40500 40200 14100 36200 30200
4 -52000 -52500 -51100 -51900 -54200 -59200 -63100 -58800
5 -135600 -94900 -132400 -121000 -132400 -90600 -134400 -119100
6 -51500 -3600 700 -18100 -43000 7800 24900 -3400
7 81300 2400 60300 48000 89800 4600 52200 48900
8 -28300 -23800 -22100 -24700 -18600 -4600 -5300 -9500
9 -18800 -44800 -131500 -65000 -22800 -18300 -72000 -37700

10 -68700 -5000 76400 900 -51700 -75300 -36300 -54400
11 37700 -6300 -19900 3900 -46600 -18300 -29900 -31600
12 -54600 -84900 -101700 -80400 -2200 -47900 -52600 -34200

Table 5b.  Erosion and accretion potential for Long Beach Island (OCTI)
Erosion/Accretion

without project

(m3/yr)

Erosion/Accretion
with project

(m3/yr)

Reach

1 2 3 Avg 1 2 3 Avg
1 400 185400 297400 161100 181300 239900 285700 235600
2 264600 153800 37900 152100 120800 94300 42400 85800
3 34700 600 7500 14300 19300 -12900 2300 2900
4 -60200 -50000 -43200 -51100 -64000 -53300 -50700 -56000
5 -122100 -92700 -131900 -115600 -113500 -84200 -130600 -109400
6 -66800 9600 8100 -16400 -57600 21500 31800 -1400
7 113700 20800 86400 73600 124700 25900 83100 77900
8 -20900 -23600 -26800 -23800 -16300 -8300 -10100 -11500
9 -26300 -55900 -129500 -70600 -46200 -40300 -101300 -62600

10 -66600 -800 58200 -3000 -40400 -64600 -19700 -41600
11 44000 1800 8000 17900 -30700 -4100 -11600 -15500
12 -48500 -98000 -121100 -89200 3000 -59700 -67200 -41300

The three computation methods and WIS and OCTI data show the same trends of
erosion and accretion.  Reaches 1 and 2 are highly accretional and Reach 3 is accretional. 
For the with-project condition, these areas show less accretion (except Reach 1, Method 1-
WIS; Reach 1, Methods 1 and 2-OCTI; and Reach 2, Method 3,-OCTI).  Since the
reaches would remain accretional, this is not considered an adverse impact of the project. 
Reaches 4 through 6, and 8 through 12 have erosion potential for with- and/or without-
project construction.  Considering the length of each reach, Reaches 4 and 5 (both
corresponding to Harvey Cedars) appear to have the greatest potential for erosion.  The
project mitigates erosion in Reaches 5 and 6, but slightly increases the erosion potential in
Reach 4.  Reaches 8 through 10 and 12 show some erosion potential.  The with-project
condition decreases erosion in Reaches 8, 9 (except Method 1), and 12, but increases
erosion potential in Reaches 10 (except Method 1) and 11.  It should be noted that the
degree of adverse impacts in Reach 4, and Reaches 10 and 11 are different.  The with-
project condition causes more erosion potential in these reaches, however, considering the
amount of increased erosion (volume) and the length of each reach, the impact to Reaches
10 and 11 is 2-3 times greater than the impact to Reach 4.  Reach 4 is a highly erosive area
and will change slightly with the project in place.  Reaches 10 and 11 show large increases
in the erosion volumes directly due to the project (Borrow Area E).

Another observation is that the range of results varies from reach to reach. Reaches 1
and 2 have the greatest variability in response, depending on which calculation method is
used.  The most consistent response is observed in Reaches 3, 4, 5, and 8.  Neglecting
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Reaches 1 and 2, volumes can be considered to be within ∀30,000 m3 of the average
erosion/accretion volumes.  From these statements one can identify Reaches 1, 2, and 7 as
accretional and Reaches 4, 5, 8, 9, and 12 as erosional. Reach 3 shows fairly consistent
responses from method to method, but the OCTI dataset indicates less accretion than the
WIS dataset.  Considering the standard deviation of ∀30,000 m3, this reach could be
erosional or accretional.  Due to the variability of results in Reaches 6, 10, and 11 and the
average standard deviation of ∀30,000 m3, it is more difficult to classify these regions as
erosional or accretional.  However, it can be reiterated that a comparison of with- and
without-project conditions in these reaches shows a slight gain of material in Reach 6, and a
large decrease in volumes (strong negative impact) in Reaches 10 and 11 due to the project
(Borrow Area E).

Note that these erosion and accretion values are based on potential transport rates. 
Actual erosion and accretion may be limited by the presence of coastal structures and/or
other engineering activities.  It is recommended that historical accretion and erosion analysis
(based on an analyses of historical shoreline position data) be done for comparison with
these project results, i.e., compare potential erosion/accretion with observed
erosion/accretion.

Grid 1 Renourishment Requirements
Areas with potential for erosion for with- and/or without-project conditions were

considered areas needing periodic renourishment.  Reaches 5, 9, and 12 require 65,000 to
121,000 m3/yr, however, Reaches 9 and 12 cover longer stretches of shoreline and are
therefore less of an erosional problem than Reach 5, as will be shown in the following
section (Figures 28 and 29-Method 1 only).  Reaches 4, 10, and 11 would require
additional placement of material with the project in place.  Reaches 5, 6, 8, 9, and 12
would require less material with the project in place.  Computation with the OCTI and WIS
data show the same trends, however, the OCTI computations predict greater renourishment
requirements in Reaches 9, 10, and 12 and smaller renourishment requirements in Reaches
4, 5, 6, and 8 as compared to the WIS computations.  It should be reiterated that coastal
structures or engineering activities could influence the renourish- ment requirements.  It is
recommended that analysis of historical shoreline changes be made to assess renourishment
requirements.

Grid 1 Shoreline Retreat Rate
The potential for shoreline erosion was computed from the erosion rates as follows. 

Equation 6-19 from (USACE, 1992) estimates the rate of shoreline change:
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where ♠x is the cross-shore displacement of the profile, ♠t is the time period, Db is the
berm crest elevation, Dc is the depth of closure, ♠Ql is the longshore transport rate, ♠y is
the reach length, and q is a line source or sink of sediment along the reach.  Basically this
means that if we neglect source or sink terms, the entire quantity of material required for
renourishment is assumed to cause the beach profile to shift landward uniformly.  The
quantity of material divided by the length of shoreline and height of the active profile
(Db+ Dc) leaves the distance of shoreline retreat in a given time period, in this case, one
year.  As requested by NAP, the active profile height assumed for Long Beach Island was
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11.2 m.  Each nourishment quantity was divided by the reach length and active profile
height to determine the shoreline retreat rate (Tables 6a and 6b; Figures 30 and 31-(Method
1 only)).

Tables 6a and 6b show that the greatest potential for shoreline retreat is in Harvey
Cedars (Reaches 4 and 5) where the predictions show a shoreline retreat rate of 4-8 m/yr. 
This area has historically had beach erosion problems and has had recent nourishment
projects to maintain the beaches.  The predictions show a shoreline retreat rate of 1-4 m/yr
in Ship Bottom (Reach 8), Brant Beach (Reach 9), and Spray Beach (Reach 12).  The
with-project conditions tend to balance out the erosion in Harvey Cedars so that the
southern portion erodes slightly less, and the northern portion erodes slightly more.  The
with-project conditions decrease the shoreline retreat rate in Reaches 6, 8, 9, and 12. The
with-project conditions increase the shoreline retreat rate in Reaches 10 and 11.  The
largest potential negative impact of the project is in Reach 11, with the shoreline retreat rate
increasing by 1 to 1.5 m/yr (0.4 m/yr to 1.4 m/yr (WIS), and accreting 0.8 m/yr to eroding
0.7 m/yr (OCTI)).  Note that the presence of functioning coastal structures may prevent
these rates from being realized.

Table 6a.  Shoreline retreat rate for Long Beach Island (WIS)
Shoreline Retreat

without project

(m/yr)

Shoreline Retreat
with project

(m/yr)

Reach

1 2 3 Avg 1 2 3 Avg
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 4.2 4.3 4.1 4.2 4.4 4.8 5.1 4.8
5 8.6 6.1 8.4 7.7 8.4 5.8 8.6 7.6
6 1.5 0.1 - 0.5 1.3 - - 0.4
7 - - - - - - - -
8 1.6 1.3 1.2 1.4 1.0 0.3 0.3 0.5
9 0.6 1.4 4.2 2.1 0.7 0.6 2.3 1.2

10 2.2 0.2 - 0.8 1.6 2.4 1.2 1.7
11 - 0.3 0.9 0.4 2.1 0.8 1.3 1.4
12 2.6 4.0 4.8 3.8 0.1 2.3 2.5 1.6

Table 6b.  Shoreline retreat rate for Long Beach Island (OCTI)
Shoreline Retreat

without project

(m/yr)

Shoreline Retreat
with project

(m/yr)

Reach

1 2 3 Avg 1 2 3 Avg
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - 0.5 - 0.2
4 4.9 4.1 3.5 4.2 5.2 4.3 4.1 4.5
5 7.8 5.9 8.4 7.4 7.2 5.4 8.3 7.0
6 2.0 - - 0.7 1.7 - - 0.6
7 - - - - - - - -
8 1.2 1.3 1.5 1.3 0.9 0.5 0.6 0.6
9 0.8 1.8 4.1 2.2 1.5 1.3 3.2 2.0

10 2.1 - - 0.7 1.3 2.1 0.6 1.3
11 - - - - 1.4 0.2 0.5 0.7
12 2.3 4.6 5.7 4.2 - 2.8 3.2 2.0

Grid 2 Erosion and Accretion
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The net longshore transport potential computed for the Grid 2 Borrow Area A region
using the WIS and OCTI datasets are given in Figures 32 and 33, respectively.  Shoreline
reaches defined by NAP for Grid 2 were modified for used in these computations (Table
7).  The original NAP reaches were combined to depict the general trend of transport. 
Longshore transport values for cells in each reach were summed and an average northerly
and southerly longshore transport value was determined for each reach (Table 8). 
Southerly and northerly longshore transport potential was used to estimate areas of erosion
and accretion using the three methods outlined for Grid 1.

Table 7. Grid 2 Shoreline Reaches
Reach Grid cells Township

1 110-136 Barnegat Light
2 137-144 Barnegat Light
3 145-168 Barnegat Light/Loveladies
4 169-190 Loveladies

Table 8.  Southerly and northerly longshore transport potential for Grid 2
Reach Southerly and

(Northerly)
Longshore
Transport

WIS
without project

(m3/yr)

Southerly and
(Northerly)
Longshore
Transport

WIS
with project

(m3/yr)

Southerly and
(Northerly)

Longshore Transport
OCTI

Without project
(m3/yr)

Southerly and
(Northerly)
Longshore
Transport

OCTI
with project

(m3/yr)
0 413400 314500 491700 403100 

1 227000 
(-107600)

241000 
(-102800)

280900 
(-197800)

296500 
(-191400)

2 225300 
(-202900)

226800 
(-202800)

256600 
(-308700)

258600 
(-308700)

3 219800 
(-201100)

220500 
(-201100)

266500 
(-307300)

267800 
(-307300)

4 193300 
(-225500)

193600 
(-225500)

243600 
(-319300)

244200 
(-319300)

5  
(-174100) (-174100) (-273600) (-273600)

Southerly transport Is given first followed by northerly transport given in parentheses

A boundary reach across Barnegat Inlet (cells 82-109) was used to provide an adjacent
cell for Reach 1.  It was assumed that the southerly transport rate at the inlet would lose
175,000-225,000 m3 of sediment to the inlet and/or ebb shoal based on recent inlet
dredging records  Northerly transport into Reach 4 from the south was provided by
averaging cells 191-200.  This analysis assumes no losses or gains from cross-shore
transport. 

The WIS and OCTI data show the same trends of erosion and accretion (Figures 34
and 35-Method 1 only, Table 9a and 9b).  Reach 4, corresponding to an 1100–m portion of
Loveladies, has erosion potential for with- and without-project conditions.  The with-
project conditions show less accretion in Reach 1, more accretion in Reach 2, and minimal
change to Reaches 3 and 4.

Table 9a.  Erosion and accretion potential for Grid 2 (WIS)
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Erosion/Accretion
without project

(m3/yr)

Erosion/Accretion
with project

(m3/yr)

Reach

1 2 3 Avg 1 2 3 Avg
1 281600 207300 243200 244000 173500 159100 198500 177000
2 0 23100 80000 34400 12500 27200 80900 40200
3 29800 29300 43500 34300 30600 30200 44300 35100
4 -24900 -44900 -12100 -27300 -24400 -44700 -11900 -27000

Table 9b.  Erosion and accretion potential for Grid 2 (OCTI)
Erosion/Accretion

without project

(m3/yr)

Erosion/Accretion
with project

(m3/yr)

Reach

1 2 3 Avg 1 2 3 Avg
1 321700 267700 365700 318400 223900 230200 323700 259200
2 22900 28100 74700 41900 36500 32800 75800 48400
3 2100 9700 26900 12900 2900 10700 27600 13700
4 -22800 -59000 -32800 -38200 -22100 -58500 -32300 -37700

Grid 2 Renourishment Requirements
Areas with potential for erosion were considered areas needing periodic renourishment.

 Reach 4 requires approximately 25,000-40,000 m3/yr. (Figures 36 and 37 correspond to
Method 1.)  Impacts on Reach 4 for with-project conditions are minimal.  Computation
with the OCTI and WIS data show the same trends.

Grid 2 Shoreline Retreat Rate
The potential for shoreline erosion for Grid 2 was computed from the renourishment

quantities as explained previously (Tables 10a and 10b, Figures 38 and 39-Method 1 only).

Tables 10a and 10b show that the only potential for shoreline retreat for Grid 2 is in
Loveladies (Reach 4).  The predictions show a shoreline retreat rate of approximately
2-3 m/yr.  The impact of with-project conditions on the shoreline retreat rate is minimal.

Table 10a.  Shoreline retreat rate for Grid 2 (WIS)
Shoreline Retreat

without project

(m/yr)

Shoreline Retreat
with project

(m/yr)

Reach

1 2 3 Avg 1 2 3 Avg
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 2.0 3.6 1.0 2.2 2.0 3.6 1.0 2.2

Table 10a.  Shoreline retreat rate for Grid 2 (OCTI)
Shoreline Retreat

without project

(m/yr)

Shoreline Retreat
with project

(m/yr)

Reach

1 2 3 Avg 1 2 3 Avg
1 - - - - - - - -
2 - - - - - - - -
3 - - - - - - - -
4 1.9 4.8 2.7 3.1 1.8 4.8 2.6 3.1
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5 Conclusions

A numerical model study has provided information to assist NAP in evaluating the
impact of potential borrow sites on the Long Beach Island shoreline. Wave transformation
and nearshore bathymetry were modeled with the spectral wave model STWAVE.  The
offshore wave climate was evaluated, and a 20-yr WIS hindcast (1976-95) and a 10-yr
OCTI hindcast (1987-96) were used as the incident wave climate for model simulations. 
Wave climate was estimated for without-project and with-project bathymetric conditions.

Analysis of the WIS and OCTI climatology shows that the hindcast statistics differ
somewhat.  The WIS data show a better correspondence to the NDBC buoy data, both in
directional distribution and frequency distribution.  The OCTI statistics show a broader
distribution of directions and a higher percentage of short period waves than the WIS and
NDBC statistics.  However, both the WIS and OCTI hindcasts were used in all analyses
for comparison purposes.

An STWAVE grid (Grid 1) was developed to include coastal bathymetry extending from
WIS Station AU2070 west to the Long Beach Island shoreline and from north of Barnegat
Inlet to Beach Haven and encompassed all four potential borrow areas.  Wave
transformation between offshore and the Long Beach Island shoreline was modeled with
this 100-m resolution grid.  A finer grid (Grid 2), with 50 m resolution, was developed for
the Borrow Area A Barnegat Inlet area.  This grid was needed for investigation of sediment
transport potential along beaches to the south of Barnegat Inlet, outside the immediate
influence of Borrow Area A.  For each grid and bathymteric configuration, STWAVE
simulations for 756 incident wave conditions were made.  For each simulation, the
nearshore wave conditions were saved for use in littoral transport computations.  Changes
in wave height in the vicinity of the borrow areas induced by the changes in bathymetric
configuration were observed. 

Net potential longshore transport rates for Long Beach Island using the WIS and OCTI
wave climatology were computed using an adapted version of the GENESIS shoreline
modeling system program NSTRAN.  A nodal zone in the vicinity of Barnegat Inlet, where
the general shoreline orientation of New Jersey changes was observed.  The potential net
transport shows a notable change from net northerly transport to net southerly transport in
this region.  The position of Long Island, NY affects the wave climate which in turn affects
transport rates.  The sheltering effect created by Long Island, NY limits waves from the
north from impinging on northern New Jersey.  South of Barnegat Inlet, the sheltering
effect is not as apparent and net transport along Long Beach Island, NJ is generally to the
south. There is a local reversal (transport to the north) about 6-7 km south of Barnegat
Inlet, probably due to the influence of Barnegat Inlet and its ebb shoal complex on the
downdrift beaches.

An important point to note is that regardless of the value of the K coefficient in the
transport computations, the general trends and reversals in transport mentioned above, are
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preserved.  However, the magnitude of net potential transport computed for this study is
strictly controlled by the calibration coefficient K.  The selection of this coefficient is
therefore critical.  It was the intent of this study to compute “reasonable” transport values
along Long Beach Island, with the ultimate goal being the comparison of these values for
with- and without-project conditions.  A reasonable transport value for Long Beach Island
is on the order of 75,000 to 150,000 m3/yr.  The K coefficient was calibrated to bring the
WIS transport results into this acceptable range.

The average of net potential transport for grid cells 135 through 305 was used to
estimate the net potential transport along Long Beach Island.  Using OCTI hindcast wave
climatology, the net potential transport for Long Beach Island was approximately 76,000
m3/yr and using the WIS hindcast wave climatology, the net potential transport was
approximately 114,000 m3/yr.  By comparing the with- and without-project conditions it
is observed that there are changes in the net tranport potential induced by the project.  The
greatest changes are in the vicinity of Borrow Area A (affecting cells 50-70) and Borrow
Area E (affecting cells 230-280).

Computations of erosion and accretion along Long Beach Island (by three methods)
show that the WIS and OCTI data produce the same trends of erosion and accretion. 
Reaches 1 and 2 are highly accretional and Reach 3 is accretional.  For the with-project
condition, these areas show less accretion.  Since the reaches would remain accretional, this
is not considered an adverse impact of the project.  Reaches 4 through 6, and 8 through 12
have erosion potential for with- and/or without-project construction.  Considering the length
of each reach, Reaches 4 and 5 (both corresponding to Harvey Cedars) appear to have the
greatest potential for erosion.  The project mitigates erosion in Reaches 5 and 6, but
increases the erosion potential in Reach 4.  The with-project condition decreases erosion in
Reaches 8, 9, and 12, but increases erosion potential in Reaches 10 and 11.  It should be
noted that the degree of adverse impacts in Reach 4, and Reaches 10 and 11 are different. 
The with-project condition causes more erosion potential in these reaches, however,
considering the amount of increased erosion (volume) and the length of each reach, the
impact to Reaches 10 and 11 is 2-3 times greater than the impact to Reach 4.  Reach 4 is a
highly erosive area and will change slightly with the project in place.  Reaches 10 and 11
show large increases in the erosion volumes directly due to the project (Borrow Area E).

Using three methods and two wave datasets to compute erosion/accretion potential,
results in a range of responses.  The range of results varies from reach to reach.  Reaches 1
and 2 have the greatest variability in response.  The most consistent response is observed in
Reaches 3, 4, 5, and 8.  Neglecting Reaches 1 and 2, volumes can be considered to be
within ∀30,000 m3 of the average erosion/accretion volumes.  From these statements one
can identify Reaches 1, 2, and 7 as accretional and Reaches 4, 5, 8, 9, and 12 as erosional.
 Reach 3 shows fairly consistent responses from method to method, but the OCTI dataset
indicates less accretion than the WIS dataset.  Considering the standard deviation of
∀30,000 m3, this reach could be erosional or accretional.  Due to the variability of results in
Reaches 6, 10, and 11 and the average standard deviation of ∀30,000 m3, it is more
difficult to classify these regions as erosional or accretional.  However, it can be reiterated
that a comparison of with- and without-project conditions in these reaches shows a slight
gain of material in Reach 6, and a large decrease in vol-umes (strong negative impact) in
Reaches 10 and 11 due to the project (Borrow Area E).

Note that these erosion and accretion values are based on potential transport rates. 
Actual erosion and accretion may be limited by the presence of functioning coastal
structures and/or other engineering activities.  It is recommended that historical accretion
and erosion analysis (based on an analyses of historical shoreline position data) be done for
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comparison with these potential transport calculations.  To the other extreme, if the project
is constructed and the groins are not refurbished, then their functionality is further reduced.
 Potential transport rates may then be realized.

Areas with potential for erosion for with- and/or without-project conditions were
considered areas needing periodic renourish- ment.  Reaches 5, 9, and 12 each require
65,000-121,000 m3/yr, however, Reaches 9 and 12 cover longer stretches of shoreline and
are therefore less of an erosional problem than Reach 5.   Reaches 4, 10, and 11 would
require additional placement of material with the project in place.  Reaches 5, 6, 8, 9, and
12 would require less material with the project in place.  Computation with the OCTI and
WIS data show the same trends, however, the OCTI computations predict greater
renourishment requirements in Reaches 9, 10, and 12 and smaller renourishment
requirements in Reaches 4, 5, 6, and 8 as compared to the WIS computations.  It should be
reiterated that coastal structures or engineering activities could influence the renourishment
requirements. 

The greatest potential for shoreline retreat is in Harvey Cedars (Reaches 4 and 5)
where the predictions show a shoreline retreat rate of 4-8 m/yr.  This area has historically
had beach erosion problems and has had recent nourishment projects to maintain the
beaches.  The predictions show a shoreline retreat rate of 1-4 m/yr in Ship Bottom (Reach
8), Brant Beach (Reach 9), and Spray Beach (Reach 12).  The with-project conditions tend
to balance out the erosion in Harvey Cedars so that the southern portion erodes slightly
less, and the northern portion erodes slightly more.  The with-project conditions decrease
the shoreline retreat rate in Reaches 6, 8, 9, and 12. The with-project conditions increase
the shoreline retreat rate in Reaches 10 and 11. 

The largest potential negative impact of the project is in Reach 11 (Haven Beach to
Beach Haven Gardens), where the shoreline retreat rate increases 1-1.5 m/yr.  This change
is directly related to bathymetric changes in Borrow Area E (removal of the nearshore
shoal).  Note that the presence of functioning coastal structures may prevent these rates
from being realized.  Harvey Cedars and Loveladies appear to be particularly susceptible to
erosion, with or without the project constructed.

For Grid 2, the WIS and OCTI data show the same trends of erosion and accretion. 
Reach 4, corresponding to Loveladies, has erosion potential for with- and without-project
construction.  Areas with potential for erosion were considered areas needing periodic
renourishment.  Reach 4 requires 25,000-40,000 m3/yr.  Impacts on Reach 4 for with-
project conditions would be minimal.  Computations with the OCTI and WIS data show
the same trends. Results show that the only potential for shoreline retreat for Grid 2 is in
Loveladies (Reach 4) at a rate of 2-3 m/yr.

Dredging the offshore borrow areas (B and D) has the least impact on the Long Beach
Island shoreline.  Removal of material from Borrow Area A reduces accretion rates at the
northern end of Long Beach Island, which may or may not be considered troublesome. 
Removal of the nearshore shoal (Borrow Area E) has a strong negative impact on Reach 11
(Haven Beach to Beach Haven Gardens) and is not recommended.
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WIS Offshore Wave Climate
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         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT   0.0 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   3075
                                                             % OF TOTAL:   5.4
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  1745     .     .     .     .     .     .     .     .     .     1745
0.75-1.24  1261   359     .     .     .     .     .     .     .     .     1620
1.25-1.74    11  1091     .     .     .     .     .     .     .     .     1102
1.75-2.24     .   520     5     .     .     .     .     .     .     .      525
2.25-2.74     .   160    11     .     .     .     .     .     .     .      171
2.75-3.24     .    11    63     .     .     .     .     .     .     .       74
3.25-3.74     .     .    13     .     .     .     .     .     .     .       13
3.75-4.24     .     .     5     .     .     .     .     .     .     .        5
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      3017  2141    97     0     0     0     0     0     0     0

MEAN Hmo(M) =   1.1    LARGEST Hmo(M) =   4.2    MEAN TP(SEC) =   4.4
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT  22.5 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   1877
                                                             % OF TOTAL:   3.3
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  1141    77    11     .     .     .     .     .     .     .     1229
0.75-1.24   515   438     .     .     .     .     .     .     .     .      953
1.25-1.74     1   544     .     .     .     .     .     .     .     .      545
1.75-2.24     .   268     8     .     .     .     .     .     .     .      276
2.25-2.74     .    59    59     .     .     .     .     .     .     .      118
2.75-3.24     .     3    58     1     .     .     .     .     .     .       62
3.25-3.74     .     .    11     .     .     .     .     .     .     .       11
3.75-4.24     .     .     6     3     .     .     .     .     .     .        9
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1657  1389   153     4     0     0     0     0     0     0

MEAN Hmo(M) =   1.1    LARGEST Hmo(M) =   4.2    MEAN TP(SEC) =   4.6
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT  45.0 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   2222
                                                             % OF TOTAL:   3.9
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  1078   403    88     .     .     .     .     .     .     .     1569
0.75-1.24   225   605   106     .     .     .     .     .     .     .      936
1.25-1.74     1   515    32     .     .     .     .     .     .     .      548
1.75-2.24     .   229    95     3     .     .     .     .     .     .      327
2.25-2.74     .    32   184     .     .     .     .     .     .     .      216
2.75-3.24     .     .   143     .     .     .     .     .     .     .      143
3.25-3.74     .     .    29     8     .     .     .     .     .     .       37
3.75-4.24     .     .     6     6     .     .     .     .     .     .       12
4.25-4.74     .     .     .     3     .     .     .     .     .     .        3
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1304  1784   683    20     0     0     0     0     0     0

MEAN Hmo(M) =   1.1    LARGEST Hmo(M) =   4.5    MEAN TP(SEC) =   5.2
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION



                    22.5 DEGREES ABOUT  67.5 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   2830
                                                             % OF TOTAL:   5.0
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74   850   617   533   172     .     .     .     .     .     .     2172
0.75-1.24   159   641   313    51     .     .     .     .     .     .     1164
1.25-1.74     1   354   210    27     .     .     .     .     .     .      592
1.75-2.24     .   155   220    27     .     .     .     .     .     .      402
2.25-2.74     .    13   224     8     .     .     .     .     .     .      245
2.75-3.24     .     .   121     8     .     .     .     .     .     .      129
3.25-3.74     .     .    87     6     .     .     .     .     .     .       93
3.75-4.24     .     .    10     8     .     .     .     .     .     .       18
4.25-4.74     .     .     .     8     .     .     .     .     .     .        8
4.75-5.24     .     .     .     1     .     .     .     .     .     .        1
5.25-5.74     .     .     .     5     .     .     .     .     .     .        5
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1010  1780  1718   321     0     0     0     0     0     0

MEAN Hmo(M) =   1.1    LARGEST Hmo(M) =   5.6    MEAN TP(SEC) =   6.1
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT  90.0 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:  13044
                                                             % OF TOTAL:  22.9
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74   836   699  1632  3008  2890  1196   219    59    29     .    10568
0.75-1.24   189   915  1076  1452  1353   626   179    37     6     .     5833
1.25-1.74     1   420   605   811   677   263    82    17     .     .     2876
1.75-2.24     .   121   342   287   318   164    71    13     .     .     1316
2.25-2.74     .    25   210   160   138   118    39    10     .     .      700
2.75-3.24     .     1   109   191    70    54    22     6     .     .      453
3.25-3.74     .     .    41    99    53    20    10    13     .     .      236
3.75-4.24     .     .     3    70    44    15     1     6     .     .      139
4.25-4.74     .     .     1    35    35     8     .     3     .     .       82
4.75-5.24     .     .     .    17    13    17     5     .     .     .       52
5.25-5.74     .     .     .     .    11    15     .     .     .     .       26
5.75-6.24     .     .     .     .     3     1     .     .     .     .        4
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1026  2181  4019  6130  5605  2497   628   164    35     0

MEAN Hmo(M) =   1.0    LARGEST Hmo(M) =   6.0    MEAN TP(SEC) =   9.7
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 112.5 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:  12846
                                                             % OF TOTAL:  22.5
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74   578   643  3641  4260  1943   355    75    18    13     .    11526
0.75-1.24   140   689   954  1692  1042   388    61    13     8     .     4987
1.25-1.74     1   376   429   799   542   361    58    13     5     .     2584
1.75-2.24     .   102   212   254   362   184    56    18     1     .     1189
2.25-2.74     .    17   148   130   213    80    51    10     .     .      649
2.75-3.24     .     1    77   133    85    53    30     1     .     .      380
3.25-3.74     .     .    25    77    59    25    22     1     .     .      209
3.75-4.24     .     .     8    39    73    15     8     .     .     .      143
4.25-4.74     .     .     1    20    51    23     3     3     .     .      101
4.75-5.24     .     .     .    11    27    18     1     .     .     .       57
5.25-5.74     .     .     .     1    17    30     8     6     .     .       62
5.75-6.24     .     .     .     .    11    15     .     1     .     .       27
6.25-6.74     .     .     .     .     3     1     .     .     .     .        4
 6.8+         .     .     .     .     .     8     3     .     8     .       19
TOTAL       719  1828  5495  7416  4428  1556   376    84    35     0

MEAN Hmo(M) =   1.0    LARGEST Hmo(M) =   8.4    MEAN TP(SEC) =   9.3
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 135.0 DEGREES AZIMUTH



STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:  10229
                                                             % OF TOTAL:  17.9
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74   746   947  4075  2715   650   124    17    15    11     .     9300
0.75-1.24   181   718  1228  1360   624   147    41     8     9     .     4316
1.25-1.74     .   284   335   480   342    94    27    13     5     .     1580
1.75-2.24     .   100   254   254   203    88    37     5     5     .      946
2.25-2.74     .    17   104   112   154    82    46     1     5     .      521
2.75-3.24     .     .    59    90   107    54    15     8     3     .      336
3.25-3.74     .     .    23    73    53    32     8     6     3     .      198
3.75-4.24     .     .     5    41    51    23     5     3     3     .      131
4.25-4.74     .     .     .    18    18     6     1     1     3     .       47
4.75-5.24     .     .     .     6     6    11     1     8     1     .       33
5.25-5.74     .     .     .     .     6    13     1     1     5     .       26
5.75-6.24     .     .     .     .     3     3     1     1     1     .        9
6.25-6.74     .     .     .     .     .     5     .     3     1     .        9
 6.8+         .     .     .     .     .     1     .     1     .     .        2
TOTAL       927  2066  6083  5149  2217   683   200    74    55     0

MEAN Hmo(M) =   1.0    LARGEST Hmo(M) =   7.5    MEAN TP(SEC) =   8.6
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 157.5 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   8150
                                                             % OF TOTAL:  14.3
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  1257  1729  2881  1285   337    10     .     .     3     .     7502
0.75-1.24   260  1019  1095  1139   366    34     1     5     .     .     3919
1.25-1.74     .   415   362   412   186    30     5     .     .     .     1410
1.75-2.24     .   145   186   111   131    15     .     .     .     .      588
2.25-2.74     .    25   167    47    32    10     1     .     .     .      282
2.75-3.24     .     .    51    29    10     5     .     .     .     .       95
3.25-3.74     .     .    25    37     8     3     .     .     .     .       73
3.75-4.24     .     .     .    23     8     3     .     .     .     .       34
4.25-4.74     .     .     .     6     1     1     .     .     .     .        8
4.75-5.24     .     .     .     3     1     1     .     .     .     .        5
5.25-5.74     .     .     .     .     5     .     .     .     .     .        5
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1517  3333  4767  3092  1085   112     7     5     3     0

MEAN Hmo(M) =   0.9    LARGEST Hmo(M) =   5.6    MEAN TP(SEC) =   7.4
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 180.0 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   8361
                                                             % OF TOTAL:  14.6
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  2419  3531  2193   588    35     .     .     .     .     .     8766
0.75-1.24   530  1644   638   152    10     .     .     .     .     .     2974
1.25-1.74     1   985   263    56     8     .     .     .     .     .     1313
1.75-2.24     .   302   359    17     1     .     .     .     .     .      679
2.25-2.74     .    47   278    20     .     .     .     .     .     .      345
2.75-3.24     .     .    95    27     .     .     .     .     .     .      122
3.25-3.74     .     .    23    29     .     .     .     .     .     .       52
3.75-4.24     .     .     1    13     3     .     .     .     .     .       17
4.25-4.74     .     .     .    11     5     .     .     .     .     .       16
4.75-5.24     .     .     .     3     1     .     .     .     .     .        4
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      2950  6509  3850   916    63     0     0     0     0     0

MEAN Hmo(M) =   0.8    LARGEST Hmo(M) =   4.9    MEAN TP(SEC) =   5.9
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 202.5 DEGREES AZIMUTH



STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   5023
                                                             % OF TOTAL:   8.8
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  2164  1160   318     .     .     .     .     .     .     .     3642
0.75-1.24  1125  1303   222     6     .     .     .     .     .     .     2656
1.25-1.74    46   876   357     .     .     .     .     .     .     .     1279
1.75-2.24     .   167   607     5     .     .     .     .     .     .      779
2.25-2.74     .    18   131    10     .     .     .     .     .     .      159
2.75-3.24     .     .    32    17     .     .     .     .     .     .       49
3.25-3.74     .     .     1    15     .     .     .     .     .     .       16
3.75-4.24     .     .     .     5     .     .     .     .     .     .        5
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      3335  3524  1668    58     0     0     0     0     0     0

MEAN Hmo(M) =   1.0    LARGEST Hmo(M) =   4.1    MEAN TP(SEC) =   5.2
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 225.0 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   2942
                                                             % OF TOTAL:   5.2
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  2311   248     5     .     .     .     .     .     .     .     2564
0.75-1.24  1656   260    51     .     .     .     .     .     .     .     1967
1.25-1.74    92   232    61     .     .     .     .     .     .     .      385
1.75-2.24     .    58    44     .     .     .     .     .     .     .      102
2.25-2.74     .     1     6     1     .     .     .     .     .     .        8
2.75-3.24     .     .     .     1     .     .     .     .     .     .        1
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      4059   799   167     2     0     0     0     0     0     0

MEAN Hmo(M) =   0.8    LARGEST Hmo(M) =   2.8    MEAN TP(SEC) =   4.0
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 247.5 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   2082
                                                             % OF TOTAL:   3.6
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  2368    13     1     .     .     .     .     .     .     .     2382
0.75-1.24   954    35     .     .     .     .     .     .     .     .      989
1.25-1.74    66    68     .     .     .     .     .     .     .     .      134
1.75-2.24     .    42     6     .     .     .     .     .     .     .       48
2.25-2.74     .     .     3     .     .     .     .     .     .     .        3
2.75-3.24     .     .     .     .     .     .     .     .     .     .        0
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      3388   158    10     0     0     0     0     0     0     0

MEAN Hmo(M) =   0.7    LARGEST Hmo(M) =   2.4    MEAN TP(SEC) =   3.5
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 270.0 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   2927



                                                             % OF TOTAL:   5.1
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  3458    11     .     .     .     .     .     .     .     .     3469
0.75-1.24  1079    22     .     .     .     .     .     .     .     .     1101
1.25-1.74   244   121     .     .     .     .     .     .     .     .      365
1.75-2.24     .    53     5     .     .     .     .     .     .     .       58
2.25-2.74     .     6     3     .     .     .     .     .     .     .        9
2.75-3.24     .     1     .     .     .     .     .     .     .     .        1
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      4781   214     8     0     0     0     0     0     0     0

MEAN Hmo(M) =   0.7    LARGEST Hmo(M) =   3.0    MEAN TP(SEC) =   3.4
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 292.5 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   3582
                                                             % OF TOTAL:   6.3
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  2917     5     .     .     .     .     .     .     .     .     2922
0.75-1.24  2008    73     .     .     .     .     .     .     .     .     2081
1.25-1.74   225   539     .     .     .     .     .     .     .     .      764
1.75-2.24     .   318     .     .     .     .     .     .     .     .      318
2.25-2.74     .    22     .     .     .     .     .     .     .     .       22
2.75-3.24     .    18     .     .     .     .     .     .     .     .       18
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      5150   975     0     0     0     0     0     0     0     0

MEAN Hmo(M) =   0.9    LARGEST Hmo(M) =   3.1    MEAN TP(SEC) =   3.8
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 315.0 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   4141
                                                             % OF TOTAL:   7.3
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  2330     1     .     .     .     .     .     .     .     .     2331
0.75-1.24  2631   171     .     .     .     .     .     .     .     .     2802
1.25-1.74    23  1096     .     .     .     .     .     .     .     .     1119
1.75-2.24     .   691     .     .     .     .     .     .     .     .      691
2.25-2.74     .   114     5     .     .     .     .     .     .     .      119
2.75-3.24     .    11     5     .     .     .     .     .     .     .       16
3.25-3.74     .     .     1     .     .     .     .     .     .     .        1
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      4984  2084    11     0     0     0     0     0     0     0

MEAN Hmo(M) =   1.0    LARGEST Hmo(M) =   3.6    MEAN TP(SEC) =   4.1
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 337.5 DEGREES AZIMUTH

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:   3830
                                                             % OF TOTAL:   6.7



HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  2280     .     .     .     .     .     .     .     .     .     2280
0.75-1.24  2202   159     .     .     .     .     .     .     .     .     2361
1.25-1.74    42  1146     .     1     .     .     .     .     .     .     1189
1.75-2.24     .   475     .     .     .     .     .     .     .     .      475
2.25-2.74     .   205     3     .     .     .     .     .     .     .      208
2.75-3.24     .     8    17     .     .     .     .     .     .     .       25
3.25-3.74     .     .    10     .     .     .     .     .     .     .       10
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      4524  1993    30     1     0     0     0     0     0     0

MEAN Hmo(M) =   1.0    LARGEST Hmo(M) =   3.7    MEAN TP(SEC) =   4.2
               PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD
                            FOR ALL DIRECTIONS

STATION: A2070 (39.8N, 74.0W /  18.0M)                       NO. CASES:  57079
                                                             % OF TOTAL: 152.7
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74 28485 10092 15385 12031  5857  1687   311    94    57     .    73999
0.75-1.24 15123  9058  5686  5855  3396  1196   284    65    24     .    40687
1.25-1.74   764  9069  2659  2588  1757   749   172    44    10     .    17812
1.75-2.24     .  3754  2349   961  1018   453   165    37     6     .     8743
2.25-2.74     .   770  1545   492   539   290   138    22     5     .     3801
2.75-3.24     .    59   835   501   273   167    68    17     3     .     1923
3.25-3.74     .     .   296   347   174    82    41    22     3     .      965
3.75-4.24     .     .    47   212   181    58    15    10     3     .      526
4.25-4.74     .     .     3   106   112    41     5     8     3     .      278
4.75-5.24     .     .     .    44    51    49     8     8     1     .      161
5.25-5.74     .     .     .     6    41    59    10     8     5     .      129
5.75-6.24     .     .     .     .    18    20     1     3     1     .       43
6.25-6.74     .     .     .     .     3     6     .     3     1     .       13
 6.8+         .     .     .     .     .    10     3     1     8     .       22
TOTAL     44372 32802 28805 23143 13420  4867  1221   342   130     0

MEAN Hmo(M) =   0.9    LARGEST Hmo(M) =   8.4    MEAN TP(SEC) =   6.4



Appendix B
OCTI Offshore Wave Climate
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         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT   0.0 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:    538
                                                             % OF TOTAL:   1.9
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  1375     .     .     .     .     .     .     .     .     .     1375
0.75-1.24   479     .     .     .     .     .     .     .     .     .      479
1.25-1.74     .     .     .     .     .     .     .     .     .     .        0
1.75-2.24     .     .     .     .     .     .     .     .     .     .        0
2.25-2.74     .     .     .     .     .     .     .     .     .     .        0
2.75-3.24     .     .     .     .     .     .     .     .     .     .        0
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1854     0     0     0     0     0     0     0     0     0

MEAN Hmo(M) =   0.7    LARGEST Hmo(M) =   1.2    MEAN TP(SEC) =   3.0
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT  22.5 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   1385
                                                             % OF TOTAL:   4.8
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  2750   699     .     .     .     .     .     .     .     .     3449
0.75-1.24   358   837     .     .     .     .     .     .     .     .     1195
1.25-1.74    10    93     .     .     .     .     .     .     .     .      103
1.75-2.24     .    24     .     .     .     .     .     .     .     .       24
2.25-2.74     .     .     .     .     .     .     .     .     .     .        0
2.75-3.24     .     .     .     .     .     .     .     .     .     .        0
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      3118  1653     0     0     0     0     0     0     0     0

MEAN Hmo(M) =   0.6    LARGEST Hmo(M) =   2.0    MEAN TP(SEC) =   4.1
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT  45.0 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   1414
                                                             % OF TOTAL:   4.9
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  1130   282    13     .     .     .     .     .     .     .     1425
0.75-1.24   861  1357     .     .     .     .     .     .     .     .     2218
1.25-1.74     6   875     6     .     .     .     .     .     .     .      887
1.75-2.24     .   258    17     .     .     .     .     .     .     .      275
2.25-2.74     .     3    58     .     .     .     .     .     .     .       61
2.75-3.24     .     .     .     .     .     .     .     .     .     .        0
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0



 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1997  2775    94     0     0     0     0     0     0     0

MEAN Hmo(M) =   1.0    LARGEST Hmo(M) =   2.5    MEAN TP(SEC) =   4.6
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT  67.5 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   2832
                                                             % OF TOTAL:   9.8
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74   637   448   485   837  1420   213     .     .     .     .     4040
0.75-1.24   665   913   210   355   696   158     .     .     .     .     2997
1.25-1.74     3  1185   144   117   320    48     .     .     .     .     1817
1.75-2.24     .   220   127    65   144    72     .     .     .     .      628
2.25-2.74     .     6    48    58    44    24     .     .     .     .      180
2.75-3.24     .     .     3     6    10    17     .     .     .     .       36
3.25-3.74     .     .     .     .     6     6     .     .     .     .       12
3.75-4.24     .     .     .     .     .     6     .     .     .     .        6
4.25-4.74     .     .     .     .     .    10     .     .     .     .       10
4.75-5.24     .     .     .     .     .    13     .     .     .     .       13
5.25-5.74     .     .     .     .     .     3     .     .     .     .        3
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1305  2772  1017  1438  2640   570     0     0     0     0

MEAN Hmo(M) =   1.0    LARGEST Hmo(M) =   5.3    MEAN TP(SEC) =   7.9
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT  90.0 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   2859
                                                             % OF TOTAL:   9.9
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74   696   230   417   568   792   193     .     .     .     .     2896
0.75-1.24   678  1089   541   506   668   124     .     .     .     .     3606
1.25-1.74     .  1061   244   399   279   110     .     .     .     .     2093
1.75-2.24     .   175   158   155   224    62     .     .     .     .      774
2.25-2.74     .     .    68    62   151     .     .     .     .     .      281
2.75-3.24     .     .     3    89    27     6     .     .     .     .      125
3.25-3.74     .     .     .    20     6    10     .     .     .     .       36
3.75-4.24     .     .     .     .    10     .     .     .     .     .       10
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .    10     .     .     .     .       10
5.75-6.24     .     .     .     .     .     6     .     .     .     .        6
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1374  2555  1431  1799  2157   521     0     0     0     0

MEAN Hmo(M) =   1.1    LARGEST Hmo(M) =   5.9    MEAN TP(SEC) =   7.7
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 112.5 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   1921
                                                             % OF TOTAL:   6.6
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74   479   230   351   623   630   199     .     .     .     .     2512
0.75-1.24   596   885   251   282   286   103     .     .     .     .     2403
1.25-1.74     .   672    86   179   124    20     .     .     .     .     1081
1.75-2.24     .    79    72    86    93     .     .     .     .     .      330
2.25-2.74     .     .    79    41    58     .     .     .     .     .      178
2.75-3.24     .     .     6    13    24     .     .     .     .     .       43
3.25-3.74     .     .     .     6    17     .     .     .     .     .       23
3.75-4.24     .     .     .     .    10     .     .     .     .     .       10
4.25-4.74     .     .     .     .    10     .     .     .     .     .       10



4.75-5.24     .     .     .     .     6     .     .     .     .     .        6
5.25-5.74     .     .     .     .    10     .     .     .     .     .       10
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1075  1866   845  1230  1268   322     0     0     0     0

MEAN Hmo(M) =   1.0    LARGEST Hmo(M) =   5.7    MEAN TP(SEC) =   7.5
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 135.0 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   1831
                                                             % OF TOTAL:   6.3
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74   606   361   244   272   592   182     .     .     .     .     2257
0.75-1.24   692   865   193   227   313    44     .     .     .     .     2334
1.25-1.74     .   803    79   103    96     .     .     .     .     .     1081
1.75-2.24     .   151    41    48    68     .     .     .     .     .      308
2.25-2.74     .     .    75    44    65     .     .     .     .     .      184
2.75-3.24     .     .    10    51    27     .     .     .     .     .       88
3.25-3.74     .     .     .     3     3     3     .     .     .     .        9
3.75-4.24     .     .     .     3     6    10     .     .     .     .       19
4.25-4.74     .     .     .     .     6     6     .     .     .     .       12
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1298  2180   642   751  1176   245     0     0     0     0

MEAN Hmo(M) =   1.0    LARGEST Hmo(M) =   4.5    MEAN TP(SEC) =   7.0
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 157.5 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   1955
                                                             % OF TOTAL:   6.7
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74   658   461   206   613   382    10     .     .     .     .     2330
0.75-1.24   944   927   113   306   220    10     .     .     .     .     2520
1.25-1.74     .  1051    55    62    51     3     .     .     .     .     1222
1.75-2.24     .   151    86    37    31     3     .     .     .     .      308
2.25-2.74     .    10    75    44    37     3     .     .     .     .      169
2.75-3.24     .     .    10    75    10     .     .     .     .     .       95
3.25-3.74     .     .     .    27    27     3     .     .     .     .       57
3.75-4.24     .     .     .     .    13     3     .     .     .     .       16
4.25-4.74     .     .     .     .     3     .     .     .     .     .        3
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1602  2600   545  1164   774    35     0     0     0     0

MEAN Hmo(M) =   1.1    LARGEST Hmo(M) =   4.6    MEAN TP(SEC) =   6.4
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 180.0 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   3920
                                                             % OF TOTAL:  13.5
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  2071  1258    79     .     .     .     .     .     .     .     3408
0.75-1.24  2181  3481   279    55     .     .     .     .     .     .     5996
1.25-1.74     .  3129   124    75     3     .     .     .     .     .     3331
1.75-2.24     .   365   151    62     .     .     .     .     .     .      578
2.25-2.74     .     3    72    75     3     .     .     .     .     .      153



2.75-3.24     .     .     6    20     .     .     .     .     .     .       26
3.25-3.74     .     .     .     3     6     .     .     .     .     .        9
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      4252  8236   711   290    12     0     0     0     0     0

MEAN Hmo(M) =   1.1    LARGEST Hmo(M) =   3.6    MEAN TP(SEC) =   4.9
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 202.5 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   4278
                                                             % OF TOTAL:  14.7
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  2908  3763    93     .     .     .     .     .     .     .     6764
0.75-1.24  2216  2295   158     .     .     .     .     .     .     .     4669
1.25-1.74     .  2964     .     .     .     .     .     .     .     .     2964
1.75-2.24     .   320    10     .     .     .     .     .     .     .      330
2.25-2.74     .     .    13     .     .     .     .     .     .     .       13
2.75-3.24     .     .     .     .     .     .     .     .     .     .        0
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      5124  9342   274     0     0     0     0     0     0     0

MEAN Hmo(M) =   0.9    LARGEST Hmo(M) =   2.4    MEAN TP(SEC) =   4.7
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 225.0 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   1809
                                                             % OF TOTAL:   6.2
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  3587    34     .     .     .     .     .     .     .     .     3621
0.75-1.24  1513   665     .     .     .     .     .     .     .     .     2178
1.25-1.74     6   417     .     .     .     .     .     .     .     .      423
1.75-2.24     .    10     .     .     .     .     .     .     .     .       10
2.25-2.74     .     .     .     .     .     .     .     .     .     .        0
2.75-3.24     .     .     .     .     .     .     .     .     .     .        0
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      5106  1126     0     0     0     0     0     0     0     0

MEAN Hmo(M) =   0.7    LARGEST Hmo(M) =   2.1    MEAN TP(SEC) =   3.7
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 247.5 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:    303
                                                             % OF TOTAL:   1.0
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74   965     3     .     .     .     .     .     .     .     .      968



0.75-1.24    75     .     .     .     .     .     .     .     .     .       75
1.25-1.74     .     .     .     .     .     .     .     .     .     .        0
1.75-2.24     .     .     .     .     .     .     .     .     .     .        0
2.25-2.74     .     .     .     .     .     .     .     .     .     .        0
2.75-3.24     .     .     .     .     .     .     .     .     .     .        0
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      1040     3     0     0     0     0     0     0     0     0

MEAN Hmo(M) =   0.5    LARGEST Hmo(M) =   1.1    MEAN TP(SEC) =   2.9
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 270.0 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:    247
                                                             % OF TOTAL:   0.9
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74   851     .     .     .     .     .     .     .     .     .      851
0.75-1.24     .     .     .     .     .     .     .     .     .     .        0
1.25-1.74     .     .     .     .     .     .     .     .     .     .        0
1.75-2.24     .     .     .     .     .     .     .     .     .     .        0
2.25-2.74     .     .     .     .     .     .     .     .     .     .        0
2.75-3.24     .     .     .     .     .     .     .     .     .     .        0
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL       851     0     0     0     0     0     0     0     0     0

MEAN Hmo(M) =   0.3    LARGEST Hmo(M) =   0.7    MEAN TP(SEC) =   2.0
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 292.5 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   1231
                                                             % OF TOTAL:   4.2
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  4146     .     .     .     3     .     .     .     .     .     4149
0.75-1.24    93     .     .     .     .     .     .     .     .     .       93
1.25-1.74     .     .     .     .     .     .     .     .     .     .        0
1.75-2.24     .     .     .     .     .     .     .     .     .     .        0
2.25-2.74     .     .     .     .     .     .     .     .     .     .        0
2.75-3.24     .     .     .     .     .     .     .     .     .     .        0
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      4239     0     0     0     3     0     0     0     0     0

MEAN Hmo(M) =   0.5    LARGEST Hmo(M) =   1.0    MEAN TP(SEC) =   2.9
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 315.0 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   1391
                                                             % OF TOTAL:   4.8



HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  4663     .     .     .     .     .     .     .     .     .     4663
0.75-1.24   130     .     .     .     .     .     .     .     .     .      130
1.25-1.74     .     .     .     .     .     .     .     .     .     .        0
1.75-2.24     .     .     .     .     .     .     .     .     .     .        0
2.25-2.74     .     .     .     .     .     .     .     .     .     .        0
2.75-3.24     .     .     .     .     .     .     .     .     .     .        0
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      4793     0     0     0     0     0     0     0     0     0

MEAN Hmo(M) =   0.5    LARGEST Hmo(M) =   1.0    MEAN TP(SEC) =   3.0
         PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD BY DIRECTION
                    22.5 DEGREES ABOUT 337.5 DEGREES AZIMUTH

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:   1100
                                                             % OF TOTAL:   3.8
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74  3501     .     .     .     .     .     .     .     .     .     3501
0.75-1.24   279     .     .     .     .     .     .     .     .     .      279
1.25-1.74    10     .     .     .     .     .     .     .     .     .       10
1.75-2.24     .     .     .     .     .     .     .     .     .     .        0
2.25-2.74     .     .     .     .     .     .     .     .     .     .        0
2.75-3.24     .     .     .     .     .     .     .     .     .     .        0
3.25-3.74     .     .     .     .     .     .     .     .     .     .        0
3.75-4.24     .     .     .     .     .     .     .     .     .     .        0
4.25-4.74     .     .     .     .     .     .     .     .     .     .        0
4.75-5.24     .     .     .     .     .     .     .     .     .     .        0
5.25-5.74     .     .     .     .     .     .     .     .     .     .        0
5.75-6.24     .     .     .     .     .     .     .     .     .     .        0
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL      3790     0     0     0     0     0     0     0     0     0

MEAN Hmo(M) =   0.6    LARGEST Hmo(M) =   1.7    MEAN TP(SEC) =   3.0
               PERCENT OCCURRENCE (X1000) OF HEIGHT AND PERIOD
                            FOR ALL DIRECTIONS

STATION: OCTI2 ( 0.0N,  0.0W /   0.0M)                       NO. CASES:  29014
                                                             % OF TOTAL: 100.0
HEIGHT                    PEAK PERIOD (IN SECONDS)
  IN       0.0-  5.0-  7.0-  9.0- 11.0- 13.0- 15.0- 17.0- 19.0- 21.0-    TOTAL
METERS      4.9   6.9   8.9  10.9  12.9  14.9  16.9  18.9  20.9  LONGER
0.00-0.74 31029  7775  1892  2915  3822   799     .     .     .     .    48232
0.75-1.24 11766 13317  1747  1733  2185   441     .     .     .     .    31189
1.25-1.74    37 12252   741   937   875   182     .     .     .     .    15024
1.75-2.24     .  1757   665   454   561   137     .     .     .     .     3574
2.25-2.74     .    24   492   327   361    27     .     .     .     .     1231
2.75-3.24     .     .    41   258    99    24     .     .     .     .      422
3.25-3.74     .     .     .    62    68    24     .     .     .     .      154
3.75-4.24     .     .     .     3    41    20     .     .     .     .       64
4.25-4.74     .     .     .     .    20    17     .     .     .     .       37
4.75-5.24     .     .     .     .     6    13     .     .     .     .       19
5.25-5.74     .     .     .     .    10    13     .     .     .     .       23
5.75-6.24     .     .     .     .     .     6     .     .     .     .        6
6.25-6.74     .     .     .     .     .     .     .     .     .     .        0
 6.8+         .     .     .     .     .     .     .     .     .     .        0
TOTAL     42832 35125  5578  6689  8048  1703     0     0     0     0

MEAN Hmo(M) =   0.9    LARGEST Hmo(M) =   5.9    MEAN TP(SEC) =   5.4
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Appendix C
Wave Model Description

The WES spectral wind-wave growth and propagation model STWAVE (Steady-
state spectral WAVE) (Resio 1987, 1988a, 1988b, Davis 1992), modified for wave-
current interaction, was chosen for wave transformation modeling in the vicinity of
Long Beach Island.  STWAVE, which numerically solves the steady-state spectral
energy-balance equation, was modified to solve the steady-state conservation of wave

action:
where

E = spectral energy density
f = frequency of spectral component
? = propagation direction of spectral component
Cga = absolute group velocity of spectral component
x,y = spatial coordinates
S = energy source/sink terms
? r = relative angular frequency (frequency relative to

 the current)

The source terms include wind input, nonlinear wave-wave interactions, dissipation
within the wave field, and depth- and steepness-limited breaking.  The terms on the
left-hand side of Equation 1 represent wave propagation (refraction and shoaling) and
the source terms on the right-hand side of the equation represent energy growth or
decay in the spectrum.  The assumptions made in STWAVE are:

a.  Mild bottom slopes.
b.  Negligible wave reflection.
c.  Spatially homogeneous offshore waves.
d.  Steady waves and winds.
e.  Linear refraction and shoaling.
f.  Linear wave-current interaction.
g.  Nonlinear wave-wave interaction.

STWAVE includes two breaking mechanisms: depth limited and steepness limited.
 The depth criterion limits the wave height-to-water depth ratio to 0.64.  The steepness
limit is expressed as
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where L is wavelength, k is wave number, and d is water depth (corrected for
tide/surge).

 STWAVE is a half-plane model, meaning that waves propagate only in directions
headed from the seaward boundary into the grid interior.  Typically waves propagate
and/or winds blow toward a coast near the grid boundary opposite the seaward
boundary.  Waves reflected from the coast or waves generated by winds blowing
offshore are neglected.  Incident waves with dominant direction of more than about 60
deg from perpendicular to the seaward boundary are not accurately modeled because a
significant fraction of the directionally spread energy is directed seaward and truncated
by the model.  For applications such as Long Beach Island, where a wide range of 
wave directions is important, more than one STWAVE grid must be developed.

STWAVE is a finite-difference model which calculates wave spectra on a
rectangular grid with square grid cells using a backward ray-tracing scheme.  The
inputs needed to execute STWAVE are:

a.  Bathymetry and shoreline position.
b.  Size and resolution of the grid.
c.  2D wave spectrum on the offshore grid boundary (optional).
d.  Wind speed and direction (optional).
e.  Current field (optional).
f.   Water level.

The model outputs zero-moment wave height (Hmo), peak spectral period (Tp), and
mean wave direction (?m) at all grid points, and the 2D spectrum at selected grid points.

Directional wave spectra for model input are typically obtained from validated
theoretical spectral forms or field measurements.  If incident wave parameters
significant height, peak period, and peak direction are specified, ACES 2.0 software
(Leenknecht and Tanner 1997) can be helpful for creating the 2D spectrum needed for
STWAVE.  The ACES 2.0 software generates a directional spectrum for given wave
parameters and water depth, based on the  TMA frequency spectrum (Bouws et al.
1985) with θ m

n cos  form of directional spreading.  Two parameters are specified
regarding spectral shape: a spectral peak enhancement factor, ?, and the directional
spreading parameter, n.  Spectral shape parameters in this study were determined based
on peak spectral period to give an approach equivalent to that described by Thompson
et al. (1996) (Table C1).  The ACES software requires that n be an even number.

kd  L 0.1 = H mo tanh
max
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Table C1
Spectral Shape Parameters Used in ACES 2.0

Tp (sec) ? n

4-10 3.3 4

12 4 10

14 5 16

16 6 20

18 7 26

20 8 30



Figure 1.  Study area location map

Figure 2.  Regional bathymetry



Figure 3.  WIS stations and grid limits



Figure 4.  Wave statistics for WIS Station AU2070



Figure 5.  Wave statistics for WIS Station AU2070-component 1



Figure 6.  Wave statistics for WIS Station AU2070-component 2



Figure 7.  Wave statistics for NDBC Buoy 44025



Figure 8.  Wave statistics for DWG at Barnegat Inlet



Figure 9.  Wave statistics for OCTI Station (i=35 j=30)



Figure 10.  Grid 1 existing condition bathymetry

Figure 11.  Grid 2 existing condition bathymetry



Figure 12.  Grid 1 borrow area bathymetry

Figure 13.  Grid 2 borrow area bathymetry



Figure 14.  Grid 1 waves from 67 deg H= 3 m, T=10 sec –without-project condition

Figure 15.  Grid 1 waves from 67 deg H= 3 m, T=10 sec –with-project condition



Figure 16.  Grid 1 waves from 180 deg H= 3 m, T=10 sec –without-project condition

Figure 17.  Grid 1 waves from 180 deg H= 3 m, T=10 sec –with-project condition



Figure 18.  Grid 2 waves from 67 deg H= 3m, T=10 sec –without-project condition

Figure 19.  Grid 2 waves from 67 deg H= 3m, T=10 sec –with-project condition



Figure 20.  Grid 2 waves from 180 deg H= 3m, T=10 sec –without-project condition

Figure 21.  Grid 2 waves from 180 deg H= 3m, T=10 sec –with-project condition



Figure 22.  Location of Grid 1 nearshore reference line

Figure 23.  Location of Grid 2 nearshore reference line
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Figure 24a.  Net potential transport for Long Beach Island using WIS wave climatology
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Figure 24b.  Net potential transport for Long Beach Island using OCTI wave climatology



Figure 25.  Methods of computing erosion/accretion volumes
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Figure 26.  Erosion and accretion for Long Beach Island reaches with WIS climatology
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Figure 27.  Erosion and accretion for Long Beach Island reaches with OCTI climatology
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Figure 28.  Renourishment requirements with WIS climatology
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Figure 29.  Renourishment requirements with OCTI climatology
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Figure 30.  Shoreline retreat with WIS climatology
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Figure 31.  Shoreline retreat with OCTI climatology



0 50 100 150 200
-1000000

-500000

0

500000

1000000

5000 m 

GRID 2 WIS

 

 

 Without project
 With project

N
or

th
er

ly
   

   
N

et
 P

ot
en

tia
l T

ra
ns

po
rt

 R
at

e 
(m

3 /y
r)

   
  S

ou
th

er
ly

Alongshore Cell Number

Figure 32.  Net potential transport for Grid 2 using WIS wave climatology
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Figure 33.  Net potential transport for Grid 2 using OCTI wave climatology
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Figure 34.  Erosion and accretion for Grid 2 using WIS wave climatology
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Figure 35.  Erosion and accretion for Grid 2 using OCTI wave climatology
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Figure 36.  Renourishment requirements with WIS climatology
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Figure 37.  Renourishment requirements with OCTI climatology
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Figure 38.  Shoreline retreat for Grid 2 using WIS wave climatology
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Figure 39.  Shoreline retreat for Grid 2 using OCTI wave climatology
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SECTION 3

SURVEYING AND MAPPING REQUIREMENTS

Survey data used for the Feasibility Study was collected in 1996 at Long Beach 
Island, New Jersey.  The spacing between survey lines was 500 feet.  Each profile was 
extended landward using 1996 digital photogrammetric elevations.

Data collected for the study mapping effort include the following:  aerial 
photography, first floor elevations of structures in a three-block area fronting the ocean, 
elevations and locations of all shore protection structures, street centerlines, and spot 
elevations throughout the study area.  Computer programs used to read and store the 
mapping include AutoCAD and ARCInfo, which is a program used for Geographic 
Information Systems (GIS).

Mapping developed for this Feasibility Study is sufficient for the plans and specs 
phase, but new survey data will be required.  Beach profile surveys every 100 feet from 
landward of the existing dune to beyond the depth of closure will be necessary to 
accurately determine quantities in developing the plans and specs.
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SECTION 4

GEOTECHNICAL INVESTIGATION

This section contains one representative sample each of a Vibrocore Log, 
Vibrocore Penetration Log, Vibrocore Grain Size Analysis, and Beach Grain Size 
Analysis.  Also included are the summary sheets for the grain size analyses for both the 
vibrocores and beach samples.  The complete set of 48 Vibrocore Logs, 53 Vibrocore 
Penetration Logs, Grain Size Analysis of 139 Vibrocore Samples, and Grain Size 
Analysis of 172 Beach Samples are on file in the Philadelphia District office.
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SAMPLE VIBROCORE LOG
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SAMPLE VIBROCORE PENETRATION LOG
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VIBROCORE GRAIN SIZE ANALYSIS SUMMARY 
AND DETAILED DATA FOR ONE VIBROCORE 

SAMPLE
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BEACH GRAIN SIZE ANALYSIS SUMMARY AND 
DETAILED DATA FOR ONE BEACH SAMPLE
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SECTION 5

ENVIRONMENTAL AND CULTURAL 
INVESTIGATIONS

The Environmental Inpact Statement (EIS) is integrated into the main report. 
Additional environmental and cultural data can be found in Appendices C-E (Volume 3) 
and in the main report itself.
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BARNEGAT INLET TO LITTLE EGG HARBOR FEASIBILITY STUDY

EXISTING STRUCTURES.

PRIOR AND EXISTING SHORE PROTECTION MEASURES

Stabilization of the South Shoulder of Barnegat Inlet. The first efforts to control shore erosion on
Long Beach Island had taken place prior to 1920. Those early efforts involved stabilization
structures along the south shoulder of Barnegat Inlet to arrest the inlet's southward migration, and
oceanfront erosion control measures involving the construction of a "jetty” (groin) at Surf City
and two "hurdle" structures at Beach Haven. Beginning in 1926, concentrated efforts were taken
by the State and Federal governments to stabilize the south shoulder of Barnegat Inlet by means
of groins, revetments, and bulkheads. This work was accomplished in various stages up to 1956
and included repairs and restorations as well as new work. By 1956, the 3,000 linear feet of inlet
shoreline between the lighthouse and the land anchor point of the original south jetty were
stabilized by nine groins and approximately 1,250 lineal feet of bulkheads. These protective
structures are now land-locked in the area which has filled with littoral material between the new
and original south jetty structures. The 4,270 feet long new south jetty was constructed from
1987 to 1991 nearly parallel to the existing north jetty to correct for shoaling and channel
instability created by the original converging configuration of the Barnegat Inlet jetties.

Placement of Oceanfront Fixed Structures in the Period 1920-1940. The ocean shoreline, south
of the original Barnegat Inlet south jetty, has a history of shore protection concerns and actions
which began essentially at the same time it became evident that action was needed to address the
southward migration of Barnegat Inlet. Apart from the work prior to 1920, previously mentioned
with respect to Surf City and Beach Haven, records indicate that the State and local communities
constructed at least six groins on Long Beach Island in the latter half of the 1920's, see USACE,
1974. Four of these groins were built in Harvey Cedars, and two in Beach Haven. Though
protective measures along the oceanfront may have been implemented in the 1930's, there is no
documentation of additional shore protection works until 1940, at which time, two timber
bulkheads, having a composite length of 950 feet, were constructed at Harvey Cedars. This was
followed in 1946 by construction of a 250-foot long timber bulkhead at Brant Beach (LBT);
construction of one groin in Holgate (LBT) in 1947; construction of one groin at the north end of
Brant Beach in 1949 (LBT); and, also in 1949, construction of one groin at the south end of
Beach Haven Park (LBT).

Placement of Oceanfront Fixed Structures in the 1950's. Shore protection measures at Long
Beach Island, in the decade of the 1950's, began with the construction, in 1950, of two timber
bulkheads, having a combined length of 560 feet, at Brant Beach (LBT). As an alternative to
bulkhead construction, a gravel-fill dike having a length of 2,800 feet was constructed at Surf
City in the period 1953-1954. At Beach Haven, two groins were constructed in 1953, and one
groin in 1956 along with a 200-foot long timber bulkhead. At the southern end of the island in
Holgate (LBT), four groins were built in 1957 and one groin in 1958.

Placement of Oceanfront Fixed Structures in the 1960's and Present Conditions. The decade of
the 1960's was, by far, the study area's most prolific period in the construction of shore protection



2

measures, principally with the placement of groins. At present, there are 101 groin structures
which compartment the shoreline along the developed oceanfront of Long Beach Island. Of the
101 existing groins, 86 of these structures were constructed n the 1960's, and most of these, i.e.,
69 groins, were built in the period 1963-1964.

The Long Beach Island groin structures are spaced at intervals that range from 750 to 1,000 feet,
with the average spacing being 900 feet. The groin lengths range from 250 to 420 feet, with an
average length of 285 feet. This results in an average spacing-to-length ratio of about 3 to 1,
which is at the upper end of spacing-to-length relationships usually applied in groin field
planning and design. The horizontal inshore segments of most of the groins have crown levels at
elevations of about 8.2 feet above NGVD and are generally above the level of the natural beach
berm and foreshore surface elevations; thereby, obviating any significant littoral transport
directly through the respective groin compartments.

Most of the groins, 75 in number, are of composite stone and timber construction. Additionally,
26 groins are constructed of stone, 1 groin is of timber construction, 1 groin is comprised of
stone and sand bags, and 1 groin was built with a combination of stone and surplus steel
submarine defense netting. A visual inspection of the structural conditions of the island's existing
oceanfront groins was conducted by the USACE, Philadelphia District in 1990. The findings of
the 1990 inspection, given in qualitative terms, were that: 17 groins (16%) were in good
condition; 63 groins (61%) were in fair condition; 22 groins (21%) were in poor condition; and 2
groins (2%), in Barnegat Light, were covered by beach material and not visible for inspection. It
should be noted that groins are the only type of fixed shore protection measure which now exists
along the oceanfront of Long Beach Island. The timber bulkheads and gravel-filled dike,
mentioned previously, were all destroyed by the severe storm of March 1962. Remnants of
bulkheads constructed before 1962 remain in some other sections of Long Beach Island.
However, all are either damaged beyond functional use or are completely buried under the
existing dune. It should be noted also that most of these remaining bulkheads are small scale and
were originally designed to protect one home.

A detailed evaluation of Long Beach Island's coastal structures was made in 1971 as part of a
larger Federal inventory of the entire East Coast. The Philadelphia District Corps of Engineers
updated this inventory and reassessed the condition of the coastal structures on Long Beach
Island in 1990 via site inspection as part of a larger Corps of Engineers limited Reconnaissance
Study of the New Jersey coast from Manasquan Inlet to Cape May.

The Philadelphia District Corps of Engineers updated this inventory and reassessed the condition
of the coastal structures on Long Beach Island in 1996 via site inspection as part of a larger
Corps of Engineers feasibility study of the New Jersey coast from Barnegat Inlet to Little Egg
Inlet. The findings of the 1996 inspection, given in qualitative terms, were that: 15 groins (15%)
were in excellent condition; 53 groins (53%) were in good condition; 21 groins (21%) were in
fair condition; 9 groins (9%) were in poor condition; and 2 groins (2%), in Barnegat Light, were
covered by beach material and not visible for inspection. The results of the Long Beach Island
portion of that survey can be found in Table 1.



Adjacent Dist to SHOALS Dist from end MHW Area Shoreline Change OFFSETS
GROIN ID Length (N) LRP Groin LOCATION ST_NAME LENGTH LENGTH to c.l. Dune Peak El Above Profile CONTYPIN CONTYPOT PROFILE CONDITION PERMEABILITY N of Grn S of Grn Net Transport Mean Std

1 9253 54,55 -710.5 Loveladies LAYLIA 116.55 40 277.2 2.50 stone stone LEVEL good High 28.78 2.31 -172.9 609.1
2 890  55-1 182.4 Loveladies DOLPHIN 143.32 75 270.6 wood stone SLOPED good Medium 2.31 1.06 -74.6 19.0
3 820  55-1 1000.5 Loveladies Seaview Drive North 175.23 150 250.8 1.00 9.62 wood stone SLOPED good Medium 1.06 -1.03 -63.7 31.5
4 877 56 -633.4 Loveladies Arts Lane/Sandy Cove 222.75 170 281.4 5.00 20.38 wood stone LEVEL fair Low -1.03 0.82 -80.9 23.4
5 807 56 156.5 Loveladies Coast Ave 252.78 182 298.4 6.00 31.99 wood stone SLOPED fair Low 0.82 -1.23 -96.8 23.9
6 700 56 870.8 Loveladies Tidal/Riviera 184.49 170 284.9 1.50 11.43 wood stone SLOPED fair Low -1.23 -0.36 -105.6 35.8
7 884 56-1 -218.8 Loveladies Pompano/Oceana Drs. 193.69 170 305.0 0.00 9.50 wood stone LEVEL good Low -0.36 -0.23 -113.4 47.8
8 818 57 -410.3 Loveladies Nautilus/September L 187.66 146 305.0 2.00 19.83 wood stone SLOPED good Low -0.23 -1.16 -140.1 44.0
9 898 57 -94.4 Loveladies Panorama South 185.70 170 302.0 2.50 10.21 wood stone SLOPED good Low -1.16 -1.33 -148.6 50.1

10 866 57-1 -363.3 Loveladies Windrift 194.32 148 298.0 2.00 N/A wood stone SLOPED good Medium -1.33 -2.17 -139.7 63.6
11 876 57-1 508.6 Loveladies South of Longview Ln 224.66 180 291.1 0.75 11.07 wood stone SLOPED poor Medium -2.17 -1.52 -150.7 54.3
12 858 57-1 1392.6 Loveladies North of Seashell Ln 170.27 110 270.1 1.50 9.81 wood stone SLOPED fair Low -1.52 0.03 -153.1 58.3
13 861 58 -1343.4 Loveladies Seashell Ln 190.34 148 285.6 1.50 17.50 wood stone SLOPED excellent Low 0.03 0.58 -150.4 59.3
14 796 58 -541.9 Harvey Cedars 85th St 225.10 200 310.4 5.00 N/A stone stone SLOPED excellent High 0.58 0.54 -166.9 54.6
15 777 58 254.7 Harvey Cedars 82nd St 211.29 200 324.3 4.00 N/A stone stone SLOPED excellent High 0.54 0.46 -125.5 55.2
16 1049 58-1 -376.9 Harvey Cedars 78th St 251.48 200 327.9 3.00 22.10 stone stone SLOPED excellent High 0.46 -0.59 -136.9 48.3
17 1044 58-1 676.4 Harvey Cedars 74th. St 190.87 200 321.0 3.50 N/A stone stone SLOPED excellent High -0.59 -0.22 -134.6 39.2
18 867 59 995.3 Harvey Cedars Sussex Ave 203.51 200 338.2 4.00 N/A stone stone SLOPED fair High -0.22 -0.85 -82.3 67.6
19 893 59 -96.7 Harvey Cedars Essex Ave 201.16 200 340.2 2.00 10.23 stone stone SLOPED fair High -0.85 -1.53 -100.6 37.8
20 793 59 691.9 Harvey Cedars Mercer Ave 193.37 200 320.4 3.50 10.88 stone stone SLOPED poor High -1.53 -3.12 -59.8 38.4
21 992 59-1 -142.1 Harvey Cedars Burlington Ave 204.69 200 302.4 2.00 17.86 stone stone SLOPED poor High -3.12 -5.87 -80.2 40.7
22 922 59-1 786.5 Harvey Cedars Salem Ave 229.52 200 337.6 5.00 N/A stone stone SLOPED poor High -5.87 -3.58 -55.1 59.4
23 865 60 -1220.9 Harvey Cedars Cumberland Ave 224.88 225 318.3 2.50 15.22 stone stone SLOPED poor High -3.58 -3.46 -27.1 53.0
24 1158 60 -73.3 Harvey Cedars Bergen Ave 255.41 200 331.9 5.00 13.64 stone stone SLOPED fair High -3.46 -1.40 -21.1 55.1
25 1041 60-1 -931.2 North Beach 214.51 154 297.9 1.30 8.66 wood stone SLOPED fair Medium -1.40 -2.97 -33.2 76.1
26 810 60-1 -117.6 North Beach 232.59 170 294.0 1.20 9.90 wood stone SLOPED excellent High -2.97 -4.61 -19.5 69.3
27 804 60-1 697.6 North Beach 275.80 120 311.4 1.00 13.14 wood stone SLOPED fair Medium -4.61 -4.60 6.1 61.1
28 803 61 -1107.2 North Beach 202.50 170 304.9 1.10 10.70 wood stone SLOPED fair Medium -4.60 -7.32 -30.6 69.4
29 797 61 -308.1 North Beach 201.15 166 317.7 1.50 17.90 wood stone SLOPED good Medium -7.32 -6.83 -35.3 31.9
30 806 61 488.8 North Beach 172.99 144 298.3 1.60 12.40 wood stone SLOPED good Medium -6.83 -7.80 -28.6 21.6
31 795 61-1 -1067.6 North Beach 174.03 88 274.0 1.60 9.70 wood stone SLOPED good Medium -7.80 -3.73 -45.8 31.6
32 802 61-1 -273.6 North Beach 248.42 135 339.0 2.00 23.20 wood stone SLOPED fair Medium -3.73 -3.86 -46.9 39.9
33 1145 61-1 872.2 Surf City 212.78 146 302.3 1.50 N/A wood stone SLOPED fair Medium -3.86 -4.85 -75.3 35.1
34 1045 62 290.2 Surf City 19th St 250.55 153 296.7 2.20 16.64 wood stone SLOPED fair Medium -4.85 -3.01 -32.8 36.6
35 1073 62-1 -623.6 Surf City 15th St 251.05 160 294.8 5.00 N/A wood stone SLOPED good Medium -3.01 -10.00 -8.1 27.8
36 1064 62-1 459.1 Surf City 11th St 223.81 160 304.8 2.00 18.90 wood stone SLOPED fair Medium -10.00 -2.75 19.4 51.0
37 1058 63 -1069.1 Surf City 7th St. North 235.30 165 331.3 4.00 N/A wood stone SLOPED good Medium -2.75 -1.19 39.1 49.6
38 1121 63 46.2 Surf City 3rd St. North 235.14 158 314.9 2.00 14.10 wood stone SLOPED good Medium -1.19 -0.61 34.6 40.9
39 1053 63 1107.3 Surf City 1st St South 227.34 150 303.6 2.00 9.60 wood stone SLOPED excellent Medium -0.61 0.07 24.1 32.3
40 1053 63-1 -372.7 Ship Bottom 5th St 183.39 117 290.2 0.60 5.90 wood stone SLOPED good Medium 0.07 -0.03 29.9 42.7
41 1044 63-1 684.8 Ship Bottom 9th St 203.39 150 287.3 0.40 5.60 wood stone SLOPED good Medium -0.03 -1.41 53.4 13.9
42 1065 64 31.7 Ship Bottom 13th St 216.24 130 314.2 1.60 10.84 wood stone SLOPED excellent Medium -1.41 0.12 45.4 46.9
43 1057 64-1 -628.8 Ship Bottom 17th St 221.29 92 304.9 0.60 2.80 wood stone SLOPED good Medium 0.12 2.30 45.0 47.7
44 1059 64-1 426.9 Ship Bottom 21st St 176.29 50 277.4 0.60 N/A wood stone SLOPED good Medium 2.30 2.38 -4.0 25.6
45 1051 65 -1306.5 Ship Bottom 25th St 174.36 70 276.2 1.40 4.70 wood stone SLOPED good Medium 2.38 -1.07 -15.7 18.6
46 936 65 -374.3 Ship Bottom 29th St 179.38 124 287.2 0.90 6.80 wood stone SLOPED good Medium -1.07 2.28 3.5 26.5
47 985 65 619.2 Ship Bottom 34th St 158.96 74 273.0 2.00 6.98 wood stone SLOPED good Medium 2.28 3.64 13.8 72.7
48 780 65-1 -485.2 Long Beach Township 38th St 215.24 200 282.5 3.00 N/A stone stone SLOPED good High 3.64 -1.44 19.0 39.1
49 818 65-1 325.0 Long Beach Township 42nd St 150.11 112 219.5 3.00 N/A wood combo SLOPED good Medium -1.44 -2.12 61.9 63.3
50 803 66 -374.4 Long Beach Township 46th St 192.87 160 257.5 2.00 13.70 wood wood SLOPED needs attention High -2.12 -1.19 37.2 61.4
51 806 66 446.1 Long Beach Township 50th St 186.02 120 223.3 -0.50 6.10 wood combo SLOPED poor Medium -1.19 -0.86 -18.7 33.8
52 791 66-1 -319.2 Long Beach Township Sumner Ave/ 54th 174.89 120 223.1 1.50 9.00 wood combo SLOPED fair Low -0.86 0.02 -9.9 57.0
53 760 66-1 429.8 Long Beach Township Selfridge Ave/57th 179.63 108 260.9 4.00 N/A wood stone SLOPED fair Low 0.02 -0.27 -4.5 77.5
54 740 67 -499.2 Long Beach Township Stanton Ave/ 60th 226.52 120 281.5 2.00 9.90 wood combo SLOPED poor High -0.27 -1.01 -20.1 69.4
55 759 67 253.2 Long Beach Township Goldsborough Av/63rd 188.26 163 247.9 0.30 6.40 wood stone SLOPED fair Medium -1.01 -1.25 -39.5 38.1
56 751 67-1 -1085.1 Long Beach Township Goodrich Ave/ 66th 232.63 120 305.6 5.00 20.70 wood stone SLOPED good Medium -1.25 0.53 -51.1 81.4
57 747 67-1 -345.6 Long Beach Township Stockton Ave/ 69th 182.43 172 243.3 6.00 11.30 wood stone SLOPED good Medium 0.53 -1.22 -49.6 59.2
58 754 67-1 400.4 Long Beach Township Coughlan 173.13 158 239.7 5.50 15.40 wood wood SLOPED excellent Low -1.22 -5.56 -71.1 25.3
59 817 67-1 1233.7 Long Beach Township CULVER 207.41 140 285.7 3.00 N/A wood wood SLOPED excellent Low -5.56 -5.04 -66.0 39.8
60 620 68 -636.2 Long Beach Township WlNlFRED 162.56 140 247.4 4.00 7.20 wood wood SLOPED excellent Low -5.04 -5.17 -31.8 31.6
61 1034 68 396.3 Long Beach Township New York 182.24 115 294.5 1.30 8.40 wood stone LEVEL good High -5.17 -3.69 -76.8 25.3
62 881 68-1 -491.9 Long Beach Township SAILBOAT 169.73 80 266.0 0.40 2.30 wood stone LEVEL good Medium -3.69 1.63 -14.2 80.5
63 1042 68-1 543.1 Long Beach Township MARINERS 156.93 128 269.6 0.30 3.30 wood stone SLOPED good Medium 1.63 2.45 7.3 57.6
64 849 68-1 1381.7 Long Beach Township MURIEL 162.25 65 276.6 2.50 7.00 wood stone LEVEL good High 2.45 0.98 34.2 26.2
65 833 69 -218.9 Long Beach Township TEXAS 194.84 130 294.4 2.00 10.70 wood stone SLOPED good Medium 0.98 3.84 65.2 67.9
66 888 69 660.8 Long Beach Township Nebraska 230.33 200 319.1 5.00 30.00 stone stone SLOPED good Low 3.84 -1.56 57.2 62.6
67 1100 69-1 -332.7 Long Beach Township S. Carolina 180.78 176 264.2 0.50 9.70 wood wood SLOPED excellent Low -1.56 -2.51 42.9 71.3
68 826 69-1 504.5 Long Beach Township Mississippi 214.30 172 292.3 0.60 9.10 wood wood SLOPED poor Low -2.51 -2.19 -7.7 69.3
69 1067 70 -708.1 Long Beach Township Hollybanks 242.18 146 313.8 2.00 8.00 wood stone SLOPED excellent Medium -2.19 -1.28 -44.6 55.6
70 735 70 16.0 Long Beach Township Ryerson 182.22 85 284.1 2.00 8.10 wood stone SLOPED good Medium -1.28 0.19 -20.5 81.0
71 920 70 944.2 Long Beach Township Indiana 164.05 85 277.3 0.70 4.30 wood stone SLOPED good Medium 0.19 -0.35 -36.0 74.3
72 880 70-1 -279.6 Long Beach Township Delaware 182.12 100 272.1 2.50 13.70 wood stone LEVEL good Medium -0.35 -1.60 -22.1 54.3
73 902 70-1 626.5 Long Beach Township 31st 222.50 85 294.9 0.90 8.60 wood stone LEVEL good Medium -1.60 -4.41 -47.5 62.0
74 923 71 -278.5 Long Beach Township 27th 197.76 85 273.1 1.50 23.00 wood stone LEVEL good Medium -4.41 -2.64 0.4 58.3
75 1075 71 808.7 Long Beach Township 23rd 159.89 100 271.1 -0.50 12.40 wood stone LEVEL good Medium -2.64 0.67 -23.5 67.4
76 1005 71-1 -329.4 Long Beach Township 19th 109.26 50 254.1 4.00 N/A stone stone LEVEL good Medium 0.67 2.65 -15.6 71.4
77 1000 71-1 675.2 Long Beach Township 15th 157.09 125 272.9 4.00 N/A wood stone LEVEL good Medium 2.65 1.87 -20.7 55.6
78 1215 72 -226.1 Beach Haven Tenth st 153.01 125 294.3 2.50 16.80 stone stone LEVEL good Medium 1.87 3.64 -29.6 58.6
79 1016 72 777.3 Beach Haven Seventh st 120.61 125 263.1 2.00 N/A stone stone SLOPED good Medium 3.64 3.02 -3.4 81.3
80 1019 72-1 1796.4 Beach Haven Third st 140.87 65 288.2 2.50 N/A stone stone SLOPED good Low 3.02 2.39 58.0 129.3

Table 1
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Adjacent Dist to SHOALS Dist from end MHW Area Shoreline Change OFFSETS
GROIN ID Length (N) LRP Groin LOCATION ST_NAME LENGTH LENGTH to c.l. Dune Peak El Above Profile CONTYPIN CONTYPOT PROFILE CONDITION PERMEABILITY N of Grn S of Grn Net Transport Mean Std

81 1267 72-1 -1718.0 Beach Haven Amber 196.57 70 332.6 2.00 N/A stone stone SLOPED fair Medium 2.39 2.74 56.5 87.8
82 1119 72-1 -604.8 Beach Haven ocean 212.78 80 344.5 2.00 N/A stone stone SLOPED good Medium 2.74 0.42 102.1 73.6
83 1031 72-1 411.6 Beach Haven Chatsworth 219.32 90 292.9 4.00 27.00 stone stone SLOPED good Medium 0.42 0.97 141.0 83.4
84 1316 73A 42.5 Beach Haven Holyoke 400.99 180 389.0 5.00 49.90 stone combo SLOPED fair Low 0.97 -2.50 294.2 154.3
85 1341 73-1 -647.6 Beach Haven Jeffries 240.67 160 345.0 5.00 N/A combo combo SLOPED good Low -2.50 -4.54 240.5 61.4
86 #N/A 73-1 #N/A Beach Haven Leeward 0 stone stone SLOPED excellent Low -4.54 -4.97
87 1041 73-1 382.1 Beach Haven Nelson 56 wood wood SLOPED good Low -4.54 -4.97
88 193 73-1 575.1 Long Beach Township Nelson 230.05 110 335.3 5.00 N/A stone stone SLOPED good Low -4.54 -4.97 207.4 114.1
89 541 73-1 118.9 Beach Haven Marshall 148.20 25 274.4 0.60 N/A stone stone SLOPED good Medium -4.97 -0.73 82.3 97.8
90 498 74 -950.4 Beach Haven Susan 158.86 30 274.7 -0.90 N/A stone stone SLOPED good Medium -0.73 -1.43 35.6
91 497 74 -462.4 Beach Haven webster 137.20 25 241.6 -0.20 N/A stone stone SLOPED good Medium -1.43 -3.53 -53.6 66.7
92 507 74 45.3 Beach Haven Rosemma 243.80 70 299.2 -0.20 N/A stone stone SLOPED good Medium -3.53 -3.97 -39.7 64.9
93 780 74 825.9 Beach Haven Julia 178.33 35 213.0 1.20 N/A stone stone SLOPED fair Medium -3.97 -2.97 -52.3 61.4
94 1029 74-1 -536.8 Beach Haven Holgate 162.13 70 229.8 stone stone SLOPED good Medium -2.97 -1.06 -54.0 55.4
95 833 74-1 286.6 Long Beach Township Caroline 99.23 60 255.1 1.50 N/A combo stone SLOPED excellent Medium -1.06 -2.95 -98.8 30.0
96 744 74-1 1028.0 Long Beach Township Pershing 278.99 60 355.6 1.50 N/A wood stone SLOPED good Low -2.95 -6.30 -112.5 37.0
97 715 75 -1074.2 Long Beach Township Washington 292.67 150 386.3 5.00 N/A stone stone SLOPED good Low -6.30 -5.38 212.7 359.5
98 780 75 -278.9 Long Beach Township Cleveland 237.48 275 318.4 2.50 N/A wood combo SLOPED poor Low -5.38
99 366 75 128.0 Long Beach Township Cleveland-Refuge 60 stone stone SLOPED fair Low

Table 1
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EXISTING UTILITIES

Existing utilities which terminate, cross or are buried along the beach or study areas are identified in
the following listing. Utilities which cross the beach area include approximately six abandoned
sanitary sewer outfalls varying in size from 12 inch to 24 inch, one operating 48 inch sanitary sewer
outfall and seven Trans-Atlantic copper or fiber optic communication cables. None of the other
utilities - gas, electric, phone, cable television lines, and water - were found to cross the beach.
These utilities are underground or via the utility poles. Most only extend as Far East as the
landward toe of the dune.

Sewage treatment for Long Beach Island is consolidated under the Ocean County Utilities
Authority. Sewage is pumped off the island to be treated on the mainland via 24 inch and 36 inch
diameter pipes. These two pipes lay side by side on the bottom of Barnegat Bay in the vicinity of
the Manahawkin Bay Bridge (Rt. 72 causeway). After treatment, the effluent is pumped from the
treatment station on the mainland back to the island via a 48 inch diameter pipe which also lays on
the bottom of Barnegat Bay in the vicinity of the Rt. 72 causeway. The effluent connects to a 48
inch outfall extending eastward one mile into the Atlantic Ocean off 5th Street in Ship Bottom. The
pipes and outfalls are supported by two 10 ton concrete blocks paired on each side of each pipe or
outfall in 50-75 feet intervals. Steel chains and anchors help secure the pipes and outfall, along with
the concrete blocks, to the bay and ocean bottom.

There are several formerly used sanitary sewer outfalls located on Long Beach Island. Use of these
outfalls ceased when the sanitary sewer system was consolidated and updated under the Ocean
County Utilities Authority. The following is a list of known abandoned outfall pipes:

a. An abandoned 14 inch cast iron outfall beginning at Long Beach Boulevard and South
2nd Street in Surf City and extends approximately 1000 feet under 2nd Street and into the
Atlantic Ocean. The outfall was a part of the old Surf City Borough Sewage Treatment
Plant.

b. An abandoned 14 inch cast iron outfall beginning at Long Beach Boulevard and South 3
rd Street extends approximately 1000 feet under South 3rd Street and into the Atlantic
Ocean. The outfall was a part of the old Ship Bottom Borough Sewage Treatment Plant.

c. An abandoned 24 inch cast iron outfall extends from Long Beach Boulevard and Rhode
Island Avenue (82nd Street) to approximately 1000 feet under Rhode Island Avenue and
into the Atlantic Ocean. The outfall was part of the old Long Beach Township Sewage
Treatment Plant.

d. An abandoned 24 inch cast iron outfall extends from Long Beach Boulevard and
Massachusetts Avenue (81st Street) to approximately 1000 feet under Massachusetts
Avenue and into the Atlantic Ocean. The outfall was part of the old Long Beach Township
Sewage Treatment Plant.

e. An abandoned 12 inch cast iron outfall beginning underneath Center Street and Bay
Avenue extends approximately 1000 feet under Center Street and into the Atlantic Ocean.
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The outfall was a part of an old Beach Haven Sewer plant at this location.

f. An abandoned 16 inch cast iron outfall beginning underneath Nelson and Bay Avenues
extends approximately 1000 feet under Nelson Avenue and into the Atlantic Ocean. The
outfall was a part of the old Beach Haven Sewer plant at this location. Approximate
locations of the above outfall pipes can be found in Figure 1 (Sanitary Sewer Outfall
Locations).

There are several Trans-Atlantic Telephone (T.A.T.) cables crossing the beach and off shore zone
within the study area. The cables are owned by several interests and maintained by AT&T Inc.
Coordination with AT&T has taken place to identify the locations of the cables. The approximate
locations of the cables in relation to the proposed borrow areas can be seen in Figure 2 (Potential
Borrow Areas).

 Two 1 inch diameter transatlantic fiber optic cables (T.A.T. 9 and T.A.T. 11) cross the north end of
Long Beach Island. T.A.T. 9 was installed in 1991 and T.A.T. 11 was installed in 1993. The cables
leave Manahawkin, N.J. and continue through Barnegat Bay to the barrier island. Both cables are
100 feet apart and are buried 6 feet under the bay bottom. The cables continue eastward passing
through the barrier island in the vicinity of Bergen Avenue in Harvey Cedars. Exiting the barrier
island, the cables continue just under the ocean floor to approximately 3 miles into the Atlantic
Ocean where they separate to continue on to different destinations.

There are three cable crossings in which the cables have been retired and no longer in use.

a. A 4 inch diameter copper coaxial transatlantic cable (Bermuda "A" Cable) installed in
1962 crosses to the island in the same general area as T.A.T. cables 9 and 11. South of the
groin off Bergen Avenue in Harvey Cedars, the cable continues eastward to Bermuda. The
cable was retired by AT&T in 1990 and is no longer active.

b. A 4 inch diameter transatlantic copper coaxial cable (T.A.T. 3) was installed in 1963,
intersecting the island at Taylor Avenue in Beach Haven. Off Taylor Avenue the cable
continues eastward to England. The cable was retired in 1986 and is no longer active.

c. A 4 inch diameter copper coaxial cable (T.A.T. 4) was installed in 1965 and crosses the
island at the Leeward Avenue at the southern end of Beach Haven. Off Leeward Avenue the
cable continues eastward to France. The cable was retired in 1987 and is no longer active.
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Figure 1 SANITARY SEWER OUTFALL LOCATIONS



7

Figure 2 TRANS-ATLANTIC TELEPHONE CABLES
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A 4 inch diameter copper coaxial transatlantic cable (T.A.T. 7) was installed in 1983 and crosses
the island at Taylor Avenue in Beach Haven. The cable continues eastward off Taylor Avenue to
Europe. The cable was slated for retirement in June 1994.

A 1 inch diameter transatlantic fiber optic cable (T.A.T. 8) was installed in 1988. This cable also
intersects the barrier island in the same area as T.A.T. 7. Off Taylor Avenue in Beach Haven, the
cable continues eastward to Europe.

Environmental Constraints. Appropriate measures must be taken to ensure that any resulting
projects can meet all local, regional, state, and federal regulations. it must be evident that all
necessary permits and approvals are likely to be issued by the regulatory agencies. Further
environmental constraints relate other agencies plans to protect and maintain or control the types
of flora and fauna found within the ecosystem which may be affected.

DESCRIPTION AND DISCUSSION OF ALTERNATIVES

Coastal protection alternatives can be classified into two groups: Non-structural and
structural. Non-structural alternatives primarily consist of those measures which are addressed at
controlling or regulating the use of land and buildings such that damages to property are reduced
or eliminated. For example, these measures may establish ocean front setback limits or restrict
building below a certain elevation. The retreat option is also a non-structural measure. This
option is not considered feasible due to the level of  development and/or economic base of this
region. Since the study area is already fully developed, implementation of other non structural
alternatives could only affect future construction.

Structural alternatives are composed of those measures which act to block or otherwise retard
erosive coastal processes or which restore or nourish beaches to compensate for erosion.
Typically, the hardened structural alternatives consist of seawalls, bulkheads, revetments,
breakwaters, or groins. Beach and dune fill is considered a soft structural alternative. In general,
seawalls, bulkheads and revetments are shore parallel structures used to retain fill and/or reduce
direct wave attack on the back shore. Typical construction materials are timber and steel sheet
piles, rock and/or concrete. Breakwaters are also shore parallel structures, typically constructed
of rock or concrete, and placed offshore to reduce incoming wave energy. Groins, on the other
hand, are typically shore perpendicular structures used to interrupt the long shore sediment
transport to build a protective beach , retard erosion of an existing beach or prevent longshore
transport of sand to some downdrift point. Groins can be constructed of a wide variety of
material, the most widely used in LBI study area are timber and rock. Beach and dune fill is the
placement of sand on the beach to provide a larger berm and/or dune and to offset erosion. Of the
structural alternatives, seawalls, bulkheads, revetments, breakwaters and groins are typically
expensive to construct. The beach/dune fill option, however, is usually less expensive and more
environmentally favorable since it responds to the natural beach environment.
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GENERAL DESCRIPTION OF SELECTED PLAN

The selected plan developed during this study is based in part on previously authorized Federal
projects (see Prior Reports, Studies and Related Projects). Since that time however, much has
changed in terms of state-of-the-art coastal engineering, public interest, and environmental
awareness. The proposed plan is a beachfill and dune which accomplishes shore protection, while
at the same time enhances recreation. This plan was chosen for its effectiveness in reducing
overtopping, alleviating erosion and ease of construction in conjunction with the existing groin
field. Also, the existing groin field can help stabilize the beachfill and reduce the nourishment
cycle, thereby reducing the overall cost of the project.

The plan consists of placement of beachfill and dune construction, including dune grass and sand
fencing. Beachfill would be placed on various stretches of Long Beach Island where the existing
berm and dune are below the minimum measurements of the design cross section. The plan
provides a design cross section of dune with a 1V:: 5H back slope with a crest width of 30 feet at
elevation + 22 NAVD88. The dune will have a fore slope of 1V:: 5H down to elevation + 8
NAVD88 then a fore shore beachfill slope of 1V:: 10H. (See Figure 3 – TYPICAL CROSS
SECTION). This will produce a beach width of approximately 120 ft between elevation +8 and 0
NAVD88. In addition, the first cycle of periodic nourishment would be placed at the time of
initial construction. This project will result in a continuous dune line extending the length of the
developed portion of the Long Beach Island. The constructed dune would be stabilized and
maintained with dune grass and sand fencing.

This design has no traditional defined berm but is in keeping with the natural conditions found in
this area of the New Jersey coastline. The design was based on existing beaches of Long Beach
Island that were demonstrated as effective in the storm erosion model and observed in recent
storms. The cross section will be overlaid on the existing conditions cross section and in general
aligned on the back slope of the dune at elevation +10 NAVD88. Required quantity computations
were based on this overlay alignment.

The beach fill will be tapered at the terminal groin in Holgate to eventually blend into the natural
beach.







BARNEGAT INLET TO LITTLE EGG INLET
FEASIBILITY STUDY

DUNE GRASS AND SAND FENCE QUANTITIES
DUNE ELEVATION = 22 FT

BUNDY BEGINNING ENDING LENGTH SURFACE PLANTS FENCE
STATION STATION

(FT) AREA (SF) AREA (CSF) AREA (Acres) (PLANTS/CSF) (FT) Dune El. = 22  ft
1 -2842.65 4893 7,736 1,336,568.42 13,365.68 30.68 385868 46416 * Toe El. = 8  ft
2 4893 8388.4 3,495 603,840.05 6,038.40 13.86 174329 20970 Top Width = 30  ft
3 8388.4 16052.5 7,664 1,324,128.80 13,241.29 30.40 382276 45984 Plant Count
4 16052.5 20643.2 4,591 793,198.76 7,931.99 18.21 228997 27546 Factor = 28.87 Plants/CSF
5 20643.2 25094.5 4,451 769,010.60 7,690.11 17.65 222014 26706
6 25094.5 34903.3 9,809 1,694,725.91 16,947.26 38.90 489268 58854 Slope of Dune = 5 H to 1V
7 34903.3 41335.1 6,432 1,111,273.02 11,112.73 25.51 320825 38592 Exposed fence = 3  ft
8 41335.1 46620 5,285 913,102.91 9,131.03 20.96 263613 31710 Number of Rows = 6
9 46620 55871.6 9,252 1,598,491.60 15,984.92 36.70 461485 55512
10 55871.6 65070.2 9,199 1,589,334.65 15,893.35 36.48 458841 55194 43561.46 Sq-ft per acre
11 65070.2 71508.7 6,439 1,112,482.43 11,124.82 25.54 321174 38634
12 71508.7 78769.1 7,260 1,254,328.69 12,543.29 28.79 362125 43560
13 78769.1 83529.9 4,761 822,570.09 8,225.70 18.88 237476 28566
14 83529.9 86685.6 3,156 545,270.16 5,452.70 12.52 157420 18936
15 86685.6 93331.17 6,646 1,148,246.34 11,482.46 26.36 331499 39876

S = 14,676,163.96 146,761.64 336.90 4,237,013.00 509,670.00

* Barnegat Light will not require dune grass plantings.



THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

LBI Groin Profiles
Cut and Fill Report
Profile 1: LBI04 Groin
Profile 2: LBI04 Temp
XOn: 38.77 ft
XOff: 256.94 ft
Volume Change:
   Above Datum: 34.402 cu. yd/ft
   Below Datum: -11.668 cu.yd/ft
Total Volume: 22.735 cu.yd/ft Cell Changes:
Shoreline Change: 38.66 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 144.19 ft 1 190.98 -1.4 35.932 6.37 35.932 35.932
   To: 182.86 ft 2 256.94 -2.34 -13.198 -5.4 22.735 49.13

Profile 1: LBI05 Groin
Profile 2: LBI05 Temp
XOn: 45.18 ft
XOff: 284.05 ft
Volume Change:
   Above Datum: 53.198 cu. yd/ft
   Below Datum: -10.865 cu.yd/ft
Total Volume: 42.333 cu.yd/ft Cell Changes:
Shoreline Change: -18.35 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 235.10 ft 1 220.37 -0.63 54.233 8.36 54.233 54.233
   To: 216.75 ft 2 284.05 -1.24 -11.901 -5.05 42.333 66.134

Profile 1: LBI06 Groin
Profile 2: LBI06 Temp
XOn: 104.61 ft
XOff: 279.30 ft
Volume Change:
   Above Datum: 16.622 cu. yd/ft
   Below Datum: -14.145 cu.yd/ft
Total Volume: 2.478 cu.yd/ft Cell Changes:
Shoreline Change: -39.91 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 248.99 ft 1 202.29 1.17 18.871 5.22 18.871 18.871
   To: 209.09 ft 2 279.3 -2.43 -16.393 -5.75 2.478 35.264

Profile 1: LBI07 Groin
Profile 2: LBI07 Temp
XOn: 145.31 ft
XOff: 293.34 ft
Volume Change:
   Above Datum: 7.038 cu. yd/ft
   Below Datum: -27.034 cu.yd/ft
Total Volume: -19.996 cu.yd/ft Cell Changes:
Shoreline Change: -24.38 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 217.95 ft 1 201.7 -1.4 7.855 3.76 7.855 7.855
   To: 193.58 ft 2 293.34 -1.85 -27.851 -8.21 -19.996 35.706



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI08 Groin
Profile 2: LBI08 Temp
XOn: 142.00 ft
XOff: 324.62 ft
Volume Change:
   Above Datum: 18.050 cu. yd/ft
   Below Datum: -19.720 cu.yd/ft
Total Volume: -1.669 cu.yd/ft Cell Changes:
Shoreline Change: -38.17 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 277.66 ft 1 232.23 1.25 18.224 5.45 18.224 18.224
   To: 239.49 ft 2 324.62 -2.6 -19.893 -5.81 -1.669 38.117

Profile 1: LBI09 Groin
Profile 2: LBI09 Temp
XOn: 188.10 ft
XOff: 367.29 ft
Volume Change:
   Above Datum: 15.906 cu. yd/ft
   Below Datum: -17.902 cu.yd/ft
Total Volume: -1.996 cu.yd/ft Cell Changes:
Shoreline Change: -7.98 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 291.60 ft 1 281.22 0.42 16.187 4.69 16.187 16.187
   To: 283.63 ft 2 367.29 -2.13 -18.183 -5.7 -1.996 34.371

Profile 1: LBI10 Groin
Profile 2: LBI10 Temp
XOn: 134.40 ft
XOff: 321.94 ft
Volume Change:
   Above Datum: 14.768 cu. yd/ft
   Below Datum: -24.228 cu.yd/ft
Total Volume: -9.460 cu.yd/ft Cell Changes:
Shoreline Change: -35.54 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 263.94 ft 1 223.91 0.74 15.485 4.67 15.485 15.485
   To: 228.40 ft 2 321.94 -2.1 -24.944 -6.87 -9.46 40.429

Profile 1: LBI11 Groin
Profile 2: LBI11 Temp
XOn: 57.00 ft
XOff: 275.81 ft
Volume Change:
   Above Datum: 25.102 cu. yd/ft
   Below Datum: -19.592 cu.yd/ft
Total Volume: 5.509 cu.yd/ft Cell Changes:
Shoreline Change: 5.78 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 180.57 ft 1 194.22 -1.36 25.944 5.1 25.944 25.944
   To: 186.35 ft 2 195.48 -1.58 -0.001 -0.02 25.943 25.945

3 195.72 -1.63 0 0.01 25.943 25.945



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI12 Groin
Profile 2: LBI12 Temp
XOn: 82.60 ft
XOff: 253.00 ft
Volume Change:
   Above Datum: 16.669 cu. yd/ft
   Below Datum: -15.658 cu.yd/ft Cell Changes:
Total Volume: 1.011 cu.yd/ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
Shoreline Change: -31.75 ft 1 175.15 0.68 16.796 4.9 16.796 16.796
   From: 210.85 ft 2 175.7 0.6 -0.001 -0.04 16.795 16.797
   To: 179.11 ft 3 182.57 -0.6 0.118 0.46 16.913 16.914

Profile 1: LBI13 Groin
Profile 2: LBI13 Temp
XOn: 58.70 ft
XOff: 243.76 ft
Volume Change:
   Above Datum: 15.247 cu. yd/ft
   Below Datum: -19.887 cu.yd/ft
Total Volume: -4.639 cu.yd/ft Cell Changes:
Shoreline Change: -34.22 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 194.10 ft 1 157.84 0.35 15.997 4.36 15.997 15.997
   To: 159.88 ft 2 243.76 -2.03 -20.636 -6.48 -4.639 36.634

Profile 1: LBI14 Groin
Profile 2: LBI14 Temp
XOn: 79.30 ft
XOff: 303.25 ft
Volume Change:
   Above Datum: -6.608 cu. yd/ft
   Below Datum: -91.813 cu.yd/ft
Total Volume: -98.422 cu.yd/ft Cell Changes:
Shoreline Change: -99.47 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 229.03 ft 1 96.69 5.68 0.749 1.16 0.749 0.749
   To: 129.57 ft 2 303.25 -2.34 -99.171 -12.96 -98.422 99.92

Profile 1: LBI15 Groin
Profile 2: LBI15 Temp
XOn: 104.80 ft
XOff: 313.70 ft
Volume Change:
   Above Datum: 3.397 cu. yd/ft
   Below Datum: -49.893 cu.yd/ft
Total Volume: -46.496 cu.yd/ft Cell Changes:
Shoreline Change: -93.58 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 279.90 ft 1 179.71 1.14 6.775 2.44 6.775 6.775
   To: 186.32 ft 2 313.7 -2.28 -53.271 -10.73 -46.496 60.046



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI16 Groin
Profile 2: LBI16 Temp
XOn: 130.25 ft
XOff: 322.70 ft
Volume Change:
   Above Datum: -1.057 cu. yd/ft
   Below Datum: -52.553 cu.yd/ft
Total Volume: -53.610 cu.yd/ft Cell Changes:
Shoreline Change: -101.98 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 294.63 ft 1 169.94 3.92 3.096 2.11 3.096 3.096
   To: 192.65 ft 2 322.7 -1.5 -56.707 -10.02 -53.61 59.803

Profile 1: LBI17 Groin
Profile 2: LBI17 Temp
XOn: 162.80 ft
XOff: 353.90 ft
Volume Change:
   Above Datum: 4.135 cu. yd/ft
   Below Datum: -44.671 cu.yd/ft
Total Volume: -40.537 cu.yd/ft Cell Changes:
Shoreline Change: -78.65 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 308.00 ft 1 213.8 2.69 6.071 3.21 6.071 6.071
   To: 229.35 ft 2 353.9 -2.06 -46.608 -8.98 -40.537 52.679

Profile 1: LBI18 Groin
Profile 2: LBI18 Temp
XOn: 174.00 ft
XOff: 378.50 ft
Volume Change:
   Above Datum: -0.212 cu. yd/ft
   Below Datum: -60.944 cu.yd/ft
Total Volume: -61.156 cu.yd/ft Cell Changes:
Shoreline Change: -114.23 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 351.46 ft 1 212.19 4.33 3.77 2.67 3.77 3.77
   To: 237.24 ft 2 378.5 -2.64 -64.926 -10.54 -61.156 68.696

Profile 1: LBI19 Groin
Profile 2: LBI19 Temp
XOn: 141.75 ft
XOff: 337.53 ft
Volume Change:
   Above Datum: 15.461 cu. yd/ft
   Below Datum: -27.374 cu.yd/ft
Total Volume: -11.913 cu.yd/ft Cell Changes:
Shoreline Change: -29.83 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 269.15 ft 1 236.75 0.44 15.696 4.46 15.696 15.696
   To: 239.32 ft 2 337.53 -1.75 -27.608 -7.4 -11.913 43.304



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI20 Groin
Profile 2: LBI20 Temp
XOn: 133.30 ft
XOff: 321.02 ft
Volume Change:
   Above Datum: 9.120 cu. yd/ft
   Below Datum: -27.508 cu.yd/ft
Total Volume: -18.388 cu.yd/ft Cell Changes:
Shoreline Change: -81.80 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 306.73 ft 1 215.44 1.64 10.308 3.39 10.308 10.308
   To: 224.93 ft 2 321.02 -1.39 -28.697 -7.34 -18.388 39.005

Profile 1: LBI21 Groin
Profile 2: LBI21 Temp
XOn: 97.40 ft
XOff: 302.10 ft
Volume Change:
   Above Datum: 27.555 cu. yd/ft
   Below Datum: -11.168 cu.yd/ft
Total Volume: 16.387 cu.yd/ft Cell Changes:
Shoreline Change: 5.99 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 225.54 ft 1 236.98 -0.94 27.967 5.41 27.967 27.967
   To: 231.53 ft 2 302.1 -2.38 -11.579 -4.8 16.387 39.546

Profile 1: LBI22 Groin
Profile 2: LBI22 Temp
XOn: 116.50 ft
XOff: 333.14 ft
Volume Change:
   Above Datum: 25.767 cu. yd/ft
   Below Datum: -17.863 cu.yd/ft
Total Volume: 7.904 cu.yd/ft Cell Changes:
Shoreline Change: -40.77 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 293.84 ft 1 245.71 1.27 25.874 5.41 25.874 25.874
   To: 253.08 ft 2 333.14 -2.38 -17.97 -5.55 7.904 43.844

Profile 1: LBI23 Groin
Profile 2: LBI23 Temp
XOn: 107.60 ft
XOff: 317.90 ft
Volume Change:
   Above Datum: 18.619 cu. yd/ft
   Below Datum: -18.508 cu.yd/ft
Total Volume: 0.111 cu.yd/ft Cell Changes:
Shoreline Change: -37.66 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 273.97 ft 1 229.6 1.16 19.727 4.37 19.727 19.727
   To: 236.32 ft 2 317.9 -2.35 -19.616 -6 0.111 39.343



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI25 Groin
Profile 2: LBI25 Temp
XOn: 73.15 ft
XOff: 274.44 ft
Volume Change:
   Above Datum: 26.023 cu. yd/ft
   Below Datum: -14.779 cu.yd/ft
Total Volume: 11.245 cu.yd/ft Cell Changes:
Shoreline Change: -43.94 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 245.94 ft 1 197.67 0.75 27.211 5.9 27.211 27.211
   To: 202.01 ft 2 274.44 -2.17 -15.966 -5.62 11.245 43.178

Profile 1: LBI26 Groin
Profile 2: LBI26 Temp
XOn: 64.00 ft
XOff: 285.65 ft
Volume Change:
   Above Datum: 48.812 cu. yd/ft
   Below Datum: -8.197 cu.yd/ft
Total Volume: 40.615 cu.yd/ft Cell Changes:
Shoreline Change: -10.63 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 238.61 ft 1 228.35 -0.06 49.509 8.13 49.509 49.509
   To: 227.98 ft 2 285.65 -1.96 -8.894 -4.19 40.615 58.403

Profile 1: LBI27 Groin
Profile 2: LBI27 Temp
XOn: 53.30 ft
XOff: 324.50 ft
Volume Change:
   Above Datum: 75.483 cu. yd/ft
   Below Datum: -11.017 cu.yd/ft
Total Volume: 64.466 cu.yd/ft Cell Changes:
Shoreline Change: -15.87 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 257.43 ft 1 243.11 -0.27 81.549 11.6 81.549 81.549
   To: 241.57 ft 2 324.5 -2.17 -17.084 -5.67 64.466 98.633

Profile 1: LBI28 Groin
Profile 2: LBI28 Temp
XOn: 115.20 ft
XOff: 317.80 ft
Volume Change:
   Above Datum: 29.717 cu. yd/ft
   Below Datum: -12.428 cu.yd/ft
Total Volume: 17.289 cu.yd/ft Cell Changes:
Shoreline Change: 28.33 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 211.47 ft 1 250.26 -1.81 32.098 6.42 32.098 32.098
   To: 239.80 ft 2 317.8 -2.24 -14.809 -5.92 17.289 46.907



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI29 Groin
Profile 2: LBI29 Temp
XOn: 126.50 ft
XOff: 327.80 ft
Volume Change:
   Above Datum: 14.741 cu. yd/ft
   Below Datum: -34.663 cu.yd/ft
Total Volume: -19.922 cu.yd/ft Cell Changes:
Shoreline Change: -62.45 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 281.53 ft 1 212.75 1.1 16.763 5.25 16.763 16.763
   To: 219.09 ft 2 327.8 -2.62 -36.685 -8.61 -19.922 53.448

Profile 1: LBI30 Groin
Profile 2: LBI30 Temp
XOn: 135.00 ft
XOff: 308.10 ft
Volume Change:
   Above Datum: 10.979 cu. yd/ft
   Below Datum: -29.158 cu.yd/ft
Total Volume: -18.179 cu.yd/ft Cell Changes:
Shoreline Change: -68.14 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 275.03 ft 1 201.54 0.92 12.435 5.05 12.435 12.435
   To: 206.89 ft 2 308.1 -2.77 -30.614 -7.76 -18.179 43.049

Profile 1: LBI31 Groin
Profile 2: LBI31 Temp
XOn: 87.12 ft
XOff: 238.36 ft
Volume Change:
   Above Datum: 15.976 cu. yd/ft
   Below Datum: -8.141 cu.yd/ft
Total Volume: 7.835 cu.yd/ft Cell Changes:
Shoreline Change: -18.11 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 202.16 ft 1 185.34 -0.22 16.093 4.42 16.093 16.093
   To: 184.06 ft 2 238.36 -1.75 -8.258 -4.21 7.835 24.351

Profile 1: LBI32 Groin
Profile 2: LBI32 Temp
XOn: 84.15 ft
XOff: 332.22 ft
Volume Change:
   Above Datum: 17.420 cu. yd/ft
   Below Datum: -56.489 cu.yd/ft Cell Changes:
Total Volume: -39.069 cu.yd/ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
Shoreline Change: -86.60 ft 1 180.59 1.56 17.498 4.9 17.498 17.498
   From: 276.25 ft 2 186.69 0.52 -0.021 -0.09 17.477 17.519
   To: 189.65 ft 3 192.86 -0.56 0.097 0.42 17.574 17.617



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI33 Groin
Profile 2: LBI33 Temp
XOn: 150.30 ft
XOff: 355.55 ft
Volume Change:
   Above Datum: 13.039 cu. yd/ft
   Below Datum: -28.731 cu.yd/ft
Total Volume: -15.692 cu.yd/ft Cell Changes:
Shoreline Change: -71.55 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 328.65 ft 1 249.83 1.26 13.921 3.78 13.921 13.921
   To: 257.10 ft 2 355.55 -1.7 -29.614 -7.56 -15.692 43.535

Profile 1: LBI34 Groin
Profile 2: LBI34 Temp
XOn: 143.30 ft
XOff: 379.18 ft
Volume Change:
   Above Datum: 33.984 cu. yd/ft
   Below Datum: -21.350 cu.yd/ft
Total Volume: 12.634 cu.yd/ft Cell Changes:
Shoreline Change: -7.73 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 299.58 ft 1 290.62 0.21 34.235 6.27 34.235 34.235
   To: 291.86 ft 2 379.18 -2.16 -21.601 -6.59 12.634 55.836

Profile 1: LBI35 Groin
Profile 2: LBI35 Temp
XOn: 81.80 ft
XOff: 319.77 ft
Volume Change:
   Above Datum: 32.362 cu. yd/ft
   Below Datum: -20.621 cu.yd/ft
Total Volume: 11.741 cu.yd/ft Cell Changes:
Shoreline Change: -48.57 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 284.19 ft 1 232.18 0.59 32.862 5.9 32.862 32.862
   To: 235.62 ft 2 319.77 -1.56 -21.121 -6.51 11.741 53.983

Profile 1: LBI36 Groin
Profile 2: LBI36 Temp
XOn: 71.90 ft
XOff: 280.98 ft
Volume Change:
   Above Datum: 19.092 cu. yd/ft
   Below Datum: -25.147 cu.yd/ft
Total Volume: -6.055 cu.yd/ft Cell Changes:
Shoreline Change: -15.60 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 202.95 ft 1 186.02 0.23 19.364 4.58 19.364 19.364
   To: 187.36 ft 2 280.98 -1.92 -25.419 -7.23 -6.055 44.784



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI37 Groin
Profile 2: LBI37 Temp
XOn: 93.70 ft
XOff: 302.78 ft
Volume Change:
   Above Datum: 8.099 cu. yd/ft
   Below Datum: -43.342 cu.yd/ft
Total Volume: -35.243 cu.yd/ft Cell Changes:
Shoreline Change: -42.20 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 224.75 ft 1 181.99 0.1 8.682 2.66 8.682 8.682
   To: 182.56 ft 2 302.78 -1.92 -43.925 -9.82 -35.243 52.607

Profile 1: LBI38 Groin
Profile 2: LBI38 Temp
XOn: 79.60 ft
XOff: 300.48 ft
Volume Change:
   Above Datum: 22.098 cu. yd/ft
   Below Datum: -32.816 cu.yd/ft
Total Volume: -10.718 cu.yd/ft Cell Changes:
Shoreline Change: -61.56 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 257.28 ft 1 192.55 0.55 22.711 5.43 22.711 22.711
   To: 195.73 ft 2 300.48 -2.29 -33.429 -8.36 -10.718 56.14

Profile 1: LBI39 Groin
Profile 2: LBI39 Temp
XOn: 63.20 ft
XOff: 281.51 ft
Volume Change:
   Above Datum: 24.188 cu. yd/ft
   Below Datum: -28.125 cu.yd/ft
Total Volume: -3.937 cu.yd/ft Cell Changes:
Shoreline Change: -42.59 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 225.97 ft 1 182.04 0.23 25.05 5.69 25.05 25.05
   To: 183.38 ft 2 281.51 -2.53 -28.987 -7.87 -3.937 54.037

Profile 1: LBI40 Groin
Profile 2: LBI40 Temp
XOn: 110.19 ft
XOff: 288.34 ft
Volume Change:
   Above Datum: 12.561 cu. yd/ft
   Below Datum: -20.716 cu.yd/ft
Total Volume: -8.155 cu.yd/ft Cell Changes:
Shoreline Change: -9.38 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 209.02 ft 1 198.93 0.12 12.627 3.84 12.627 12.627
   To: 199.64 ft 2 288.34 -2.16 -20.782 -6.28 -8.155 33.408



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI41 Groin
Profile 2: LBI41 Temp
XOn: 100.80 ft
XOff: 294.52 ft
Volume Change:
   Above Datum: 22.735 cu. yd/ft
   Below Datum: -15.421 cu.yd/ft
Total Volume: 7.314 cu.yd/ft Cell Changes:
Shoreline Change: 3.23 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 210.04 ft 1 215.54 -0.39 23.213 5.46 23.213 23.213
   To: 213.27 ft 2 294.52 -2.37 -15.899 -5.44 7.314 39.112

Profile 1: LBI42 Groin
Profile 2: LBI42 Temp
XOn: 134.36 ft
XOff: 332.36 ft
Volume Change:
   Above Datum: 16.845 cu. yd/ft
   Below Datum: -26.626 cu.yd/ft
Total Volume: -9.781 cu.yd/ft Cell Changes:
Shoreline Change: -16.08 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 249.63 ft 1 233.22 0.05 16.896 4.61 16.896 16.896
   To: 233.55 ft 2 332.36 -2.25 -26.678 -7.27 -9.781 43.574

Profile 1: LBI43 Groin
Profile 2: LBI43 Temp
XOn: 84.28 ft
XOff: 292.79 ft
Volume Change:
   Above Datum: 20.049 cu. yd/ft
   Below Datum: -26.053 cu.yd/ft
Total Volume: -6.005 cu.yd/ft Cell Changes:
Shoreline Change: -35.19 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 232.08 ft 1 195.12 0.31 20.143 4.91 20.143 20.143
   To: 196.90 ft 2 292.79 -2.17 -26.148 -7.23 -6.005 46.291

Profile 1: LBI44 Groin
Profile 2: LBI44 Temp
XOn: 97.90 ft
XOff: 262.62 ft
Volume Change:
   Above Datum: 14.302 cu. yd/ft
   Below Datum: -12.558 cu.yd/ft Cell Changes:
Total Volume: 1.744 cu.yd/ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
Shoreline Change: -14.51 ft 1 188.88 0.77 14.405 4.28 14.405 14.405
   From: 207.83 ft 2 192.09 0.21 -0.026 -0.21 14.379 14.43
   To: 193.32 ft 3 197.94 -0.8 0.037 0.17 14.416 14.467



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI46 Groin
Profile 2: LBI46 Temp
XOn: 130.25 ft
XOff: 302.87 ft
Volume Change:
   Above Datum: 12.016 cu. yd/ft
   Below Datum: -19.296 cu.yd/ft
Total Volume: -7.280 cu.yd/ft Cell Changes:
Shoreline Change: -18.72 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 237.52 ft 1 218.03 0.13 12.146 3.74 12.146 12.146
   To: 218.80 ft 2 302.87 -1.72 -19.426 -6.18 -7.28 31.573

Profile 1: LBI47 Groin
Profile 2: LBI47 Temp
XOn: 122.40 ft
XOff: 275.94 ft
Volume Change:
   Above Datum: 14.739 cu. yd/ft
   Below Datum: -10.008 cu.yd/ft
Total Volume: 4.730 cu.yd/ft Cell Changes:
Shoreline Change: -52.62 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 271.51 ft 1 215.98 0.5 15.704 4.53 15.704 15.704
   To: 218.90 ft 2 275.94 -1.51 -10.973 -4.94 4.73 26.677

Profile 1: LBI48 Groin
Profile 2: LBI48 Temp
XOn: 80.70 ft
XOff: 276.94 ft
Volume Change:
   Above Datum: 22.790 cu. yd/ft
   Below Datum: -9.886 cu.yd/ft
Total Volume: 12.903 cu.yd/ft Cell Changes:
Shoreline Change: -54.67 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 275.78 ft 1 205.58 2.68 27.454 5.94 27.454 27.454
   To: 221.11 ft 2 276.94 1.08 -14.551 -5.51 12.903 42.005

Profile 1: LBI49 Groin
Profile 2: LBI49 Temp
XOn: 63.00 ft
XOff: 250.00 ft
Volume Change:
   Above Datum: 53.285 cu. yd/ft
   Below Datum: 0.592 cu.yd/ft
Total Volume: 53.877 cu.yd/ft Cell Changes:
Shoreline Change: 29.44 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 195.78 ft 1 229.85 -0.8 55.176 8.93 55.176 55.176
   To: 225.22 ft 2 250 -0.8 -1.299 -1.74 53.877 56.475



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI50 Groin
Profile 2: LBI50 Temp
XOn: 54.80 ft
XOff: 237.03 ft
Volume Change:
   Above Datum: 58.776 cu. yd/ft
   Below Datum: 1.191 cu.yd/ft
Total Volume: 59.967 cu.yd/ft Cell Changes:
Shoreline Change: -3.86 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 227.84 ft 1 224.24 -0.05 60.195 9.59 60.195 60.195
   To: 223.98 ft 2 237.03 -2.09 -0.228 -0.48 59.967 60.422

Profile 1: LBI51 Groin
Profile 2: LBI51 Temp
XOn: 39.15 ft
XOff: 240.00 ft
Volume Change:
   Above Datum: 85.748 cu. yd/ft
   Below Datum: 5.244 cu.yd/ft
Total Volume: 90.992 cu.yd/ft Cell Changes:
Shoreline Change: 24.09 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 209.11 ft 1 230.88 0.4 91.258 12.85 91.258 91.258
   To: 233.20 ft 2 240 0.4 -0.266 -0.79 90.992 91.524

Profile 1: LBI52 Groin
Profile 2: LBI52 Temp
XOn: 46.50 ft
XOff: 250.00 ft
Volume Change:
   Above Datum: 66.291 cu. yd/ft
   Below Datum: 2.432 cu.yd/ft
Total Volume: 68.723 cu.yd/ft Cell Changes:
Shoreline Change: 28.22 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 196.09 ft 1 234.04 -1.68 69.538 10.01 69.538 69.538
   To: 224.32 ft 2 250 -1.68 -0.815 -1.38 68.723 70.352

Profile 1: LBI53 Groin
Profile 2: LBI53 Temp
XOn: 75.90 ft
XOff: 225.95 ft
Volume Change:
   Above Datum: 31.953 cu. yd/ft
   Below Datum: 0.687 cu.yd/ft
Total Volume: 32.640 cu.yd/ft Cell Changes:
Shoreline Change: 11.67 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 201.37 ft 1 221.77 -1.51 32.703 6.05 32.703 32.703
   To: 213.04 ft 2 225.95 -1.42 -0.063 -0.41 32.64 32.765



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI54 Groin
Profile 2: LBI54 Temp
XOn: 47.70 ft
XOff: 261.29 ft
Volume Change:
   Above Datum: 57.054 cu. yd/ft
   Below Datum: -0.203 cu.yd/ft
Total Volume: 56.851 cu.yd/ft Cell Changes:
Shoreline Change: 70.74 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 146.57 ft 1 226.26 -1.55 60.495 9.15 60.495 60.495
   To: 217.32 ft 2 261.29 -1.88 -3.644 -2.81 56.851 64.139

Profile 1: LBI56 Groin
Profile 2: LBI56 Temp
XOn: 71.50 ft
XOff: 289.53 ft
Volume Change:
   Above Datum: 37.712 cu. yd/ft
   Below Datum: -13.464 cu.yd/ft
Total Volume: 24.248 cu.yd/ft Cell Changes:
Shoreline Change: -26.99 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 249.14 ft 1 216.09 1.05 38.34 7.16 38.34 38.34
   To: 222.16 ft 2 289.53 -1.35 -14.091 -5.18 24.248 52.431

Profile 1: LBI57 Groin
Profile 2: LBI57 Temp
XOn: 55.20 ft
XOff: 217.41 ft
Volume Change:
   Above Datum: 26.544 cu. yd/ft
   Below Datum: -1.666 cu.yd/ft
Total Volume: 24.878 cu.yd/ft Cell Changes:
Shoreline Change: -14.58 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 205.26 ft 1 188.25 0.41 27.126 5.5 27.126 27.126
   To: 190.68 ft 2 217.41 -1.53 -2.248 -2.08 24.878 29.374

Profile 1: LBI58 Groin
Profile 2: LBI58 Temp
XOn: 78.00 ft
XOff: 225.97 ft
Volume Change:
   Above Datum: 31.129 cu. yd/ft
   Below Datum: -0.016 cu.yd/ft
Total Volume: 31.113 cu.yd/ft Cell Changes:
Shoreline Change: 14.78 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 208.91 ft 1 218.59 0.88 31.302 6.01 31.302 31.302
   To: 223.69 ft 2 225.97 0.76 -0.188 -0.69 31.113 31.49



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI59 Groin
Profile 2: LBI59 Temp
XOn: 113.60 ft
XOff: 311.25 ft
Volume Change:
   Above Datum: 18.530 cu. yd/ft
   Below Datum: -15.220 cu.yd/ft Cell Changes:
Total Volume: 3.310 cu.yd/ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
Shoreline Change: -18.96 ft 1 203.43 4.89 18.816 5.66 18.816 18.816
   From: 250.71 ft 2 205.69 4.5 -0.021 -0.25 18.795 18.837
   To: 231.76 ft 3 230.23 0.26 0.529 0.58 19.324 19.367

Profile 1: LBI60 Groin
Profile 2: LBI60 Temp
XOn: 111.61 ft
XOff: 255.81 ft
Volume Change:
   Above Datum: 30.683 cu. yd/ft
   Below Datum: 0.959 cu.yd/ft
Total Volume: 31.642 cu.yd/ft Cell Changes:
Shoreline Change: -5.84 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 244.22 ft 1 240.52 -0.37 31.947 6.69 31.947 31.947
   To: 238.39 ft 2 255.81 -2.43 -0.305 -0.54 31.642 32.252

Profile 1: LBI61 Groin
Profile 2: LBI61 Temp
XOn: 123.50 ft
XOff: 292.87 ft
Volume Change:
   Above Datum: 17.885 cu. yd/ft
   Below Datum: -11.899 cu.yd/ft
Total Volume: 5.986 cu.yd/ft Cell Changes:
Shoreline Change: -38.78 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 266.87 ft 1 223.33 0.82 18.318 4.95 18.318 18.318
   To: 228.09 ft 2 292.87 -2.14 -12.332 -4.79 5.986 30.65

Profile 1: LBI62 Groin
Profile 2: LBI62 Temp
XOn: 117.10 ft
XOff: 269.53 ft
Volume Change:
   Above Datum: 17.016 cu. yd/ft
   Below Datum: -4.928 cu.yd/ft
Total Volume: 12.088 cu.yd/ft Cell Changes:
Shoreline Change: -9.73 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 227.52 ft 1 219.47 -0.29 18.57 4.9 18.57 18.57
   To: 217.79 ft 2 269.53 -1.19 -6.481 -3.5 12.088 25.051



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI63 Groin
Profile 2: LBI63 Temp
XOn: 112.00 ft
XOff: 253.13 ft
Volume Change:
   Above Datum: 14.303 cu. yd/ft
   Below Datum: -9.383 cu.yd/ft
Total Volume: 4.920 cu.yd/ft Cell Changes:
Shoreline Change: -38.30 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 234.22 ft 1 199.73 -0.66 14.525 4.47 14.525 14.525
   To: 195.92 ft 2 253.13 -1.43 -9.605 -4.86 4.92 24.13

Profile 1: LBI64 Groin
Profile 2: LBI64 Temp
XOn: 124.00 ft
XOff: 273.63 ft
Volume Change:
   Above Datum: 10.373 cu. yd/ft
   Below Datum: -13.200 cu.yd/ft
Total Volume: -2.827 cu.yd/ft Cell Changes:
Shoreline Change: -43.87 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 250.86 ft 1 198.59 1.45 12.068 4.37 12.068 12.068
   To: 206.99 ft 2 273.63 -1.97 -14.895 -5.36 -2.827 26.962

Profile 1: LBI65 Groin
Profile 2: LBI65 Temp
XOn: 103.90 ft
XOff: 284.48 ft
Volume Change:
   Above Datum: 17.262 cu. yd/ft
   Below Datum: -20.462 cu.yd/ft
Total Volume: -3.199 cu.yd/ft Cell Changes:
Shoreline Change: -49.79 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 249.81 ft 1 200.95 -0.16 18.201 5.06 18.201 18.201
   To: 200.03 ft 2 284.48 -2.52 -21.4 -6.92 -3.199 39.601

Profile 1: LBI66 Groin
Profile 2: LBI66 Temp
XOn: 98.80 ft
XOff: 298.07 ft
Volume Change:
   Above Datum: -0.062 cu. yd/ft
   Below Datum: -27.458 cu.yd/ft
Total Volume: -27.521 cu.yd/ft Cell Changes:
Shoreline Change: -71.47 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 275.62 ft 1 180.46 4.08 5.917 1.96 5.917 5.917
   To: 204.16 ft 2 298.07 -2 -33.437 -7.68 -27.521 39.354



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI67 Groin
Profile 2: LBI67 Temp
XOn: 74.00 ft
XOff: 244.06 ft
Volume Change:
   Above Datum: 23.288 cu. yd/ft
   Below Datum: -6.997 cu.yd/ft
Total Volume: 16.291 cu.yd/ft Cell Changes:
Shoreline Change: -26.01 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 212.97 ft 1 174.19 2.21 24.68 6.65 24.68 24.68
   To: 186.97 ft 2 244.06 -1.19 -8.389 -3.24 16.291 33.07

Profile 1: LBI68 Groin
Profile 2: LBI68 Temp
XOn: 72.00 ft
XOff: 247.15 ft
Volume Change:
   Above Datum: 44.638 cu. yd/ft
   Below Datum: 1.883 cu.yd/ft
Total Volume: 46.522 cu.yd/ft Cell Changes:
Shoreline Change: -26.54 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 246.72 ft 1 230.52 -1.79 48.465 8.25 48.465 48.465
   To: 220.18 ft 2 247.15 -0.15 -1.943 -3.15 46.522 50.408

Profile 1: LBI69 Groin
Profile 2: LBI69 Temp
XOn: 102.80 ft
XOff: 330.61 ft
Volume Change:
   Above Datum: 37.015 cu. yd/ft
   Below Datum: -21.277 cu.yd/ft
Total Volume: 15.738 cu.yd/ft Cell Changes:
Shoreline Change: -33.32 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 276.61 ft 1 239.35 0.68 38.57 7.63 38.57 38.57
   To: 243.29 ft 2 330.61 -2.09 -22.832 -6.76 15.738 61.402

Profile 1: LBI70 Groin
Profile 2: LBI70 Temp
XOn: 153.00 ft
XOff: 324.33 ft
Volume Change:
   Above Datum: 14.503 cu. yd/ft
   Below Datum: -16.873 cu.yd/ft Cell Changes:
Total Volume: -2.370 cu.yd/ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
Shoreline Change: -33.96 ft 1 240.62 1.23 15.469 4.77 15.469 15.469
   From: 281.73 ft 2 242.34 0.94 -0.005 -0.08 15.464 15.474
   To: 247.77 ft 3 242.74 0.84 0.001 0.05 15.464 15.475



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI71 Groin
Profile 2: LBI71 Temp
XOn: 141.75 ft
XOff: 292.24 ft
Volume Change:
   Above Datum: 8.195 cu. yd/ft
   Below Datum: -13.927 cu.yd/ft Cell Changes:
Total Volume: -5.732 cu.yd/ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
Shoreline Change: -56.66 ft 1 211.49 2.28 8.984 3.48 8.984 8.984
   From: 281.35 ft 2 219.77 0.85 -0.027 -0.09 8.957 9.012
   To: 224.69 ft 3 220.46 0.72 0 0.01 8.957 9.012

Profile 1: LBI72 Groin
Profile 2: LBI72 Temp
XOn: 106.50 ft
XOff: 278.16 ft
Volume Change:
   Above Datum: 12.312 cu. yd/ft
   Below Datum: -12.679 cu.yd/ft
Total Volume: -0.367 cu.yd/ft Cell Changes:
Shoreline Change: -53.59 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 266.88 ft 1 203.46 1.7 14.524 4.04 14.524 14.524
   To: 213.30 ft 2 278.16 -2.27 -14.891 -5.38 -0.367 29.416

Profile 1: LBI73 Groin
Profile 2: LBI73 Temp
XOn: 80.70 ft
XOff: 286.24 ft
Volume Change:
   Above Datum: 27.276 cu. yd/ft
   Below Datum: -18.105 cu.yd/ft
Total Volume: 9.171 cu.yd/ft Cell Changes:
Shoreline Change: -10.77 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 215.47 ft 1 206.51 -0.31 27.794 5.96 27.794 27.794
   To: 204.70 ft 2 286.24 -2.81 -18.623 -6.31 9.171 46.417

Profile 1: LBI74 Groin
Profile 2: LBI74 Temp
XOn: 108.30 ft
XOff: 287.91 ft
Volume Change:
   Above Datum: 23.430 cu. yd/ft
   Below Datum: -9.973 cu.yd/ft
Total Volume: 13.457 cu.yd/ft Cell Changes:
Shoreline Change: -40.48 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 269.91 ft 1 221.36 1.39 24.034 5.74 24.034 24.034
   To: 229.43 ft 2 287.91 -1.68 -10.577 -4.29 13.457 34.611



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI75 Groin
Profile 2: LBI75 Temp
XOn: 115.00 ft
XOff: 262.92 ft
Volume Change:
   Above Datum: 12.551 cu. yd/ft
   Below Datum: -10.120 cu.yd/ft
Total Volume: 2.432 cu.yd/ft Cell Changes:
Shoreline Change: -55.39 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 256.71 ft 1 205.68 -0.75 13.127 3.91 13.127 13.127
   To: 201.32 ft 2 262.92 -1.82 -10.696 -5.05 2.432 23.823

Profile 1: LBI76 Groin
Profile 2: LBI76 Temp
XOn: 130.00 ft
XOff: 230.71 ft
Volume Change:
   Above Datum: 3.180 cu. yd/ft
   Below Datum: -7.012 cu.yd/ft
Total Volume: -3.832 cu.yd/ft Cell Changes:
Shoreline Change: -27.82 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 209.36 ft 1 177.13 0.76 3.58 2.05 3.58 3.58
   To: 181.55 ft 2 230.71 -1.04 -7.412 -3.74 -3.832 10.992

Profile 1: LBI77 Groin
Profile 2: LBI77 Temp
XOn: 121.40 ft
XOff: 269.80 ft
Volume Change:
   Above Datum: 17.927 cu. yd/ft
   Below Datum: -7.307 cu.yd/ft
Total Volume: 10.620 cu.yd/ft Cell Changes:
Shoreline Change: -35.92 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 250.13 ft 1 220.13 -1.02 18.923 5.17 18.923 18.923
   To: 214.22 ft 2 269.8 -1.79 -8.303 -4.51 10.62 27.226

Profile 1: LBI78 Groin
Profile 2: LBI78 Temp
XOn: 154.60 ft
XOff: 298.60 ft
Volume Change:
   Above Datum: 4.325 cu. yd/ft
   Below Datum: -23.727 cu.yd/ft
Total Volume: -19.402 cu.yd/ft Cell Changes:
Shoreline Change: -78.01 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 287.85 ft 1 199.15 1.85 5.009 3.04 5.009 5.009
   To: 209.84 ft 2 298.6 -2.02 -24.41 -6.63 -19.402 29.419



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI79 Groin
Profile 2: LBI79 Temp
XOn: 204.50 ft
XOff: 319.94 ft
Volume Change:
   Above Datum: 1.762 cu. yd/ft
   Below Datum: -11.980 cu.yd/ft
Total Volume: -10.218 cu.yd/ft Cell Changes:
Shoreline Change: -55.52 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 313.83 ft 1 250.6 1.33 4.358 2.55 4.358 4.358
   To: 258.32 ft 2 319.94 -1.47 -14.576 -5.68 -10.218 18.934

Profile 1: LBI80 Groin
Profile 2: LBI80 Temp
XOn: 232.32 ft
XOff: 357.56 ft
Volume Change:
   Above Datum: -2.866 cu. yd/ft
   Below Datum: -19.892 cu.yd/ft
Total Volume: -22.757 cu.yd/ft Cell Changes:
Shoreline Change: -78.40 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 357.04 ft 1 265.58 2.26 2.503 2.03 2.503 2.503
   To: 278.64 ft 2 357.56 -2.22 -25.261 -7.41 -22.757 27.764

Profile 1: LBI81 Groin
Profile 2: LBI81 Temp
XOn: 211.80 ft
XOff: 397.06 ft
Volume Change:
   Above Datum: 4.700 cu. yd/ft
   Below Datum: -48.041 cu.yd/ft
Total Volume: -43.342 cu.yd/ft Cell Changes:
Shoreline Change: -75.63 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 347.76 ft 1 264.36 1.34 6.017 3.09 6.017 6.017
   To: 272.14 ft 2 397.06 -1.85 -49.359 -10.04 -43.342 55.377

Profile 1: LBI82 Groin
Profile 2: LBI82 Temp
XOn: 162.00 ft
XOff: 365.76 ft
Volume Change:
   Above Datum: -1.973 cu. yd/ft
   Below Datum: -61.664 cu.yd/ft
Total Volume: -63.637 cu.yd/ft Cell Changes:
Shoreline Change: -118.39 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 344.70 ft 1 207.76 3.2 5.583 3.29 5.583 5.583
   To: 226.32 ft 2 365.76 -1.33 -69.22 -11.83 -63.637 74.803



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI83 Groin
Profile 2: LBI83 Temp
XOn: 103.00 ft
XOff: 322.40 ft
Volume Change:
   Above Datum: 38.144 cu. yd/ft
   Below Datum: -12.426 cu.yd/ft
Total Volume: 25.718 cu.yd/ft Cell Changes:
Shoreline Change: -36.38 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 292.09 ft 1 245.21 1.81 39.028 7.41 39.028 39.028
   To: 255.72 ft 2 322.4 -1.67 -13.31 -4.66 25.718 52.338

Profile 1: LBI84 Groin
Profile 2: LBI84 Temp
XOn: 58.20 ft
XOff: 455.66 ft
Volume Change:
   Above Datum: 47.648 cu. yd/ft
   Below Datum: -94.640 cu.yd/ft
Total Volume: -46.991 cu.yd/ft Cell Changes:
Shoreline Change: -169.62 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 451.60 ft 1 258.64 4.03 60.997 8.22 60.997 60.997
   To: 281.98 ft 2 455.66 -1.07 -107.989 -14.8 -46.991 168.986

Profile 1: LBI85 Groin
Profile 2: LBI85 Temp
XOn: 91.00 ft
XOff: 314.81 ft
Volume Change:
   Above Datum: -14.913 cu. yd/ft
   Below Datum: -71.442 cu.yd/ft
Total Volume: -86.355 cu.yd/ft Cell Changes:
Shoreline Change: -148.87 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 313.19 ft 1 134.71 5.11 4.641 2.87 4.641 4.641
   To: 164.32 ft 2 314.81 -1.92 -90.996 -13.64 -86.355 95.638

Profile 1: LBI88 Groin
Profile 2: LBI88 Temp
XOn: 96.30 ft
XOff: 289.76 ft
Volume Change:
   Above Datum: 2.028 cu. yd/ft
   Below Datum: -35.575 cu.yd/ft Cell Changes:
Total Volume: -33.547 cu.yd/ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
Shoreline Change: -99.70 ft 1 164.43 3.16 8.126 3.22 8.126 8.126
   From: 282.45 ft 2 168.42 2.47 -0.028 -0.19 8.099 8.154
   To: 182.75 ft 3 169.07 2.35 0 0.01 8.099 8.155



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI89 Groin
Profile 2: LBI89 Temp
XOn: 53.20 ft
XOff: 191.81 ft
Volume Change:
   Above Datum: 14.663 cu. yd/ft
   Below Datum: -9.299 cu.yd/ft
Total Volume: 5.364 cu.yd/ft Cell Changes:
Shoreline Change: -42.31 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 173.22 ft 1 132.06 -0.2 16.152 5.53 16.152 16.152
   To: 130.92 ft 2 191.81 -2.09 -10.788 -4.88 5.364 26.94

Profile 1: LBI90 Groin
Profile 2: LBI90 Temp
XOn: 39.00 ft
XOff: 176.43 ft
Volume Change:
   Above Datum: 20.446 cu. yd/ft
   Below Datum: 1.209 cu.yd/ft
Total Volume: 21.655 cu.yd/ft Cell Changes:
Shoreline Change: 91.14 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 39.87 ft 1 139.14 -1.4 25.613 6.91 25.613 25.613
   To: 131.02 ft 2 176.43 -1.73 -3.958 -2.87 21.655 29.572

Profile 1: LBI91 Groin
Profile 2: LBI91 Temp
XOn: 69.20 ft
XOff: 199.50 ft
Volume Change:
   Above Datum: 14.795 cu. yd/ft
   Below Datum: -3.062 cu.yd/ft
Total Volume: 11.733 cu.yd/ft Cell Changes:
Shoreline Change: -29.41 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 190.40 ft 1 170.85 -1.7 15.733 4.18 15.733 15.733
   To: 160.99 ft 2 199.5 -0.85 -4 -3.77 11.733 19.733

Profile 1: LBI92 Groin
Profile 2: LBI92 Temp
XOn: 56.25 ft
XOff: 280.02 ft
Volume Change:
   Above Datum: 28.029 cu. yd/ft
   Below Datum: -29.700 cu.yd/ft
Total Volume: -1.671 cu.yd/ft Cell Changes:
Shoreline Change: -83.12 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 261.11 ft 1 180.98 -0.52 28.207 6.11 28.207 28.207
   To: 177.99 ft 2 280.02 -1.29 -29.878 -8.14 -1.671 58.085



Barnegat Inlet to Little Egg Harbor
Feasibility Study

Groin Sections and Volumes

Profile 1: LBI93 Groin
Profile 2: LBI93 Temp
XOn: 33.50 ft
XOff: 215.00 ft
Volume Change:
   Above Datum: 52.004 cu. yd/ft
   Below Datum: 0.889 cu.yd/ft
Total Volume: 52.893 cu.yd/ft Cell Changes:
Shoreline Change: 11.66 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 183.35 ft 1 207.17 -2.1 53.089 8.25 53.089 53.089
   To: 195.02 ft 2 215 -2.1 -0.196 -0.68 52.893 53.285

Profile 1: LBI95 Groin
Profile 2: LBI95 Temp
XOn: 97.50 ft
XOff: 272.96 ft
Volume Change:
   Above Datum: 4.416 cu. yd/ft
   Below Datum: -41.857 cu.yd/ft
Total Volume: -37.440 cu.yd/ft Cell Changes:
Shoreline Change: -113.58 ft Cell # Ending Distance(ft) Ending Elevation(ft) Cell Volume(cu. yd/ft) Cell Thickness(ft) Cumulative Volume(cu. yd/ft) Gross Volume(cu. yd/ft)
   From: 269.90 ft 1 158.99 -0.46 6.018 2.64 6.018 6.018
   To: 156.32 ft 2 272.96 -0.54 -43.459 -10.3 -37.44 49.477
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SECTION 7

CONSTRUCTION PROCEDURE AND 
WATER CONTROL PLAN

The method of construction used by the contractor is not specified beforehand in 
the contract specifications.  However, based on previous beachfill construction in the 
District, it is anticipated that the contractor will use a hydraulic dredge with a cutterhead 
to excavate material from the offshore borrow site.  The material will then be pumped 
from the borrow area to the beach through a submerged pipeline.  Once on the beach 
the pipeline will run north-south close to the proposed dune line.

The material will then be worked on the beach by bulldozers and front-end 
loaders. Pipe will be moved by front-end loaders with grapple arms.  Miscellaneous 
equipment to be stored on the beach will include a light tower, fuel tank with 
containment, welding machine, and a temporary shanty for personnel.

Water quality monitoring is described in the environmental sections of the main report.
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SECTION 8

INITIAL RESERVOIR FILLING AND 
SURVEILLANCE PLAN - N/A
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SECTION 9

STORM EMERGENCY PLANS

An emergency plan, New Jersey Hurricane Evacuation Study, 1992, was 
previously completed by the District in coordination with the New Jersey State Police 
Office of Emergency Management, the Federal Emergency Management Agency 
(FEMA) Region III, and the National Oceanic and Atmospheric Administration - 
National Weather Service (NOAA-NWS).
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SECTION 10

CONSTRUCTION MATERIALS

The beachfill material is from an offshore borrow area and is fully compatible with 
the existing beach sand.  The dredged material is clean sand; chemical contamination is 
not a concern with this type of material.  No leaching is expected.  For more detailed 
information on the borrow material, refer to the Geotechnical section of the main report.  
For more detailed information on the borrow site, refer to the Environmental and Cultural 
information in Appendices C-E (Volume 3).
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SECTION 11

RESERVOIR CLEARING - N/A
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SECTION 12

OPERATION AND MAINTENANCE

Operation, Maintenance, Repair, Replacement, and Rehabilitation (OMRR&R) 
of the completed initial beachfill project is a non-Federal sponsor responsibility.  The 
non-Federal sponsor will be furnished with an OMRR&R Manual to assist them in 
carrying out their obligations under ER 1110-2-2902.  Some items considered as the 
non-Federal sponsor's OMRR&R responsibility include the dunes (including dune 
grass and sand fence), dune crossovers, and some of the project monitoring.  
Periodic nourishment of the project will be performed on an estimated 7-year cycle, 
and as part of continuing construction, will be a Federal/non-Federal cost-shared 
responsibility.

A major replacement of more sand than the normal periodic nourishment quantity 
is scheduled for year 28 of the 50-year period of analysis.  This replacement attempts to 
account for the likelihood of a major storm eroding a substantial portion of the beach 
once in the life of the project.
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SECTION 13

ACCESS ROADS

Most of the work in conjunction with this project will be done offshore or using waterfront access 
to the beach.  The required grading equipment will be transported via local roads in accordance with 
State and local regulations including a traffic control plan.  Exact contractor access to the beach will be 
determined and coordinated during the plans and specs phase and will include the necessary 
easements.

For information on public access, refer to Section 15, Project Security and the Public Access 
Plan (Appendix F, Volume 3)



THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK



SECTION 14

CORROSION MITIGATION - N/A
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SECTION 15

PROJECT SECURITY

Initial construction and periodic nourishment of the project will necessitate a temporary 
(approximately one week) restriction/closure of a 1000'-2000' section of beach as filling operations move 
down the beach.  Sand ramps over the dredge pipe on the beach will be provided at public access points 
during construction.

For security and public safety, temporary fencing along with signage will be required around work 
areas.  Contractor personnel will be required to insure security and public safety.  In reference to the 
submerged pipeline, navigation will not be impeded, and a standard notification to mariners will be issued 
by the Coast Guard.  Typically, the District addresses project security and public access in more detail 
during the Plans and Specs Phase.
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SECTION 16

COST ESTIMATE



THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK



TOTAL PROJECT COST SUMMARY - INITIAL CONSTRUCTION

TOTAL   - ALL CONTRACTS PAGE 1 OF 1
THIS ESTIMATE IS BASED ON THE SCOPE CONTAINED IN THE FEASIBILITY STUDY 

PROJECT: NEW JERSEY COASTLINE, BARNEGAT INLET TO LITTLE EGG INLET, LONG BEACH ISLAND DISTRICT: PHILADELPHIA
LOCATION: NJ P.O.C.: JOSE R. ALVAREZ, P.E., CHIEF, COST ENGINEERING BRANCH

CURRENT MCACES ESTIMATE PREPARED: JAN 99 AUTHORIZ./BUDGET YEAR: FY-00 ................. FULLY FUNDED ESTIMATE ......... ......................
EFFECTIVE PRICING LEVEL: JAN 99 EFFECTIVE PRICING LEVEL: OCT 99

ACCOUNT COST CNTG CNTG TOTAL OMB COST CNTG TOTAL FEATURE OMB COST CNTG FULL
NUMBER FEATURE DESCRIPTION ($K) ($K) (%) ($K) ($K) ($K) ($K) MID - PT ($K) ($K) ($K)

17 BEACH REPLENISHMENT $40,771.901 $6,371.176 15.63% $47,143.077 1.027 $41,872.742 $6,543.198 $48,415.940 APR -03 1.124 $47,064.962 $7,354.554 $54,419.517
TOTAL CONSTRUCTION COST .................... $40,771.901 $6,371.176 15.63% $47,143.077 $41,872.742 $6,543.198 $48,415.940 $47,064.962 $7,354.554 $54,419.517

01. LANDS AND DAMAGES $578.340 $86.751 15.00% $665.091 1.027 $593.955 $89.093 $683.048 JAN-02 1.079 $640.878 $96.132 $737.009

30. PLANNING, ENGINEERING AND DESIGN
Plans & Specifications $650.000 $97.500 15.00% $747.500 1.000 $650.000 $97.500 $747.500 DEC-02 1.000 $650.000 $97.500 $747.500
Environmental Coordination $173.000 $16.150 9.34% $189.150 1.000 $173.000 $16.158 $189.158 DEC-02 1.000 $173.000 $16.158 $189.158
Value Engineering $70.200 $10.500 14.96% $80.700 1.000 $70.200 $10.502 $80.702 DEC-02 1.000 $70.200 $10.502 $80.702
PCA Execution $40.000 $6.000 15.00% $46.000 1.000 $40.000 $6.000 $46.000 DEC-02 1.000 $40.000 $6.000 $46.000
Advertise & Award $5.000 $0.750 15.00% $5.750 1.000 $5.000 $0.750 $5.750 FEB-03 1.086 $5.430 $0.815 $6.245
E&D During Construction $100.000 $15.000 15.00% $115.000 1.043 $104.300 $15.645 $119.945 APR-03 1.119 $116.712 $17.507 $134.219
Project Management $150.000 $22.500 15.00% $172.500 1.043 $156.450 $23.468 $179.918 APR-03 1.119 $175.068 $26.260 $201.328
PLANNING, ENGINEERING AND DESIGN TOTAL $1,188.200 $168.400 14.17% $1,356.600 $1,198.950 $170.023 $1,368.973 $1,230.410 $174.742 $1,405.152

31. CONSTRUCTION MANAGEMENT (S & I) $800.000 $120.000 15.00% $920.000 1.043 $834.400 $125.160 $959.560 APR-03 1.119 $933.694 $140.054 $1,073.748
TOTAL PROJECT COST .................... $43,338.441 $6,746.327 15.57% $50,084.768 $44,500.048 $6,927.474 $51,427.521 $49,869.944 $7,765.482 $57,635.426

EC 11-2-159                   TOTAL COSTS (Rounded) .................... $58,000.000
Cumulative Compounded Percent Rates of Change

Class 1 Class 2 Class 1 Class 2
  Oct 99  -  FY 00 1.000 1.000 Oct 02  - FY 03 1.091 1.063
  Oct 00  -  FY 01 1.044 1.030 Oct 03  - FY 04 1.132 1.096
  Oct 01  -  FY 02 1.050 1.031

THIS TPCS REFLECTS A PROJECT COST CHANGE  $ THE TOTAL MAXIMUM PROJECT COST IS  $

DISTRICT APPROVED: DIVISION APPROVED:

CHIEF, COST ENGINEERING CHIEF, COST ENGINEERING

CHIEF, REAL ESTATE DIRECTOR, REAL ESTATE

CHIEF, PLANNING CHIEF, PROGRAMS MANAGEMENT

CHIEF, ENGINEERING & CONSTRUCTION DIRECTOR OF PPMD

CHIEF, PROGRAMS MANAGEMENT APPROVED DATE:

PROJECT MANAGER

DDE (PM)
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1

APPENDIX A, SECTION 16 - COST ESTIMATE

INITIAL PROJECT CHARGES

1. General: This section presents detailed cost estimates for initial construction, nourishment,
maintenance, monitoring and major renourishment resulting in total and annualized project costs for
alternative storm damage reduction plans for the subject project. The six alternative plans developed
for Long Beach Island include:

      Alternative Description

1 125' wide berm with +20’ NAVD dune using 3 Yr. Cycle
2 125' wide berm with +20' NAVD dune using 5 Yr. Cycle
3 125' wide berm with +20’ NAVD dune using 7 Yr. Cycle
4 125' wide berm with +22' NAVD dune using 3 Yr. Cycle
5 125' wide berm with +22’ NAVD dune using 5 Yr. Cycle
6 125' wide berm with +22’ NAVD dune using 7 Yr. Cycle

The top of the berm is at an elevation of +8’ NAVD and extends from Seaview Drive in Loveladies
to Terminal Groin 98 in Holgate. The dune for each alternative has a 1 on 5 fore slope, a 1 on 10
backslope, and a top width of 30'. The dune extends the same distance as the berm. The initial
construction for each of the above plans includes design and advanced nourishment beach fill. Each
alternative includes dune grass planting and installation of a sand fence. Also included are provisions
for periodic nourishment, beach profile and environmental monitoring, and major renourishment to
restore the design beach profile damaged by significant storm events beyond that designed for in the
nourishment cycle quantity. The plan layout of the NED plan with typical improved beach sections is
shown in the section of the Feasibility Study, Main Report describing the NED Plan.

2. Basis of Cost: Cost estimates presented herein are based on January 1999 price levels. Initial
beach fill costs are based on beach surveys taken in March 1996. The unit prices were developed in
accordance with the construction procedures outlined herein. All initial construction and
nourishment costs presented in this appendix are NED costs.

3. Initial fill costs are based on the assumption that one 30-inch hydraulic cutterhead dredge and two
medium size hopper dredges were used for placement of the beach fill. Approximately 3,118,000 c.y.
of beach fill from borrow area D1 was placed in BUNDYs 3 thru 8 using a hydraulic dredge. The
average pumping distance for the initial beach fill uses an average pipeline length of 25,371 l.f. for
BUNDYs 3 thru 5 and an average pipeline length of 27,504 l.f. for BUNDYs 6 thru 8.
Approximately 4,080,000 c.y. of beach fill from borrow area D1 was placed in BUNDYs 9 thru 15
using two hopper dredges. The average travel distances for the initial beach fill is 4.8 miles for
BUNDYs 9 and 10, 7.7 miles for BUNDYs 11 thru 13 and 11.0 miles for BUNDYs 14 and 15.

4. Periodic nourishment fill costs are based on the assumption that one 30-inch hydraulic cutterhead
dredge and one medium size hopper dredge was used for placement of the beach fill. In the
nourishment cycle for year 7 approximately 1,184,000 c.y. of beach fill material from borrow area A
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was placed in BUNDYs 3 thru 6 and 224,000 c.y. of beach fill material from borrow area D1 was
placed in BUNDYs 7 and 8 using a hydraulic dredge. The average pumping distance for the year 7
nourishment cycle uses an average pipeline length of 26,262 l.f. for BUNDYs 3 thru 6 and an
average pipeline length of 24,719 l.f. for BUNDYs 7 and 8. Also in the nourishment cycle for year 7,
925,000 c.y. of beach fill material from borrow area D1 was placed in BUNDYs 9 thru 15 using a
hopper dredge. The average travel distances for the nourishment cycle in year 7 are 4.8 miles for
BUNDYs 9 and 10, 7.7 miles for BUNDYs 11 thru 13, and 11.0 miles for BUNDYs 14 and 15. In
the nourishment cycles for years 14, 21, 35, 42 and 49 approximately 739,000 c.y. of beach fill
material from borrow area D2 was placed in BUNDYs 3 thru 6 using a hydraulic dredge. The
average pumping distance for these nourishment cycles use an average pipeline length of 26,541 l.f.
for BUNDYs 3 and 4 and an average pipeline length of 27,875 l.f. for BUNDYs 5 and 6. Also in the
nourishment cycles for years 14, 21, 35, 42 and 49 approximately 1,149,000 c.y. of beach fill
material from borrow area D2 was placed in BUNDYs 7 thru 15 using a hopper dredge. The average
travel distances for these nourishment cycles are 4.6 miles for BUNDYs 7 thru 9, 7.6 miles for
BUNDYs 10 thru 12, and 11.5 miles for BUNDYs 13 thru 15.

5. Mobilization and demobilization costs are based on the assumption that beach filling equipment
located within 200 miles from the project site will perform the work. The locations of the borrow
areas are displayed in the section of the Feasibility Study, Main Report describing the NED Plan.

6. Real estate costs as shown in Table 1 are included as NED costs and reflect acquisition of
easements on private beach and include surveys, appraisal, and administrative costs between the
limits of beach filling. For more information, refer to the Real Estate Appendix.

7. Alternatives Considered: Alternative plans were developed in two phases for the plan selection
process. In the first phase the alternative plans were compared during the Cycle 1 and Cycle 2
screening process. For more information on these plans, refer to the section of the Feasibility Study,
Main Report describing the NED Plan. Based on an analysis of these annual costs with their
associated benefits, the beach restoration only plan was selected for the second phase for final plan
optimization and selection.

8. The costs for the six alternatives as described in paragraph 1 for this second phase of plan
selection are displayed in Tables 2A thru 2F.

9. Renourishment Interval Optimization: A comparative cost analysis of renourishment intervals for
3 year, 5 year, 7 year and 10 year cycles was performed to obtain an optimal renourishment cycle.
For more information on the renourishment interval optimization that selected the 7-year cycle, refer
to the section of the Feasibility Study, Main Report describing the NED plan.

10. Borrow Area Impact Alternative Plans: Due to concerns by the Resource Agencies on impacts to
benthic organisms as a result of using certain borrow areas, alternative borrow areas and borrow use
methodologies were examined. Four alternative plans; Plan A, Plan B, Plan C and Plan D were
investigated. As suggested in the Planning Aid Report, Fish and Wildlife Service recommended
avoiding essential fish habitat identified as borrow areas B and E.  In accordance with
recommendations in the Planning Aid Report and coordination with State resource agencies, the
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original NED plan has been revised to alternative Plan B. This will avoid borrow areas B and E. For
more information on the borrow area impact alternative plans, refer to the section of the Feasibility
Study, Main Report describing the NED Plan.

11. Total First Cost for Selected Plan: The estimated project first cost is for the selected plan; a berm
extending seaward 125' from the design line at an elevation of +8 NAVD supporting a dune with a
top elevation of +22 NAVD and a top width of 30', and is based on a selected nourishment cycle of 7
years. This includes the placement of 3,118,000 c.y. using a hydraulic dredge and 4,080,000 c.y.
using a hopper dredge. All beach fill material is obtained from borrow area D1 and includes design
and advance nourishment beach fill. Also included is the placement of 146,800 c.s.f. (337.01 acres)
of dune grass, 509,000 l.f. of sand fence and 70 roll-out boardwalks. NED real estate acquisition
costs and pertinent contingency, engineering and design and construction management costs are also
included. Details of the first cost estimate are shown in Table 1.

ANNUAL CHARGES

12. General: The estimate of annual charges for the selected plan is based on an economic project life
of 50 years and an interest rate of 6.875%. The annual charges include annualized first cost and
interest during construction, the annualized periodic nourishment costs, post construction monitoring
costs, and OMRR&R costs. It is noted that interest during construction was developed for the first
cost of the project constructed over a twelve-month period. For the selected plan, the total annualized
cost is $5,771,000.

13. Periodic Nourishment: The periodic nourishment volume to be placed at 7 year cycles,
subsequent to commencement of construction in year 7 of the 50 year economic life is 1,184,000 c.y.
from borrow area A and 1,149,000 c.y. from borrow area D1. One 30-inch hydraulic cutterhead
dredge was used for placement of 1,408,000 c.y. of beach fill in BUNDYs 3 thru 8, and one medium
size hopper dredge was used for placement of 925,000 c.y. of beach fill in BUNDYs 9 thru 15. The
periodic nourishment volume to be placed in years 14, 21, 35, 42 and 49 of the 50 year economic life
is 1,888,000 c.y. from borrow area D2. One 30-inch hydraulic cutterhead dredge was used for
placement of 739,000 c.y. of beach fill in BUNDYs 3 thru 6, and one medium size hopper dredge
was used for placement of 1,149,000 c.y. of beach fill in BUNDYs 7 thru 15. These volumes include
overfill and tolerance. The placement of this material will follow the constructability outlines in
paragraph 3. For more details on the development of the periodic nourishment quantity refer to the
section of the Feasibility Study, Main Report describing the NED Plan. The borrow areas for
periodic nourishment are also shown in the section of the Feasibility Study, Main Report describing
the NED Plan. Periodic nourishment costs for the selected cycle are developed in Tables 3A and 3B.

14. Major Renourishment Costs: Major renourishment costs are included as an additional cost for
significant storm events beyond that designed for in the selected nourishment cycle to restore the
design profile. The major renourishment losses are computed as the losses that would occur from the
50% risk event over the project life. For more detail on the development of the major renourishment
quantity, refer to the section of the Feasibility Study, Main Report describing the NED Plan. Major
renourishment costs are shown in Table 4.
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15. Monitoring Costs: Post construction monitoring costs include coastal and environmental
monitoring over the 50-year project life. Total annualized monitoring costs are $270,000.

CONTINGENCIES, PRECONSTRUCTION ENGINEERING & DESIGN, AND CONSTRUCTION
MANAGEMENT

16. Contingencies: The estimated cost for each major subdivision or feature of the recommended
project includes an item for "contingencies". The item for "contingencies" is an allowance against
some adverse or unanticipated condition not susceptible to exact evaluation from the data at hand but
which must be expressed or represented in the cost estimate. The contingency allowances used in the
development of the cost estimate for the selected project were estimated as an appropriate
percentage. Fifteen percent was applied to beach placement work to account for concerns about
pumping distances, hauling distances and borrow area selection, and to account for larger required
beach fill quantities at the time of construction due to future preconstruction erosion. Twelve percent
was applied to mobilization, demobilization, and preparatory work to account for concerns about
availability of dredges and for variances in the travel distance for the dredge plant. Twenty percent
was applied to dune grass, sand fencing, and roll-out boardwalks to account for variances in the
beach profile at the dune location due to preconstruction shifting and/or eroding beach conditions.

17. Preconstruction Engineering & Design (P,E & D): Preconstruction Engineering and Design costs
include local cooperative agreements, environmental and regulatory activities, general design
memorandum, preparation of plans and specifications, engineering during construction, A/E liability
actions, cost engineering, construction and supply contract award activities, project management, and
the development of the PCA. P, E & D costs were estimated as lump sums of $1,356,600 for the
initial beach fill construction, $695,050 for the nourishment cycle, and $838,800 for the major
replacement and are based on similar Corps of Engineers projects of the same magnitude.
Contingency factors of 14.17%, 13.94%, and 14.12% respectively were included in the P,E & D
costs.

18. Construction Management (S & A): Construction Management costs include contract
administration, review of shop drawings, inspection and quality assurance, project office operation,
contractor initiated claims and litigations, and government initiated claims and litigations. S & A
related costs were estimated as lump sums of $920,000 for the initial beach fill construction,
$460,000 for the nourishment cycle, and $632,500 for the major replacement and were based on
similar Corps of Engineers projects of the same magnitude. A contingency factor of 15% was
included in all S & A costs.

CONSTRUCTION AND FUNDING SCHEDULE

19. General: The construction and preconstruction sequence and time schedule of the selected plan is
given in Section 17 of this Engineering Technical Appendix. The schedule is based on the timeliness
of the report's approval and allocation of funds by Congress, the foregoing construction procedures,
and the ability of local interests to implement the necessary items of local cooperation.



Table 1 - Total First Cost - Selected Plan Price Level: Jan 99
Alternative 6 (+22' NAVD Dune/125' Berm using 7 Yr. Cycle)
Plan B (Borrow Area D1)

ACCOUNT DESCRIPTION OF ITEM QUANTITY UOM UNIT ESTIMATED CONTIN- TOTAL
NUMBER PRICE AMOUNT GENCY COST

01. Lands and Damages
01.B Post Authorization Planning
01.B.2 Required Easements 1 Job LS $552,340 $82,851 $635,191
01.B.8 Surveys Appraisal & Admin 1 Job LS $26,000 $3,900 $29,900

Total Lands and Damages $578,340 $86,751 $665,091

17. Beach Replacement
17.00.01 Mobilization, Demob. And

Preparatory Work 1 Job LS $1,366,281 $163,954 $1,530,235
17.00.16 Pipeline Dredging
17.00.16.02 Site Work
17.00.16.02.01 Excavation and Disposal
17.00.16.02.01.D1 BUNDYs 3 Thru 5 1,081,000 CY $3.38 $3,653,780 $548,067 $4,201,847
17.00.16.02.01.D1 BUNDYs 6 Thru 8 2,037,000 CY $3.34 $6,803,580 $1,020,537 $7,824,117
17.00.17 Hopper Dredging
17.00.17.02 Site Work
17.00.17.02.01 Excavation and Disposal
17.00.17.02.01.D1 BUNDYs 9 And 10 1,692,000 CY $5.18 $8,764,560 $1,314,684 $10,079,244
17.00.17.02.01.D1 BUNDYs 11 Thru 13 1,470,000 CY $5.77 $8,481,900 $1,272,285 $9,754,185
17.00.17.02.01.D1 BUNDYs 14 And 15 918,000 CY $6.29 $5,774,220 $866,133 $6,640,353

17.00.99 Associated General Items
17.00.99.03.01 Sand Fence 509,700 LF $3.98 $2,028,606 $405,721 $2,434,327
17.00.99.03.02 Dune Grass 146,800 CSF $19.73 $2,896,364 $579,273 $3,475,637
17.00.99.03.03 Roll-Out Boardwalks 70 Ea. $14,323 $1,002,610 $200,522 $1,203,132

Total Beach Replacement $40,771,901 $6,371,176 $47,143,077

30. Planning, Engineering and
Design (P,E & D) 1 Job LS $1,188,200 $168,400 $1,356,600

31. Construction Management
(S & A) 1 Job LS $800,000 $120,000 $920,000
Total Project First Cost $43,338,441 $6,746,327 $50,084,768
                  (Rounded) $43,338,000 $6,746,000 $50,084,000

Dredging quantity includes 7 yr. nourishment cycle.
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Table 2A - Total First Cost
            Alternative 1 (+20' NAVD Dune, 125' Berm using 3 Yr. Cycle)

ACCOUNT DESCRIPTION OF ITEM QUANTITY UOM UNIT ESTIMATED CONTIN- TOTAL
NUMBER PRICE AMOUNT GENCY COST

01. Lands and Damages 1 Job LS $0 $0 $0

17. Beach Replacement
Mobilization, Demob. and
Preparatory Work 1 Job LS $1,204,580 $144,550 $1,349,130
Pipeline Dredging
Excavation and Disposal
BUNDY 3 507,869 CY $2.39 $1,213,807 $182,071 $1,395,878
BUNDYs 4 Thru 8 1,827,991 CY $3.44 $6,288,289 $943,243 $7,231,532
BUNDYs 9 Thru 15 3,208,708 CY $2.93 $9,401,514 $1,410,227 $10,811,742

Associated General Items
Sand Fence 849,400 LF $4.02 $3,414,588 $682,918 $4,097,506
Dune Grass 129,400 CSF $19.53 $2,527,182 $505,436 $3,032,618
Total Beach Replacement $24,049,960 $3,868,445 $27,918,406

30. Planning, Engineering and
Design (P,E & D) 1 Job LS $1,100,000 $165,000 $1,265,000

31. Construction Management
(S & A) 1 Job LS $1,402,757 $210,413 $1,613,170
Total Project First Cost $26,552,717 $4,243,858 $30,796,576
                  (Rounded) $26,553,000 $4,244,000 $30,797,000

Dredging quantity includes 3 yr. nourishment cycle.
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Table 2B - Total First Cost
            Alternative 2 (+20' NAVD Dune, 125' Berm using 5 Yr. Cycle)

ACCOUNT DESCRIPTION OF ITEM QUANTITY UOM UNIT ESTIMATED CONTIN- TOTAL
NUMBER PRICE AMOUNT GENCY COST

01. Lands and Damages 1 Job LS $0 $0 $0

17. Beach Replacement
Mobilization, Demob. and
Preparatory Work 1 Job LS $1,204,580 $144,550 $1,349,130
Pipeline Dredging
Excavation and Disposal
BUNDY 3 541,409 CY $2.39 $1,293,968 $194,095 $1,488,063
BUNDYs 4 Thru 7 1,825,764 CY $3.44 $6,280,628 $942,094 $7,222,722
BUNDYs 8 And 9 1,037,601 CY $3.75 $3,891,004 $583,651 $4,474,654
BUNDYs 10 Thru 15 2,631,103 CY $2.93 $7,709,132 $1,156,370 $8,865,502

Associated General Items
Sand Fence 849,400 LF $4.02 $3,414,588 $682,918 $4,097,506
Dune Grass 129,400 CSF $19.53 $2,527,182 $505,436 $3,032,618
Total Beach Replacement $26,321,081 $4,209,113 $30,530,194

30. Planning, Engineering and
Design (P,E & D) 1 Job LS $1,100,000 $165,000 $1,265,000

31. Construction Management
(S & A) 1 Job LS $1,578,995 $236,849 $1,815,844
Total Project First Cost $29,000,076 $4,610,962 $33,611,038
                  (Rounded) $29,000,000 $4,611,000 $33,611,000

Dredging quantity includes 5 yr. nourishment cycle.
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Table 2C - Total First Cost
            Alternative 3 (+20' NAVD Dune, 125' Berm using 7 Yr. Cycle)

ACCOUNT DESCRIPTION OF ITEM QUANTITY UOM UNIT ESTIMATED CONTIN- TOTAL
NUMBER PRICE AMOUNT GENCY COST

01. Lands and Damages 1 Job LS $0 $0 $0

17. Beach Replacement
Mobilization, Demob. and
Preparatory Work 1 Job LS $1,204,580 $144,550 $1,349,130
Pipeline Dredging
Excavation and Disposal
BUNDY 3 588,056 CY $2.39 $1,405,454 $210,818 $1,616,272
BUNDYs 4 Thru 7 2,073,635 CY $3.44 $7,133,304 $1,069,996 $8,203,300
BUNDYs 8 And 9 1,077,171 CY $3.75 $4,039,391 $605,909 $4,645,300
BUNDYs 10 Thru 15 2,861,622 CY $2.93 $8,384,552 $1,257,683 $9,642,235

Associated General Items
Sand Fence 849,400 LF $4.02 $3,414,588 $682,918 $4,097,506
Dune Grass 129,400 CSF $19.53 $2,527,182 $505,436 $3,032,618
Total Beach Replacement $28,109,052 $4,477,309 $32,586,361

30. Planning, Engineering and
Design (P,E & D) 1 Job LS $1,100,000 $165,000 $1,265,000

31. Construction Management
(S & A) 1 Job LS $1,682,326 $252,349 $1,934,675
Total Project First Cost $30,891,378 $4,894,658 $35,786,036
                  (Rounded) $30,891,000 $4,895,000 $35,786,000

Dredging quantity includes 7 yr. nourishment cycle.
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Table 2D - Total First Cost
            Alternative 4 (+22' NAVD Dune, 125' Berm using 3 Yr. Cycle)

ACCOUNT DESCRIPTION OF ITEM QUANTITY UOM UNIT ESTIMATED CONTIN- TOTAL
NUMBER PRICE AMOUNT GENCY COST

01. Lands and Damages 1 Job LS $0 $0 $0

17. Beach Replacement
Mobilization, Demob. and
Preparatory Work 1 Job LS $1,204,580 $144,550 $1,349,130
Pipeline Dredging
Excavation and Disposal
BUNDY 3 585,605 CY $2.39 $1,399,596 $209,939 $1,609,535
BUNDYs 4 Thru 7 1,747,702 CY $3.44 $6,012,095 $901,814 $6,913,909
BUNDYs 8 And 9 1,146,815 CY $3.75 $4,300,556 $645,083 $4,945,640
BUNDYs 10 Thru 15 2,755,680 CY $2.93 $8,074,142 $1,211,121 $9,285,264

Associated General Items
Sand Fence 1,018,700 LF $4.02 $4,095,174 $819,035 $4,914,209
Dune Grass 146,800 CSF $19.53 $2,867,004 $573,401 $3,440,405
Total Beach Replacement $27,953,147 $4,504,944 $32,458,091

30. Planning, Engineering and
Design (P,E & D) 1 Job LS $1,100,000 $165,000 $1,265,000

31. Construction Management
(S & A) 1 Job LS $1,626,460 $243,969 $1,870,429
Total Project First Cost $30,679,607 $4,913,913 $35,593,520
                  (Rounded) $30,680,000 $4,914,000 $35,594,000

Dredging quantity includes 3 yr. nourishment cycle.
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Table 2E - Total First Cost
            Alternative 5 (+22' NAVD Dune, 125' Berm using 5 Yr. Cycle)

ACCOUNT DESCRIPTION OF ITEM QUANTITY UOM UNIT ESTIMATED CONTIN- TOTAL
NUMBER PRICE AMOUNT GENCY COST

01. Lands and Damages 1 Job LS $0 $0 $0

17. Beach Replacement
Mobilization, Demob. and
Preparatory Work 1 Job LS $1,204,580 $144,550 $1,349,130
Pipeline Dredging
Excavation and Disposal
BUNDY 3 619,145 CY $2.39 $1,479,757 $221,963 $1,701,720
BUNDYs 4 Thru 7 1,965,293 CY $3.44 $6,760,608 $1,014,091 $7,774,699
BUNDYs 8 And 9 1,173,165 CY $3.75 $4,399,369 $659,905 $5,059,274
BUNDYs 10 Thru 15 2,969,508 CY $2.93 $8,700,658 $1,305,099 $10,005,757

Associated General Items
Sand Fence 1,018,700 LF $4.02 $4,095,174 $819,035 $4,914,209
Dune Grass 146,800 CSF $19.53 $2,867,004 $573,401 $3,440,405
Total Beach Replacement $29,507,150 $4,738,044 $34,245,194

30. Planning, Engineering and
Design (P,E & D) 1 Job LS $1,100,000 $165,000 $1,265,000

31. Construction Management
(S & A) 1 Job LS $1,711,029 $256,655 $1,967,684
Total Project First Cost $32,318,179 $5,159,699 $37,477,878
                  (Rounded) $32,318,000 $5,160,000 $37,478,000

Dredging quantity includes 5 yr. nourishment cycle.
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Table 2F - Total First Cost
            Alternative 6 (+22' NAVD Dune, 125' Berm using 7 Yr. Cycle)

ACCOUNT DESCRIPTION OF ITEM QUANTITY UOM UNIT ESTIMATED CONTIN- TOTAL
NUMBER PRICE AMOUNT GENCY COST

01. Lands and Damages 1 Job LS $0 $0 $0

17. Beach Replacement
Mobilization, Demob. and
Preparatory Work 1 Job LS $1,204,580 $144,550 $1,349,130
Pipeline Dredging
Excavation and Disposal
BUNDY 3 665,792 CY $2.39 $1,591,243 $238,686 $1,829,929
BUNDYs 4 Thru 7 2,213,163 CY $3.44 $7,613,281 $1,141,992 $8,755,273
BUNDYs 8 And 9 1,212,735 CY $3.75 $4,547,756 $682,163 $5,229,920
BUNDYs 10 Thru 15 3,200,028 CY $2.92 $9,344,082 $1,401,612 $10,745,694

Associated General Items
Sand Fence 1,018,700 LF $4.02 $4,095,174 $819,035 $4,914,209
Dune Grass 146,800 CSF $19.53 $2,867,004 $573,401 $3,440,405
Total Beach Replacement $31,263,120 $5,001,439 $36,264,559

30. Planning, Engineering and
Design (P,E & D) 1 Job LS $1,100,000 $165,000 $1,265,000

31. Construction Management
(S & A) 1 Job LS $1,844,485 $276,673 $2,121,158
Total Project First Cost $34,207,605 $5,443,112 $39,650,717
                  (Rounded) $34,208,000 $5,443,000 $39,651,000

Dredging quantity includes 7 yr. nourishment cycle.
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Table 3A - Periodic Nourishment Costs (Yr. 7)
Plan B (Borrow Areas A and D1)

ACCOUNT DESCRIPTION OF ITEM QUANTITY UOM UNIT ESTIMATED CONTIN- TOTAL
NUMBER PRICE AMOUNT GENCY COST

17. Beach Replacement
17.00.01 Mobilization, Demob. And

Preparatory Work 1 Job LS $979,882 $117,586 $1,097,468
17.00.16 Pipeline Dredging
17.00.16.02 Site Work
17.00.16.02.01 Excavation and Disposal
17.00.16.02.01.A BUNDYs 3 Thru 6 1,184,000 CY $3.34 $3,954,560 $593,184 $4,547,744
17.00.16.02.01.D1 BUNDYs 7 And 8 224,000 CY $3.69 $826,560 $123,984 $950,544
17.00.17 Hopper Dredging
17.00.17.02 Site Work
17.00.17.02.01 Excavation and Disposal
17.00.17.02.01.D1 BUNDYs 9 And 10 133,000 CY $5.29 $703,570 $105,536 $809,106
17.00.17.02.01.D1 BUNDYs 11 Thru 13 348,000 CY $5.83 $2,028,840 $304,326 $2,333,166
17.00.17.02.01.D1 BUNDYs 14 And 15 444,000 CY $6.34 $2,814,960 $422,244 $3,237,204

Total Beach Replacement $11,308,372 $1,666,859 $12,975,231

30. Planning, Engineering and
Design (P,E & D) 1 Job LS $610,000 $85,050 $695,050

31. Construction Management
(S & A) 1 Job LS $400,000 $60,000 $460,000
Total Periodic Nourishment Cost $12,318,372 $1,811,909 $14,130,281
                                (Rounded) $12,318,000 $1,812,000 $14,130,000
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Table 3B - Periodic Nourishment Costs (Yrs. 14, 21, 35, 42 and 49)
Plan B (Borrow Area D2)

ACCOUNT DESCRIPTION OF ITEM QUANTITY UOM UNIT ESTIMATED CONTIN- TOTAL
NUMBER PRICE AMOUNT GENCY COST

17. Beach Replacement
17.00.01 Mobilization, Demob. And

Preparatory Work 1 Job LS $979,882 $117,586 $1,097,468
17.00.16 Pipeline Dredging
17.00.16.02 Site Work
17.00.16.02.01 Excavation and Disposal
17.00.16.02.01.D2 BUNDYs 3 And 4 192,000 CY $3.84 $737,280 $110,592 $847,872
17.00.16.02.01.D2 BUNDYs 5 And 6 547,000 CY $4.09 $2,237,230 $335,585 $2,572,815
17.00.17 Hopper Dredging
17.00.17.02 Site Work
17.00.17.02.01 Excavation and Disposal
17.00.17.02.01.D2 BUNDYs 7 Thru 9 293,000 CY $5.26 $1,541,180 $231,177 $1,772,357
17.00.17.02.01.D2 BUNDYs 10 Thru 12 376,000 CY $5.88 $2,210,880 $331,632 $2,542,512
17.00.17.02.01.D2 BUNDYs 13 Thru 15 480,000 CY $6.51 $3,124,800 $468,720 $3,593,520

Total Beach Replacement $10,831,252 $1,595,291 $12,426,543

30. Planning, Engineering and
Design (P,E & D) 1 Job LS $610,000 $85,050 $695,050

31. Construction Management
(S & A) 1 Job LS $400,000 $60,000 $460,000
Total Periodic Nourishment Cost $11,841,252 $1,740,341 $13,581,593
                                (Rounded) $11,841,000 $1,740,000 $13,581,000
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Table 4 - Major Renourishment Costs (Yr. 28)
Plan B (Borrow Area D2)

ACCOUNT DESCRIPTION OF ITEM QUANTITY UOM UNIT ESTIMATED CONTIN- TOTAL
NUMBER PRICE AMOUNT GENCY COST

17. Beach Replacement
17.00.01 Mobilization, Demob. And

Preparatory Work 1 Job LS $979,882 $117,586 $1,097,468
17.00.16 Pipeline Dredging
17.00.16.02 Site Work
17.00.16.02.01 Excavation and Disposal
17.00.16.02.01.D2 BUNDYs 3 And 4 263,000 CY $3.76 $988,880 $148,332 $1,137,212
17.00.16.02.01.D2 BUNDYs 5 And 6 646,000 CY $4.00 $2,584,000 $387,600 $2,971,600
17.00.17 Hopper Dredging
17.00.17.02 Site Work
17.00.17.02.01 Excavation and Disposal
17.00.17.02.01.D2 BUNDYs 7 Thru 9 409,000 CY $5.20 $2,126,800 $319,020 $2,445,820
17.00.17.02.01.D2 BUNDYs 10 Thru 12 505,000 CY $5.84 $2,949,200 $442,380 $3,391,580
17.00.17.02.01.D2 BUNDYs 13 Thru 15 571,000 CY $6.47 $3,694,370 $554,156 $4,248,526

17.00.99 Associated General Items
17.00.99.03.01 Sand Fence 509,700 LF $3.98 $2,028,606 $405,721 $2,434,327
17.00.99.03.02 Dune Grass 146,800 CSF $19.73 $2,896,364 $579,273 $3,475,637
17.00.99.03.03 Remove Roll-Out Boardwalks 70 Ea. $823 $57,610 $11,522 $69,132
17.00.99.03.04 Reinstall Roll-Out Boardwalks 70 Ea. $823 $57,610 $11,522 $69,132

Total Beach Replacement $18,363,322 $2,977,111 $21,340,433

30. Planning, Engineering and
Design (P,E & D) 1 Job LS $735,000 $103,800 $838,800

31. Construction Management
(S & A) 1 Job LS $550,000 $82,500 $632,500
Total Project First Cost $19,648,322 $3,163,411 $22,811,733
                  (Rounded) $19,648,000 $3,163,000 $22,811,000

Dredging quantity includes 7 yr. nourishment cycle.
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                                               1. NARRATIVE: Alternative Plan B consists of placing approximately 7,198,000
                                               cy of beach fill material along approximately 17 miles of the shoreline to
                                               create a new beach consisting of a 125' wide berm, at an elevation of +8'
                                               NAVD with a 1 on 5 fore slope, a 1 on 10 backslope, and a top width of 30'.
                                               The borrow area used for initial construction is borrow area D1 located
                                               offshore approximately 15,000'.

                                               2. All quantities were furnished by Hydraulics and Hydrology Section.

                                               3. Used Ocean County, New Jersey labor rates, General Decision Number
                                               NJ980009, Mod. No. 3 dated 10/02/98.

                                               4. Jan. 1999 price level.

                                               5. Real estate costs (project feature 01) provided through PL-PC and
                                               furnished by Real Estate Division, NAB.

                                               6. P,E&D costs (project feature 30) and S&A costs(project feature 31)
                                               provided by EN-MC.

                                               7. Contingencies are based on guidance in EM 1110-2-1301, App. C and are as
                                               follows:     Beach placement work - 15%
                                                            Mobilization & demobilization - 12%
                                                            Dune grass, sand fence, and roll-out boardwalk work - 20%
                                                            Real estate costs and S&A - 15%
                                                            P,E&D - 14.17%.
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                                                                           ** PROJECT SETTINGS **
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                ESTIMATE TYPE :  A-Crews with Auto Reprice

                SALES TAX :     0.00%

                DATE OF ESCALATION SCHEDULE :  02/11/99

                PROJECT DIRECT COST COLUMNS

                Col Type   H         L         E         M         U
                Rep Width   8         8         9         9         9
                Title      MANHRS    LABOR     EQUIPMNT  MATERIAL  LUMP SUM

                PROJECT INDIRECT COST COLUMNS

                Col Type   O         U         P         B         X
                Rep Width  10        10         8         8         0
                Title      FIELD OH  HOME OFC  PROFIT    BOND      (Unused)

                PROJECT OWNER COST COLUMNS

                Col Type   C         X         X         X         X
                Rep Width  10         0         0         0         0
                Title      CONTINGN  (Unused)  (Unused)  (Unused)  (Unused)

                 PROJECT BREAKDOWN

                                              Trail   Level   2nd View
                         PROJECT ID    Length  Sep    Title     Order

                         Level 1 ID :     2     .    Contract    0

                         Level 2 ID :     2     .    Feature     0

                         Level 3 ID :     2     .    Sub Feat    0

                         Level 4 ID :     2     .    Element     0

                         Level 5 ID :     2     .    Level 5     0

                         Level 6 ID :     2     .    Level 6     0

                            Owner Cost Level :  3
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                                                                           ** PROJECT SETTINGS **
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

                2ND VIEW COLUMNS

                         Quantity Column Width : 10

                Col Type   X         X         X         X         X
                Rep Width   0         0         0         0         0
                Title      (Unused)  (Unused)  (Unused)  (Unused)  (Unused)

                Shadow     X         X         X         X         X

                DETAIL REPORT FORMATTING

                PAGE OPTIONS               Page Break Levels : 2
                                    Table of Contents Levels : 6

                                                               0 1 2 3 4 5 6 7

                ROW OPTIONS           Print Titles at Levels :   Y Y Y Y Y Y
                                      Print Totals at Levels :   Y Y Y Y Y Y
                                       Print Notes at Levels : Y Y Y Y Y Y Y Y
                                         Print Unit Cost Row : Y
                                           Print Page Footer : Y
                                             Show Cost Codes : Y

                COLUMNS OPTIONS                Print Crew Id : Y
                                                 Crew Output : Y
                                                   Unit Cost : Y

                UPB TITLES            No. of Levels to Print : 0
                                         Bracket Titles With : N N
                                        Include titles Notes : N
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                                                                           ** PROJECT SETTINGS **
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

                OTHER REPORT FORMATTING

                COLUMN TITLES FOR SUMMARY REPORTS

                  Column 1 FIELD OH : Prime Contractor's Field Overhead
                  Column 2 HOME OFC : Prime's Home Office Expense
                  Column 3 PROFIT   : Prime Contractor's Profit
                  Column 4 BOND     : Prime Contractor's Bond
                  Column 5 (Unused) : (Unused)

                  Column 1 CONTINGN : Contingency
                  Column 2 (Unused) :
                  Column 3 (Unused) :
                  Column 4 (Unused) :
                  Column 5 (Unused) :

                STANDARD COLUMN WIDTHS         SUMMARY FEATURES

                   Quantity Columns : 8     Round Totals Column : N-None
                 Total cost Columns : 12      Contingency Notes : Yes
                  Unit Cost Columns : 8     Show Project Totals : Yes

                SPECIAL REPORT FORMATTING OPTIONS

                               First Alternate ID : (None)
                             Show Markup at Level : 0
                 Display Indirect/Owner Markup as : A - Unit Costs Only
                                CSI Sort at Level : (None)
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                REPORT SELECTION

                    Project Settings :     Y      Profit Guidelines : N
                 Contractor Settings :     Y
                        Link Listing :     N      Measurement Units : U.S.

                                           REPORT FORMAT TYPE     FOR LEVEL (S)

                                        Direct Indirect  Owner   0 1 2 3 4 5 6

                              Detail :     Y
                             Project :     N       N       Y       N N N N N Y
                          Contractor :     N       N             N N N N N N N
                            Division :     N       N       N     N N N N N N N
                              System :     N       N       N     N N N N N N N
                            2nd View :     N

                                Crew :     Y                     Y N N N N N N
                               Labor :     Y
                           Equipment :     Y
              Prime Labor Cost Level :     N
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                                                              ** OWNER, OVERTIME, AND ADJUSTMENTS SETTINGS **
---------------------------------------------------------------------------------------------*ESCALATN DATE*---*ESCALATN INDEX*---------------------------------------------
                                                                        AMOUNT    PERCENT     BEGIN      END    BEGIN      END
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

01.01.01 Lands & Damages
                       Contingency                               P                  15.00

17.00.01 Mob, Demob and Preparatory Work
                       Contingency                               P                  12.00

17.00.01.01.02 Shore Equip. (Berm w/ Dune)
                       Contingency                               P                  12.00

17.00.01.03.01 Mob & Demob 30" Pipeline Dredge
                       Contingency                               P                  12.00

17.00.16 Pipeline Dredging
                       Contingency                               P                  15.00

17.00.17 Hopper Dredging
                       Contingency                               P                  15.00

17.00.99 Associated General Items
                       Contingency                               P                  20.00

17.00.99.03.01 Sand Fence
                       Contingency                               P                  20.00

17.00.99.03.02 Dune Grass
                       Contingency                               P                  20.00

30.01.01 P,E & D
                       Contingency                               P                  14.17

31.01.01 S & A
                       Contingency                               P                  15.00
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                                                                         ** CONTRACTOR SETTINGS **
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                                                   AMOUNT    PCT  PCT S    RISK    DIFF    SIZE  PERIOD  INVEST  ASSIST  SUBCON
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AA Prime Contractor

   Prime Contractor's Field Overhead         P              9.00
   Prime's Home Office Expense               P              2.75
   Prime Contractor's Profit                 P             10.00
   Prime Contractor's Bond                   P              1.00
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                                                                                                                QUANTY UOM    CONTRACT  CONTINGN  TOTAL COST    UNIT   NOTES
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                                                           01  Lands & Damages

                                                           01.01  Lands & Damages

                                                           01.01.01  Lands & Damages

                                                           01.01.01.01  Lands & Damages

                                                           01.01.01.01.01  Lands & Damages                                     578,340    86,751     665,091
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Lands & Damages                                  578,340    86,751     665,091
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Lands & Damages                                  578,340    86,751     665,091
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Lands & Damages                                  578,340    86,751     665,091
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Lands & Damages                                  578,340    86,751     665,091

                                                           17  Beach Replacement

                                                           17.00  Beachfilling

                                                           17.00.01  Mob, Demob and Preparatory Work

                                                           17.00.01.01  Shore Equipment

                                                           17.00.01.01.02  Shore Equip. (Berm w/ Dune)            1.00 EA       20,136     2,416      22,552   22552
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Shore Equipment                                   20,136     2,416      22,552

                                                           17.00.01.03  Dredge Plant

                                                           17.00.01.03.01  Mob & Demob 30" Pipeline Dredge                     586,767    70,412     657,179
                                                           17.00.01.03.02  Mob & Demob 4,000CY HopperDredge                    759,369    91,124     850,493
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Dredge Plant                                   1,346,136   161,536   1,507,673
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Mob, Demob and Preparatory Work                1,366,272   163,953   1,530,225

                                                           17.00.16  Pipeline Dredging

                                                           17.00.16.02  Site Work

                                                           17.00.16.02.01  Excavation and Disposal

                                                           17.00.16.02.01.01  BUNDYs 3 Thru 5                  1081000 CY    3,653,237   547,986   4,201,223    3.89
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                                                           17.00.16.02.01.02  BUNDYs 6 Thru 8                  2037000 CY    6,802,929 1,020,439   7,823,368    3.84
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Excavation and Disposal                       10,456,166 1,568,425  12,024,591
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Site Work                                     10,456,166 1,568,425  12,024,591
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Pipeline Dredging                             10,456,166 1,568,425  12,024,591

                                                           17.00.17  Hopper Dredging

                                                           17.00.17.02  Site Work

                                                           17.00.17.02.01  Excavation and Disposal

                                                           17.00.17.02.01.01  BUNDYs 9 And 10                  1692000 CY    8,764,541 1,314,681  10,079,222    5.96
                                                           17.00.17.02.01.02  BUNDYs 11 Thru 13                1470000 CY    8,481,581 1,272,237   9,753,818    6.64
                                                           17.00.17.02.01.03  BUNDYs 14 And 15                  918000 CY    5,774,126   866,119   6,640,244    7.23
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Excavation and Disposal                       23,020,247 3,453,037  26,473,284
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Site Work                                     23,020,247 3,453,037  26,473,284
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Hopper Dredging                               23,020,247 3,453,037  26,473,284

                                                           17.00.99  Associated General Items

                                                           17.00.99.03  SandFence,DuneGrass,RollOutBrdwk

                                                           17.00.99.03.01  Sand Fence                           509700 LF    2,031,266   406,253   2,437,519    4.78
                                                           17.00.99.03.02  Dune Grass                           146800 CSF   2,894,962   578,992   3,473,955   23.66
                                                           17.00.99.03.03  Roll-Out Boardwalk                    70.00 EA    1,002,602   200,520   1,203,122   17187
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL SandFence,DuneGrass,RollOutBrdwk               5,928,830 1,185,766   7,114,596
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Associated General Items                       5,928,830 1,185,766   7,114,596
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Beachfilling                                  40,771,515 6,371,181  47,142,696
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Beach Replacement                             40,771,515 6,371,181  47,142,696

                                                           30  Preconst. Eng. & Design (P,E &D)

                                                           30.01  P,E & D

                                                           30.01.01  P,E & D                                                 1,188,200   168,368   1,356,567
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL P,E & D                                        1,188,200   168,368   1,356,567
                                                                                                                           ----------- --------- -----------
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                                                                        TOTAL Preconst. Eng. & Design (P,E &D)               1,188,200   168,368   1,356,567

                                                           31  Construction Management (S&A)

                                                           31.01  S & A

                                                           31.01.01  S & A                                                     800,000   120,000     920,000
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL S & A                                            800,000   120,000     920,000
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Construction Management (S&A)                    800,000   120,000     920,000
                                                                                                                           ----------- --------- -----------
                                                                        TOTAL Long Beach Island Feas. Study       1.00 EA   43,338,055 6,746,300  50,084,35550084355
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----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

    01. Lands & Damages
        01.01. Lands & Damages

            01.01.01. Lands & Damages

                01.01.01.01. Lands & Damages

                    01.01.01.01.01. Lands & Damages

                         USR AA <           > Lands and Damages (Real Estate)                                    0.00    0.00     0.00     0.00   464794   464794.35
                                                                                  1.00 EA                0.00       0       0        0        0  464,794     464,794  464794
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Lands & Damages                                                       0       0        0        0  464,794     464,794

                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Lands & Damages                                                       0       0        0        0  464,794     464,794
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Lands & Damages                                                       0       0        0        0  464,794     464,794
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Lands & Damages                                                       0       0        0        0  464,794     464,794
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Lands & Damages                                                       0       0        0        0  464,794     464,794
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    17. Beach Replacement
        17.00. Beachfilling

            17.00.01. Mob, Demob and Preparatory Work

                17.00.01.01. Shore Equipment

                    17.00.01.01.02. Shore Equip. (Berm w/ Dune)

                       L USR AA <01630 0001 > Mob and Demob: (3) Dozer                                          24.00  943.49   405.05     0.00     0.00     1348.54
                                                                                  4.00 DAY UTDHA1        0.13      96   3,774    1,620        0        0       5,394 1348.54

                       L USR AA <01630 0001 > Mob and Demob: (3) Dozer                                          24.00  943.49   405.05     0.00     0.00     1348.54
                                                                                  4.00 DAY UTDHA1        0.13      96   3,774    1,620        0        0       5,394 1348.54

                       L USR AA <01630 0001 > Mob and Demob: (3) Dozer                                          24.00  943.49   405.05     0.00     0.00     1348.54
                                                                                  4.00 DAY UTDHA1        0.13      96   3,774    1,620        0        0       5,394 1348.54
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Shore Equip. (Berm w/ Dune)         1.00 EA                         288  11,322    4,861        0        0      16,182   16182

                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Shore Equipment                                                     288  11,322    4,861        0        0      16,182

                17.00.01.03. Dredge Plant

                    17.00.01.03.01. Mob & Demob 30" Pipeline Dredge

                         USR AA <           > Mob & Demob, Dredge Plant                                          0.00    0.00     0.00     0.00   471567   471567.00
                                              $586,771 for dredge includes        1.00 EA                0.00       0       0        0        0  471,567     471,567  471567
                                              OH, profit and bond. See CEDEP
                                              dredging program for costs.
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Mob & Demob 30" Pipeline Dredge                                       0       0        0        0  471,567     471,567

                    17.00.01.03.02. Mob & Demob 4,000CY HopperDredge

                         USR AA <           > Mob & Demob, Dredge Plant                                          0.00    0.00     0.00     0.00   305141   305141.00
                                              $379,687 for dredge includes        1.00 EA                0.00       0       0        0        0  305,141     305,141  305141
                                              OH, profit and bond. See CEDEP
                                              dredging program for costs.

                         USR AA <           > Mob & Demob, Dredge Plant                                          0.00    0.00     0.00     0.00   305141   305141.00
                                              $379,687 for dredge includes        1.00 EA                0.00       0       0        0        0  305,141     305,141  305141
                                              OH, profit and bond. See CEDEP
                                              dredging program for costs.
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Mob & Demob 4,000CY HopperDredge                                      0       0        0        0  610,282     610,282
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----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Dredge Plant                                                          0       0        0        0  1081849   1,081,849
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Mob, Demob and Preparatory Work                                     288  11,322    4,861        0  1081849   1,098,031

            17.00.16. Pipeline Dredging

                17.00.16.02. Site Work

                    17.00.16.02.01. Excavation and Disposal

                        17.00.16.02.01.01. BUNDYs 3 Thru 5

                         USR AA <           > BUNDYs 3 Thru 5                                                    0.00    0.00     0.00     0.00     2.72        2.72
                                              $3.38/cy unit price for          1081000 CY                0.00       0       0        0        0  2935996   2,935,996    2.72
                                              dredging includes OH, profit
                                              and bond. See CEDEP dredging
                                              program for costs.
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL BUNDYs 3 Thru 5                  1081000 CY                           0       0        0        0  2935996   2,935,996    2.72

                        17.00.16.02.01.02. BUNDYs 6 Thru 8

                         USR AA <           > BUNDYs 6 Thru 8                                                    0.00    0.00     0.00     0.00     2.68        2.68
                                              $3.34/cy unit price for          2037000 CY                0.00       0       0        0        0  5467308   5,467,308    2.68
                                              dredging includes OH, profit
                                              and bond. See CEDEP dredging
                                              program for costs.
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL BUNDYs 6 Thru 8                  2037000 CY                           0       0        0        0  5467308   5,467,308    2.68

                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Excavation and Disposal                                               0       0        0        0  8403304   8,403,304
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Site Work                                                             0       0        0        0  8403304   8,403,304
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Pipeline Dredging                                                     0       0        0        0  8403304   8,403,304

            17.00.17. Hopper Dredging

                17.00.17.02. Site Work

                    17.00.17.02.01. Excavation and Disposal

                        17.00.17.02.01.01. BUNDYs 9 And 10

                         USR AA <           > BUNDYs 9 And 10                                                    0.00    0.00     0.00     0.00     4.16        4.16
                                              $5.18/cy unit price for          1692000 CY                0.00       0       0        0        0  7043796   7,043,796    4.16
                                              dredging includes OH, profit
                                              and bond. See CEDEP dredging
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----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

                                              program for costs.
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL BUNDYs 9 And 10                  1692000 CY                           0       0        0        0  7043796   7,043,796    4.16

                        17.00.17.02.01.02. BUNDYs 11 Thru 13

                         USR AA <           > BUNDYs 11 Thru 13                                                  0.00    0.00     0.00     0.00     4.64        4.64
                                              $5.77/cy unit price for          1470000 CY                0.00       0       0        0        0  6816390   6,816,390    4.64
                                              dredging includes OH, profit
                                              and bond. See CEDEP dredging
                                              program for costs.
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL BUNDYs 11 Thru 13                1470000 CY                           0       0        0        0  6816390   6,816,390    4.64

                        17.00.17.02.01.03. BUNDYs 14 And 15

                         USR AA <           > BUNDYs 14 And 15                                                   0.00    0.00     0.00     0.00     5.06        5.06
                                              $6.29/cy unit price for           918000 CY                0.00       0       0        0        0  4640490   4,640,490    5.06
                                              dredging includes OH, profit
                                              and bond. See CEDEP dredging
                                              program for costs.
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL BUNDYs 14 And 15                  918000 CY                           0       0        0        0  4640490   4,640,490    5.06

                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Excavation and Disposal                                               0       0        0        0 18500676  18,500,676
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Site Work                                                             0       0        0        0 18500676  18,500,676
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Hopper Dredging                                                       0       0        0        0 18500676  18,500,676

            17.00.99. Associated General Items

                17.00.99.03. SandFence,DuneGrass,RollOutBrdwk

                    17.00.99.03.01. Sand Fence

                       B CIV AA <02712 6201 > Stl Post, 10'OC f/4' Sand Fence                                    0.04    1.63     0.02     1.55     0.00        3.20
                                              Material cost from Means          509700 LF  XLABC        75.00  22,682 832,289   10,653  789,525        0   1,632,467    3.20
                                              (0283205000).
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Sand Fence                        509700 LF                      22,682 832,289   10,653  789,525        0   1,632,467    3.20
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                    17.00.99.03.02. Dune Grass
                                 Dune grass planting was based on information obtained from George Savastano
                                 with the City of Ocean City. Planting was 12,576 plants per acre based on
                                 2' o.c. Cost was $0.09 per sprig and $0.10 per sprig for labor. A
                                 additional allowance was included for a pickup truck and tools. Planting
                                 was 2 sprigs per plant = $0.36 per plant.

                       L USR AA <02810 2002 > Dune Grass Seedlings                                               0.01    0.41     0.03     0.99     0.00        1.43
                                                                               1631095 SY  XTRLB3L     377.66  17,290 668,096   45,344  1613153        0   2,326,594    1.43
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Dune Grass                        146800 CSF                     17,290 668,096   45,344  1613153        0   2,326,594   15.85

                    17.00.99.03.03. Roll-Out Boardwalk

                       B USR AA <02712 6201 > Trex 8' Wide x 175' Long At 70                                    16.00  618.81    42.05 10850.00     0.00    11510.87
                                              locations. Material cost from      70.00 EA  XTRLB3L       0.25   1,120  43,317    2,944  759,500        0     805,761   11511
                                              Randy based on
                                              175 lf/5' section x 2 wide x
                                              $155/section = $10,850.
                                              Production rate based on 5
                                              minutes per section.
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Roll-Out Boardwalk                 70.00 EA                       1,120  43,317    2,944  759,500        0     805,761   11511

                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL SandFence,DuneGrass,RollOutBrdwk                                 41,091 1543703   58,941  3162178        0   4,764,821
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Associated General Items                                         41,091 1543703   58,941  3162178        0   4,764,821
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Beachfilling                                                     41,379 1555024   63,801  3162178 27985829  32,766,833
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Beach Replacement                                                41,379 1555024   63,801  3162178 27985829  32,766,833
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    30. Preconst. Eng. & Design (P,E &D)
        30.01. P,E & D

            30.01.01. P,E & D

                         USR AA <           > Preconst., Eng. & Design (P,E&D)                                   0.00    0.00     0.00     0.00   954920   954920.00
                                                                                  1.00 EA                0.00       0       0        0        0  954,920     954,920  954920
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL P,E & D                                                               0       0        0        0  954,920     954,920

                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL P,E & D                                                               0       0        0        0  954,920     954,920
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Preconst. Eng. & Design (P,E &D)                                      0       0        0        0  954,920     954,920
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    31. Construction Management (S&A)
        31.01. S & A

            31.01.01. S & A

                         USR AA <           > Construction Management (S&A)                                      0.00    0.00     0.00     0.00   642936   642936.00
                                                                                  1.00 EA                0.00       0       0        0        0  642,936     642,936  642936
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL S & A                                                                 0       0        0        0  642,936     642,936

                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL S & A                                                                 0       0        0        0  642,936     642,936
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Construction Management (S&A)                                         0       0        0        0  642,936     642,936
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Long Beach Island Feas. Study       1.00 EA                      41,379 1555024   63,801  3162178 30048479  34,829,48334829483
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--------------------------------------------------------------------------     **** LABOR ****     **** EQUIP ****        TOTAL---------------------------------------------
SRC  ITEM ID    DESCRIPTION                             NO. UOM       RATE     HOURS      COST     HOURS      COST         COST
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

    * UTDHA1      1 B-laborer  + 1 Tractor & Lowbed Trailer, 40 To        PROD =   100%                    CREW HOURS =    96
MIL * X-LABORER L Outside Laborer                      1.00 HR       36.62      1.00     36.62                            36.62
MIL   X-LABORER F Outside Laborer                      1.00 HR       37.12      1.00     37.12                            37.12
MIL   X-TRKDVRHVL Outside Truck Dr. Heavy-TEAM067      1.00 HR       44.20      1.00     44.20                            44.20
MIL   XMIXX020  E Small Tools                          2.46 HR        1.57                          2.46      3.86         3.86
MIL   T45XX019  E TRLR,LOWBOY, 75T, 3 AXLE(ADD TR      1.00 HR       10.30                          1.00     10.30        10.30
MIL   T50KE004  E TRK,HWY, 50,000 GVW, 6X4, 3 AXL      1.00 HR       36.47                          1.00     36.47        36.47
-------------------------------------------------------------------------------------------------------------------------------
      TOTAL                                                                     3.00    117.94      4.46     50.63       168.57

    * XLABC       3 X-laborer  + Small Tools                              PROD =   100%                    CREW HOURS =  6796
MIL   XMIXX020  E Small Tools                          1.00 HR        1.57                          1.00      1.57         1.57
MIL   X-LABORER L Laborers, Semi-Skilled LABO0172      3.00 HR       36.62      3.00    109.85                           109.85
MIL   X-LABORER F Outside Laborer (Semi-Skilled)       0.34 HR       37.12      0.34     12.62                            12.62
-------------------------------------------------------------------------------------------------------------------------------
      TOTAL                                                                     3.34    122.47      1.00      1.57       124.04

    * XTRLB3L     1X-trkdvrlt+1 3/4 Ton Pickup Truck+3X-laborer           PROD =   100%                    CREW HOURS =  4599
MIL   T50FO003  E TRK,HWY, 8,600GVW,4X2, 3/4T-PKU      1.00 HR        7.37                          1.00      7.37         7.37
TWT   X-TRKDVRLTL Outside Truck Dr. Light              1.00 HR       43.35      1.00     43.35                            43.35
MIL   X-LABORER F Outside Laborer                      1.00 HR       37.12      1.00     37.12                            37.12
MIL   X-LABORER F Outside Laborer                      2.00 HR       37.12      2.00     74.23                            74.23
UPB * XMIXX020  E SMALL TOOLS                          2.00 HR        1.57                          2.00      3.14         3.14
-------------------------------------------------------------------------------------------------------------------------------
      TOTAL                                                                     4.00    154.70      3.00     10.51       165.22
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-------------------------------------------------------------------------------------------------------------  **** TOTAL **** ---------------------------------------------
SRC LABOR ID    DESCRIPTION                          BASE   OVERTM TXS/INS  FRNG   TRVL    RATE UOM  UPDATE   DEFAULT    HOURS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

MIL X-LABORER   Outside Laborer (Semi-Skilled)      21.75     0.0%   21.5% 10.19   0.00   36.62 HR  05/17/99    11.84    36687
MIL X-TRKDVRHV  Outside Truck Dr. Heavy-TEAM067A    24.60     0.0%   28.6% 12.58   0.00   44.20 HR  05/17/99    27.58       96
MIL X-TRKDVRLT  Outside Truck Dr. Light-TEAM0331    24.45     0.0%   26.0% 12.56   0.00   43.35 HR  05/17/99    27.71     4599
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--------------------------------------------------------------------------------------------------------------------** TOTAL **---------------------------------------------
SRC  ID.NO.     EQUIPMENT DESCRIPTION               DEPR    FCCM    FUEL     FOG   TR WR  TR REP  EQ REP  TOTAL RATE   HOURS
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

UPB T45XX019    TRLR,LOWBOY, 75T, 3 AXLE            3.51    1.81            0.50    1.32    0.21    2.95   10.30 HR       96
UPB T50FO003    TRK,HWY, 8,600GVW,4X2, 3/4T-PKUP    1.71    0.52    2.30    0.69    0.19    0.03    1.93    7.37 HR     4599
UPB T50KE004    TRK,HWY, 50,000 GVW, 6X4, 3 AXLE   10.19    3.11    9.76    2.92    0.44    0.07    9.98   36.47 HR       96
UPB XMIXX020    SMALL TOOLS                         0.50    0.22    0.16    0.07                    0.63    1.57 HR    16230
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----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

No errors detected...

                                              * * *   END OF ERROR REPORT   * * *

LABOR ID: 94OCLR    EQUIP ID: 95REG1                                        Currency in DOLLARS                                          CREW ID: NAT94A   UPB ID: NAT95A



THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK



MOB & DEMOB COST ESTIMATE
(FOR BEACHFILLING)

SELECTED PLAN



THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK

















THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK



INITIAL CONSTRUCTION COST ESTIMATE
(FOR BEACHFILLING)

SELECTED PLAN



THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK















































































































































BACKUP DATA



THIS PAGE HAS BEEN INTENTIONALLY LEFT BLANK



Mon 18 Oct 1999                                            Tri-Service Automated Cost Engineering System (TRACES)                                              TIME 13:20:33
Eff. Date  02/11/99                                            PROJECT LBI_FS:   Long Beach Island Feas. Study
DETAILED ESTIMATE                                             ************** SELECTED PLAN COSTS *************                                              DETAIL PAGE    1
                                                                            17. Beach Replacement

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
17.00. Beachfilling                                                             QUANTY UOM CREW ID     OUTPUT  MANHRS   LABOR EQUIPMNT MATERIAL LUMP SUM  TOTAL COST    UNIT
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------

    17. Beach Replacement
        17.00. Beachfilling

            17.00.70. Beach Fill (MonthlyCosts)

                17.00.70.02. Site Work (Monthly Costs)

                    17.00.70.02.03. Grading (w/ Dune)

                       L USR AA <01050 1012 > Survey Crew (3 people)                                            24.00  936.22   111.38     0.00     0.00     1047.60
                                              Ch., Party + 2-Inst Man            21.00 DAY USURA1        0.13     504  19,661    2,339        0        0      22,000 1047.60

                       L USR AA <02226 1005 > Berm Fill/Move Shore Pipe,                                        24.00 1214.49  1891.96     0.00     0.00     3106.45
                                              (2) D-9H Dozer w/U-Blade, 410      21.00 DAY CODTN_2       0.13     504  25,504   39,731        0        0      65,235 3106.45
                                              HP, Move 150' and Stockpile

                       L USR AA <02226 1005 > Dune Fill, D-9H Dozer                                             10.00  505.37   945.98     0.00     0.00     1451.35
                                              w/U-Blade 410 HP, Drag 500'        21.00 DAY CODTN         0.13     210  10,613   19,866        0        0      30,478 1451.35
                                              Stockpile
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Grading (w/ Dune)                   1.00 MO                       1,218  55,778   61,936        0        0     117,713  117713

                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Site Work (Monthly Costs)                                         1,218  55,778   61,936        0        0     117,713
                                                                                                              ------- ------- -------- -------- -------- -----------
                                        TOTAL Beach Fill (MonthlyCosts)                                         1,218  55,778   61,936        0        0     117,713
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SECTION 17

SCHEDULE FOR DESIGN AND CONSTRUCTION

Refer to the PED through construction schedule and project funding stream that 
follows on the next page.  The plans and specs (P&S) phase is scheduled to take place 
over a 12-month period in FY -02 from environmental investigations (refer to Section 18, 
Special Studies) to P&S completion.  The PCA coordination will start in FY -02 with 
execution occurring in FY - 01.  The Real Estate work will occupy the first half of FY -01.  
Approximately 15 months (last 3 months of FY -01 and all of FY 00) will be allotted for 
initial construction from contract award to contract closeout.
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LONG BEACH ISLAND, NEW JERSEY FUNDING SCHEDULE BY TASK
INITIAL CONSTRUCTION

JANUARY 1999 PRICE LEVEL

FY -4 FY -3 FY -2 FY -1 FY 0
TASK O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S TOTALS BY TASK

Plans & Specs |== == == == == == == == == == == ==|

$101,000 $373,515 $474,515
Prepare IGE |== == == ==|

$34,500 $34,500
Environmental Coordination |== == == == == == == == ==|

$40,000 $159,150 $199,150
Value Engineering |== == == ==|

$30,700 $30,700
BCOE Review |==|

$10,000 $10,000
PCA Coordination |== == == == == == == == ==|

$15,000 $31,000 $46,000
Real Estate Acquisition |== == == == == == == == == == == == == == == == ==|

$216,450 $396,850 $613,300
Certification of LERRD |== ==|

$51,800 $51,800
Advertise & Award |== ==X NTP

$5,750 $5,750
Construction |== == == == == == == == == == == == == == ==|

$38,000,000 $9,143,075 $47,143,075
E&D During Construction |== == == == == == == == == == == == == == ==|

$176,500 $116,985 $293,485
Construction Mgmt (S&A) |== == == == == == == == == == == == == == ==|

$613,000 $287,000 $900,000
Project Physical Completion |==|

$20,000 $20,000
Project Fiscal Completion |==|

$15,000 $15,000
Project Turnover to L.S. |==|

$5,000 $5,000
Project Management |== == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == == ==|

$80,000 $24,685 $73,120 $43,130 $21,560 $242,495

INITIAL
CONSTRUCTION

TOTALS BY FY FY -04 = FY -03 = FY -02 = FY -1 = FY 0 = TOTAL =
$266,700 $849,300 $521,770 $38,838,380 $9,608,620 $50,084,770
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SECTION 18

SPECIAL STUDIES

Final environmental coordination with various resource agencies will be
completed during the P&S Phase.  An updated Section 7 Endangered Species Act
consultation will be necessary during P&S for initial construction and for each periodic
nourishment.  A Water Quality Certificate will be required from the State of New Jersey
for initial construction and for each periodic nourishment.  Consistency with the New
Jersey Coastal Zone Management Program must be assured.  No compensatory mitigation
is required with the project.  Monitoring for commercial densities of surfclams is required
during plans & specs.  Benthic and surfclam monitoring will be required prior to each
periodic nourishment.
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Economic Analysis
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1

        New Jersey Shore Protection Feasibility Study
             Barnegat Inlet to Little Egg Inlet

Economic Appendix    

GENERAL:
The purpose of the economic feasibility study is to investigate conditions and effects of hurricane
and storm damages for the study area and evaluate the net benefits associated with potential project
solutions.    The study area, located on the middle Atlantic coast of New Jersey in Ocean County
extends approximately 20 miles from Barnegat Inlet to Little Egg Inlet.  The two inlets confine the
barrier island known as Long Beach Island.  This island has 18 miles of developed shoreline and is
subject to extensive storm damage as evidenced by major storms that occurred in 1944, 1962, 1984,
1985, 1991, and January and December of 1992.

The optimization for the economic analysis was conducted at the 7 1/8% discount rate, the FY98
discount rate prevalent at the time of the optimization analysis.  For the final selected plan the FY99
discount rate of 6 7/8% was used.

Economic Area
Ocean County is located in the Atlantic Coastal Plain in central New Jersey.  The second largest
county in the state in terms of size, with a land area of approximately 636 miles, Ocean County is
one of four New Jersey counties with an Atlantic Ocean coastline.   The county has 45 miles of
oceanfront and more than 150 miles of bay shore and estuaries.  Toms River, in Dover Township,
serves as the County Seat and is centrally located within Ocean County.  The County lies on the
periphery of two of the nations largest metropolitan centers.   New York City is located
approximately 60 miles to the north and Philadelphia lies 50 miles to the west from the County seat.

The County was created from lands divided from Monmouth County in 1850.  For much of its early
history, the County was a rural, agricultural and fishing center.  During the latter part of the 1800's
and through the 1900's, the resort industry of the New Jersey Shore was developed, and the
commercial activities associated with the seasonal resorts quickly became the County's major
economic base.

Ocean and Monmouth Counties, together, constitute a Primary Metropolitan Statistical Area
(PMSA).   It is one of the 336 metropolitan statistical areas recognized by the Office of Management
and Budget (OMB) for federal statistical purposes.  These defined areas are part of an economic
nodal area that serve as a center of economic activity.   Functional nodal areas are defined by the
Bureau of Economic Analysis (BEA).  In all BEA has identified 183 such centers.   Commuting
patterns are a major factor used in determining the economic relationship among counties.  The
Monmouth-Ocean, New Jersey PMSA is part of the New York, New York BEA Economic Area.
This metropolitan region consists of southern Connecticut, southeastern New York State, and
Northeastern New Jersey.



2

Major roads crossed in the Monmouth-Ocean PMSA are the Garden State Parkway, U.S. Highway
9, and Interstate 195.  As per 1988 New Jersey Facts listing, Ocean County had a total of 2,368
public road mileage of which nine were Interstate mileage, 135 State highway, 559 County road,
1,629 Municipal road, and 36 other mileage.  At the start of 1995, according to the New Jersey
Department of Transportation, Bureau of Transportation Data Development, Ocean County had a
total of 2,742 miles of roadway, a total increase of over 370 miles.  The breakdown is as follows:
126 State highway, 620 County road, 1,958 Municipal road, and 38 Garden State Parkway miles.

Regional Population, Personal  Income and Earning
Table  1  displays  "Population, Personal  Income, and Earnings, 1973-1988 and Projected 1995-
2040” and "Employment by Place of Work" (for the same time frame)  for the  New York, New York
BEA area.   It also displays all of the MSA’s and PMSA's that are part of those economic defined
areas.   The population for the area is expected to steadily increase, by about 10% from 1995 to 2040.
  Per Capita income is expected to increase by about 40% and earnings by about 42%.   Employment
is expected to increase from about 11.1 million in 1995 to about 11.8 million in 2010 then to
decrease by about 2.2% from the 1995 level in 2040.  Most of this decline is attributed to
manufacturing.   Productivity gains in that sector will result in more earnings with fewer people.

Table  2  displays the same for the Monmouth-Ocean PMSA.  The population for this area is  5.5%
of the BEA population.    It is expected to increase by 23% from 1995 to 2040, at a higher rate than
the BEA area.   Per Capita income is expected to increase by about 34% and earnings by about 57%.
Employment for the PMSA is about  4.3%  of the BEA area.   It is expected to increase from about
474,000 in 1995 to about 540,000 in 2010, then decrease to 522,000 in 2040, a net increase of about
10%  from the 1995 level.   Though employment for manufacturing is expected to drop by about the
same magnitude in both areas for 1995 to 2040, the service industry in the PMSA  population is
expected to increase by about 22%, while the BEA by only about 7%. 
   
Local Development  and Population
Development in Ocean County has traditionally focused along the coastal beaches and in urban and
suburban concentrations in the corridor formed by the Garden State Parkway and U.S. Routes 9. 
Inland areas west of the Garden State Parkway are for the most part sparsely developed with large
tracts of open space, forested and agricultural lands.  Generally, development has occurred in the
north-south direction along the Parkway and Route 9 Corridor.  In addition, major interchanges along
the Garden State Parkway have encouraged secondary east-west growth corridors.  These include
Routes 526 and 528 from Brick Township to Lakewood Township, Route 37 from Dover Township
to Manchester Township and Lakehurst Borough and Route 72 in Stafford Township.  I-95, which
traverses the northern portion of the county, is emerging as a major east-west corridor as well.

The population in Ocean County according to the 1990 Census count was about 433,000.   In each
of the last four decades, the County has led the State in population growth.  In the ten years since
1980, the County grew by over 25 percent, adding 87,165 new residents.  The increase in the
population has been predominantly in the northeastern and central regions, and along the barrier
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islands.  Only a small percent of this growth is due to the natural increase of the County's resident
population.   Most of the increase was attributed to migration from the northern portion of New
Jersey.

The permanent population along the Long Beach Island has also experienced historical  increases.
The long established communities that encompass Long Beach Island (north to south) are Barnegat
Light, Harvey Cedars, Surf City, Ship Bottom, Beach Haven, and Long Beach Township.   Long
Beach Township collectively governs the communities of Loveladies, North Beach, Brant Beach,
Holgate, and several other small areas to make up approximately 10 of the 18 miles of developed
land.   The 1997 (permanent) population of Long Beach Island was about 8,900.  Long Beach
Township with 39% of the inhabitants comprises the largest municipal population of the island. 
Table  3  shows the decennial historical population trend for the municipalities since 1930 and the
percent increase in 1996 from that of 1990 and from 1995 to 1997.   The population of Long Beach
Island fluctuates seasonally, increasing during the summer season.  According to the Ocean County
Planning Board the ratio of the seasonal population to the permanent population for the coastal beach
communities in Long Beach Island, per count available for the 1980's, has been estimated to be 10:1.

Acreage and Population Density for LBI
Table  4  shows the square mileage, acreage, ocean front mileage, bay front mileage, and population
densities for the six municipalities of LBI.  The total incorporated municipalities are 7.91 square
miles, or 5,062 acres with about 20.6 miles of ocean frontage and 37.2 miles of bay frontage. The
population density for the incorporated municipalities of LBI is 1,126 per square mile.

Other than the municipalities mentioned above there are also major State and Federal land holdings
on Long Beach Island.   Barnegat Inlet State Park, about 32 acres, managed by New Jersey Parks and
Forestry bounds the north end of the island and borders Barnegat Inlet.  The Holgate Unit of the
Edwin B. Forsyth National Wildlife Refuge, nearly two miles of undeveloped beach, forms the
southern tip of the island and borders Beach Haven Inlet.  The refuge is managed by the U.S.
Department of Interior, Fish and Wildlife Service. 

Tourism
Tourists dollars contribute directly and indirectly to the regional economy.   In 1997, the New Jersey
Travel Research Program reported that travel and tourism generated about 400,000 jobs in the state
with a total payroll of $6.7  billion, and $2.2 billion in state and local taxes.  Tourism and recreation
data for Ocean County was extracted from the New Jersey Travel Research Program, 1997 Travel
Year, conducted by the Center for Survey and Marketing Research/ Longwoods International.  Table
 5  displays the total expenditure by county and  the number of jobs generated by travel and tourism.

Travel and tourism expenditures in Ocean County totaled $1.73 billion in 1997, up from $1.65
billion in 1996.   As a result, the county ranked 3rd in New Jersey in terms of the dollars spent by
travelers, up from 7th in 1993.  This figure includes money spent by both day and overnight visitors,
and those renting shore cottages.  For 1994, shore cottage rentals accounted for 14% of all
expenditures in Ocean County, for a total of nearly $179 million.   Shore rentals include only those
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registered with realtors and cover just the 10-week summer high season.  This figure is estimated to
capture between 75% and 95% of the total.

The total figure of  $1.65 billion breaks down as follows: restaurant meals, $509 million; retail, $505
million; lodging, $262 million; automobile expenses,  $230 million;  recreational activities, $132
million, and local transportation, $10 million.  Tourism in the county, including shore rentals,
generated almost about 40,000 jobs with a payroll totaling $619 million, making it the 6th largest
county in terms of tourism employment.  These figures include just those employed directly as a
result of tourism.  When including the indirect employment that results as tourism expenditures
ripple through the economy, these figures rise to about 35,900 jobs with a payroll of almost $504
million.

Ocean County's tourism infrastructure included hotels, motels and resorts with a combined inventory
of 4,097 rooms, with an annual occupancy rate of 54.0% (for 1997).  There were also 1,166
campsites in the county, which operates an annual occupancy of 47.5%.   An estimated 1.6 million
travelers stayed overnight in Ocean County in 1994, not including those staying with friends or
relatives.  These figures include approximately 739,000 visitors from out-of-state.  Long Beach
Island was the most popular place to visit for overnight travelers in Ocean County, followed by
Seaside Heights, the Six Flags Great Adventure theme park and the Pine Barrens.

In addition to providing employment in Ocean County itself, the county's travel and tourism industry
also generated significant state taxes: a total of over $75 million attributable directly to tourism and
$131 million when direct impacts are considered.  Local taxes attributable to indirect tourism
impacts totaled over $58 million.  These figures include taxes generated by shore rentals.

Local Business and Employment
There is a broad spectrum of industry in Ocean County.   They include agriculture, construction,
transportation, wholesale trade, retail trade, finance, insurance, and real estate, and services.  As of
1995 data, industries employing over 4,000 people are Health Care Services  (18,259), Eating and
Drinking Places  (9,076), Food Stores  (6,581), and Amusement and Recreational Services  (4,951).
 Industries with more than 400 businesses are Special Trade Contractor's (982), Health Services 
(849),  Eating and Drinking Places (717), and General Building Contractors (481).

From 1990 to 1994, the number of jobs within Ocean County increased by 7.8%, to 121,900 jobs.
This increase was the second highest growth rate in New Jersey.  Employment projections by the
New Jersey Department of Labor show Ocean County as one of the fastest growing employment
areas of the State.  Job growth within the county is projected to increase by 27,000 jobs, or 22.5%,
from 1994 to 2005.  Growth will continue primarily in the service occupations and professional and
technical fields.

Table 6 shows the labor force and unemployment rate for the municipalities on Long Beach Island
from 1991 to 1996.  The average unemployment rate for Long Beach Island was 4.6% for both 1995
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and 1996.  The county average was 6.2% for both 1995 and 1996 -- the state average, 6.4% and
6.2%. The U.S. average for 1995 and 1996 was 5.6% and 5.4% respectively.   In accordance with
Economic Guidance,  "Areas Eligible for NED Benefits from employment of Previously
Unemployed Labor Resources for Fiscal Year 1997", Ocean County does not qualify as an area of
"substantial and persistent unemployment".

Structure Occupancy in Long Beach Island
The communities of Long Beach Island have structure units that are occupied seasonally and those
that are occupied year round.   Table  7  displays the total units from 1990 and the change from 1980.
The total units of the island increased from 16,624 in 1980 to 18,279 in 1990, an increase of about
10%.   Occupied units increased from 4,062 units in 1980 to 4,136, about a 2% increase in 1990.
 Under a third of the structures per the 1990 census are occupied year round.   Housing units that are
actually occupied are referred to as households.  Households are classified as married couple
families, single persons, non-families, and other families. The first three classifications are self
explanatory; Nonfamilies includes two or more unrelated householders living together; Other
families refer to two or more householders related by blood, without children.

Table 8 shows ownership status of occupied  housing structures by units for the municipalities of
Long Beach Island for both owner occupied and renter occupied units.   Detached units are the most
prevalent housing units on the island comprising about three-quarters of the structures.  Table 9
displays the median value of specified owner occupied housing units in Long Beach Island by
classified value ranges and municipality.  The County median value for owner occupied housing
units for 1990 was $126,000.   The median owner occupied values of housing units for the six
municipalities on LBI range from $198,700 to $317,300, 1.6 to 2.5 times above the County median.
Table 10 displays the contract rent (monthly) of specified renter occupied units for Long Beach
Island by $250 dollar classification ranges. About one half of the structures are in the $500 to $749
rental range.  About 2% are above the $1,000 range.

Household sizes are calculated by dividing the number of persons in households by the number of
households.   Table 11 displays the persons per household for Long Beach Island.  The person per
households ratio has decreased for each of the boroughs and township from 1980 to 1990.   The
average person to household ratio decreased from 2.26 as per the 1980 census to 2.08 for 1990.   The
Ocean County average for the same period declined from 2.67 to 2.54.  Table 12 displays the median
household, median family, and per capita income for the municipalities of Long Beach Island from
the 1990 Census.   Per Capita for the six municipalities ranged from $15,907 to $25,973.  On a per
capita basis all the municipalities show a higher per capita than the county is per capita average of
$15,598.

STUDY AREA DEFINITION
The study area is approximately 18 miles of developed shoreline that extends from Barnegat Light
to Beach Haven Inlet.   There are 99 groin compartments within this area.  Based on the hydrologic
and hydraulic characteristics and development of the shoreline of the study area, groin compartments
were aggregated into sections with "area identifications" numbered 1 to 15, starting at Barnegat Light
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and ending at the Beach Haven Inlet.  In the main report these areas are also referred to as BUNDY's
 (Beach Unit Nomenclature for Distance Y parallel to the beach).  A unique reference line was
established for each section.  All structures were measured from this reference line, which served
as the "zero point" from which erosion, wave, and inundation effects were measured for a without
and with project conditions.   Table 13 shows the definitions and the station boundaries of the
reference line parameters. 

STRUCTURE INVENTORY
The structures within the delineated sections were inventoried during the summer of 1996.  The
structures inventoried were selected based on the assessment of damage susceptibility to oceanfront
storm damages.   It was not necessary to include structures not subject to storm damages, or those
subject to backbay flooding only.  Two thousand and three structures comprised the structure
inventory.  Table 14  displays the number of structures in the inventory by section.  The Marshall and
Swift Residential Estimator was used to estimate replacement cost less depreciation using a
December 1996 price level.  Guidance in ER 1105-2-100 allows the use of a 50% content to
structure value without use of a detailed survey.  The associated content value of residential
structures was estimated to be 30% of the structural replacement cost based on field survey. 
Commercial content values varied based on the activity ranging from fifty to eighty percent of
structure value.

Table 15 shows the average, standard deviation, minimum, maximum and median replacement
values for the structure inventory by section.   For each section the beachfront structure replacement
value is shown side by side to the near shore structures in the inventory.  In all cases the mean  (and
median)  beachfront property value is higher than that of the near shore property.  Table  16 shows
the commercial replacement value for the twenty-one commercial structures in the inventory.  The
mean and median values for the commercial structures for the beachfront structures is also higher
than those in the near shore.

STORM DAMAGES METHODOLOGY
Without project condition damages were calculated for eight frequency storm events (2, 5, 10, 20,
50, 100, 200 and 500 year events) for erosion, wave and inundation damage to structures,
infrastructure and improved property.  The calculations for the structural property storm damages
were performed using COSTDAM  (Coastal Storm Damage Assessment Model), a Fortran program
model that computes storm damages for coastal storm processes.   Data for the structures in the study
area are coded in a 'Structure' ASCII file that contains information on a structure by structure basis
gathered from the field inventory, photogrammetric mapping, AutoCAD, and structure evaluation.
Table 17 displays an excerpt for the setup requirement for the Structure database with a brief
description of the model parameters (columns).    Each record (line) represents a structure in the
study area.  

COSTDAM concurrently reads an ASCII  ‘Control’ file, which contains the frequency parameters
for the representative hydraulic profiles.  COSTDAM checks if a structure has been damaged by
wave attack, based on the relationship between the structure's fist floor elevation and the total wave
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elevation that sustains a wave in the wave zone.  Then COSTDAM checks for erosion damage at a
structure.   Finally, COSTDAM calculates inundation damages if the water elevation is higher than
the first floor elevation based on Federal Insurance Administration (FIA) depth-damage curves
adjusted for increased salt-water damagability.  To avoid double counting, if damage occurs by more
than one mechanism, COSTDAM takes the maximum damage of any one given mechanism (wave,
erosion, or inundation) and disregards the rest of the damages from the structure's total damages.

EROSION DAMAGES  
The distance between the reference line and the oceanfront and back walls of structures were
measured from AutoCAD and input into the Structure file.   It was assumed that a structure is
destroyed at the point that the land below the structure is eroded halfway through the structure if the
structure is not on a pile foundation.   If the structure is on piles, erosion needs to retreat entirely
through the footprint before total damage is claimed.   Before total failure for both foundation types,
the percent damage claimed is equal to the proportion of erosion under the structure's footprint
compared to the total footprint. 

WAVE-INUNDATION DAMAGES
A structure is considered to be damaged by a wave when there is sufficient force in the total water
elevation to destroy a structure.  Partial wave damages are not calculated; instead the structure is
subject to inundation damages.   A flood can potentially cause damages to property and their contents
through several mechanisms.  The predominant damage-inducing mechanisms, as typical to riverine
flooding, are depth and duration of flooding.   However, ocean flooding has been shown to cause
more damages than inundation in fresh water for the same depth.  Also, the depth and velocity of the
floodwater may be sufficient to result in structural damage and ultimately failure.

Depth damage curves were used to estimate the damage to structures.  The distinguishing
characteristics of these curves were foundation type and the number of stories in the structure.  For
commercial structures, the business activity was also a distinguishing factor for content.  The depth-
damage curves encode the percent damaged at various depths relative to the first floor.  Examples
of depth-damage curves are displayed in Table 18. 

WITHOUT PROJECT CONDITION DAMAGES
The without project conditions was computed based on the hydrologic and hydraulic profiles and
housing characteristics of the study areas. At the time of the analysis and through the optimization
phase of the study the FY98 discount (7.125%) rate was in affect.  Damages under a without project
condition are the expected value of the losses that would be anticipated to result from ocean flooding
and beach erosion.  The expected value is calculated by estimating the losses that would result from
each of a series of events of different return periods, or exceedance probabilities.   Discounting this
stream of losses  (at the FY98 7.125% discount rate) over the anticipated life of the project  (50
years) gives the present value of the damages under existing conditions reflecting a December 1996
price level. The present value of the damages is then annualized using the appropriate capital
recovery factor.
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Table 19 displays the cumulative residential and commercial structure distribution by frequency zone
for the defined sections of Long Beach Island.  There are a total of 1,744 structures in the 500-yr.
storm zone of the defined study area of which twenty-one are commercial structures.  Table 20
displays the damage per frequency by damage mechanism and by section by section. Table 21
displays the expected average annual damage (EAD) for without project existing conditions for the
structures and infrastructure.  The EAD for erosion, inundation, and wave are $2,839,000,
$1,449,000, and $6,000 respectively.  The EAD for infrastructure and cost of fill is $228,000 and
$1,313,000 respectively.  The total EAD for without project existing base conditions is $5,835,000.

FUTURE DAMAGES
Due to the affects of long term erosion resulting in a receding shoreline an additional model was set
up to evaluate the damage affect of long term erosion which includes the impact of sea level rise.
Long term erosion is a dynamic process, however.  From a historical perspective this process is
checked at a certain point through local intervention to preclude further erosion as the natural erosion
process approaches the structure footprint.  For modeling purposes the natural long-term erosion
process is assumed not to retreat beyond the seaward toe of the dune.  The limit of this condition is
realized approximately fifteen years from the base year.  This retreat occurs at different rates in
different sections of Long Beach Island and was taken into account in the analysis.   The additional
modeling allowed assessing expected average annual (EAD) damages for the 50-year period of
analysis, weighing in future damages for the range of exceedance probabilities in the computation
of EAD. Table  22  displays the structure distribution under future hydraulic conditions for the study
area.  Long term erosion potential is most pronounced in Bundy’s 5, 6, 7, 11, 13, 14 and 15.  Table
 23 displays the dollar damages for this condition by frequency.  With the inclusion of future
damages under a without project scenario the EAD is $8,459,000.   Total EAD structure damage is
$6,315,000; infrastructure damages of $340,000 and cost of fill damages of $1,804,000 account for
the remaining damages. Table 24 displays these results on a section by section basis.

PLAN PROPOSALS 
The following six plan alternatives were considered and analyzed under a with project scenario: 
Alternative 1: 20 ft. dune, 125 ft. berm
Alternative 2: 20 ft. dune, 150 ft. berm
Alternative 3: 20 ft. dune, 175 ft. berm
Alternative 4: 22 ft. dune, 125 ft. berm
Alternative 5: 22 ft. dune, 150 ft. berm
Alternative 6: 22 ft. dune, 175 ft. berm

INITIAL SCREENING -- BUNDY 9 ANALYSIS
A detailed analysis for Bundy 9, the highest damage area was conducted, using all alternatives for
these two categories.  The purpose of this analysis was to determine weather or not there was a
federal interest in pursuing further with this study, and if so, then to determine if the proposed plan
needs further bracketing so to select the optimal plan.  A detailed analysis was also conducted to
include infrastructure and private land erosion to this analysis.   Table 25 displays the damages and



9

damage reductions (benefits) for these alternatives.  It also shows the marginal increase in benefits
between each alternative for the infrastructure and cost of fill categories.

The initial cost and nourishment cost was then determined for each of these analyses with a 3, 5, and
7-year nourishment cycle.  Table 26 shows a sample table for a 125-ft. berm, 22-ft. dune, with a three
years cycle. Table 27 summarizes the annualized benefits and annualized costs for these alternatives.
 This precursory analysis indicated that there was a federal interest in pursuing this analysis on a
grander scale as benefit cost ratios (BCR's) for all the alternatives were favorable. 

SECONDARY SCREENING -- AREA SAMPLING
The analysis for Bundy 9 included the benefits attributed to infrastructure and private land erosion.
This analysis revealed that the benefits derived for these two categories increase marginally between
plans (as displayed in Table 25) and would not impact the selection for plan candidates for this stage
of the analysis.   For the second screening stage alternatives were analyzed to filter plan candidates
for the determination of the optimal plan.   For each alternative a representative stratified sample of
the study areas comprising of Bundy's  3, 6, 7, 9, 11,  and 14 was analyzed.  The Bundy samples of
these alternatives serve as a basis to determine the optimal plan.   These Bundy's were analyzed to
determine the with project damages and damage reduced for the structure database.  Table  28 
displays the damages and damage reduction for each of the alternatives for this screening.
Infrastructure and fill for private land erosion are to be computed only for plan candidates to be
considered for plan selection, a product of this process .

First cost and nourishment was then computed for these same sample areas.    Dune grass and dune
fencing has been included in this phase of the analysis.  Table 29 shows a sample for the first cost
of a 125-ft. berm, 22-ft. dune, and a seven-year nourishment cycle.  Table  30  summarizes the
annualized benefits, annualized costs, benefit to cost ratios for the above alternatives for the 3, 5, and
7 and 10 year nourishment cycles.  This analysis eliminated the 175 ft. berm, 22 ft. dune plan
because of negative net benefits; the 20 ft. dune plan has negative net benefits for the three year
cycle, and relatively low net benefits for the five and ten year cycle.  All the 150-ft. berm and 125
ft. berm plans had positive net benefits.  However, it is the 125' berm, 20 ft. dune and 22 ft. that had
the highest ranges, inclusively for all nourishment cycles -- all having net benefits, at this level of
detail, of over a million dollars per annum.  It is for these two plans that higher detail analysis, i.e.,
to include all Bundy's and the outstanding benefit categories of infrastructure and private land
erosion that are to be analyzed.

LOCAL COST FOREGONE
Under a with project condition the municipalities of LBI would not have to incur the costs associated
with the maintenance of the existing condition, primarily, the maintenance of a dune system.  From
the base year to year 15, the cost of dune maintenance through trucking of sand would be foregone.
This was analytically depicted as a cyclical three-year maintenance from year 1 to year 15,
continuous, each year providing for one third of the island.  Beyond year 15, a future representative
without project profile is in place. This eroded profile requires maintenance at the near shore profile
of the dunes to the depth of closure at the berm. At this point the quantity of material is significant
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enough that it would require sand through offshore dredging. This maintenance is projected for a
seven-year cycle.  Table 31 shows an example of how this analysis was performed for a selected
BUNDY (BUNDY 5).  Table 32 shows the summary analysis for all of LBI.  The annualized local
cost foregone for LBI is estimated at about $1.02 million per year.

FINAL SCREENING
Damages and damage reduction for all areas were evaluated for the 125 ft. berm, 20 ft. dune and 22
ft. dune alternatives.  Table 33 displays the with project damages for the 20 ft. dune, 125 ft. berm
plan and Table 34 displays the with project damages for the 22 ft. dune, 125 ft. berm plan by section,
damage category, and total.    Tables 35 and 36 display the damage reduction benefits by the same
plans ($8,077,000 and $8,639,000, respectively).  The first costs and nourishment cycles were
analyzed as displayed in tables 37 through 42 for the three, five, and seven year cycles.  The risk and
uncertainty in the engineering and implementation of a ten year cycle plan excluded this cycle from
the final screening.    Table 43 displays the summary for the benefits, costs, benefit to cost ratios, and
net benefits for the six scenarios as noted in the main report.   For this screening the 125-ft. berm
with the 22-ft. dune and the 7-year nourishment cycle has the highest net benefits  (BCR of 2.15 to
1, with net benefits of $4.6 million).  It is the federal recommended plan that will be the focus of a
more detailed analysis.

RECREATION ANALYSIS
The beaches in New Jersey are consistently the number one travel destination within the state.
Tourist dollars contribute directly and indirectly to the regional economy, as previously discussed.
The number of visitors and the willingness to pay determines the value inherent to this type of
recreation.

A contingent valuation method survey was completed by the Rutgers State University for the New
Jersey Department of Environmental Protection and Energy and the U.S. Army Corps of Engineers
to determine willingness to pay for the existing beach and an enhanced beach. This was done by
sampling on a regional basis, encompassing the major beach communities of Atlantic City, Ventor,
Margate and Longport.  It consisted of 1,063 interviews of a random sample of recreational beach
users.  The interviews were conducted in person on the beach during the summer of 1994.

Beachgoers were asked to indicate how important different factors were in deciding whether to visit
a New Jersey beach.  The primary factors of consideration were the quality of the beach scenery, how
well maintained the beach was, the width of the beach, the number of lifeguards, and how family
oriented was the beach.

The survey also used a density measure developed in cooperation with the Corps to determine if
crowding was a problem.  It was found that over 60% of the time there was at least several yards of
space between beach towels or blankets, and only 7% of the time it was very crowded (only 2 feet
between towels).  Further, it was determined that crowding was not considered a very important issue



11

to the majority of beachgoers by asking respondents how important being alone is and how important
is it to be with a large number of people.  As might be expected, areas with more crowding tended
to be frequented by people who like large numbers.  People who like to be alone frequented areas
that tended to have little crowding.

To estimate the value of the beach as it exists currently, an iterative bidding process was applied.
Beachgoers were first asked if a day at the beach would be worth $4.00 to each member of their
household.  Based on their answers, they were then asked progressively higher or lower amounts
until the amount they value the beach was determined.  Using this method it was found that the
average value of a day at the beach is $4.22.

The beachgoers were asked how much more they were willing to pay if the beach were widened.
While the majority were unwilling to pay extra, 16% were willing to pay, on average, $2.92 more
per visit.  This would be equivalent to an average of $0.47 for all beachgoers.  For the purpose of this
study this value was indexed to an October 1998 price level.

The number of visitor days for the municipalities of Long Beach Island was collected from the
respective boroughs and township.  Long Beach Township Beach Patrol, which oversees twelve
miles of beach actually tracts and tabulates head counts.   For the remainder of the municipalities the
number of visitor days was estimated by multiplying the number of beach tag sales by the number
of days the tags are usable.   To include for inclement weather and days of  non-use it was estimated
that beach seasonal beach tags on average would be used 45 days for the season of approximately
a 100 day season  (it already pays to purchase a seasonal badge for a stay of over two weeks) , a
weekly badge for 5 days (out of 7), and daily badges counted for a one day use.     This was then
multiplied by 1.062 to capture the percentage of people who use the beach without buying a beach
tag, based on estimates from previous studies.

Benefits were not computed to accrue from increased capacity because based on a daily seasonal
average day crowding was found not to be a significant factor.   However, benefits do arise from an
increase in the value of the recreational experience.  Benefits resulting from this increase in
recreational experience were calculated by multiplying  $0.50 by the number of visitors days within
the project area or about 3,846,000 per annum.  The recreational benefits is for about  $1,923,000
per year.   A breakdown of estimated beach use for each community are as follows:

Barnegat Light……………………………………...289,000
Harvey Cedars.........................................…..…........295,000
Surf City........................................…………............742,000
Ship Bottom..................................………...…...........880,000
Long Beach Township........................…................1,006,000
Beach Haven..........................................……….........634,000
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PROPOSED PROJECT DIMENSIONS
The selected plan for this feasibility study consists of placement of beachfill and dune construction.
 Beachfill would be placed on various stretches of Long Beach Island where the existing berm and
dune are below the minimum measurements of the design profile.  Dune elevations are at 19 ft on
average while berm width averages are 111 feet.  Average dune widths are at 29 feet. The plan will
provide for a dune with a 1V:5 H back slope with a crest width of 30 feet at elevation +22 NAVD.
The dune will have a fore slope of 1V:5H.  This will produce a beach width of approximately 125-ft
from centerline of dune to MHW.  Depth of closure is equal to  -29.0 ft. NAVD.  This plan will
require 4.95 million cubic yards of sand for initial berm placement, and 2.45 million cubic yards for
dune placement. Approximately 1.9 million cubic yards will be needed for periodic nourishment
every 7 years over a 50-year period of analysis.  In addition, the first cycle of periodic nourishment
would be placed at the time of the initial construction.  This project will result in a continuous dune
line extending the length of the island. The Barnegat Light (northern end of the study area) is not
included in the project because of low erosion and healthy beaches.  For the southern end, the
Holgate Unit of the Edwin B. Forsythe National Wildlife refuge, the US Fish and Wildlife Service
stated that they do not consider nourishment for this area to be necessary.  Major renourishment
would be implemented in year 28.
 
PLAN SELECTION (Original Plan A)
Based on the foregone analysis the optimal plan for shore protection for Long Beach Island is the
125-ft. berm with the 22-ft  dune, and the 7-year nourishment cycle.  It is the federal recommended
plan.  It has a Planning, Engineering, and Design (PED) of 18 months and construction duration of
 12 months.  At the 7 1/8% price level the first cost for this plan is about $38,500,000 with an
average annual cost of $2,834,000.  The interest during construction (idc) is $1,390,000, for an
annualized cost of $102,000.  Table  44  displays a summary cost analysis, which includes PED, Real
estate, and idc.  The annualized nourishment cost for this plan is $1,775,000 as displayed in Table
45.  The plan has hydrologic and geotechnical monitoring features for and annualized cost of
$263,000 and $8,000 as displayed in Tables  46   and  47, respectively.  Operations and maintenance
costs is estimated at $110,000 per annum. The total annualized cost for this plan is $5,092,000.  The
BCR for the selected plan is  2.07  to 1, with net benefits of   $5,470 ,000, as displayed in Table 48.

Table 49 displays the adjustments for the benefits and costs using the 6 7/8% discount rate, which
became applicable later in the analysis during FY99.  The total annualized benefits for this discount
rate is $10,615,000;  total annualized costs are $4,939 ,000.  The benefit to cost ratio is 2.15 to 1,
with about $5,676,000 of net benefits.

PLAN SELECTION REVISED (PLAN B)
The above plan (Plan A)  was later refined as a result of a coordination meeting held November 18,
1998 between the US Army Corps of Engineers and resource agencies as outlined in Section 4.14
of the main report.  The plan was modified as not to impact state prime fishing areas or Federal
essential fish habitat  (EFH).  Of the five borrow areas, two main borrow areas are  avoided requiring
a greater reliance of the other three borrow areas.  This requires pumping sand over greater distances
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and thereby changing the cost structure of the  plan.  This revised plan is the most economical plan
with the least environmental impacts. The first cost for this plan is about $50,084,000 with an
average annual cost of $3,572,000. The interest during construction (idc) is $1,702,000, for an
annualized cost of $121,000.  Table  50  displays a summary cost analysis, which includes PED, Real
estate, and idc. The annualized nourishment cost for this plan is $1,698,000 as displayed in Table
51.  The plan has hydrologic and geotechnical monitoring features for and annualized cost of
$262,000 and $8,000 as displayed in Tables  52   and 53, respectively, the same as for Plan A at the
6 7/8% discount rate.  Operations and maintenance cost is estimated at $110,000 per annum.   The
total annualized cost for this plan is $5,771,000.  As displayed in Table 54 the BCR for the selected
plan is  1.84  to 1, with net benefits of   $4,844,000.

RISK AND UNCERTAINTY ANALYSIS
The reduction of the affect of the discount rate from the FY98 rate of 7 1/8 % to the 6 7/8 % of FY
99 has been displayed for the recommended plan.   A decrease in the discount rate has resulted in
an increase to the benefit to cost ratio.  It is recognized that over time there is variation in economic
conditions as well as hydraulic and hydrological parameters.   As part of a feasibility analysis
detailed information has been collected to the extent defined by the scope of work.  The analysis
used statistical modeling techniques that took into account probability of occurrence of storm events,
mechanism of storm damages, and resources that take into account regional labor and construction
rates.

The  benefits were recalculated with a ten percent variation from the calculated expected mean as
assessed in the storm damage reduction analysis.  The following tables in the next two pages show
the results with the 7 1/8% and 6 7/8% discount rates.

NED BENEFITS  AT 7 1/8% DISCOUNT RATE  WITH 10% VARIATION (PLAN A)
The NED plan was  recomputed to show the affects of a change of  the benefit stream values +\- 10
percent for Plan A.  The results are displayed below.

       ($ in 000's) 

      SENSITIVITY ANALYSIS            NED
Benefits Changes

-10% IN BENEFIT CATEGORIES:
Average Annual Benefits $9,506

Average Annual Costs:* $5,092

Benefit-Cost Ratio:   1.87
Net Benefits: $4,414
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+10% IN BENEFIT CATEGORIES:
Average Annual Benefits $11,6 18

Average Annual Costs:* $5,092

Benefit-Cost Ratio: 2.28
Net Benefits: $6,526

* Includes monitoring and interest during construction

NED BENEFITS AT 6 7/8% DISCOUNT RATE  WITH 10% VARIATION (PLAN A)
The NED plan was  recomputed to show the affects of a change of  the benefit stream values +\- 10
percent at the 6 7/8% discount rate for Plan A.  The results are displayed below.

($ in 000's) 

      SENSITIVITY ANALYSIS            NED
Benefits Changes

-10% IN BENEFIT CATEGORIES:
Average Annual Benefits $9,554

Average Annual Costs:* $4,939

Benefit-Cost Ratio:   1.93
Net Benefits: $4,615
+10% IN BENEFIT CATEGORIES:
Average Annual Benefits $11,677

Average Annual Costs:* $4,939

Benefit-Cost Ratio:   2.36
Net Benefits: $6,738
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* Includes monitoring and interest during construction

NED BENEFITS AT 6 7/8% DISCOUNT RATE  WITH 10% VARIATION (PLAN B)
The NED plan was  recomputed to show the affects of a change of  the benefit stream values +\- 10
percent at the 6 7/8% discount rate for Plan B.  The results are displayed below.

      

                                                                    ($ in 000's) 

      SENSITIVITY ANALYSIS            NED
Benefits Changes

-10% IN BENEFIT CATEGORIES:
Average Annual Benefits $9,554

Average Annual Costs:* $5,771

Benefit-Cost Ratio:   1.66
Net Benefits: $3,783
+10% IN BENEFIT CATEGORIES:
Average Annual Benefits $11,677

Average Annual Costs:* $5,771

Benefit-Cost Ratio:   2.02
Net Benefits: $5,906
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* Includes monitoring and interest during construction

 BENEFITS
The benefits of any coast protection project result from the difference between the losses that will
be experienced without the project compared to the same losses occurring at some time into the
future with the project.    The expected value of losses are then also calculated for the with project
condition.  The average annual benefit is then the area between the two curves.  (If the event losses
are then plotted against the reciprocal of the return period of the events, then the area under this
curve is the expected value of the losses).   Table 16 displays the with project (residual) damages for
the proposed plan which equals $6,130,000 on an average annual basis.  Table 17 presents the
damage reduced for the proposed project for the entire island.  The total damage reduction benefits
attributed to approximately 18 miles of the island is about $7,822,000  per annum as displayed in
Table 17. 
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The affect of coastal erosion can result in an economic loss of land and property.  Buildings,
including the land integral to the property, infrastructure, and non-built up land may all be lost to the
sea.  This raises two additional complexities in assessing the benefits of coastal protection arising
from the frequent association between flood risk and coastal erosion.  One affect of erosion is that
the risk of flooding to areas further inland increases over time as the land recedes.  The other is if
erosion is unchecked, land that is now at risk of flooding will first become unusable because of the
frequency with which it is flooded, and will eventually be lost through erosion.  So for the first part
of the time horizon the benefit of protecting a property arises from reduction or elimination of flood
losses, and as erosion occurs, a one time capital loss.  However, local intervention on a periodic basis
will prevent the gradual (long term) erosion from claiming property.  This expenditure will not be
incurred under a with project condition.  The estimate for local cost foregone for beach maintenance
for Long Beach Island is estimated at $251,000 annually.  Total average annual benefits equal to
$8,073,000.

ANNUALIZATION OF COSTS & BENEFIT TO COST RATIO (BCR)
Initial costs, cyclical maintenance costs, and major rehabilitation costs were provided for the period
of analysis plan design.  The first cost was estimated at about  $35,794,000 for the proposed plan
using a March 1995 price level.   A cyclical maintenance cost  of  $9,565,000  is expected every
three years, including $200,000 a year,  for years 1 through 6 for district monitoring.   A major
rehabilitation cost of about $18,547,000 is estimated for year 24 of the 50 year project cycle.  Table
18 presents the annualization of these costs.  Interest during construction was calculated for a twenty-
four months construction period as displayed in Table 19, estimated at about $2,930,000.  Table 20
summarizes the total average annual cost for the proposed plan estimated at $6,337,000. The BCR
for the proposed plan is 1.3  to 1 with net benefits of $1,736,000 per year.
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TABLE 4

Acreage and Population Density for
Long Beach Island

Municipality Square Miles Acres Ocean
Frontage

Bay
Frontage

Population
Density

Barnegat Light Borough 0.70 448 2.14 8.00 970.06

Beach Haven Borough 1.00 640 1.92 2.61 1,531.61

Harvey Cedars Borough 0.55 352 2.02 3.72 692.74

Long Beach Township 4.30 2,752 11.74 18.64 666.07

Ship Bottom Borough 0.71 454 1.33 2.15 1,965.30

Surf City Borough 0.65 416 1.43 2.12 1,960.81

TOTAL 7.91 5,062 20.58 37.24 1,126.00(AVG.)
Ocean County Planning Department



TABLE 5

STATE OF NEW JERSEY TOURISM EXPENDITURE
1997 TRAVEL YEAR

Ranking by Expenditure

County $ Billion Employment
(000's of jobs)

Atlantic 8.24 124.1

Cape May 2.32 38.8
Ocean 1.73 53.2
Monmouth 1.68 45.2
Bergen 1.62 52.2
Middlesex 1.29 42.6
Essex 1.33 42.3
Morris 1.15 32.2
Hudson 0.81 26.2
Union 0.82 24.8
Burlington 0.81 20.9
Camden 0.76 25.9
Mercer 0.82 24.0
Somerset 0.61 17.8
Passaic 0.42 16.1
Sussex 0.28 7.7
Gloucester 0.25 10.5
Hunterdon 0.15 4.9
Cumberland 0.14 5.5
Warren 0.14 4.6
Salem 0.09 3.4

SOURCE: New Jersey Travel Research Program
      Center for Survey and Marketing Research

      Longwood International
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TABLE 7

Comparison of Total and Occupied Housing Units, 1980 and 1990

Total Units

Municipality 1980 1990 Change

Barnegat Light Borough 1084 1187 8.7%
Beach Haven Borough 2379 2569 7.4%
Harvey Cedars Borough 1194 1121 -6.5%
Long Beach Township 7836 8836 11.3%
Ship Bottom Borough 1781 2084 14.5%
Surf City Borough 2350 2482 5.3%

Occupied Units

1980 1990 Change

Barnegat Light Borough 260 330 21.2%
Beach Haven Borough 789 659 -19.7%
Harvey Cedars Borough 166 176 5.7%
Long Beach Township 1530 1661 7.9%
Ship Bottom Borough 608 649 6.3%
Surf City Borough 709 661 -7.3%

Percent Occupied
(Year Round Only)

1980 1990

Barnegat Light Borough 24.0% 27.8%
Beach Haven Borough 33.2% 25.7%
Harvey Cedars Borough 13.9% 15.7%
Long Beach Township 19.5% 18.8%
Ship Bottom Borough 34.1% 31.1%
Surf City Borough 30.2% 26.6%

Source: 1990 Census of Population and Housing, STF-1A (Profile 1)



TABLE 8

Occupied Housing Units by Ownership Status and Number of Units in Structure

Owner Occupied

Detached One unit Two 3-4 5+ Mobl.
Home

Municipality Units (Attached) Units Units Units or Trailer

Barnegat Light Borough 233 1 29 1 4 0
Beach Haven Borough 402 20 46 10 8 1
Harvey Cedars Borough 121 4 18 0 0 0
Long Beach
Township

1,172 15 163 6 0 6

Ship Bottom
Borough

406 9 51 5 3 0

Surf City Borough 400 7 84 1 2 0

Total 2,734 56 391 23 17 7

Renter Occupied

Detached One Unit Two 3-4 5+ Mobl.
Home

Units (Attached
)

Units Units Units or Trailer

Barnegat Light Borough 37 6 14 1 0 0
Beach Haven Borough 66 8 41 28 10 0
Harvey Cedars Borough 22 1 4 3 1 0
Long Beach
Township

119 4 117 22 3 1

Ship Bottom
Borough

56 3 81 14 8 0

Surf City Borough 50 0 100 2 0 0

Total 350 22 357 70 22 1

Source: 1990 Census of population and Housing, STF-1A (Profile 8).



LBIVALUE

TABLE 9

Value of Specified Owner Occupied Housing Units in Long Beach Island

Total less than $50,000 to $100,000 to $150,000 to $200,000 to $300,000
Municipality Units $50,000 $99,000 $149,999 $199,999 $299,999 or more Median

Barnegat Light Borough 206 1 2 8 24 105 66 $258,900
Beach Haven Borough 395 1 18 45 69 141 121 $236,200
Harvey Cedars Borough 119 0 0 4 7 44 64 $317,300
Long Beach Township 1,113 4 9 74 211 422 393 $254,100
Ship Bottom Borough 391 2 12 58 127 139 53 $198,700
Surf City Borough 384 4 13 39 113 159 56 $210,500

Total  for
specified units 2,608 12 54 228 551 1,010 753

Source: 1990 Census of Population and Housing, STF-1A (Profile 7).
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TABLE  10

Contract Rent of Specified Renter Occupied Housing Units in Long Beach Island, 1990

Rental units Less than $250 to $500 to $750 to $1,000
Municipality with cash rent $250 $499 $749 $999 or more

Barnegat Light Borough 44 2 9 28 5 0
Beach Haven Borough 131 8 61 54 6 2
Harvey Cedars Borough 23 2 8 13 0 0
Long Beach Township 244 8 106 110 12 8
Ship Bottom Borough 159 14 56 81 5 3
Surf City Borough 138 10 41 80 7 0

Total for
specified units 739 44 281 366 35 13

Source: 1990 Census of Population and Housing, STF-1A (Profile 7).



LBIHOUSE

TABLE  11

1990 CENSUS

Total Occupied Persons/
Municipality Units Units Persons Household

Barnegat Light Borough 1,187 330 657 1.99
Beach Haven Borough 2,569 659 1,460 2.22
Harvey Cedars Borough 1,121 176 362 2.06
Long Beach Township 8,836 1,661 3,407 2.05
Ship Bottom Borough 2,084 649 1,352 2.08
Surf City Borough 2,482 661 1,375 2.08

Total 18,279 4,136 8,613 2.08

1980 CENSUS

Total Occupied Persons/
Municipality Units Units Persons Household

Barnegat Light Borough 1,084 260 604 2.32
Beach Haven Borough 2,379 789 1,799 2.28
Harvey Cedars Borough 1,194 166 365 2.20
Long Beach Township 7,836 1,530 3,416 2.23
Ship Bottom Borough 1,781 608 1,430 2.35
Surf City Borough 2,350 709 1,569 2.21

Total 16,624 4,062 9,183 2.26

Source:  1990 Census of Population and Housing, STF-1A (Profiles 1&5)

Changes in Persons per Household, 1980 and 1990
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TABLE  12

1990 Census Income Characteristics for  Long Beach Island

Income in 1989

----------------- ----------------- ----------------- ----------------- ----------------- ----------------- ----------------- -----------------
Median Median Per Capita

Municipality Household Family
----------------- ----------------- ----------------- ----------------- ----------------- ----------------- ----------------- -----------------

Barnegat Light Borough $37,955 $44,643 $25,973
Beach Haven Borough 31,371 41,458 18,527
Harvey Cedars Borough 35,781 42,143 21,482
Long Beach Township 31,775 41,453 21,545
Ship Bottom Borough 29,205 35,268 17,782
Surf City Borough 28,009 34,861 15,907

Ocean County $33,110 $39,797 $15,598

Source: 1990 Census, Census of Population and Housing, STF-3, 1990 CPH-L-81, Table 3.



BASELINE

      TABLE 13

ECONOMIC REFERENCE   DELINEATION
FOR STUDY AREA

SECTION
LENGTH  (ft)

AREA ID SECTION GROIN COMPARTMENTS STATION BOUNDARIES
AGGREGATION

 -28+19.91
1 Barnegat Light 1 6,910

 40+90.21
2 Barnegat Light/Loveladies 1 2-3 4,298

 83+88.39

3 Loveladies 2 4-12 7,664
 160+52.50

4 Harvey Cedars 1 13-17 4,491
  205+43.17

5 Harvey Cedars 2 18-22 4,551
 250+94.50

6 North Beach 23-33 9,815
 349+09.57

7 Surf City 34-39 6,426
 413+35.10

8 Ship Bottom 40-44 5,285
 466+19.96

9 Brant Beach 45-55 9,252
 558+71.59

10 Beach Haven Crest to
Beach Haven Park 56-66 9,199

 650+70.24
11 Haven Beach to

Beach Haven Gardens 67-73 6,438
 715+08.71

12 Spray Beach to
Beach Haven Borough 1 74-80 7,260

 787+69.14
13 Beach Haven Borough 81-84 4,761

 835+29.91
14 Beach Haven Borough 2 85-89 3,156

 866+85.63
15 Beach Haven Borough, Holgate 90-99 6,646

 933+31.17 -----------------

TOTAL (FT) 96,152

Stephen W Long




      TABLE  14

ECONOMIC REFERENCE   DELINEATION
FOR STUDY AREA

STRUCTURES IN
AREA ID SECTION       INVENTORY

1 Barnegat Light 79

2 Barnegat Light/Loveladies 1 34

                                                                                                                                    176
3 Loveladies 2                                                       176         

4 Harvey Cedars 1 137

5 Harvey Cedars 2 139

6 North Beach 290

7 Surf City 139

8 Ship Bottom 74

9 Brant Beach 280

10 Beach Haven Crest to
Beach Haven Park 149

11 Haven Beach to
Beach Haven Gardens 114

12 Spray Beach to
Beach Haven Borough 1 124

13 Beach Haven Borough 67

14 Beach Haven Borough 2 64

15 Beach Haven Borough, Holgate 137
----------------

TOTAL INVENTORY 2003
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TABLE 19

STRUCTURE COUNT BY FREQUENCY
              AND  DAMAGE ZONE

WITHOUT PROJECT CONDITION

SECTION 1
RESIDENTIAL RESIDENTIAL COMMERCIAL COMMERICAL CUMULATIVE 
 TOTAL TOTAL TOTAL

ZONE WAVE EROSION INUNDATION WAVE EROSION INUNDATION PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 0 0 0 0 0 0 0 0

100 YR 0 0 0 0 0 0 0 0 0
200 YR 0 0 0 0 0 0 0 0 0
500 YR 0 0 0 0 0 0 0 0 0

SECTION 2
RESIDENTIAL RESIDENTIAL COMMERCIAL COMMERICAL CUMULATIVE 

 TOTAL TOTAL TOTAL
ZONE WAVE EROSION INUNDATION WAVE EROSION INUNDATION PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 0 0 0 0 0 0 0 0

100 YR 0 0 0 0 0 0 0 0 0
200 YR 0 0 0 0 0 0 0 0 0
500 YR 0 0 4 4 0 0 0 0 4

SECTION 3
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 2 0 2 0 0 0 0 2

10 YR 0 2 0 2 0 0 0 0 2
20 YR 0 7 5 12 0 0 0 0 12
50 YR 0 25 13 38 0 0 2 2 40

100 YR 0 41 36 77 0 0 2 2 79
200 YR 0 52 43 95 0 0 2 2 97
500 YR 0 94 65 159 0 0 2 2 161

SECTION 4

RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 1 0 1 0 0 0 0 1
20 YR 0 1 1 2 0 0 0 0 2
50 YR 0 5 4 9 0 0 0 0 9

100 YR 0 18 28 46 0 0 0 0 46
200 YR 0 22 41 63 0 0 0 0 63
500 YR 0 66 50 116 0 0 0 0 116

SECTION 5
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 1 1 0 0 0 0 1
20 YR 0 1 3 4 0 0 0 0 4
50 YR 0 43 7 50 0 0 0 0 50

100 YR 0 50 11 61 0 0 0 0 61
200 YR 0 52 17 69 0 0 0 0 69
500 YR 0 65 26 91 0 0 0 0 91

    2 YR. FREQUENCY  =   (0.5 exceedance probability)
    5 YR. FREQUENCY  =   (0.2 exceedance probability)
  10 YR. FREQUENCY  =   (0.1 exceedance probability)
  20 YR. FREQUENCY  =   (.05 exceedance probability)
  50 YR. FREQUENCY  =   (.02 exceedance probability)
100 YR. FREQUENCY  =   (.01 exceedance probability)
200 YR. FREQUENCY =  (.005 exceedance probability)
500 YR. FREQUENCY =  (.002 exceedance probability)



TABLE 19
   (Continued)

STRUCTURE COUNT BY FREQUENCY
              AND  DAMAGE ZONE

WITHOUT PROJECT CONDITION

SECTION 6
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 1 0 1 0 0 0 0 1

10 YR 0 1 0 1 0 0 0 0 1
20 YR 0 1 1 2 0 0 0 0 2
50 YR 0 28 44 72 0 0 3 3 75

100 YR 0 61 55 116 0 0 3 3 119
200 YR 0 88 83 171 0 0 5 5 176
500 YR 0 106 166 272 0 0 6 6 278

SECTION 7
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 1 0 1 0 0 0 0 1

100 YR 0 1 25 26 0 0 0 0 26
200 YR 0 12 32 44 0 0 0 0 44
500 YR 0 21 101 122 0 0 0 0 122

SECTION 8

RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 0 0 0 0 0 0 0 0

100 YR 0 0 19 19 0 0 1 1 20
200 YR 0 1 20 21 0 0 1 1 22
500 YR 0 37 23 60 0 2 1 3 63

SECTION 9
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 17 0 17 0 0 0 0 17

10 YR 0 17 0 17 0 0 0 0 17
20 YR 0 56 52 108 0 0 0 0 108
50 YR 0 103 94 197 0 0 0 0 197

100 YR 0 114 135 249 0 0 0 0 249
200 YR 0 143 114 257 0 0 0 0 257
500 YR 0 214 60 274 0 0 0 0 274

SECTION 10
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 27 37 64 0 0 0 0 64

100 YR 0 69 44 113 0 0 0 0 113
200 YR 0 128 17 145 0 0 0 0 145
500 YR 0 145 4 149 0 0 0 0 149



TABLE 19
   (Continued)

STRUCTURE COUNT BY FREQUENCY
              AND  DAMAGE ZONE

WITHOUT PROJECT CONDITION

SECTION 11
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL                              WAVE EROSION INUNDATION                   TOTAL                 PER FREQUENCY          

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 3 3 0 0 0 0 3
50 YR 0 6 19 25 0 0 0 0 25

100 YR 0 73 34 107 0 0 0 0 107
200 YR 0 77 35 112 0 0 0 0 112
500 YR 0 111 3 114 0 0 0 0 114

SECTION 12
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 1 0 1 0 0 0 0 1

10 YR 0 1 0 1 0 0 0 0 1
20 YR 0 1 0 1 0 0 0 0 1
50 YR 0 3 0 3 0 0 0 0 3

100 YR 0 32 11 43 0 0 0 0 43
200 YR 0 35 35 70 0 0 1 1 71
500 YR 0 86 28 114 0 2 0 2 116

SECTION 13
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 4 17 21 0 0 0 0 21

100 YR 0 12 24 36 0 1 0 1 37
200 YR 0 27 18 45 0 3 1 4 49
500 YR 0 43 17 60 0 4 1 5 65

SECTION 14
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 2 3 5 0 0 0 0 5

10 YR 0 2 3 5 0 0 0 0 5
20 YR 0 14 6 20 0 0 0 0 20
50 YR 0 14 16 30 0 0 0 0 30

100 YR 0 16 24 40 0 0 0 0 40
200 YR 0 22 27 49 0 0 0 0 49
500 YR 15 32 12 59 0 0 0 0 59

SECTION 15
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 0 0 0 0 0 0 0 0

100 YR 0 20 14 34 0 0 1 1 35
200 YR 0 26 68 94 0 0 3 3 97
500 YR 0 72 57 129 0 0 3 3 132



STORMD
B TABLE  20

                     DAMAGE ZONE

(DAMAGES IN $000)
SECTION 1

RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 0 0 0 0 0 0 0 0

100 YR 0 0 0 0 0 0 0 0 0
200 YR 0 0 0 0 0 0 0 0 0
500 YR 0 0 0 0 0 0 0 0 0

SECTION 2
RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY
2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 0 0 0 0 0 0 0 0

100 YR 0 0 0 0 0 0 0 0 0
200 YR 0 0 0 0 0 0 0 0 0
500 YR 0 0 4 4 0 0 0 0 4

SECTION 3
RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY
2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 7 7 14 0 0 0 0 14

10 YR 0 7 7 14 0 0 0 0 14
20 YR 0 583 627 1,210 0 0 26 26 1,236
50 YR 0 3,490 1,451 4,941 0 0 255 255 5,196

100 YR 0 10,710 3,763 14,473 0 0 866 866 15,339
200 YR 0 15,143 5,242 20,385 0 0 877 877 21,262
500 YR 0 31,934 8,626 40,560 0 0 1,009 1,009 41,569

SECTION 4
RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 3 3 0 0 0 0 3

10 YR 0 2 15 17 0 0 0 0 17
20 YR 0 2 83 85 0 0 0 0 85
50 YR 0 95 498 593 0 0 0 0 593

100 YR 0 1,945 2,886 4,831 0 0 0 0 4,831
200 YR 0 2,289 4,483 6,772 0 0 0 0 6,772
500 YR 0 12,095 5,869 17,964 0 0 0 0 17,964

SECTION 5
RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY
2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 19 19 0 0 0 0 19
20 YR 0 0 203 203 0 0 0 0 203
50 YR 0 3,764 890 4,654 0 0 0 0 4,654

100 YR 0 7,452 1,169 8,621 0 0 0 0 8,621
200 YR 0 10,318 1,226 11,544 0 0 0 0 11,544
500 YR 0 13,945 2,458 16,403 0 0 0 0 16,403

    2 YR. FREQUENCY  =   (0.5 exceedance probability)
    5 YR. FREQUENCY  =   (0.2 exceedance probability)
  10 YR. FREQUENCY  =   (0.1 exceedance probability)
  20 YR. FREQUENCY  =   (.05 exceedance probability)
  50 YR. FREQUENCY  =   (.02 exceedance probability)
100 YR. FREQUENCY  =   (.01 exceedance probability)
200 YR. FREQUENCY =  (.005 exceedance probability)
500 YR. FREQUENCY =  (.002 exceedance probability)

STRUCTURE DAMAGE BY FREQUENCY

WITHOUT PROJECT CONDITION



   TABLE 20
     (continued)

STRUCTURE DAMAGE BY FREQUENCY
                     DAMAGE ZONE

WITHOUT PROJECT CONDITION
SECTION 6

RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY

2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 4 4 0 0 0 0 4

10 YR 0 0 14 14 0 0 0 0 14
20 YR 0 0 134 134 0 0 0 0 134
50 YR 0 1,603 4,514 6,117 0 0 193 193 6,310

100 YR 0 7,807 6,441 14,248 0 0 371 371 14,619
200 YR 0 18,281 9,376 27,657 0 0 1,160 1,160 28,817
500 YR 0 29,727 18,228 47,955 0 0 1,590 1,590 49,545

SECTION 7
RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY
2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 15 15 0 0 0 0 15
50 YR 0 64 0 64 0 0 0 0 64

100 YR 0 0 1,340 1,340 0 0 0 0 1,340
200 YR 0 686 2,156 2,842 0 0 0 0 2,842
500 YR 0 2,312 10,570 12,882 0 0 0 0 12,882

SECTION 8
RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY
2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 0 0 0 0 0 0 0 0

100 YR 0 0 847 847 0 0 56 56 903
200 YR 0 0 993 993 0 0 78 78 1,071
500 YR 0 3,108 1,698 4,806 0 560 175 735 5,541

SECTION 9
RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY
2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 530 14 544 0 0 0 0 544

10 YR 0 525 39 564 0 0 0 0 564
20 YR 0 3,796 2,665 6,461 0 0 0 0 6,461
50 YR 0 17,809 5,278 23,087 0 0 0 0 23,087

100 YR 0 25,080 8,940 34,020 0 0 0 0 34,020
200 YR 0 27,913 9,526 37,439 0 0 0 0 37,439
500 YR 0 40,886 7,444 48,330 0 0 0 0 48,330

SECTION 10
RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY
2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 1,705 2,762 4,467 0 0 0 0 4,467

100 YR 0 8,632 4,149 12,781 0 0 0 0 12,781
200 YR 0 24,045 1,994 26,039 0 0 0 0 26,039
500 YR 0 29,627 798 30,425 0 0 0 0 30,425



   TABLE 20
    (continued)

STRUCTURE DAMAGE BY FREQUENCY
                     DAMAGE ZONE

WITHOUT PROJECT CONDITION

SECTION 11
RESIDENTIAL COMMERCIAL CUMULATIVE 
 RESIDENTIAL COMMERICAL TOTAL

ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY
2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 462 462 0 0 0 0 462
50 YR 0 224 1,960 2,184 0 0 0 0 2,184

100 YR 0 14,270 2,082 16,352 0 0 0 0 16,352
200 YR 0 21,247 3,186 24,433 0 0 0 0 24,433
500 YR 0 27,970 1,197 29,167 0 0 0 0 29,167

SECTION 12
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY
2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 51 0 51 0 0 0 0 51

10 YR 0 51 0 51 0 0 0 0 51
20 YR 0 51 14 65 0 0 0 0 65
50 YR 0 181 52 233 0 0 0 0 233

100 YR 0 2,454 1,327 3,781 0 0 0 0 3,781
200 YR 0 4,330 2,538 6,868 0 0 239 239 7,107
500 YR 0 14,842 2,683 17,525 0 706 425 1,131 18,656

SECTION 13
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY
2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 262 2,940 3,202 0 0 0 0 3,202

100 YR 0 1,973 4,733 6,706 0 25 0 25 6,731
200 YR 0 6,107 5,533 11,640 0 1,294 5 1,299 12,939
500 YR 0 11,490 5,266 16,756 0 5,602 108 5,710 22,466

SECTION 14
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY
2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 21 135 156 0 0 0 0 156

10 YR 0 21 194 215 0 0 0 0 215
20 YR 0 2,175 296 2,471 0 0 0 0 2,471
50 YR 0 2,175 1,123 3,298 0 0 0 0 3,298

100 YR 0 2,517 1,594 4,111 0 0 0 0 4,111
200 YR 0 3,434 1,990 5,424 0 0 0 0 5,424
500 YR 2,229 5,376 1,104 8,709 0 0 0 0 8,709

SECTION 15
RESIDENTIAL COMMERCIAL CUMULATIVE 

 RESIDENTIAL COMMERICAL TOTAL
ZONE WAVE EROSION INUNDATION TOTAL WAVE EROSION INUNDATION TOTAL PER FREQUENCY
2 YR 0 0 0 0 0 0 0 0 0
5 YR 0 0 0 0 0 0 0 0 0

10 YR 0 0 0 0 0 0 0 0 0
20 YR 0 0 0 0 0 0 0 0 0
50 YR 0 0 0 0 0 0 0 0 0

100 YR 0 1,190 913 2,103 0 0 63 63 2,166
200 YR 0 1,740 3,520 5,260 0 0 1,576 1,576 6,836
500 YR 0 11,855 4,412 16,267 0 0 2,047 2,047 18,314



  TABLE 21                     

WITHOUT PROJECT DAMAGES FOR EXISTING CONDITIONS
  FOR STRUCTURE AND INFRASTRUCTURE

EXPECTED AVERAGE ANNUAL BASIS
       ($000 )

INFRA-   COSTTOTAL
SECTION EROSION INUNDATION WAVE STRUCTURE      OFFOR 

     FILL SECTION

1 0 0 0 0 0 0

2 0 1 0 0 1 2

3 316 145 0 8 236 705

4 56 69 0 22 7 154

5 207 47 0 29 9 292

6 238 244 0 16 98 596

7 10 46 0 1 47 104

8 9 16 0 1 11 37

9 1055 385 0 67 266 1773

10 269 96 0 24 84 473

11 266 89 0 26 168 549

12 94 34 0 13 192 333

13 91 133 0 9 14 247

14 182 98 6 9 118 413

15 46 46 0 3 62 157
---------------- - - - - -

$2,839 $1,449 $6 $228 $1,313 $5,835

TOTAL FOR STRUCTURE DAMAGES: $4,294

ADD:  INFRASTRUCTURE DAMAGE: 228
            COST OF FILL 1,313

EXPECTED AVERAGE ANNUAL DAMAGE $5,835
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FOREWORD

This report entitled  An Evaluation and Comparison of Benthic Community Assemblages with Potential Offshore 
Sand Borrow Site(s) for the Barnegat Inlet to Little Egg Inlet (Long Beach Island), N ew Jersey Feasibility Study was 
prepared by Versar, Inc., for Mr. Nathan Dayan, Environmental Resources Branch, U.S. Army Corps of Engineers, 
Philadelphia District, under Contract No. DACW61-95-D-0011, delivery order No. 0039.  Cove Corporation 
provided taxonomic expertise as a subcontractor for completion of the macrobenthic samples for this report.  EBA 
Engineering, Inc., was used as a subcontractor for the completion of most of the sediment grain size samples.
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EXECUTIVE SUMMARY

Erosion of portions of the New Jersey coastline and its barrier islands is occurring from 
storms and other disturbances.  The U.S. Army Corps of Engineers, Philadelphia District (PCOE), is 
conducting feasibility studies to investigate the possibility of beach replenishment to protect and 
enhance coastline habitats along the New Jersey coastline.  PCOE is currently conducting a 
feasibility study to investigate Federal interest in shore protection along approximately 18 miles 
of the Long Beach Island shoreline between Barnegat Inlet and Little Egg Inlet.  

PCOE identified four potential offshore borrow sources along an 18-mile stretch of Long 
Beach Island.  The purpose of this study is to investigate the macrobenthic and surf clam 
resources of each borrow area.  This baseline data will provide PCOE a benthic community 
inventory to provide recent biological data on benthic species within the borrow areas.  This 
information will be used to provide baseline benthic data for these areas and to define any 
immediate or long-range impacts to the benthic biota and its habitat.  Monitoring survey data may 
then be correlated with pre-dredge information to assess the recovery of the habitat after 
disturbance and can be used to establish future monitoring needs.

To accomplish these objectives, a stratified random design was used to select sampling 
stations within each borrow area and in areas outside the borrow boundaries to be used as a 
nearby reference area.  The benthic resource data and sediment characterization data within the 
borrows were described and statistically compared to data collected from nearby reference stations 
and to data collected from regional reference areas.  An adult surf clam survey was also conducted 
at randomly selected stations within each borrow area.  The clam data for each borrow area were 
described and compared to data collected by New Jersey in 1994 and reported in their 1995 
annual report on surf clam resources on the Atlantic Coast (NJDEP 1995).

Data on the benthic community composition and surf clam populations suggest that the 
borrow areas will fully recover from dredging operations within a few years.  Other borrow areas along 
N ew Jersey that have been used as a sand source for beach nourishment and 
replenishment activities have displayed the ability to rapidly recover (i.e., within 2 years) even after 
multiple dredging operations (Scott and Kelley, 1998).  The data from this study suggest that the 
benthic community of the four borrow sites are typical of the New Jersey coastline and the surf clam 
populations within the borrow areas have a good potential for recruitment and growth that will 
most likely continue after dredging is complete.

The macrobenthic data indicate that each borrow area has a good chance of rapid 
recovery to existing conditions if dredging operations were to occur within the site.  Most of the 
dominant taxa of the four borrow areas were smaller organisms such as the polychaetes, 
Polygordius spp., Mediomastus ambiseta, and Parapionosyllis longicirrata, the small tanaid, 
Tanaissus psammophilus, and the small bivalves, Donax variabilis, Petricola pholadiformis, and
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Tellina agilis.  These species could easily recolonize after dredging operations.  The mean number of large 
organisms within each borrow area was not significantly higher than the reference areas, indicating that each site 
has good potential for reaching conditions similar to those that exists before dredging operations.  Additionally, the four 
borrow areas do not appear to contain a unique or rare macroinvertebrate community that would preclude its use as a 
sand borrow source for beach nourishment and replenishment activities along Long Beach Island. The community 
composition of the borrow areas were similar to the surrounding reference area so recruitment after dredging activities 
should result in similar community patterns provided that substantial changes in depth and sediment composition is 
minimized.  

The surf clam community of the four borrow areas contained a mix of juvenile, small adult, and adult surf 
clams.  The mean abundance of juvenile and small adult clams among borrow a reas ranged between 183/m2 and 
568/m2, while the density estimates for adults averaged between 0.4 clams/100 sq. ft. to 64 clams /100 sq. ft (0.04 
to 6.9 m2).  These numbers suggest that the borrow areas contain conditions conducive to good clam recruitment and 
subsequent growth to maturity and marketable size.  Harvesting of the clams before dredging operations could 
remove the majority of the adult clams before dredging operations begin.  

Evidence from a dredged area near Ocean City, NJ, indicate that surf clam populations are resilient and should 
be able to successfully recruit each borrow area even after multiple dredging operations (Scott and Kelley, 1998).  
Data from that study indicated that good clam recruitment is occurring and that the clams in the area are reaching 
mature and harvestable sizes.  Since surveys of the surrounding areas of Long Beach Island indicated good populations 
of mature adults, it can be assumed that these clams will provide a strong recruitment base after dredging occurs.
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1.0  INTRODUCTION

Erosion of portions of the New Jersey coastline and its barrier islands is occurring from storms and other 
disturbances.  The U.S. Army Corps of Engineers, Philadelphia District (PCOE), is conducting feasibility studies to 
investigate the possibility of beach replenishment to protect and enhance coastline habitats along the New Jersey 
coastline.  PCOE is currently conducting a feasibility study to investigate Federal interest in shore protection along 
approximately 18 miles of the Long Beach Island shoreline between Barnegat Inlet and Little Egg Inlet.  Beach 
nourishment activities to protect and enhance the coastline habitats requires the use of an offshore sand borrow area as 
a source of material.  A critical component of the feasibility study is the selection and evaluation of potential offshore 
sand borrow sources for  the nourishment activities.  

A part of the offshore borrow site evaluation is the need to address living resource issues in the borrow area.  An 
environmental concern with beach replenishment activities is the direct effect of dredging on the borrow’s macrobenthic 
resources by removing existing communities and food resources and the potential disruption of commercial and 
recreational fisheries.  Other possible effects of dredging include borrow habitat modification, disruption of 
natural recruitment patterns of macroinvertebrate fauna,  and changing the community mix from an older, established 
community with large, deep dwelling organisms to one with high abundances of small, surface dwelling, opportunist taxa.  

PCOE identified four potential offshore borrow sources along an 18-mile stretch of Long Beach Island (Figure 1-1).  
The purpose of this study is to investigate the macrobenthic and surf clam resources of each borrow area.  This baseline 
data will provide PCOE a benthic community inventory to provide recent biological data on benthic species within the 
borrow areas.  This information will be used to provide baseline benthic data for these areas and to define any 
immediate or long-range impacts to the benthic biota and its habitat.  Monitoring survey data may then be correlated with 
pre-dredge information to assess the recovery of the habitat after disturbance and can be used to establish future 
monitoring needs.
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2.0  METHODS

2.1 SAMPLE DESIGN

A stratified random design was used to select stations for benthic macroinvertebrate 
sampling within each of the four Long Beach Island (LBI) borrow areas (Figure 1-1).  Random 
selection of station locations allows valid statements to be made about the benthic community 
condition within the borrow area since all potential sampling sites had an equal probability of being 
sampled.  Replicate samples at each randomly selected site is not necessary as the purpose is 
to characterize the community and variance within the entire potential borrow area not between 
sampling sites within a borrow area.  The number of samples selected within each borrow area was 
proportional to the total area of the site.  Borrow A, about 845.9 acres in size, had 55 sampling sites; 
Borrow B, about 272.8 acres in size, had 18 sampling sites; Borrow D, about 509.7 acres in size, 
had 33 sampling sites; Borrow E, about 273.1 acres in size, had 20 sampling sites (Figure 2-1).  
This spacial coverage resulted in about one sample per 13 to 15 acres.  An additional two samples 
were randomly selected from locations near each borrow area for a total of 8 reference samples, 
which collectively will be referred to as the LBI reference area.

BENTHIC SAMPLE COLLECTION METHODS2.2

2.2.1 Station 

PositioningStation locations within each LBI borrow area and in the reference area were randomly 
selected by a GIS random selection program before field sampling.  Once selected, stations 
were located in the field using a Trimble NT200D Differential Global Positioning System (DGPS), 
which is accurate to within 10 m.  After positioning the vessel on station, the exact position 
coordinates were obtained from the DGPS and were recorded on a field data sheet.  Benthic 
sampling was conducted in two phases.  Borrows D and E were sampled on September 17-18, 1997 
and Borrows A and B were sampled on October 2-3, 1997.  Appendix B lists the location 
coordinates for each station.

2.2.2 Sample Collection

Benthic and sediment samples were collected with a 0.044-m2 stainless steel, Young grab 
sampler.  Samples collected for benthic macroinvertebrates were sieved through a 0.5-mm screen 
and preserved in a 10% solution of buffered formaldehyde stained with rose bengal. Sediment 
samples for analysis of grain-size and total organic content (TOC) were collected from a second 
grab and frozen until laboratory processing.
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Since water quality throughout the borrow area was considered ubiquitous, surface and bottom measurements 
were taken at one sampling site during each sampling period.  A Hydrolab Surveyor II was used to measure 
dissolved oxygen concentration (DO),  salinity, conductivity, temperature, and pH.  Depth measurements were recorded 
at each station using the vessel’s electronic depth meter.

2.3 ADULT SURF CLAM COLLECTION METHODS

2.3.1 Station Selection and Positioning

Commercial hydraulic clam dredging was conducted at 40 locations randomly selected within the 4 LBI 
borrow areas (Figure 2-2; Appendix B).  The number of clam dredge tows conducted within each borrow area was 
allocated according to areal size and resulted in one dredge per 39 to 55 acres of area.  One clam dredge tow was 
conducted at each location. In the field, starting tow locations were recorded with a Trimble NT200D Differential 
Global Positioning System.

2.3.2 Sample Collection

The commercial surf clam stocks of the four LBI borrow areas were surveyed on 15 and 16 September, 1997.   The 
survey methods closely followed those employed by New Jersey’s Division of Fish, Game, and Wildlife (NJDEP) in 
their yearly inventory of surf clam resources along the Atlantic coast from Shrewsbury Rocks to Cape May. The 
surveys were conducted on the 65 ft, commercial hydraulic clam dredging vessel, “Elizabeth C II.”  Clams were collected by 
towing a conventional hydraulic clam dredge for five minute transects.  The clam dredge was fitted with a 183-mm (72") 
knife and adjusted to retain clams that are 7.6-cm (3") in size or larger.

For each tow, the volume of surf clams collected was measured in U.S. standard bushels.  Three bushels 
of clams from each tow were counted to estimate the mean number of clams per bushel.  All surf clams were counted 
for tows that collected less than 3 bushels. To determine length frequency distributions for surf clam stocks, for each clam 
dredge tow, 50 randomly selected surf clams were measured to the nearest mm.  For tows collecting less than 50 surf 
clams, all of the surf clams were measured.  All additional benthic or epifaunal species collected by the dredge were 
identified in the field (common names) and counted.
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Table 2-2. Sieve sizes used for sediment particle distribution and the Wentworth
sediment size categories (Buchanan 1984)

Sieve Number Sieve Size Wentworth Size Category
4 4.75-mm Pebble

10 2.00-mm Granule
20 850-µm Very Coarse Sand
40 425-µm Coarse Sand
60 250-µm Medium Sand

140 106-µm Fine Sand
200 75-µm Undefined
230 63-µm Very Fine Sand

< 63-µm Silt-Clay

2.5.1 Benthic Community Comparisons

Macrobenthic resources from four reference areas were used as a comparison to the 
resources from the four LBI borrow areas.  The reference stations sampled near the four LBI 
borrow areas (as stated in Section 2-1 above) were combined to create an LBI reference area. 
Three additional macroinvertebrate studies conducted from undisturbed sites along the New 
Jersey coast (Appendix H) were also included in the statistical comparisons with the four LBI 
borrow areas.  (1) Stations within Borrows A, C, D and the corresponding reference stations from 
the Brigantine I study conducted in October 1995 (Chaillou and Scott 1997) were combined to 
create the Brigantine I reference area.  (2) Stations within Borrows E, F, G, and the corresponding 
reference stations from the Townsends Inlet area sampled in October 1995 (Scott and 
Chaillou 1997) were combined to create the Brigantine II reference area.  (3) Stations within 
Borrows P1, P2, and the corresponding reference stations near Cape May Meadows sampled 
in September 1996 (Scott 1997) were combined to create the Cape May Meadows reference area.  
Laboratory and field methods for the reference area collections were the same as in this study so 
adjustments to the data were not required.

One-way analysis of variance (ANOVA) was conducted on selected sediment and 
benthic assemblage parameters to determine if conditions at the four LBI borrow areas were 
statistically different (p < 0.05) than conditions in the reference areas and to determine 
whether the borrow areas contained any unique community or population parameters.  ANOVAs 
were performed on mean condition within each sampling area for each selected parameter. 
Data for each parameter were log-transformed before analysis to meet requirements for 
normality.  Duncan’s Multiple Range Test was performed to determine statistical differences 
between class variables. 
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Length-frequency plots for each borrow area were determined by pooling all of the clam lengths measured for 
all dredge tows.  As the clam dredge was adjusted, to collect clams greater than 3", the small percentage of clams within 
smaller size categories (< 76-mm) should not be given too much emphasis since they were not sampled quantitatively.

Surf c lam data collected from the four LBI borrow areas were compared with those collected by New 
Jersey in 1994 and reported in their 1995 annual report on surf clam resources on the Atlantic Coast (NJDEP 1995).  
The inventory extends along the Atlantic Coast from Shrewsbury to Cape May, but is stratified from north to south and by 
distance from shore. Data from the strata extending from Barnegat Inlet to Absecon Inlet were the most comparable to this 
study and were used to compare dredge tow result and size distribution of clams.  The New Jersey report listed the 
number of bushels collected for each tow.  The number of bushels/tow and the average clam size for the LBI borrow 
areas were compared to the NJDEP data.
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4.0  DISCUSSION

Dredging of sediments from an offshore borrow area can have immediate localized 
effects on the benthic macroinvertebrate community and clam populations of the area.  The most 
direct effect is the removal of the existing natural, established communities.  Survival of organisms 
during dredging varies widely.  Mechanical disturbance of the substrate may generate suspended 
sediments and increase turbidity near the dredging operation (Naqvi and Pullen 1982). Reduced 
penetration of light through the water can affect settlement of larvae by delaying their f inal descent 
and subjecting them to increased predation (Thorson 1964).  Depth and tidal currents influence 
the spread of sediments and turbidity.

Another potential effect is habitat modification through alteration of the sediment 
substrate.  Removal of the original substrate by dredging may uncover sediments that are 
different in composition and potentially unsuitable for the existing benthic community.  Dredging could 
also alter the hydrodynamics of the area that could affect sediment accumulation or scouring 
rates.  Changing from a coarse sand sediment to a muddy sediment, for example, will significantly 
change the composition of the benthic assemblage at a site (Maurer et al. 1978). The effect of 
changing from a muddy-sand to a sandy-mud would be less severe (Maurer et al. 1978).  It is 
unclear from the data collected in this study whether changes in the sediment composition will 
occur as a result of dredging.  It is also unclear whether any potential sediment changes will affect 
the macrobenthic community.  Data from the few stations that had a coarser grain size (B-18, 
BR-1 and DR-1) and Station A-43 that had a higher silt/clay content than other stations suggest 
that the benthic communities from these sites were not different from other sites within the 
borrows with the more common substrate types.

Additional habitat modification could occur if the dredging design allows for the creation of 
deep borrow pits.  Dredging of these pits in some locales may create areas of summer hypoxia 
which currently do not exist in the area.  These pockets of low DO waters could have an adverse 
impact on the macroinvertebrate community.  This could be avoided by designing an adequate 
dredging plan that avoids the creation of deep borrow pits.

Besides the physically disruptive effects of dredging, a long-term environmental concern is 
the recolonization and resettling of the dredged area.  The benthic community is decimated initially 
but resettling and recolonization can be fairly rapid, typically taking from three months to a few 
years for complete recovery (Saloman et al. 1982; Van Dolah et al. 1984; Hirsch et al. 1978).  Highly 
mobile organisms such as amphipods can escape to the water column and can directly resettle 
after dredging operations are complete (Conner and Simon 1979).  Mobile polychaetes are 
intermediate of amphipods and bivalves, in their capacity to resettle directly after dredging.  The least 
mobile organisms, such as bivalves, may initially be the most affected by dredging operations, 
although pelagic larvae of these species can cause high recruitment peaks depending on the 
timing of the dredging operations.
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The disturbed area is initially recolonized by larval recruitment and horizontal migration from adjacent, 
unaffected areas (Van Dolah et al. 1984; Oliver et al. 1977).  Initial recoloni-zation is dominated by opportunistic taxa, 
whose reproductive capacity is large and flexible environmental requirements allow them to occupy disturbed areas 
(Boesch and Rosenberg 1981; McCall 1977).  Recruitment of organisms with pelagic larvae that have one spring spawn a 
year can also be rapid but is dependant on the timing of the dredging activity.  With time (several months to several 
years) and if environmental conditions permit, the initial surface-dwelling opportunistic species will be replaced by 
benthic species that represent a more mature community (Bonsdorff 1983).  

Most of the dominant taxa of the four LBI borrow areas were smaller organisms such as the polychaetes, 
Polygordius spp., Mediomastus ambiseta, and Parapionosyllis longicirrata, the small tanaid, Tanaissus psammophilus, 
and the small bivalves, Donax variabilis, Petricola pholadiformis, and Tellina agilis which could easily recolonize after 
dredging operations.  The mean number of large organisms within each LBI borrow area was not significantly higher that 
the reference areas, indicating that each site has good potential for reaching conditions similar to those occurring before 
dredging operations.

Additionally, the four LBI borrow areas do not appear to contain a unique or rare macroinvertebrate 
community that would preclude its use as a sand borrow source for beach nourishment and replenishment activities along 
the Long Beach Island coastline.  The community composition of the borrow areas were similar to the surrounding 
reference area so recruitment after dredging activities should result in similar community patterns.  Additionally, 
though diversity at the four borrow areas was relatively high compared to the more southerly located reference areas, 
the community diversity in the borrow areas was not significantly different than the nearby LBI reference area.

The direct effect of dredging operations on the commercial shellfish of the region is of great concern to natural 
resource managers.  The Atlantic surf clam (Spisula solidissima) harvest along New Jersey’s coastal waters account for 
more than 80% of the total Mid-Atlantic catch (NJDEP 1995).  Annual commercial surf clam surveys conducted by the 
New Jersey Division of Fish, Game, and Wildlife indicate that the vast majority of commercial surf clam beds in New 
Jersey waters are located between Atlantic City and Shrewsbury Rocks including the Long Beach Island area.  
Dredging sand for beach replenishment has potential environmental effects on these resources.  An immediate effect 
is the removal of existing shellfish communities. Furthermore, potential alteration of the substrate composition may 
affect important nursery habitats which could hinder surf clam recruitment success.

The surf clam community of the four LBI borrow areas contained a mix of juvenile, small adult, and adult surf 
clams.  The mean abundance of juvenile and small adult clams ranged between 183/m2 (Borrow D) and 568/m2 

(Borrow A), while the density estimates for adults averaged between 0.4 clams/100 sq. ft. (0.04 clams/m2; Borrow B) 
to 64 clams /100 sq. ft.
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(6.9 clams/m2; Borrow E).  These numbers suggest that the borrow areas contain conditions 
conducive to good clam recruitment and subsequent growth to maturity and marketable size. 
Harvesting of the clams before dredging operations could remove the majority of the adult clams 
before dredging operations begin.  

It is unknown whether dredging operations will alter the substrate composition of the 
borrow area to preclude surf clam recolonization after dredging.  Evidence from a dredged area near 
Ocean City, NJ, seems to indicate that the surf clam populations are resilient and will be able to 
successfully recruit even after multiple dredging operations (Scott and Kelley, 1998). Data from 
that study indicated that good clam recruitment is occurring and that the clams in the area are 
reaching mature and harvestable sizes.  Since surveys of the surrounding areas of Long Beach 
Island indicated good populations of mature adults, it can be assumed that these clams will 
provide a strong recruitment base for clams if dredging occurs.

Based on the benthic community composition and surf clam populations of the four LBI 
borrow areas, there is no reason to believe that these areas will not fully recover from dredging 
operations in time.  Other borrow areas along New Jersey that have been used as a sand source for 
beach nourishment and replenishment activities have displayed the ability to rapidly recover (i.e., 
within 2 years) even after multiple dredging operations (Scott and Kelley, 1998).  The data from this 
study suggest that the benthic community of the four borrow sites are typical of the New Jersey 
coastline and the surf clam populations within the borrow areas have a good potential for 
recruitment and growth that will most likely continue after dredging is complete.
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APPENDIX B

LATITUDE/LONGITUDE COORDINATES 
FOR INDIVIDUAL STATION LOCATIONS
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Appendix Table B-1. Station coordinates for benthic sample locations of the four LBI
borrow areas

Station Latitude Longitude
Borrow A

1   39E 46.0104   74E 4.0065
2   39E 45.9970   74E 4.2947
3   39E 45.9427   74E 4.4626
4   39E 45.9006   74E 4.5921
5   39E 45.9532   74E 4.7648
6   39E 45.8670   74E 4.7780
7   39E 45.7824   74E 4.7108
8   39E 45.7425   74E 4.6431
9   39E 45.7915   74E 4.4849

10   39E 45.8878   74E 4.0885
11   39E 45.9038   74E 3.8956
12   39E 45.8419   74E 3.8821
13   39E 45.7891   74E 4.0591
14   39E 45.7873   74E 4.0922
15   39E 45.7181   74E 4.1875
16   39E 45.7237   74E 3.7900
17   39E 45.6674E   74E 3.8687
18   39E 45.6500   74E 3.9718
19   39E 45.6196   74E 4.1473
20   39E 45.6519   74E 4.5781
22   39E 45.5767   74E 4.4553
23   39E 45.5744   74E 4.6898
24   39E 45.6184   74E 4.8194
25   39E 45.6558   74E 4.8383
26   39E 45.6192   74E 5.0343
27   39E 45.5500   74E 5.0664
28   39E 45.5534   74E 4.9393
29   39E 45.5076   74E 5.0171
30   39E 45.4318   74E 5.0355
31   39E 45.4517   74E 4.7226
32   39E 45.4949   74E 4.5133
33   39E 45.4733   74E 4.4599
34   39E 45.4889   74E 4.2653
35   39E 45.3913   74E 4.3305
36   39E 45.2937   74E 4.1405
37   39E 45.0560   74E 4.3052
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38   39E 45.1312   74E 4.3117
Appendix Table B-1.  (Continued)

Station Latitude Longitude
Borrow A (Continued)

39   39E 45.1611   74E 4.3384
40   39E 45.1535   74E 4.4005
41   39E 45.2153   74E 4.3866
42   39E 45.0633   74E 4.5644
43   39E 45.1906   74E 4.6180
44   39E 45.1300   74E 4.8022
45   39E 45.3151   74E 4.8871
46   39E 45.1924   74E 4.9407
47   39E 45.2989   74E 5.0446
48   39E 45.2628   74E 5.0711
49   39E 45.2901   74E 5.1711
50   39E 45.3048   74E 5.1833
51   39E 45.2792   74E 5.2312
52   39E 45.3296   74E 5.3289
53   39E 45.3778   74E 5.3607
54   39E 45.4051   74E 5.3344
55   39E 45.4781   74E 5.2854

Borrow B
1   39E 43.5484   74E 4.8726
2   39E 43.4467   74E 5.0401
3   39E 43.4070   74E 5.2712
4   39E 43.2988   74E 5.2877
5   39E 43.3312   74E 5.3527
6   39E 43.3934   74E 5.3971
7   39E 43.2263   74E 5.4361
8   39E 43.1530   74E 5.3880
9   39E 43.1316   74E 5.5628
10   39E 42.9678   74E 5.5559
11   39E 43.0082   74E 5.6695
12   39E 42.9405   74E 5.7239
13   39E 42.9389   74E 5.8494
14   39E 43.0475   74E 5.7831
15   39E 43.0543   74E 5.8582
16   39E 43.1566   74E 5.8682
17   39E 43.1843   74E 5.7216
18   39E 43.2826   74E 5.7233
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Appendix Table B-1.  (Continued)
Station Latitude Longitude

Borrow D
1   39E 40.4190   74E 4.8285
2   39E 40.4287   74E 4.9429
3   39E 40.3439   74E 4.8607
4   39E 40.3281   74E 4.9413
5   39E 40.3698   74E 5.1247
6   39E 40.3062   74E 5.1023
7   39E 40.1931   74E 4.9982
8   39E 40.1896   74E 5.1198
9   39E 40.2335   74E 5.2334

10   39E 40.3030   74E 5.2596
11   39E 40.3045   74E 5.3212
12   39E 40.2651   74E 5.4706
13   39E 40.1966   74E 5.5797
14   39E 40.1971   74E 5.4015
15   39E 40.0880   74E 5.2499
16   39E 40.0502   74E 5.2932
17   39E 39.8695   74E 5.3186
18   39E 39.9072   74E 5.4307
19   39E 39.9558   74E 5.3816
20   39E 40.0199   74E 5.6582
21   39E 39.7302   74E 5.5598
22   39E 39.8018   74E 5.6187
23   39E 39.8195   74E 5.6564
24   39E 39.7479   74E 5.7875
25   39E 39.6751   74E 5.8301
26   39E 39.6767   74E 6.0073
27   39E 39.8257   74E 6.0804
28   39E 39.8940   74E 5.9517
29   39E 39.9085   74E 5.8056
30   39E 40.0035   74E 5.8483
31   39E 39.9947   74E 5.9556
32   39E 39.9464   74E 6.3301
33   39E 40.0625   74E 6.1478
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Appendix Table B-1.  (Continued)
Station Latitude Longitude

Borrow E
1 39E 37.2998  74E 10.2148
2 39E 37.0620 74E 10.4142
3 39E 37.0682 74E 10.4977
4 39E 37.0408 74E 10.4865
5 39E 36.8321 74E 10.5774
6 39E 36.8601 74E 10.7105
7 39E 36.7296 74E 10.8481
8 39E 36.6574 74E 10.8613
9 39E 36.5945 74E 10.9472
10 39E 36.6222 74E 11.0781
11 39E 36.6090 74E 11.1525
12 39E 36.5579 74E 11.2315
13 39E 36.4857 74E 11.2204
14 39E 36.4035 74E 11.1463
15 39E 36.3481 74E 11.5205
16 39E 36.2210 74E 11.4204
17 39E 36.1939 74E 11.5697
18 39E 36.1478 74E 11.5882
19 39E 36.1581 74E 11.6780
20 39E 36.2135 74E 11.7414

Reference Area
A1 39E 46.34850 74E 4.25538
A2 39E 44.82468 74E 5.38878
B1 39E 43.54368 74E 5.71134
B2 39E 42.80238 74E 5.55492
D1 39E 40.40844 74E 6.08808
D2 39E 39.48630 74E 6.49314
E1 39E 36.88782 74E 11.1654
E2 39E 36.29874 74E 10.8672
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Appendix Table B-2. Locations of commercial hydraulic clam dredging at the LBI borrow
areas conducted during September 1997.  NM = not measured.

Station Depth
Start Location 

Lat/Long
End Location 

Lat/Long (miles) (sq. ft.)
Dredged Dredged
Distance Area

3 NM 0.05 1584

Borrow A 
39E 45.92' 39E 45.96'
74E 4.51' 74E 4.51'

6 NM 0.09 2851
39E 45.98' 39E 46.06'
74E 4.75' 74E 4.73'

9 NM 0.12 3802
39E 45.85' 39E 45.95'
74E 4.51' 74E 4.47'

10 26 0.14 443539E 45.96' 39E 46.08'
74E 4.02' 74E 4.01'

12 NM 0.04 126739E 45.84' 39E 45.87'
74E 3.91' 74E 3.88'

15 NM 0.11 3485
39E 45.77' 39E 45.86'
74E 4.12' 74E 4.08'

16 21 0.15 4752
39E 45.72' 39E 45.83'
74E 4.87' 74E 4.79'

18 NM 0.13 4118
39E 45.70' 39E 45.81'
74E 3.95' 74E 3.91'

20 25 0.17 538639E 45.66' 39E 45.79'
74E 4.55' 74E 4.47'

22 22 0.18 570239E 45.55' 39E 45.66'
74E 4.44' 74E 4.30'

25 22 0.11 3485
39E 45.70' 39E 45.79'
74E 4.79' 74E 4.74'

27 20 0.13 4118
39E 45.71' 39E 45.81'
74E 4.92' 74E 4.86'

31 20 0.20 6336
39E 45.49' 39E 45.58'
74E 4.69' 74E 4.50'

32 24 0.14 443539E 45.53' 39E 45.65'
74E 4.45' 74E 4.40'

35 30 0.17 538639E 45.45' 39E 45.58'
74E 4.28' 74E 4.20'

40 34 0.17 5386
39E 45.18' 39E 45.31'
74E 4.38' 74E 4.28'

41 30 0.16 5069
39E 45.25' 39E 45.39'
74E 4.37' 74E 4.36'
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43 22 0.14 4435
39E 45.33' 39E 45.43'
74E 4.54' 74E 4.46'
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Appendix Table B-2.  (Continued)

Station Depth
Start Location 

Lat/Long
End Location 

Lat/Long (miles) (sq. ft.)
Dredged Dredged
Distance Area

2 39 0.11 3485

Borrow B 
39E 43.45' 39E 43.54'
74E 5.00' 74E 4.95'

5 38 0.05 1584
39E 43.28' 39E 43.29'
74E 5.36' 74E 5.30'

7 40 0.08 2534
39E 43.24' 39E 43.25'
74E 5.39' 74E 5.38'

8 29 0.18 5702
39E 43.11' 39E 42.95'
74E 5.37' 74E 5.39'

11 28 0.24 7603
39E 42.96' 39E 42.80'
74E 5.69' 74E 5.52'

15 38 0.05 158439E 43.01' 39E 42.97'
74E 5.77' 74E 5.77'

17 35 0.10 3168
39E 43.17' 39E 43.08'
74E 5.63' 74E 5.63'

2 43 0.16 5069

 Borrow D 
39E 40.45' 39E 40.38'
74E 4.90' 74E 4.74'

6 44 0.19 6019
39E 40.29' 39E 40.16'
74E 5.05' 74E 4.91'

7 33 0.21 665339E 40.12' 39E 39.97'
74E 5.01' 74E 5.05'

13 NM 0.02 634
39E 40.14' 39E 40.16'
74E 5.50' 74E 5.51'

15 36 0.14 4435
39E 40.03' 39E 39.94'
74E 5.26' 74E 5.37'

18 32 0.20 6336
39E 39.89' 39E 39.73'
74E 5.45' 74E 5.55'

25 35 0.20 6336
39E 39.65' 39E 39.58'
74E 5.81' 74E 5.60'

28 43 0.13 411839E 39.85' 39E 39.74'
74E 5.97' 74E 5.99'

30 44 0.17 5386
39E 39.97' 39E 39.82'
74E 5.82' 74E 5.80'

32 44 0.02 634
39E 39.97' 39E 39.95'
74E 6.31' 74E 6.32'
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Appendix Table B-2. (Continued)

Station Depth
Start Location 

Lat/Long
End 

Location 
Lat/Long

(miles) (sq. ft.)
Dredged Dredged
Distance Area

3 32 0.04 1267

Borrow E 
39E 37.03'  39E 37.06'
74E 10.53' 74E 10.54'

6 25 0.10 3168
39E 36.86 39E 36.22'
74E 10.59' 74E 10.56'

7 31 0.15 4752
39E 36.67' 39E 36.55'
74E 10.83' 74E 10.89'

13 24 0.08 2534
39E 36.47' 39E 36.40'
74E 11.18' 74E 11.21'

19 18 0.03 950
39E 36.15' 39E 36.14'
74E 11.55' 74E 11.58'
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APPENDIX C
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Appendix Table C-1.

Station % S/C Depth (ft) Station % S/C Depth (ft)
Borrow A

A1 3.6 46.5 A29 1.1 23
A2 7.5 46 A30 0.9 18
A3 2 44.5 A31 3.5 40

A4 12.3 42.9 A32 2.3 42
A5 0.5 26.2 A33 1.6 42.3

A6 2.5 39.6 A34 1.8 41
A7 4.9 37.6 A35 1.8 41.9
A8 2.4 37 A36 0.7 38

A9 1.2 40.6 A37 0.8 36
A10 2.8 45.9 A38 0.7 37

A11 1.1 44.1 A39 0.7 36
A12 0.8 42 A40 0.8 36
A13 0.9 42 A41 1 39

A14 1.1 43 A42 1.2 38
A15 1.2 41.3 A43 30.7 44.2

A16 1 41.9 A44 7 41
A17 0.8 41 A45 2.2 28
A18 0.7 40 A46 1.4 28

A19 1.4 42 A47 2.2 13.5
A20 1.7 38.2 A48 1 14.5

A21 1.4 39.4 A49 0.9 15
A22 5.5 44.2 A50 0.5 15.3
A23 2 35.4 A51 1 14.1

A24 0.8 32.6 A52 0.8 15
A25 1.2 31 A53 0.8 15.7

A26 0.2 27 A54 0.8 17
A27 0.8 22 A55 1.3 16.6
A28 1.2 25
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Appendix Table C-1. (Continued)

Station % S/C Depth (ft) Station % S/C Depth (ft)
Borrow B
B1 1.1 40 B10 1.5 35

B2 0.8 35.6 B11 1.8 33

B3 1.1 36.2 B12 0.9 32.3

B4 0.8 32.6 B13 1.4 31.1

B5 0.7 33.6 B14 1.1 30

B6 1.3 40 B15 1.1 32

B7 0.5 30 B16 1 38

B8 0.9 35.6 B17 0.7 31.9

B9 1.4 30 B18 0.4 44.7

Borrow D
D1 0.9 46 D18 40

D2 1 46.5 D19 0.8 33.8

D3 0.8 42.3 D20 0.4 33.8

D4 0.7 43 D21 56

D5 0.7 44.6 D22 40.6

D6 0.5 42 D23 0.5 35.3

D7 1 41 D24 0.3 40

D8 0.8 41 D25 0.8 46

D9 0.6 40.5 D26 1 38.5

D10 0.5 41 D27 0.5 33

D11 0.5 40.5 D28 0.6 33.9

D12 1 43 D29 0.6 32

D13 0.4 43.5 D30 37

D14 37.2 D31 0.7 35.9

D15 0.6 37.5 D32 0.8 42.3

D16 0.5 37 D33 0.4 46.8

D17 60
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Appendix Table C-1. (Continued)
Station % S/C Depth (ft) Station % S/C Depth (ft)

Borrow E
E1 1 43 E11 10.4 35.8

E2 0.8 35 E12 0.7 35
E3 2.4 37 E13 0.7 26

E4 0.9 36 E14 0.5 21.6
E5 0.6 28.6 E15 0.3 28
E6 0.6 34.2 E16 0.7 21

E7 0.5 30.4 E17 0.5 19.2
E8 0.3 26 E18 0.6 20

E9 0.6 26 E19 0.6 20.4
E10 1 32 E20 0.7 28.4
Reference Area

AR1 1.4 32.4 DR1 0.7 48.3
AR2 5 30 DR2 2 39.7

BR1 7 43.6 ER1 0.3 31.3
BR2 1.6 43.7 ER2 1.9 38.5
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APPENDIX E
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APPENDIX F
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APPENDIX G

LIST OF TAXA CLASSIFIED AS EPIFAUINA THAT WERE 
COLLECTED FROM THE FOUR LBI BORROW AREAS AND THE LBI 

REFERENCE AREA
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Appendix Table G-1. Mean abundance of epifaunal taxa collected during macroinver-
tebrate sampling at the four LBI borrow area and LBI reference areas

Taxon Area A Area B Area D Area E LBI Reference Area
Platyhelminthes : Turbellaria

2.9Stylochus ellipticus 
Turbellaria 1.2 1.3 0.7

Annelida : Polychaeta
5.7

1.3 0.7
3.3 1.3 4.1 2.9
6.2
0.4

17.1
4.1 5.1 173.3

Harmothoe extenuata 
Lepidonotus spp. 
Lepidonotus sublevis 
Polydora commensalis 
Polydora websteri 
Proceracea cornuta 
Sabellaria vulgars Spirorbis 
spp. 3.7 1.4 2.9

Mollusca : Gastropoda
8.8 2.8

8.3 29.0 20.7 25.6
16.5 1.1 119.3

0.4
0.8 0.7 1.1
1.7
0.8 2.5 2.1 1.1
0.8 1.3 2.1 17.1
0.8 4.1
0.4 5.7

14.9 7.6
1.2 1.3

0.7
9.9 11.4 0.7 8.5

Astyris lunata Crepidula plana 
Crepidula spp. Cylichnella 
bidentata Doridella obscura 
Epitonium greenlandicum 
Epitonium spp. Gastropoda 
Nudibranchia Odostomia 
engonia Odostomia spp. 
Turbonilla interrupta Turbonilla 
spp. Turbonilla stricta 
Vitrinellidae

1.1
Mollusca : Bivalvia

2.8Anomia simplex 
Mytilus edulis 1.2 76.7

Arthropoda : Mysidacea
91. 1.3 5.7Mysidopsis bigelowi 

Neomysis americana 7.9 1.1
Arthropoda : Isopoda

43.0 2.5 36.9
2.0

Edotea triloba Idotea 
balthica Politolana 
concharum 5.8 138.9 39.3 180.7 5.7
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Appendix Table H-1. (Continued)

Taxon Area A Area B Area D Area E LBI Reference Area
Arthropoda : Amphipoda

1.7
5.7

2.5 5.1 9.6 28.4
9.1 11.4
2.5 17.1
4.1 1.3
0.4

0.7

Cerapus tubularis 
Corophium spp. 
Corophium Tuberculatum 
Elasmopus laevis 
Erichthonius Brasiliensis 
Microprotopus raneyi 
Paracaprella tenuis 
Parametopella cypris 
Stenothoe minuta 0.4

Anthropoda : Decapoda
1.2
5.4 2.1

19.8 20.2 4.8 4.6 71.0
0.4

Crangon Septemspinosa 
Pagurus longicarpus 
Pagurus spp. 
Palaemonetes pugio 
Xanthidae 2.5 14.2

Bryozoa
Alcyonidium spp. 0.4

Echinodermata : Asteroidea
2.9 8.5Asterias forbesi 

Asteroidea 2.5 7.6 47.7 14.2

Chordata : Ascidiacea
Ascidiacea 11.2 82.1 15.8 200.0
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APPENDIX H
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FP-99/39

August 30, 1999

Lt. Colonel Debra M. Lewis
District Engineer, Philadelphia District
U.S. Army Corps of Engineers
Wanamaker Building
100 Penn Square East
Philadelphia, Pennsylvania  19107-3390

Dear Lt. Colonel Lewis:

This is the final report of the U.S. Fish and Wildlife Service (Service) regarding anticipated
impacts on fish and wildlife resources from the U.S. Army Corps of Engineers (Corps) proposed
Barnegat Inlet to Little Egg Inlet Feasibility Study, Ocean County, New Jersey.  This report was
prepared pursuant to Section 2(b) of the Fish and Wildlife Coordination Act (48 Stat. 401, as
amended; 16 U.S.C. 661 et seq.).

This report is provided in accordance with our Fiscal Year-1998 scope-of-work agreement and is
based on plans and information provided in the Corps June 1999 Barnegat Inlet to Little Egg Inlet
Revised Draft Feasibility Report and Integrated Environmental Impact Statement.  The Service
(1996) previously provided a Planning Aid Report entitled, "Barnegat Inlet to Little Egg Inlet
Reconnaissance Study, Ocean County, New Jersey."  

The federally listed (threatened) piping plover (Charadrius melodus) nests in two locations
within the proposed project area.  Piping plovers nest on the beaches of Barnegat Light, and
between Harvey Cedars and Loveladies.  Piping plovers also nest on the beaches adjacent to the
proposed project area within the Holgate Unit of the Edwin B. Forsythe National Wildlife Refuge. 
Piping plovers nest on sandy beaches above the high tide line on mainland coastal beaches, sand
flats, and barrier island coastal beaches.  The proposed project, via construction activities or use
of the restored beach by humans, may affect piping plovers.  

In addition, the project may create habitat for the seabeach amaranth (Amaranthus pumilus), a
federally listed (threatened) plant.  The seabeach amaranth is an annual plant, endemic to Atlantic
coastal plain beaches, primarily occurring on overwash flats at the accreting ends of barrier beach
islands and lower foredunes of non-eroding beaches.  The species occasionally establishes small
temporary populations in other areas, including bayside beaches, blowouts in foredunes, and sand
and shell material placed as beach replenishment or dredge spoil.  Although no extant occurrences
of the seabeach amaranth are known within the proposed project area, the species has recently
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naturally recolonized coastal sites within New York and Maryland.  Therefore, it is possible that
the seabeach amaranth may become naturally reestablished within the project area during the
project life.

The lead federal agency for a project has the responsibility under Section 7(c) of the Endangered
Species Act (87 Stat. 884, as amended; 16 U.S.C. 1531 et seq.) to prepare a Biological
Assessment, if the proposal is a major construction project that requires an Environmental Impact
Statement and if the proposal may affect a federally listed species.  Therefore, the Corps must
prepare a Biological Assessment to address potential project-related impacts to the piping plover
and seabeach amaranth.  The assessment should contain information concerning the piping plover
and seabeach amaranth within the action area and an analysis of any potential effects of the
proposed action on these species.  The Service understands that the Corps is currently preparing a
Biological Assessment for all of the currently proposed shoreline stabilization projects in New
Jersey that may affect piping plovers.

To minimize impacts to piping plovers associated with proposed beach nourishment and
renourishment activities, the Corps has agreed to implement several project modifications
suggested by the Service including:  seasonal restrictions; further consultation prior to initial
nourishment and all subsequent renourishment activities; monitoring; and compliance with the
Service's "Guidelines for Managing Recreational Activities in Piping Plover Breeding Habitat on
the U.S. Atlantic Coast to Avoid Take Under Section 9 of the Endangered Species Act," dated
April 15, 1994 (Appendix A).  

Additionally, to minimize impacts to seabeach amaranth associated with the proposed beach
nourishment and renourishment activities, the Corps has agreed to conduct surveys for seabeach
amaranth prior to initiation of construction activities (U.S. Army Corps of Engineers, 1999).  If
seabeach amaranth is identified in the project  area we recommend modifying the project to
establish a protective zone around any seabeach amaranth sites identified and avoid: construction-
related pedestrian and vehicular traffic; placement, movement, or maintenance of pipelines;
stockpiling of construction materials and equipment; and pumping, placement, or distribution of
sand within such zones.

Other than the piping plover, seabeach amaranth, and an occasional transient bald eagle
(Haliaeetus leucocephalus), no other federally listed or proposed endangered or threatened flora
or fauna under Service jurisdiction are known to occur within the project area. 

The federally listed (endangered) Kemp's Ridley turtle (Lepidochelys kempii), hawksbill turtle
(Eretmochelys imbricata), leatherback turtle (Dermochelys coriacea) and the federally listed
(threatened) green turtle (Chelonia midas) and loggerhead turtle (Caretta caretta) occur in the 
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Atlantic Ocean immediately adjacent to the proposed project area.  Except for nesting 
habitat for sea turtles, principal responsibility for marine turtles and marine mammals is 
under the jurisdiction of the National Marine Fisheries Service.  Additional information 
regarding this report can be provided by John Staples or Lisa Arroyo of my staff.  

Sincerely,

Clifford G. Day 
Supervisor
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Feasibility Report and Integrated Environmental Impact Statement.  U.S. 
Department of the Army, Corps of Engineers, Philadelphia District, Philadelphia, 
Pennsylvania.

U.S. Fish and Wildlife Service.  1996.  Barnegat Inlet to Little Egg Inlet Reconnaissance Study, 
Ocean County, New Jersey.  Planning Aid Report.  U.S. Department of the 
Interior, Fish and Wildlife Service, New Jersey Field Office, Pleasantville, New 
Jersey.  23 pp.  + appendices.
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EXECUTIVE SUMMARY

The U.S. Army Corps of Engineers, Philadelphia District (Corps) initiated the New Jersey Shore
Protection Study, incorporating the Long Beach Island Project, under the authority of resolutions
adopted by the Committee on Public Works and Transportation of the U.S. House of
Representatives and the Committee on Environment and Public Works of the U.S. Senate in
December 1987.  The Long Beach Island Project area is located on Long Beach Island and
includes Long Beach Township and the Boroughs of Barnegat Light, Harvey Cedars, Surf City,
Ship Bottom, and Beach Haven, Ocean County, New Jersey.

The Long Beach Island Project is designed to reduce the threat of storm damage and mitigate the
effects of, or prevent, long-term erosion.  The Long Beach Island Project involves the creation of a
125-foot-wide berm for approximately 17 miles along the Atlantic Ocean.  The proposed project
also involves the construction of a dune with a top width of 22 feet.  The proposed berm and dune
system would be renourished every 7 years for the life of the project (i.e., 50 years).  Sand fencing
and American beachgrass (Ammophila breviligulata) would be established along the constructed
dunes to entrap and maintain sand.  The Corps proposes to obtain the necessary beach nourishment
material from four borrow areas located offshore of the project area (U.S. Army Corps of
Engineers, 1999).

The Service has concerns regarding potential impacts on shellfish and other benthic organisms at
the proposed borrow areas, and potential use of the project area by beach nesting birds.  Project-
related adverse impacts to fish and wildlife could be minimized by avoiding the use of Borrow
Areas B and E, reevaluating and using alternative borrow areas such as Barnegat Inlet, and
incorporating several additional recommendations including rotational dredging, hydraulic
dredging during the period of lowest biological activity, deed-restricting the project area, and
monitoring the project area for shorebirds.

The U.S. Fish and Wildlife Service (Service) is concerned about potential adverse impacts on the
federally listed (threatened) piping plover (Charadrius melodus) and seabeach amaranth
(Amaranthus pumilus), a federally listed (threatened) plant, that may result directly from the
proposed project.  The Service is also concerned about indirect impacts due to human use of the
project area that would be supported by the proposed beach renourishment.  Specifically, the
Service is concerned about construction-related adverse impacts, off-road vehicle use, and other
recreational activities on the proposed beach that may interfere with nesting piping plovers.  To
minimize impacts associated with proposed beach nourishment and renourishment activities, the
Corps (1999) has agreed to implement several project modifications recommended by the Service
including:  seasonal restrictions on project activities, further consultation with the Service prior to
initial nourishment and all subsequent renourishment activities, monitoring, and compliance with
the Service's "Guidelines for Managing Recreational Activities in Piping Plover Breeding Habitat
on the U.S. Atlantic Coast to Avoid Take Under Section 9 of the Endangered Species Act," dated
April 15, 1994 (Appendix A). 
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I.  INTRODUCTION

This constitutes the U.S. Fish and Wildlife Service's (Service) Fish and Wildlife Coordination Act
(48 Stat. 401; 16 U.S.C. 661 et seq.), Section 2(b) report describing the fish and wildlife
resources and supporting ecosystems in the area of the U.S. Army Corps of Engineers,
Philadelphia District (Corps) proposed Long Beach Island Project, which is associated with the
Corps Barnegat Inlet to Little Egg Inlet Feasibility Study.  This report is provided in accordance
with a Fiscal Year-1998 scope-of-work agreement with the Corps.  The information presented in
this report documents the fish and wildlife resources in the project area, identifies potential
adverse impacts to those resources, and provides recommendations to minimize adverse impacts. 
The project area is located on Long Beach Island and incorporates six political jurisdictions in
Ocean County, New Jersey including:  Long Beach Township and the Boroughs of Barnegat Light,
Harvey Cedars, Surf City, Ship Bottom, and Beach Haven (Figure 1).  

The New Jersey Shore Protection Study, which incorporates the Long Beach Island Project, was
authorized by resolutions adopted by the Committee on Public Works and Transportation of the
U.S. House of Representatives and the Committee on Environment and Public Works of the U.S.
Senate in December 1987.  The authorization calls for defining coastal area problems and
identifying potential solutions; identifying costs, environmental and social impacts of potential
solutions; and presenting an optimized National Economic Development Plan.

The Service requests that no part of this report be used out of context and if the report is
reproduced, it should appear in its entirety.  Furthermore, any data, opinions, figures,
recommendations, or conclusions excerpted from the report should be properly cited and include
the page number from which the information was taken.  This report should be cited as follows:

Arroyo, L.P.  1999.  Assessment of the Barnegat Inlet to Little Egg Inlet Feasibility Study, Ocean
County, New Jersey.  Fish and Wildlife Coordination Act Section 2(b) Report, U.S. Department of
the Interior, Fish and Wildlife Service, New Jersey Field Office, Pleasantville, New Jersey.  22
pp. + appendices.

Questions or comments regarding this report are welcomed by the Service.  Written inquiries
should be addressed to:

Supervisor
New Jersey Field Office
Ecological Services
U.S. Fish and Wildlife Service
927 North Main Street, Building D-1
Pleasantville, New Jersey  08232
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II. PROJECT DESCRIPTION

The objectives of the Long Beach Island Project include two components.

1. Reduce the impacts of potential hurricane and storm damages over a 50-year period.

2. Reduce the impacts of shoreline erosion along the ocean beaches of Long Beach Island.

The proposed project would restore berms and dunes through beach nourishment and subsequent
renourishment.  The Corps proposes to create a 125-foot-wide berm with a top elevation of +8.0
feet based on the North American Vertical Datum (NAVD) for approximately 17 miles along the
Atlantic Ocean (U.S. Army Corps of Engineers, 1999).  The proposed berm and dune restoration
extends from groin 4 (Seaview Drive, Loveladies) to the terminal groin (groin 98) in Long Beach
Township - Holgate.  The northern end of the study area at Barnegat Light has a wide beach and is
not in need of shoreline protection.  As a result, this area is not included in the project.  The
Holgate Unit (southern end of study area) is also not included in the project.  Since both ends of the
project terminate at a groin, tapers will not be needed.  Berm slopes are proposed at 1:10
(vertical:horizontal).  A dune with a top elevation of +22 feet NAVD, side slopes of 1:5
(vertical:horizontal), and a top width of 30 feet would also be constructed.  Approximately 5.0
million cubic yards of sand are required for the initial berm placement, and 1.3 million cubic
yards for dune placement.  As part of the berm and dune restoration, approximately 1,031 acres
would be covered (approximately 365 acres would be above mean high water (MHW) and 666
acres would be below MHW.  Approximately 2.0 million cubic yards of sand would be used
every 7 years to renourish the proposed beaches for the project life (i.e., 50 years).  In addition,
3.37 acres of American beachgrass (Ammophila breviligulata) and 1,019 linear feet of sand fence
would be established on the dunes to entrap and maintain sand (Conlin, pers. comm., 1999).  

The Corps has identified four offshore borrow areas (Areas A, B, D, and E) as potential sources
of sand for this project (Figure 1).  Two of these areas may be eliminated as borrow sources due
to environmental concerns.  Borrow Areas C and F were eliminated earlier in planning due to the
presence of trans-Atlantic cables.  Use of all four remaining sites will provide all material needed
for the initial berm and dune restoration and future renourishment for the project life.  However, if
only two of the sites are used, a new borrow site would be required during the 50-year project life
for beach renourishment (U.S. Army Corps of Engineers, 1999).  

III. METHODS AND PROCEDURES

The information and findings presented in this report are based on review of the June 1999
"Barnegat Inlet to Little Egg Inlet Revised Feasibility Report and Integrated Environmental Impact
Statement" (U.S. Army Corps of Engineers, 1999) and review of additional information made
available to the Service by the Corps.  The content of this report is also based on:  review of
Service files and library material; coordination with the National Marine Fisheries Service
(NMFS), New Jersey Division of Fish, Game and Wildlife (NJDFGW), Bureau of Marine
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Fisheries, Bureau of Shellfisheries, and Endangered and Nongame Species Program (ENSP); and
site visits conducted on May 15, May 29, and June 26, 1996.

IV. PHYSICAL CHARACTERISTICS

Long Beach Island is approximately 20 miles long, and is bounded by Barnegat Inlet to the north,
Little Egg Inlet to the south, the Atlantic Ocean to the east, and Barnegat Bay to the west.   Six
municipalities are located on Long Beach island including:  Long Beach Township and the
Boroughs of Barnegat Light, Harvey Cedars, Surf City, Ship Bottom, and Beach Haven.  The land
use/cover types for the project area are urban, herbaceous, shrub/scrub, beach/dune, and emergent
wetland.  Although Long Beach Island is characterized by urban development, many of the inland
tidal wetlands remain intact.  Seashore and water-oriented summer recreation is the predominant
land-use, which includes residential rentals and support services for commercial establishments.  

V.  FISH AND WILDLIFE RESOURCES

A detailed description of fish and wildlife resources within the vicinity of Long Beach Island is
provided in a Service (1996a) Planning Aid Report entitled, "Barnegat Inlet to Little Egg Inlet
Reconnaissance Study, Ocean County, New Jersey."  Resource information is summarized below.  

A. BENTHIC ORGANISMS

The Atlantic coast of Long Beach Island supports extensive habitat for benthic organisms.  Shoal
areas along the coast provide very productive shellfish beds that are inhabited by Atlantic surf
clam (Spisula solidissima), common razor-shell clam (Ensis directus), and hard clam
(Mercenaria mercenaria) (Normant, pers. comm., 1999).  Mysid shrimp of the genera
Parahaustorius and Protohaustorius and the polychaete worm Magelona rosea are the most
numerous benthic organisms along the Atlantic coast of Long Beach Island (U.S. Corps of
Engineers, 1995).  A variety of polychaete worms, oligochaete worms, amphipods, isopods,
bivalves, and gastropods also occur within the marine environment along Long Beach Island.

B. FINFISH

The Long Beach Island area supports significant recreational and commercial fisheries within
adjacent bays (e.g., Barnegat Bay, Manahawkin Bay, and Little Egg Harbor) and along the coast. 
Commercially valuable fish in the project area include weakfish (Cynoscion regalis), Atlantic
menhaden (Brevoortia tyrannus), bluefish (Pomatomus saltatrix), summer flounder (Paralichthys
dentatus), winter flounder (Pleuronectes americanus), American eel (Anguilla rostrata), and
white perch (Morone americana) (Ichthyological Associates, 1979).  Species important to
recreational fisheries within Barnegat Bay include bluefish, spot (Leiostomus xanthurus), and
winter flounder.  However, American eel, scup (Stenotomus chrysops), summer flounder, white
perch, and northern puffer (Sphoeroides maculatus) are also important recreational fish
(Ichthyological Associates, 1978).  The semi-anadromous striped bass (Morone saxatilis) also
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occurs within Barnegat Bay and Little Egg Harbor, and supports a productive fishery (McClain,
pers. comm., 1999).

Numerous Barnegat Bay and Little Egg Harbor tidal creeks support spawning activities of the
anadromous blueback herring (Alosa aestivalis) and alewife (Alosa pseudoharengus) (Zich,
1977).  These tidal creeks and shallow water areas are also important spawning areas for winter
flounder, bay anchovy (Anchoa mitchilli), and Atlantic silversides (Menidia menidia).  

C. BIRDS

Migratory shorebirds are a federal trust resource responsibility of the Service.  Wetland areas in
the vicinity of Long Beach Island, particularly Barnegat Bay and Little Egg Harbor, provide high
quality habitats for a variety of migratory shorebirds.  

The Holgate Unit of the Edwin B. Forsythe National Wildlife Refuge on the southern end of Long
Beach Island provides important resting and feeding areas for migrating shorebirds.  In 1995, the
Service recorded 3,700 shorebirds on the Holgate Unit during the peak of the spring migration. 
Black-bellied plover (Pluvialis squatarola), semipalmated plover (Charadrius semipalmatus),
American oystercatcher (Haematopus palliatus), sanderling (Calidris alba), dunlin (Calidris
alpina), and short-billed dowitcher (Limnodromus griseus) were among the most numerous
shorebirds counted during the 1995 survey (U.S. Fish and Wildlife Service, 1995).  Colonial
nesting waterbirds (e.g., terns, gulls, skimmers, and oystercatchers) also nest on islands and
marshes in Barnegat Bay, Manahawkin Bay, and Little Egg Harbor adjacent to Long Beach Island. 
Coastal marshes provide feeding habitat, while islands in the back bay area provide nesting habitat
that is protected from mammalian predators.  

Migratory waterfowl are also a federal trust resource responsibility of the Service.  Areas
adjacent to the project area, including Barnegat Bay, Manahawkin Bay, and Little Egg Harbor, are
important resting and feeding areas for migratory waterfowl on the Atlantic flyway.  While
Barnegat Bay is used by a wide variety of waterfowl, it provides especially important wintering
habitat for black duck (Anas rubripes) and Atlantic brant (Branta bernicla).  

Several raptors occur year-round in the project area including the State-listed (endangered)
northern harrier (Circus cyaneus).  The osprey (Pandion haliaetus) (State-listed as threatened)
also occurs in marshes along Long Beach Island during the spring, summer, and fall.
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VI. ENDANGERED AND THREATENED SPECIES

A.  PIPING PLOVER

The federally listed (threatened) piping plover (Charadrius melodus) nests in two locations
within the proposed project area.  Piping plovers nest on the beaches of Barnegat Light, and
between Harvey Cedars and Loveladies.  Piping plovers also nest on the beaches adjacent to the
proposed project area within the Holgate Unit of the Edwin B. Forsythe National Wildlife Refuge. 
Other coastline beaches along Long Beach Island do not currently provide suitable nesting habitat
for the piping plover due to beach erosion, which has reduced the beach width such that sufficient
nesting habitat is not available above the high tide line.  However, if beach conditions change and
suitable habitat becomes available through natural accretion or renourishment activities, the piping
plover could be expected to nest within suitable habitat along the ocean coastline of Long Beach
Island.  

Piping plovers nest on sandy beaches above the high tide line on mainland coastal beaches, sand
flats, and barrier island coastal beaches.  The nesting sites are typically located on gently sloping
foredunes, blowout areas behind primary dunes, washover areas cut into or between dunes, ends
of sandspits, and on sites with deposits of suitable dredged or pumped sand.

Food for adult plovers and chicks consists of invertebrates such as marine worms, fly larvae,
beetles, crustaceans, and mollusks.  Feeding areas include intertidal portions of ocean beaches,
ocean washover areas, mudflats, sandflats, wrack lines (organic ocean material left by high tide),
shorelines of coastal ponds, lagoons, and salt marshes.

Development along the coastal shoreline for residential and commercial uses, and the subsequent
stabilization of the once-shifting and dynamic beach ecosystem via seawalls, breakwaters, jetties,
and groins have resulted in the deterioration and alteration of natural beaches.  The above
activities have occurred to such an extent along the Atlantic coast that many beaches no longer
provide suitable habitat for the piping plover.  

The Service expects that piping plovers will continue to nest on the beaches within the project
area.  Piping plovers tend to exhibit high site fidelity to nesting areas (U.S. Fish and Wildlife
Service, 1996b).  In addition, potential and historic nesting areas change over time as a result of
coastal storms and littoral drift affecting beach erosion and accretion.  Consequently, some current
piping plover nesting areas may become unsuitable over time, while new nesting areas may be
formed as a result of accretion or the proposed beach nourishment.

The proposed beach nourishment and subsequent renourishment would likely reduce infaunal
abundance and species diversity that piping plovers are dependent upon as food resources.  The
loss of food resources may adversely affect piping plovers until infaunal organisms are capable of
recolonizing the project area.  Consultation with the Service for each renourishment phase of the
project should address this potential impact.

Conversely, dredged spoil deposition has the potential to create additional suitable nesting habitat
for piping plovers and other beach nesting birds such as the State-listed (endangered) black
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skimmer (Rynchops niger) and least tern (Sterna antillarum), and common terns (Sterna
hirundo), provided the material is deposited prior to the nesting season (U.S. Fish and Wildlife
Service, 1996b).  As a result, piping plovers could nest within the project area after nourishment
is completed.  Recent beach renourishment projects (e.g., Ocean City and Monmouth Beach, New
Jersey) have resulted in the creation of piping plover nesting habitat.  Unfortunately, high levels of
human activity on nourished beaches often prevent nesting success (U.S. Fish and Wildlife
Service, 1996b).  Therefore, occurrence and nesting of federally listed or State-listed threatened
or endangered shorebirds may require restrictions on some recreational (e.g., Off Road Vehicles
(ORVs)) and beach management activities (e.g., beach raking) to protect these species from
adverse impacts.

If piping plovers expand their current nesting area as a result of the proposed project, the Service
would recommend establishing protective zones in accordance with the Service's "Guidelines for
Managing Recreational Activities in Piping Plover Breeding Habitat on the U.S. Atlantic Coast to
Avoid Take Under Section 9 of the Endangered Species Act" (Guidelines) dated April 15, 1994
(Appendix A).  Establishment of protective zones would be coordinated with the appropriate
municipalities by the ENSP.  The Corps would be responsible for providing materials (e.g.,
fencing, signs) or funds for materials for such protective zones.  Additionally, the Corps has
agreed to further consultation with the Service pursuant to Section 7 of the Endangered Species
Act (87 Stat. 884, as amended; 16 U.S.C. 1531 et seq.) for each renourishment phase of the project
for the project life (i.e., 50 years) on beaches where piping plovers are documented (U.S. Army
Corps of Engineers, 1999).  Further consultation may result in seasonal restrictions of construction
activities.

In order to prevent future misunderstanding regarding the protection of piping plovers, the Service
recommends that the Corps notify each municipality on Long Beach Island individually regarding
the potential for recreational activity and beach management (e.g., beach raking) restrictions if
piping plovers expand their nesting areas as a result of the proposed project.  In addition, each
municipality should receive a copy of the above-mentioned Guidelines to become familiar with
potential recreational activity and beach management restrictions.  The purpose of notifying
municipalities in advance is to clarify the responsibilities of the municipalities that are benefitting
from the proposed federal project.  If municipalities are unwilling to cooperate with the Corps and
the Service regarding piping plover management, the Corps should consider eliminating the
municipality from the proposed project.  

B.  SEABEACH AMARANTH

The project may create habitat for the seabeach amaranth (Amaranthus pumilus), a federally listed
(threatened) plant.  The seabeach amaranth is an annual plant, endemic to Atlantic coastal plain
beaches, primarily occurring on overwash flats at the accreting ends of barrier beach islands and
lower foredunes of non-eroding beaches.  The species occasionally establishes small temporary
populations in other areas, including bayside beaches, blowouts in foredunes, and sand and shell
material placed as beach replenishment or dredge spoil.  The seabeach amaranth appears to be
intolerant of competition and does not occur on well-vegetated sites (U.S. Fish and Wildlife
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Service, 1996c).  Although no extant occurrences of the seabeach amaranth are known within the
proposed project area, the species has recently naturally recolonized coastal sites within New
York and Maryland.  Therefore, it is possible that the seabeach amaranth may become naturally
reestablished within the project area during the project life.  Threats to the seabeach amaranth
include construction of beach stabilization structures, beach erosion and tidal inundation, beach
grooming, and destruction by off-road vehicles.

C.  RECOMMENDATIONS FOR A BIOLOGICAL ASSESSMENT

Project-related activities could adversely affect both the piping plover and seabeach amaranth. 
Potential adverse effects to the piping plover include:  disturbance from renourishment operations
and personnel; modification of nesting habitat; loss of food resources; uncontrolled natural and
domestic predation; and disturbance from human recreational and municipal activities occurring on
the renourished beach.  In addition, placement, maintenance, or removal of pipelines above the
low tide line, used for the transport of sand from the borrow site to the beach nourishment site,
could adversely impact piping plovers during the nesting season.  Potential adverse effects to the
seabeach amaranth include:  trampling or habitat disturbance from renourishment operations and
personnel; modification of habitat; trampling or habitat disturbance from human recreational and
municipal activities occurring on the renourished beach; and removal or damage to plants by beach
raking activities.  The lead federal agency for a project has the responsibility under Section 7(c) of
the Endangered Species Act to prepare a Biological Assessment if the project is a construction
project that requires an Environmental Impact Statement (EIS) and the project may affect listed
species.  Therefore, the Corps must prepare a Biological Assessment to address potential project-
related adverse impacts to the piping plover and seabeach amaranth.

In general, the Biological Assessment should contain information concerning listed or proposed
species, which may be present in the action area, and an analysis of any potential effects of the
proposed action on such species.  The following may be considered for inclusion in a Biological
Assessment of the proposed project, although actual contents are at the discretion of the federal
authorizing agency:

(1) results of field surveys to determine if listed species are present or occur seasonally;

(2) views of recognized experts on the species;

(3) literature review;

(4) analysis of direct, indirect, and cumulative effects of the action on the species; and

(5) analysis of alternative actions.

Specifically, the Biological Assessment should include potential adverse impacts on piping
plovers and seabeach amaranth associated with proposed beach nourishment and renourishment
activities for the project life (i.e., 50 years).  Additionally, the Biological Assessment should
address indirect adverse impacts from the proposed beach nourishment on piping plovers
specifically relating to increased or continued recreational use of beaches by ORVs and
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pedestrians.  The Service understands that the Corps is currently preparing a Biological
Assessment for all of the currently proposed shoreline stabilization projects in New Jersey that
may affect piping plovers.

D.  RECOMMENDATIONS TO PROTECT PIPING PLOVER AND SEABEACH        
AMARANTH
 
To ensure the continued protection of the piping plover over the life of the project, the Service
recommends that the Corps reinitiate consultation:

o at least 135 days prior to beginning any beach nourishment associated with the Long Beach
Island Project to allow 90 days for formal consultation and 45 days for issuance of a
Biological Opinion; and

o at least 135 days prior to any beach maintenance activities (e.g., beach renourishment) for
the life of the project (i.e., 50 years).  

To reduce impacts associated with proposed beach nourishment and renourishment activities, the
Service suggests the following project modifications.

1. If piping plover habitat is documented within the project area or within 300 feet of areas
where construction activities would occur (e.g., dredge-transfer pipelines) prior to
initiation of project-related activities, avoid all work in the project area between April 1
and August 15 in order to avoid potential adverse impacts on nesting piping plovers.  This
seasonal restriction would be applicable to maintenance work that may be necessary in
subsequent years.  Associated work includes, but is not limited to:  placement, movement,
or maintenance of pipelines; stockpiling of construction materials and equipment; and
pumping, placement, or distribution of sand.

2. Ensure that seabeach amaranth will not be adversely affected by construction activities. 
Conduct surveys for seabeach amaranth prior to initiation of construction activities. 
Establish a protective zone around any seabeach amaranth sites identified and avoid
construction-related pedestrian and vehicular traffic; placement, movement, or maintenance
of pipelines; stockpiling of construction materials and equipment; and pumping, placement,
or distribution of sand within such zones.

3. Ensure protection of piping plover and seabeach amaranth from indirect, but project-
related, impacts from recreational and municipal activities occurring on the renourished
beach.  The Service recommends that the Corps require municipal or other public or
private land managers that will benefit from federally funded beach renourishment projects
to agree to protect federally listed species that may be attracted to renourished beaches. 
To ensure that unauthorized take of federally listed species does not occur following
renourishment, the Service recommends that the Corps require each municipality or other
public or private entity to prepare a Management Plan that describes the protection that
will be afforded to federally listed species.  The Management Plan must adhere to the
Service's "Guidelines for Managing Recreational Activities in Piping Plover Breeding



10

Habitat on the U.S. Atlantic Coast to Avoid Take Under Section 9 of the Endangered
Species Act" dated April 15, 1994 (Appendix A).  The Service recommends that the
Management Plan specifically include the following:

a. establishment of protective zones around piping plover nests and
seabeach amaranth sites;

b. off-road vehicle (recreational and essential municipal) restrictions during
the piping plover nesting and brood rearing periods (April 1 - August 15);

c. prohibition of kite flying from April 1 - August 15;

d. monitoring of plovers during the nesting and brood rearing period (April 1 -
August 15);

e. protection of piping plover nests, chicks, and adults from native and
domestic predators;

f. establishment and identification (e.g. fencing and signing) of protective
zones; and

g. mechanisms for enforcement of items 1 - 6 above.

Establishment of the protective zones must be coordinated with the Service and the
ENSP.  If ORVs access the beach on the project site and if piping plovers nest
adjacent to the project site, the Guidelines apply to ORV use.  The Management Plans
must be submitted to the Service for review and comment prior to project initiation to
determine if further consultation pursuant to Section 7 of the Endangered Species Act
will be required.

Shorebird monitoring within the project area, except within currently known piping plover
locations, is not conducted by ENSP.  Monitoring of enhanced beach areas that are currently not
surveyed by ENSP would be the responsibility of the project proponent (i.e., the Corps).
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E.  OTHER FEDERALLY LISTED SPECIES, STATE-LISTED SPECIES, AND SPECIES OF       
 SPECIAL CONCERN

The peregrine falcon (Falco peregrinus) is known to nest adjacent to the proposed project area,
within the Barnegat Division of the Edwin B. Forsythe National Wildlife Refuge in Stafford
Township, Ocean County, New Jersey.  However, on August 26, 1999, the peregrine falcon was
removed from the federal list of threatened and endangered species.  Furthermore, no adverse
impacts on the peregrine falcon are expected to result from project implementation.  

Other than the piping plover, seabeach amaranth, and an occasional transient bald eagle
(Haliaeetus leucocephalus), no other federally listed or proposed threatened or endangered flora
or fauna under Service jurisdiction are known to occur in the vicinity of the project.  

The federally listed (endangered) Atlantic Ridley turtle (Lepidochelys kempii) and leatherback
turtle (Dermochelys coriacea), and the federally listed (threatened) loggerhead turtle (Caretta
caretta), and green turtle (Chelonia mydas) may occur in the vicinity of the proposed project.  The
loggerhead turtle is the most likely sea turtle to use the Long Beach Island area.  Except for nesting
habitat for sea turtles, principal responsibility for marine turtles and marine mammals is under the
jurisdiction of the NMFS.  The Service understands that the Corps has contacted the NMFS
regarding potential impacts to federally listed species under NMFS jurisdiction that may be
affected by the proposed project and that the Corps intends to comply with conditions identified in
the NMFS Biological Opinion.  A summary of federally listed and State-listed species in New
Jersey is included as Appendix C.

A variety of State-listed endangered and threatened species inhabit the beaches and marshes of the
Long Beach Island area.  Several birds-of-prey occur in the vicinity of the project area including
the State-listed (endangered) northern harrier and short-eared owl (Asio flammeus), and the State-
listed (threatened) osprey and barred owl (Strix varia) (New Jersey Division of Fish, Game and
Wildlife, 1994).  Nesting populations of the State-listed (endangered) sedge wren (Cistothorus
platensis) occur in high emergent marshes in the vicinity of the Long Beach Island area (New
Jersey Division of Fish, Game and Wildlife, 1994).  The State-listed (threatened) black rail
(Laterallus jamaicensis) nests in emergent tidal marshes in the project area (New Jersey Division
of Fish, Game and Wildlife, 1994).  The State-listed (endangered) black skimmer, roseate tern
(Sterna dougalii), and least tern also occur along the beaches of the Long Beach Island project
area.  Several rookeries on islands within the back bays of Long Beach Island provide
reproductive habitat for the State-listed (threatened) little blue heron (Egretta caerulea) and
yellow-crowned night heron (Nycticorax violacea) (New Jersey Department of Environmental
Protection, 1996).  The American bittern (Botaurus lentiginosus), a State-listed (threatened)
species also occupies the marshes adjacent to the project area.  It is unlikely that the proposed
Long Beach Island Project would adversely affect the American bittern, little blue heron, yellow-
crowned night heron, osprey, northern harrier, short-eared owl, barred owl, sedge 
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wren, and black rail.  The least tern, roseate tern, and the black skimmer could be adversely
impacted by the proposed project; however, if the recommendations provided above for piping
plovers are implemented, adverse impacts on these species would be minimized.  

The northern diamondback terrapin (Malaclemys terrapin terrapin) inhabits marshes, tidal flats,
and beaches associated with the Long Beach Island area.  The terrapin is considered a "species of
special concern" by the Service.  This species has been subject to recent population declines as a
result of terrapin entrapment in crab pots and a reduction in nesting habitat.  The terrapin breeds in
sandy substrate above the levels of normal high tides.  Northern diamondback terrapins occur
primarily in emergent wetlands and shallow water habitat and feed on crustaceans, mollusks, and
other invertebrates (Palmer and Cordes, 1988).  

During the winter, terrapins burrow in the mud of tidal creeks and ponds to hibernate either
individually or in groups.  Terrapins mate in the spring and lay their eggs in sandy substrates
above the levels of normal high tides.  Predation of eggs and hatchlings represents the major
source of natural mortality in most terrapin populations.  Eggs and juveniles are preyed upon by
raccoons, crows, and gulls (Palmer and Cordes, 1988).  However, terrapin entrapment in crab
pots can result in significantly higher mortality than natural mortality (e.g., predation and disease)
(Roosenberg, 1993).

Although species of special concern and State-listed species receive no substantive or procedural
protection under the federal Endangered Species Act, the Service encourages federal agencies and
other planners to consider species of special concern and State-listed species in project planning.

VII. IDENTIFICATION OF IMPACTS AND MITIGATIVE MEASURES

A. IMPACTS

Shoreline protection efforts that include extraction of materials from offshore borrow areas and
related beach nourishment operations may result in a variety of impacts to benthic organisms,
finfish, and wildlife.  Beach nourishment and renourishment activities also result in the conversion
of shallow water cover types to beach and dune cover types.

1. Extraction from Borrow Areas

Areas offshore of Long Beach Island, particularly the shoals, which contain potential borrow
areas, provide productive shellfish habitat (Normant, pers. comm., 1999).  Shoal areas also
provide structure that finfish use as feeding areas.  Fishing grounds are concentrated near the
productive shoal areas (McClain, pers. comm., 1999).  Dredging sand from shoal areas may
adversely affect shellfish and finfish by eliminating the shoal.  

Four borrow areas have been identified as potential sources of sand.  The Corps proposes to use
borrow areas A, D (D and D2), and E.  Only half of Borrow Area E will be used for initial
beachfill (U.S. Army Corps of Engineers, 1999).  However, the NJDFGW identified Borrow
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Areas B and E as Prime Fishing Areas, as defined by the Rules on Coastal Zone Management
(N.J.A.C. 7:7E, as amended July 18, 1994).  Burton and Scott (1998) determined that the
community composition of the four borrow areas were similar to the Long Beach Island reference
area.  The borrow areas were dominated by polychaete worms, followed by mollusks and
arthropods (specifically crustaceans).  Oligochaete worms also contributed substantially to the
faunal composition of the borrow areas (U.S. Army Corps of Engineers, 1999).

The Atlantic surf clam was collected from all borrow areas.  Mean abundance of surf clams
collected ranged from 183/m  at Area D to 568/m  at Area A.  The total surf clam stock ranged2 2

from 12.0 million clams in Area A to 0.05 million clams in Area B.  Area A had the greatest
average number of bushels collected per tow; approximately 70 percent greater than the regional
average.  Surf clams of the four borrow areas were of comparable size relative to those of the
regional Atlantic Coast (U.S. Army Corps of Engineers, 1999).

Most benthic organisms within the ocean's dynamic ecosystem have adapted to periodic changes in
habitat that occur as a result of northeasters, hurricanes, and other storms.  As a result, benthic
organisms typically recolonize an area quickly, provided the habitat is still suitable.  Saloman et
al. (1982) concluded that benthic organisms recover from dredging events in approximately one
year, with minor sedimentological changes, and with a small decline in diversity and abundance
within the benthic community.  The Corps has also determined that the benthic community of
borrow areas would recover within 2 years within the project area (Burton and Scott, 1998). 
However, disturbances within the borrow areas every 7 years for the life of the project (i.e., 50
years) would likely limit recolonization, thereby maintaining low infaunal abundance and low
species diversity.

Dredging may also adversely affect water quality by increasing turbidity, changing temperature and
oxygen levels, and releasing or resuspending toxins and bacteria.  These factors may cause direct
mortality to fish and shellfish, disrupt fish migrations, hamper fish and shellfish spawning, and
reduce primary productivity.  Additionally, settling of suspended sediment may result in
smothering of shellfish and other benthic organisms downcurrent from the borrow area.

The type of equipment used and the time of year extraction occurs may greatly influence the nature
and extent of potential adverse impacts related to dredging.  For example, dredging with a
hydraulic dredge may reduce short-term adverse impacts on water quality, but may impact eggs,
young fish, and other slow-moving organisms unable to avoid entrainment.  In addition, the
entrainment of sea turtles has been documented as an adverse impact of hydraulic hopper dredging
(Greene, pers. comm., 1999).  The timing of dredging is also important in that if dredging is
initiated concurrent with a period of low biological activity (November-January), adverse impacts
on fish and wildlife resources may be reduced.  
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2. Beach Nourishment

The proposed beach nourishment and subsequent renourishment would bury infaunal organisms
and result in mortality within the shallow near shore (littoral) zone.  Most of the organisms
inhabiting the extremely dynamic near shore and intertidal zones are highly mobile and can tolerate
significant episodic changes in abiotic factors.  However, the proposed project would likely
reduce infaunal abundance and species diversity despite the resiliency of the intertidal benthic
fauna in recolonizing disturbed areas.  Reilly and Bellis (1983) determined that recovery of
macrofauna is rapid after beach nourishment activities cease; however, the recolonization
community may differ considerably from the original community in terms of species richness and
abundance.  Based on a review of the literature, the Corps predicts that the benthic community
within the littoral zone would recover in 2 years (Burton and Scott, 1998).  Differences in grain
size from the original beach and sand provided for beach nourishment may also affect the
recolonization community.  However, the grain size of the Long Beach Island beach (mean = 0.27
mm) does not differ significantly from the grain size at the borrow areas (mean = 0.33 mm) (U.S.
Army Corps of Engineers, 1999).  

The proposed beach nourishment may adversely affect piping plovers by reducing food resources. 
Conversely, beach nourishment may create additional suitable nesting habitat that piping plovers
and other beach nesting birds, such as black skimmers, least terns, and common terns, may use in
future seasons.  Recent beach renourishment projects (e.g., Ocean City and Monmouth Beach, New
Jersey) resulted in the creation of piping plover nesting habitat that did not exist prior to project
construction.  As previously noted, high levels of human activity on nourished beaches often
prevent nesting success (U.S. Fish and Wildlife Service, 1996b).  Therefore, occurrence and
nesting of federally listed or State-listed threatened or endangered species may require restrictions
on some recreational activities (e.g., ORV use) and beach management activities (e.g., beach
raking) to protect these species from adverse impacts.

As previously noted, piping plovers nest in three sections of the project area.  Further coordination
(e.g., preparation of a Biological Assessment) from the Corps would be necessary prior to beach
nourishment to ensure piping plovers or their habitat are not adversely affected by the proposed
project.

B. RECOMMENDED MITIGATIVE MEASURES

1. Extraction from Borrow Areas

Based on potential adverse impacts to benthic macroinvertebrates, the NJDFGW strongly
discourages the use of Borrow Areas B and E, which are designated as Prime Fishing and Surf
Clam Areas (letter dated December 11, 1998, Appendix B).  The Service supports the position of
the NJDFGW.  The NJDFGW also recommends conditional use of Borrow Areas A and D,
provided that the sand mining does not alter the existing bathymetry to a significant degree so as to
reduce the high fishery productivity of these areas, and to investigate alternative borrow areas,
including the Barnegat Inlet.  The Service concurs with these recommendations. 
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In order to minimize repeated impacts on benthic organisms within a borrow area, the Service
recommends that the Corps conduct each renourishment dredging phase in a limited portion of the
borrow area(s) and alternate locations for each subsequent renourishment cycle.  Rotational
dredging minimizes frequent, repeated disturbance of a particular area, thereby allowing
recolonization of benthic organisms to occur over a longer period of time.  

In order to avoid anoxic conditions in the borrow area, which would inhibit recolonization of
benthic organisms, the Service recommends avoiding the creation of excessively deep, poorly
flushed borrow sites.  The Service also recommends dredging not coincide with shellfish or finfish
spawning activity.  The Corps has agreed to implement these recommendations (U.S. Army Corps
of Engineers, 1999).  In addition, the Service also recommends that the Corps coordinate with
NMFS to ensure protection of Essential Fish Habitats within the project area.

Hydraulic-pipeline dredging generally creates less turbidity than hydraulic-hopper dredging. 
Additionally, hydraulic-pipeline dredging minimizes the potential entrainment of federally listed
sea turtles.  However, through formal consultation pursuant to the Endangered Species Act, the
NMFS provided a Biological Opinion and an incidental take statement regarding hydraulic-hopper
dredge operations (Greene, pers. comm., 1999).  Provided that the Corps adheres to the terms and
conditions provided in the Biological Opinion, the Service does not oppose the use of hydraulic-
hopper dredging.  

2. Beach Nourishment

Beach nourishment and subsequent renourishment would create approximately 273 acres of new
beach area along Long Beach Island.  Much of the created area and the existing beach area would
be considered upland.  It is assumed that the Corps would obtain an easement for the project area
for the project life (i.e., 50 years) in order to complete renourishment activities.  However, it is
unclear what type of easement would exist after the project is completed.  In order to prevent
residential or commercial development within the project area or adjacent beach area, the Service
recommends that the Corps obtain a perpetual deed restriction or conservation easement for the
newly created beach and adjacent beach areas.

As previously discussed, recent beach renourishment projects (e.g., Ocean City and Monmouth
Beach, New Jersey) resulted in the creation of piping plover nesting habitat that did not exist prior
to project construction.  Construction of the proposed project may create suitable nesting habitat
for piping plovers, other shorebirds, and colonial nesting waterbirds (e.g., terns, gulls, skimmers,
and oystercatchers).  

In the event that beach nesting birds do nest or expand their nesting areas on Long Beach Island, in
addition to the above recommendations to minimize impacts on the piping plover, the Service
recommends that the Corps develop educational materials (e.g., brochures, informational signs) or
provide funds for public education and outreach.  Development of informational materials would
educate beach users about beach nesting birds; thereby reducing disturbance to nesting areas. 
Public education would also promote public support for protecting beach nesting birds.
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Finally, the Service recommends that the Corps develop and implement a shorebird monitoring
program, in cooperation with the Service, to monitor the use of the nourished beaches for
shorebirds, particularly piping plovers.  This shorebird monitoring program should be designed to
identify and report use of the project area beaches by shorebirds, particularly the piping plover,
for the life of the project (i.e., 50 years).

C.  RECOMMENDED HABITAT ENHANCEMENT MEASURES

Beach fill and dune creation offers an opportunity for enhancement of fish and wildlife habitat.  Of
course, any proposed beach creation activities must be closely reviewed in the context of their
effects on other habitats (e.g., shallow open-water habitat) within the Long Beach Island area and
any accompanying adverse impacts on fish and wildlife resources must be considered in project
planning.  

Planning activities for beach fill and dune creation should include an evaluation of potential
habitat enhancement for beach nesting birds.  Wide beaches with gentle slopes (<7 percent)
generally provide high quality habitat for beach nesting birds.  Creation of low, wide dunes with
washover areas provides adequate foraging and nesting habitat.  Dune configurations that are
irregular (e.g., staggered and discontinuous) may attract beach nesting birds.  The dunes within the
Holgate Unit and at Barnegat Light provide excellent examples of irregular dunes.  In addition,
dune grasses should be planted in sufficient quantity to provide stabilization, but also minimal
enough not to prevent nesting opportunities.  Fencing systems to trap sand and create dunes should
be open to allow passage of juvenile shorebirds between and among the dunes.  A broken, zig-zag
pattern of fencing parallel to the shore or a Y-type fencing pattern perpendicular to shore are two
examples of open fencing systems.  

Shorebird and colonial nesting waterbird (e.g., terns, gulls, skimmers, and oystercatchers) habitat
in Barnegat Light is currently being reduced by vegetational succession and to a lesser extent, by
excessive accretion of sand (Jenkins, pers. comm., 1999).  Vegetational succession reduces
potential nesting habitat for many colonial nesting waterbirds (e.g., terns, gulls, skimmers, and
oystercatchers) and may provide adequate cover for terrestrial predators.  Removal or burial of
vegetation in the dunes at Barnegat Light, mechanically or chemically, may enhance habitat for
colonial nesting waterbirds (Jenkins, pers. comm., 1999).  The Service recommends that the Corps
coordinate with the Service and the State ENSP to evaluate the feasibility of removing vegetation
to restore habitat for colonial nesting waterbirds.

VIII.  SUMMARY CONCLUSIONS AND RECOMMENDATIONS

The proposed project area is located in a developed region of New Jersey, which currently
supports valuable fish and wildlife resources, including habitat for federally listed species. 
Implementation of the Long Beach Island project has the potential to enhance fish and wildlife
habitat within the project area.  Enhancement would be accomplished by creating a wider beach
and establishing a dune complex, to include 3.37 acres of planted dune grass.  However, by
creating a wider beach and a dune complex, the possibility of colonial nesting waterbird, piping
plover, and other shorebird use of the project area would increase.  Potential use of the project
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area beaches by humans, ORVs, and the above-mentioned birds may conflict.  Monitoring and
appropriate management would be required to minimize such conflicts.

At this stage of planning, the Corps (1999) has agreed to implement measures to protect federally
listed species and has incorporated most of the Service’s recommendations, given in the draft Fish
and Wildlife Coordination Act report, to protect fish and wildlife resources into the final project
design.  Measures that the Corps has committed to implement are indicated below by an asterix.

To comply with the Endangered Species Act, the Corps must:

1. Prepare a Biological Assessment to address potential project-related adverse impacts to
the piping plover.*

2. Reinitiate consultation with the Service to ensure protection of the piping plover:*

o at least 135 days prior to beginning any beach nourishment associated with the Long
Beach Island project to allow 90 days for formal consultation and 45 days for
issuance of a Biological Opinion; and

o at least 135 days prior to any beach maintenance activities (e.g., beach
renourishment) for the life of the project (i.e., 50 years).

Incorporate the following project modifications to minimize adverse impacts on piping plovers
and seabeach amaranth.

1. If piping plover habitat is documented within the project area or within 300 feet of areas
where construction activities would occur (e.g., dredge-transfer pipelines) prior to
initiation of project-related activities, avoid all work in the project area between April 1
and August 15 in order to avoid potential adverse impacts on nesting piping plovers.*

2. To ensure that seabeach amaranth will not be adversely affected by construction activities,
conduct surveys and establish protective zones around any identified seabeach amaranth
sites.*

3. Ensure protection of piping plover and seabeach amaranth from indirect, but project-
related, impacts from recreational and municipal activities occurring on the renourished
beach.  To ensure that unauthorized take of federally listed species does not occur
following renourishment, require each municipality or other public or private entity to
prepare a Management Plan that describes the protection that will be afforded to federally
listed species.*

To avoid adverse impacts to finfish, shellfish and other benthic organisms at the proposed borrow
areas, the Service recommends implementing the following recommendations into the final project
design.
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1. Avoid the use of Borrow Areas B and E, that are designated as Prime Fishing and Surf
Clam Areas.

2. Evaluate alternative borrow areas, such as the Barnegat Inlet.*

3. Conduct each renourishment dredging phase in a limited portion of the borrow area and
alternate locations for each subsequent renourishment cycle (rotational dredging).

4. Avoid the creation of excessively deep, poorly flushed borrow sites.  Dredge during the
period of lowest biological activity for benthic organisms (November to January).*

5. Coordinate with NMFS to ensure the protection of Essential Fish Habitat within the project
area.

In addition to the above recommendations to avoid adverse impacts to the federally listed piping
plover from beach renourishment, the Service recommends the following measures to protect and
enhance habitats for beach nesting birds.

1. Obtain a perpetual deed restriction or conservation easement for the newly created beach
and adjacent beach areas.

2. Develop informational materials (e.g., brochures; interpretive signs) to educate beach
users about beachnesting birds.

3. Implement a shorebird monitoring program in cooperation with the Service.

4. Coordinate with the Service and ENSP on opportunities to enhance habitats for
beachnesting birds (e.g., irregular dune configurations; fencing systems to trap sand;
removal or burial of vegetation during beach renourishment).
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MANAGEMENT SUMMARYMANAGEMENT SUMMARY

his report describes the results of a Phase I submerged and shoreline cultural resources investigationTperformed for four segments, totaling 10.5 miles, of the tidal and near-shore zone along New Jersey's
Atlantic coast and three proposed offshore sand borrow areas in Ocean County, New Jersey.  This study was
performed in connection with a program of beach nourishment and shoreline erosion control planned by the
Philadelphia District of the U.S. Army Corps of Engineers.  Investigative tasks included:  background and
documentary research; visual inspection and magnetic survey of the shoreline areas at low tide; remote sensing
survey of the offshore borrow areas and the near-shore sand placement areas; hydrographic survey of the
offshore borrow areas; analysis and evaluation of assembled research and field data; and preparation of this
report.

No evidence of prehistoric archaeological resources was noted along the shoreline survey areas, either within the
tidal zone or in the adjacent near-shore zone, or at the offshore sand borrow areas.  The potential for inundated
resources surviving in these areas remains unclear, in part because of the difficulties of reconstructing the
paleoenvironment along a fluctuating coastal area.  The overall prospect of significant archaeological survival is
probably quite limited owing to ongoing coastal erosion.  If buried resources do indeed survive within the
shoreline survey areas, the beach replenishment process should serve to enhance resource preservation and
protection.  To address the possibility of prehistoric archaeological resources surviving within the offshore
borrow areas and being affected by dredging, a program of controlled, periodic archaeological monitoring of the
renewed beach surface is recommended during and immediately following the replenishment operation.  No
further survey-level investigation for these types of resources is recommended.

In the course of visual inspection of the shoreline, a number of late 20th-century resources were identified (e.g.,
pilings, timbers, jetties/groins).  None of these features were judged to be significant archaeological resources
suitable for inclusion in the State or National Registers of Historic Places.  A single house was identified in Harvey
Cedars (at the edge of Survey Area A) which may retain some archaeological integrity as a historic structure.
Further study would be required to provide a full evaluation of the historical significance of this house.  However,
since the placement of additional sand on the beach is not expected to affect resources to the west of the high
water line (such as private residences), no further study is felt to be appropriate in this instance.

Twenty-five magnetic targets were identified within the tidal zone during the pedestrian magnetometer survey
of the four shoreline survey areas.  Five of these magnetic signatures (four in Area A and one in Area D) may
represent potentially significant cultural resources.  Remote sensing survey of the four near-shore sand placement
areas resulted in the identification of an additional three targets (all adjacent to Area A) which may represent
significant submerged cultural resources.  As noted above, placement of additional sand on the beach within the
tidal and near-shore zone will protect the source of these magnetic anomalies, and no further study is considered
necessary for these targets.  The targets should be clearly recorded for future reference and sand placement
should be undertaken with particular care in these locations.
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One magnetic target, possibly deriving from a shipwreck, was identified in proposed offshore Borrow Area D.
Additional Phase I-level underwater archaeological investigation is recommended  for this target.  If further study
shows this target to be a potentially significant underwater resource, such as a shipwreck, consideration should
be given to avoiding this location during sand borrowing.  If this is not feasible, further Phase II-level
investigation is recommended to clarify the character of this potentially significant resource and to evaluate its
eligibility for inclusion in the National Register of Historic Places.
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CHAPTER 1

INTRODUCTION

A.  Project Background and Scope-of-Work

The following technical report describes a Phase
I submerged and shoreline cultural resources 1). a Phase I-level terrestrial cultural 

resources survey designed to locate and 
identify any remains of prehistoric and 
historical archaeological resources along four non-
contiguous segments of shoreline located between 
Barnegat Inlet and Little Egg Inlet:

investigation conducted along an 18-mile stretch of 
Atlantic coastline extending between Barnegat Inlet and 
L ittle Egg Inlet, Ocean County, New Jersey (Figure 
1.1).  This work was performed i n connection 
with U.S. Army Corps of Engineers (USACOE) studies 
of shoreline erosion problems along New Jersey's 
Atlantic shoreline and the agency’s development of 
plans for remedial beach nourishment.  The survey 
specifically addressed four segments of shoreline along 
the southeastern margin of Long Beach 
Island (totaling approximately 10.5 miles) where beach 
nourishment is envisioned and the locations of three 
proposed offshore sand borrow areas (totaling 
approximately 1,055 acres) and four proposed near-
shore sand borrow areas (totaling approximately 320 
acres). 

Area A - located between Dolphin Street and 
North 17th Street, within the 
municipalities of Loveladies, Long Beach 
Township; Harvey Cedars Borough; 
Frazier Park, Long Beach Township and Surf 
City Borough.
Area B - located between South 22nd 
Street and Stockton Street, within the 
municipalities of Ship Bottom Borough; 
Brant Beach and Beach Haven Crest, 
Long Beach Township.
Area C - located between Nebraska 
Boulevard and 27th Street, within the 
municipality of Long Beach Township and 
containing the communities of Beach 
Haven Park, Haven Beach, Beach Haven 
Terrace, Beach Haven Gardens, and 
Spray Beach. Area D - located between 6th 
Street and Webster Avenue, within 
the municipalities of Beach Haven Borough 
and Holgate, Long Beach Township.

The cultural resources investigations reported here 
represent part of a program of ongoing 
environmental studies that the USACOE is carrying out in 
cooperation with the New Jersey Department of 
Environmental Protection.  The work was carried out as 
Delivery Order No. 47 and Modification No. 2 under 
Contract DACW61-94-D-0010 between Hunter 
Research, Inc. and the U.S. Army Corps of Engineers 
(Philadelphia District).  Dolan Research, Inc. and 
Enviroscan, Inc. operated as subconsultants to Hunter 
Research for these studies, supplying, respectively, 
offshore and onshore remote sensing expertise.  
Hydrographic survey services were provided by 
Hydrographic Surveys working as a subconsultant to 
Dolan Research.

2). a Phase I-level underwater archaeological 
remote sensing and hydrographic survey 
designed to locate targets associated with

The cultural resources investigations involved two 
principal work elements:
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Cultural Properties as set forth in 36 CFR Part 800 
(October 1, 1986); and New Jersey Executive Order

215.

B.  Criteria of Evaluation

submerged archaeological resources within the 
four near-shore sand placement areas 
(immediately offshore from Areas A-D as 
shown above) and three proposed offshore sand 
borrow areas situated offshore from the 
communities of Loveladies (Borrow Area B), 
Harvey Cedars (Borrow Area D) and Beach 
Haven Crest/Brant Beach (Borrow Area E). The information generated by these investigations was 

considered in terms of the criteria for evaluation 
outlined by the U.S. Department of the Interior, National 
Register Program:

The quality of significance in American history, 
architecture, archaeology and culture is present in 
districts, sites, buildings, structures and objects that 
possess integrity of location, design, setting, 
materials, workmanship, feeling and association, and:
  

A. that are associated with events that 
have made a significant contribution to the 
broad patterns of our history; or

B. that are associated with the lives of
persons significant in our past; or

Tasks performed included:  background and 
documentary research (for both the underwater and 
terrestrial surveys); a visual inspection and 
pedestrian magnetometer survey of the four 
shoreline segments (carried out at low tide); 
acoustic and magnetic remote sensing with follow-up 
target analysis (underwater survey only); 
bathymetric and hydrographic survey (underwater survey 
only); analysis of assembled research and field data; 
and preparation of this report.  The purpose of these 
investigations was twofold: 1). to determine the presence 
or absence of submerged or shoreline cultural 
resources that are potentially eligible for inclusion in 
the National Register of Historic Places in areas which 
might be affected by proposed beach nourishment 
and sand borrow activities; and 2). to assess likely 
project impacts and make recommendations as to the 
need for further cultural resources studies, if 
potentially significant resources are identified which 
may be adversely affected by the proposed project 
actions.

C. that embody the distinctive 
characteristics of a type, period or method of 
construction, or that represent the work of a  
m aster, or that possess high artistic values, 
or that represent a significant and 
distinguishable entity whose components may 
lack individual distinction; or

D. that have yielded, or may be likely to 
yield information important in prehistory or 
history.

These investigations were conducted in accordance with 
the instructions and intents of various applicable 
Federal and State legislation and guidelines 
governing the evaluation of project impacts on 
archaeological resources, notably: Section 101(b)(4) 
of the National Environmental Policy Act of 1969; 
Section 1(3) and 2(b) o f Executive Order 11593; 
Section 106 of the National Historic Preservation Act; 23 
CFR 771, as amended October 30, 1980; the guidelines 
developed by the Advisory Council on Historic 
Preservation published November 26, 1980; the 
amended Procedures for the Protection of Historic 
and

National Register of Historic Places Bulletin 2 0 
clarifies the National Register review process with regard 
to shipwrecks and other submerged cultural resources.  
Shipwrecks must meet at least one of the above criteria 
and retain integrity of location, design, settings, 
materials, workmanship, feelings



HUNTER RESEARCH, INC.

Page 1-4

and association.  Determining the significance of a 
historic vessel depends on establishing whether the 
vessel is:

1. the sole, best, or a good
representative of a specific vessel type; or

B. a b uilding or structure removed from its 
original location but which i s significant 
primarily for architectural value, or which is the 
surviving structure most importantly 
associated with a historic person or event; 
or

2. is associated with a significant
designer or builder; or

3. was involved in important maritime

C. a birthplace or grave of a historical figure of 
outstanding importance if there is no other 
appropriate site or building directly 
associated with his productive life; or

trade, naval recreational, government, or 
commercial activities.

D. a c emetery which derives its primary 
significance from graves o f persons of 
transcendent importance, from age, from 
distinctive design features, or from association 
with historic events; or

Properties which qualify for the National Register, must 
have significance in one or more "Areas of 
Significance" that are listed in National Register 
Bulletin 16A.  Although 29 specific categories are listed, 
only some are relevant to the submerged cultural 
resources.  Architecture, commerce, engineering, 
industry, invention, maritime history and transportation 
are potentially applicable data categories for the type 
of submerged cultural resources which may be expected 
in the study areas.

F. a property primarily 
commemorative in intent of design, age, 
tradition, or symbolic value has invested it with 
its own historic significance; or

G. a property achieving significance 
within the past 50 years if it is o f 
exceptional importance.

Ordinarily, cemeteries, birthplaces or graves of 
historical figures, properties owned by religious 
institutions or used for religious purposes, 
structures that have been moved from their original 
locations, reconstructed historic buildings, 
properties primarily commemorative in nature, and 
properties that have achieved significance within the past 50 
years shall not be considered eligible for the National 
Register.  However, such properties will qualify if they 
are integral parts of districts that do meet the criteria or if 
they fall within the following categories:

C.  Definition of Terms

A. a religious property deriving primary 
significance from architectural or artistic 
distinction or historical importance; or

The following definitions are from the Department of the 
Interior, National Register of Historic Places 36 CFR 63 
(Federal Register, Vol. 42, No. 183, Wed. Sept. 21, 
1977, pp. 47666-67):

E. a reconstructed building when 
accurately executed in a suitable 
environment and presented in a dignified 
manner as part of a restoration master plan, and 
when no other building or structure with the 
same association has survived; or
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1. A "site" is the location of a identified several historic cultural resources on the 
mainland in the vicinity of Manahawkin, none were 
identified on Bonnet Island or within the general 
vicinity of the project area (Mounier 1977).  

significant event, or prehistoric or historic 
occupation or activity or a building o r 
structure whether standing, ruined, o r 
vanished where the location itself maintains 
historical or archaeological value regardless of 
the value of any existing structures.

2. A "building" is a structure created
to shelter and form of human activity such as a 
house, barn, church, hotel or similar structure.  
"Buildings" may refer to a historically related 
complex, such as a courthouse and jail or a 
house and barn.

3. A "structure" is a work make up of

In 1990, Archaeologist R. Alan Mounier completed a 
second cultural resources survey in the vicinity of the 
project area.  This investigation was undertaken for a 
proposed transatlantic telecommunications cable 
alignment which was to cut across 
Manahawkin Bay and traverse Long Beach Island along 
Bergen Avenue in North Beach.  This work also 
included field inspection and selective subsurface 
testing.  No prehistoric or historic resources of 
interest were found within the project corridor.  
Mounier noted severely disturbed landscapes on 
Long Beach Island from the ocean to the bay (Mounier 
1990). 

interdependent and interrelated parts in a 
definite pattern or organization. 
Constructed by man, it is often a n 
engineering project large in scale.

4. An "object" is a material thing of
functional, aesthetic, cultural, historical, or 
scientific value that may be, by nature or 
design, movable yet related to a specific 
setting or environment.

D.  Previous Research and Principal Information 
Sources

Several cultural resource surveys have been 
completed in and close to the project area.  

Despite a statewide survey of archaeological 
resources conducted in the early part of this century 
(Skinner and Schrabisch 1913) and more recent 
cultural resource investigations, no confirmed 
prehistoric sites have been identified either within the 
tidal zone of the current project area or on Long Beach 
Island itself.  New Jersey State Museum site maps 
show four sites (sites 28Oc35, 28Oc37, 28Oc38 and 
28Oc39) on the bay side of the island, but these sites have 
been incorrectly mapped.  These site numbers in fact 
relate to a series of small shell heaps located in the area 
of Barnegat (Skinner and Schrabisch 1913; New Jersey 
State Museum site maps and files).  

In 1977 an archaeological survey was conducted in 
conjunction with a proposed waste water collection facility 
for the town of Manahawkin and its environs in Stafford 
Township.  As part of this investigation, Bonnet Island, 
a small body of land located in Manahawkin Bay, a 
few hundred feet to the west of Surf City, was 
subjected to a program o f background research, 
field inspection and limited subsurface testing.  
Although this investigation

The apparent absence of documented prehistoric 
resources may not be a true reflection of prehistoric 
activity along the shoreline between the Barnegat and 
Little Egg Harbor Inlets.  This area was highly developed 
in the late 19th century and first half of the 20th century, 
and the systematic identification of archaeological sites 
has only taken place in recent decades.  The resource 
maps of the New Jersey Historic Preservation Office do, 
in fact, record that
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prehistoric artifacts have occasionally been 
recovered from the floor of Manahawkin Bay and many 
prehistoric sites are known to exist nearby on the 
mainland.

Sites Survey inventoried the historic resources of Long 
Beach Island and generated an additional list of 
potentially eligible resources (Table 1.1) (New Jersey 
Historic Sites Inventory 1981).

No potentially significant historical archaeological 
resources have been previously documented along the 
t idal shoreline and tidal zone of the current project 
area.  Numerous shipwrecks, however, are known to 
have occurred along the beaches of Long Beach Island.  
A list of documented shipwrecks in the Long Beach 
Island vicinity is provided i n Appendix A.

Of t hese previously identified resources, the only ones 
located in close proximity to the present study area are the 
Barnegat Lighthouse at 7 East 5th Street in Barnegat, the 
Ship Bottom Historic District and Aunt Hill.  The Barnegat 
Lighthouse is a mid-19th century 150-foot tall 
lighthouse located at the extreme northern tip of 
the island.  The light keeper’s house at 7 East 5th 
Street in Barnegat is a typical example of a late 19th 
century Long Beach Island cottage.  The Ship Bottom 
Historic District is a district composed primarily of late 
19th-century and early 20th-century summer cottages 
which on its east abuts the beach front.  Aunt Hill is 
another late 19th-century cottage and is notable for 
being one of the oldest buildings in Spray Beach.  Of these 
resources only the Barnegat Lighthouse is actually listed 
in either the State or National Registers, and none are 
located directly on the beach or in the tidal zone.

While the prehistoric and historic archaeology of this 
stretch of the Ocean County shoreline has been little 
studied and scant information is available concerning 
Native American or early European activity in the 
area, extensive paleoenvironmental research has been 
conducted along the Atlantic coastline and in nearby 
Delaware Bay (e.g., Belknap and Kraft 1977; Kraft 
1977a; Kraft et al. 1979; Belknap and Kraft 1981; Kraft et 
al. 1983). This research has some bearing on the 
potential for prehistoric resources in the tidal zone 
and i s summarized below in Chapter 3.

A wide variety of information sources have been 
consulted during the course of this study.  Basic 
information sources routinely examined for all 
aspects of USACOE cultural resources work in New 
Jersey include:  the site maps, files, technical 
reports and planning documents held by the New 
Jersey Historic Preservation Office and the New 
Jersey State Museum; archival data and published 
historical materials held by the New Jersey State 
Archives and the New Jersey State Library; and 
materials held by the Philadelphia District offices of the 
USACOE.

E.  Research Methodology and Research Design

Although historic architectural survey was not a primary 
work component in the current investigation, 
examination of the maps and files of the New Jersey 
Historic Preservation Office indicate that there are 
several historic resources in the project vicinity 
currently listed in the State and National Registers of 
Historic Places.  These are the Barnegat City Public 
School (now the Barnegat Light Museum, SR 
12/08/75, NR 06/07/76), Barnegat Lighthouse (SR 
9/11/70, NR 06/07/76), the Beach Haven Historic 
District (including the Dock Road Historic District, SR 
4/20/83, N R 7/14/83), Converse Cottage (SR 
04/20/83, N R 07/14/83), Sherbourne Farm (SR 
04/20/83, NR 07/14/83) and the Dr. Edward H. Williams 
House (04/20/83, NR 07/14/83).  The last four resources 
are all included within the Beach Haven Multiple 
Resource Area.  In 1981, the New Jersey Historic

From a methodological standpoint, since this 
cultural resources investigation focused chiefly on the 
potential for submerged resources in the offshore 
borrow area and shoreline resources within
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the tidal zone, a strongly cartographic and 
geographic approach was adopted for the 

TABLE 1.1 LIST OF LONG BEACH ISLAND HISTORIC RESOURCES 
RECOMMENDED FOR THE STATE AND NATIONAL REGISTERS  [New Jersey 

Historic Sites Inventory, 1981] 

Resource Name Location
Beach Haven

Pearl to 2nd Street between Atlantic & Bay AvenuesHistoric Resources of Beach Haven (District 
Nomination)

“The Shore” 319 Liberty Avenue
Old Dock Road Historic District West Avenue & Dock Road; east to Bay Avenue

Beach Haven Heights
Life Saving Station West & Pershing Avenues

Spray Beach
Aunt Hill Atlantic Avenue & 25th Street

Beach Haven Terrace
Life Saving Station Ocean & Beach Avenues

Brant Beach
Brant Beach Railroad Station Stanton Avenue & Long Beach Boulevard 

Loveladies
Loveladies Life Saving Station Long Beach Boulevard & Station Avenue

Ship Bottom
Ship Bottom Historic District 25th to 27th Street; east from Central Avenue 
Life Saving Station #20 117 East Ship Bottom Avenue

Harvey Cedars
Harvey Cedars Hotel Atlantic & Cedars Avenues

Life Saving Station East Cape May Avenue & Long Beach Boulevard
Barnegat Light

Benjamin Archer House Central & 12th Streets

Zieber House 7 East 12th Street
12 East 12th Street 12 East 12th Street

Larsen House 16 East 12th Street
Old Archer House 18 East 12th Street
Railroad Station West 11th Street

11th and Central Avenue 11th and Central Avenue
Haddock House Central Avenue between 6th & 7th Streets

7 East 5th Street 7 East 5th Street
Peckworth House 4 West 5th Street



HUNTER RESEARCH, INC.

Page 1-8

Bailey House West 4th Street
Independent Fishery Historic District Along Barnegat Bay near 18th Street

background research.  Emphasis was placed initially on 
mapping known and suspected resources, and 
analyzing these locations in relation to changes in sea 
level, shoreline configuration and land use. 
Cartographic research was supplemented with oral 
historical research, a review of secondary sources and 
consideration of paleogeographic issues. Fieldwork 
focused chiefly on gathering remote sensing and 
hydrographic information (for the underwater survey) 
and on performing a pedestrian magnetometer survey 
and visual inspection (for the terrestrial survey).  At this 
level of investigation, a non-intrusive landscape and 
literature-based approach to the study of cultural 
resources provides the most effective means of assessing 
archaeological potential without engaging in a 
complex and expensive program of subsurface 
investigation and diving.

The offshore borrow areas were considered to have a 
moderate potential for shipwrecks, a condition that 
could be most effectively examined through systematic 
documentary research, remote sensing and 
hydrographic survey (for detail on the remote sensing 
and hydrographic methodologies, see below, Chapter 
5).  Documentary research aimed to provide a 
framework for identifying submerged historic 
archaeological resources which may have been 
deposited within the three offshore borrow areas or 
within the four tidal zones, and t o determine the 
extent of subsequent activities that may have removed 
or disturbed such resources. While the emphasis of this 
research focused chiefly on maritime activity in the project 
vicinity, a broad-based historic overview is also 
presented (see below, Chapter 4) in order to supply an 
appropriate framework for assessing the potential 
significance of submerged and shoreline cultural resources 
of the historic period.  Historic maps, primary and 
secondary shipwreck lists, primary historical 
accounts, newspapers, and county and thematic 
histories were all used to develop a set of expected 
resources within the project area.  Knowledgeable local 
residents and other experts on New Jersey history and 
archaeology were also contacted.  Data from t he 
background research was also used to generate a list 
of shipwrecks and ship losses along this section of 
the Atlantic shore (see below, Appendix A).

The potential for prehistoric resources was assessed with 
reference to standard texts on New Jersey prehistory 
(e.g., Kraft 1986) and available preservation 
planning documents, including the overall framework 
and specific historic contexts for the New Jersey 
Comprehensive Historic Preservation Plan (e.g., 
Grumet 1990) and the earlier definition of key 
archaeological research issues (e.g., Chesler 1982).  In 
framing research questions concerning historic resources, 
the project area was considered to possess a low 
potential for all types of historic resources, except 
shipwrecks, since most of it presently lies underwater 
and has been (or has become) inundated during the 
historic period. 
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CHAPTER 2 GEOGRAPHICAL SETTING

The study areas examined during this A.  Shoreline Survey Areas 
investigation are located along an 18-mile

stretch of the Atlantic coastline between Barnegat Inlet and Little 
Egg Inlet (Figure 1.1).  In total, they comprise approximately 10.5 
miles of shoreline and tidal zone, 320 acres of near-shore area 
and 1,055 acres of offshore area.

The terrestrial survey areas consist of four separate segments of 
shoreline (Areas A-D) covering a total of 10.5-miles of Long 
Beach Island ocean front and including approximately 320 
acres of the adjacent near-shore zone extending seaward 
(see below). Area A is located between Dolphin Street and North 
17th Street, within the municipalities of Loveladies, Long Beach 
Township; Harvey Cedars Borough; Frazier Park, Long Beach 
Township and Surf City Borough.  Area B is located between 
South 22nd Street and Stockton Street, within the municipalities 
of Ship Bottom Borough; Brant Beach and Beach Haven 
Crest, Long Beach Township.  Area C  is located between 
Nebraska Boulevard and 27th Street, within the 
municipality of Long Beach Township and contains the 
communities of Beach Haven Park, Haven Beach, Beach 
Haven Terrace, Beach Haven Gardens, and Spray Beach.  Area 
D is located between 6th Street and Webster Avenue, within 
the municipalities of Beach Haven Borough and Holgate, Long 
Beach Township.

The terrestrial portions of the study area lie within the Outer 
Lowland subprovince of the Atlantic Coastal Plain 
physiographic zone, which begins roughly at the entrance to 
New York Harbor and terminates approximately at the 
entrance t o Delaware Bay.  Overall, the topography of 
the Coastal Plain is characterized by level to gently rolling 
terrain, with more than one-half of the surface area lying 
below 100 feet above sea level. Much of the area examined 
during this study lies at or below sea level and is subject to tidal 
fluctuation. The underlying geology consists of the Pleistocene 
sands and gravels of the Cape May Formation which were 
originally laid down in the Sangamon interglacial stage.  
These deposits mask earlier sediments of Cretaceous age 
(Wolfe 1977:138-139,

288-290).

The northernmost of the three sand borrow areas, Borrow 
Area B, is located approximately 15,000 feet south of 
Barnegat Inlet and approximately 8,700 feet east of 
Loveladies.  Borrow Area D is located 33,000 feet south of 
Barnegat Inlet and approximately 18,000 feet east of 
Surf City. Borrow Area E is approximately 60,000 feet south of 
Barnegat Inlet and approximately 6,000 feet east of Beach Haven 
Crest and is the closest borrow area to the shoreline.

Long Beach Island is a coastal barrier island located between 
Barnegat Inlet to the north and Little Egg Inlet to the south.  It is 
separated from the mainland by L ittle Egg Harbor 
(between Beach Haven Heights and Ship Bottom), 
Manahawkin Bay (between Surf City and Barnegat Light) and 
other less defined bay areas dominated by large patches of 
marshland and numerous small islands.  The harbor and the bay 
are part of the New Jersey portion of the Intracoastal 
Waterway, which extends from Point Pleasant, Monmouth 
County to Cape May, Cape May County.    
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Area C - Long Beach Township (between Nebraska 
Boulevard & 27th Street)

Point # Northing Easting
   1 279,427 575,139
   2 271,488 570,795

Area D - Beach Haven (between 6th Street & 
Webster Avenue)

Point # Northing Easting
1 266,933 568,437
2 258,721 562,470

C.  Offshore Borrow Areas

The soils in the Long Beach Island study areas have been 
classified as belonging to the Fripp series (FtB).  This 
soil group consists of deep, excessively drained soils 
formed in sandy coastal dune sediments.  The 
land formation is composed of nearly level and 
gently sloping sand dunes with areas developed for 
residential and commercial use. The foredunes have a 
sparse grass and shrub cover and their shape is 
continually changed by the wind, while t he backdunes 
remain more stable.  As the dunes are at a low elevation, 
they are subject to tidal and storm flooding and a constant 
spraying of salty water, which typically leads to severe 
erosion in unvegetated areas.  The shape of the shoreline 
dunes are continually being changed by these forces 
and thus retain no soil profile development (Hole and 
Smith 1980).  The northern end of Long Beach 
Island is less developed in the area of Barnegat 
National Wildlife Refuge, but the rest of the island, 
especially to the south, is dominated by intense 
suburban/resort-related development.

B.  Near-shore Survey Areas Site Name Northings Eastings

Area B (2) 325,352.031 609,280.312
   (3) 324,204.875 609,540.500
   (4) 324,145.312 606,533.750

(5) 323,471.188 604,999.438
(6) 322,249.312 608,550.250
(7) 322,147.281 604,975.562
(8) 321,983.156 607,787.312

The near-shore sand placement areas are situated 
immediately adjacent to the shoreline of the four 
terrestrial survey areas defined above.  Water 
depths across the area range from mean low water 
(MLW) datum to 12 feet (MLW).  Coordinates for the 
corners of the near-shore areas are expressed in the 
New Jersey State Plane Coordinate System (NAD 
83) as follows: (9) 320,994.969 604,954.750

Area A - Loveladies to Surf City (between Dolphin Street 
& North 17th Street)

Point # Northing Easting
1 329,927 601,188
2 302,723 588,552

Area B - Ship Bottom to Brant Beach (between South 
22nd Street & Stockton Street)

Borrow Area D  is irregular in shape with its 
longest axis generally oriented in a northeast-
southwest direction.  Water depths range from 
between 39 feet (MLW) and 49 feet (MLW). 
Coordinates for the corners of Borrow Area D are 
expressed in the New Jersey State Plane Coordinate 
System (NAD 83) as follows:

Point # Northing Easting
1 295,518 583,905
2 285,324 578,358

Borrow Area B  is irregular in shape with its 
longest axis oriented northeast-southwest direction. Water 
depths across the borrow area range from 28 feet (MLW) 
to 33 feet (MLW). Coordinates for the corners of Borrow 
Area B are expressed in the New Jersey State Plane 
Coordinate System (NAD 83) as follows:

Borrow (1) 325,827.281 610,362.000
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Site Name Northings Eastings Site Name Northings Eastings
Borrow (1) 308,319.688 611,359.375 Borrow (1) 287,584.781 584,570.062
Area D  (2) 306,346.094 609,237.750 Area E (2) 287,294.938 585,106.188
   (3) 306,298.406 609,186.500    (3) 287,163.094 584,207.188
   (4) 305,578.250 610,141.000   (4) 285,719.031 584,167.625

(5) 305,230.938 606,457.875    (5) 284,889.094 582,250.438
(6) 304,341.500 609,591.312    (6) 284,192.562 583,258.438
(7) 304,137.938 603,664.062    (7) 283,346.438 580,923.000
(8) 303,461.938 601,936.125 (8) 283,317.781 582,403.312
(9) 303,349.719 608,971.438 (9) 282,730.531 580,180.312
(10) 302,781.875 602,856.688 
(11) 301,741.625 606,438.812 
(12) 300,999.250 605,269.625

(10) 281,780.469 580,900.562 
(11) 281,257.188 580,230.500 
(12) 280,815.531 577,871.062 
(13) 279,688.281 576,511.750 
(14) 279,410.781 577,866.000 
(15) 279,255.875 577,667.625

Borrow Area E  is irregular in shape with its 
longest axis oriented in a northeast-southwest 
direction, generally paralleling the Long Beach Island 
shoreline.  Water depths across the borrow area range 
from 15 feet (MLW) to 30 feet (MLW). Coordinates for 
Borrow Area E are expressed in the New Jersey State 
Plane Coordinate System (NAD 83) as follows:
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CHAPTER 3  

PALEOENVIRONMENT AND PREHISTORIC BACKGROUND

A.  Mid-Atlantic Coastal Plain Prehistory 

Atlantic coastal regions are among the most
dynamic environments currently found o n

transgression, or sea level rise, began around 
14,000 years ago and proceeded rapidly until 
around 7,000 years ago (Milliman and Emery 1968; Kraft 
et al. 1983).  The temporal progress of this westward 
movement of the coastline, which continues at 
present, is illustrated in Figure 3.1.

earth, and dynamic change was no less of a 
hallmark in the prehistoric past.  As a consequence, 
paleoenvironmental reconstruction for any given 
coastal geographical location, such as the Middle 
Atlantic coastal zone, is an extraordinarily complex task 
fraught with uncertainty and a sparsity o f scientific 
data.

The implications of such dynamic changes for any 
paleoenvironmental reconstruction of the physical 
locations currently occupied by the coastal tidal zones 
of Ocean County and its near shore areas are profound.  
Climatic changes resulted in a succession of vegetation 
types moving northward, while the coastline and 
associated marine and eustatic environments were 
approaching from the east.  As temperatures warmed 
and the climate alternated between dry and 
moister periods during the Holocene, open grassy 
environments were replaced by boreal evergreen forests 
and then by deciduous forests.  As the coastline steadily 
approached, the local environment shifted from inland 
forest to salt tidal marsh to lagoon to coastal sand 
barrier or nearshore underwater marine deposits.  
A paleoenvironmental reconstruction must therefore 
consider both the generally northward-moving 
vegetational patterns arising from the regional 
climatic shifts and the westward-moving coastal 
geomorphological changes associated with coastal 
environments.

The Pleistocene Epoch witnessed a series of cold 
periods and associated "ice ages," the most recent of which 
terminated approximately 14,000 to 12,000 years ago.  
One of the most dramatic effects of these "ice ages" 
was the lowering of ocean levels worldwide as sea water 
was frozen and trapped in glaciers and continental ice 
sheets.  Milliman and Emery (1968) argue on the basis of 
80 radiocarbon samples taken along the Atlantic 
continental shelf that sea levels 30,000 to 35,000 
years ago were close to those at present.  Sea 
levels dropped subsequently as much as 130 meters 
during the final Wisconsinan glacial advance around 
16,000 years ago.  Along the Atlantic coast, ocean 
beaches during this period lay at the edge of the 
modern continental shelf, perhaps 100 kilometers east of 
the modern New Jersey coastline (Figure 3.1).  Belknap 
and Kraft (1977) question the maximum depth of sea 
level drop, but agree with the overall pattern. 

The o ccupancy of prehistoric man within these 
dynamic and mobile environments is a primary focus 
of this study.  Human occupation of the Upper Delaware 
River valley had begun by 11,000-10,500 year B.P. within 
a boreal forest composed primarily of p ine and birch 
which shifted, as temperatures warmed, to pine and oak 
(Dent 1979, 1991; Stewart 1990, 1991).  Similar 
vegetation cover extended throughout much of the 
region, although the

Overall climatic patterns have changed on a regional and 
continental basis during the Holocene Epoch, which 
began at the end of the Pleistocene.  Sea levels 
have continued to rise as a result of the release of 
water from melting ice sheets.  As the sea level rose, it 
began to transgress, or cover, the land mass of the 
Coastal Plain (the modern Atlantic continental shelf) to 
the west.  The Holocene marine p r e s e n c e  o f f a v o r a b l e
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CHAPTER 5

CULTURAL RESOURCES POTENTIAL

This chapter addresses in broad terms the

potential for cultural resources along the
resources one must take into account the effects of coastal 
change.  A dramatic representation o f coastal fluctuation 
may be seen in Figure 4.3, which shows the extent to which a 
small portion of the Long Beach Island coastline changed 
over only a 50-year period.  An understanding of the processes 
of geomorphic change affecting the New Jersey coastal 
zone is essential in order to make any basic predictions about 
the potential for both prehistoric and historic site preservation.

specified segments of shoreline and tidal zone and in the 
proposed near-shore sand placement areas between Little 
Egg Inlet and Barnegat Inlet and also within the proposed 
offshore sand borrow areas. First, the potential survival of 
prehistoric and historic terrestrial resources, i.e., resources 
that were formed on land and have since been inundated by 
water or sediment as a result of rising sea level and other 
offshore depositional activity, si  discussed.  Second, 
the potential for underwater resources is examined, i.e., 
resources such a s shipwrecks, downed airplanes, or 
jetties, whose original formation occurred in a 
marine environment.

A. Submerged and Shoreline Terrestrial 
Resources

Stuiver and Daddario (1963:951) published five radiocarbon 
dates on peat deposits above basement surfaces at 
increasing depths from the lagoon between the Brigantine 
City Barrier (just south of the p roject area) and the New 
Jersey mainland. These data indicated a submergent rate 
of three meters per millennium from 6,000 years ago until 
2,000 to 3,000 years ago, when the rate slowed to 1.2-1.4 
meters per millennium.  Additional evidence exists to 
indicate that sea-level rise along the New Jersey coastline 
was not a completely linear trend, but was to some degree 
cyclical with fluctuating transgressive rises and regressive 
falls (Kraft et al. 1983:105).

Much research has focused upon the 
geomorphology of Atlantic coastal regions (Emery and Milliman 
1970; Kraft 1971; Sheridan et al. 1974; Belknap and Kraft 1977; 
Weil 1977; Kraft et al. 1979) and of the 
implications fo  geomorphological change for 
archaeological site preservation (Kraft 1977a; Belknap and Kraft 
1981; Kraft et al. 1983). 

Since the earliest date of its occupation by mankind, the Atlantic 
coast of New Jersey has been in a constant state of 
change, continually subject not only to radical erosion by 
wave action and redeposition of sand, but also to a gradual 
rising sea level and compression of underlying geologic strata. 
Figures 3.1, 3.2 and 3.4 show the considerable degree to 
which the coastline has changed over the period of human 
occupation.  Even when considering the likelihood of the 
survival of on-shore and near-shore marine-related 
historic

Coastal mainland environments respond ot  
variations in sea level by changing into coastal marshes, 
barrier beaches, or even succumbing entirely to the ocean/
bay waters.  Tectonic activity, related in the Middle Atlantic 
to the offshore Baltimore Canyon Trough geosyncline, and 
the potential "water loading" effect have also caused a downward 
dip of stratigraphy below the sea bottom (Kraft and John 
1978:106).  Analysis of marine cores provides evidence 
of a transgressive stratigraphic sequence of 
sedimentary facies occurring at increasing depths as 
one moves offshore with a Pleistocene land surface at the base 
overlaid by tidal salt marsh mud and peat, which is in t urn 
covered by coarser barrier sands and
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would become more deeply buried and stand a 
greater chance of survival, although its accessibility is 
reduced (Kraft et al. 1983:110-111).

shallow fine marine sands.  Radiocarbon data reflect a 
parallelism of sea level dates as depth increases 
relative to the modern Coastal Plain (Belknap and Kraft 
1977; Kraft and John 1978:106).  Kraft and John cite 
these coastal data as classic examples of Walther's 
Law of Correlation of Sedimentary Facies, wherein 
the horizontal distribution o f sediments in present 
geographic environments is expected to be reflected 
in a similar vertical distribution of sediments from 
environments moving through geologic time 
(1978:106-108).

Despite the horizontal movement of coastal 
environments, the sedimentary sequences discussed 
above indicate that the environmental structure and 
relative positions of environmental types have 
remained stable, i.e. as lagoon/barrier shorelines with 
fringing coastal marshes which often were cut by l arge 
estuaries of (presently drowned) rivers (Kraft et al. 
1983:59).  Kraft et al. (1983:111) emphasize that the 
preservation potential for a submerged archaeological 
site is a function of two principal variables:  the pre-
Holocene topography on which the site was deposited; and 
the rate of sea-level rise.

Examples of submerged terrestrial resources which have 
survived inundation processes include karst formations 
in Sarasota County, Florida, and in the Gulf of Mexico 
off Fort Myers.  Both sites have produced evidence of 
prehistoric human occupation (Ruppe 1979).  
These examples reflect geomorphological 
processes within the Gulf o f Mexico, the effects of 
which are somewhat less dramatic than those 
encountered along the Atlantic coast.  Clearly, the 
research of Kraft and others along the Delaware 
coast demonstrates that the study of coastal 
geomorphology and environments is capable of 
providing useful insights into the nature and 
condition of submerged cultural resources that 
may exist.  It is also clear that the inundation of 
prehistoric and early historic archaeological sites 
may result in extensive resorting or removal of the 
archaeological record. Furthermore, while isolated 
artifacts preserved in the bottom sediments could 
survive in an excellent state of preservation, the 
associated context o f human activity may have been 
destroyed.  The high energy environments that are often 
present along ocean coastlines will lessen the 
likelihood that fragile evidence of prehistoric 
occupations would survive.

Locations with the highest potential fo  
archaeological site preservation are found beneath marine 
sediments which occur along the flanks of former 
interfluves which lie below the marine eroded zone, 
yet are still shallow enough to be accessible (Kraft et al. 
1983:112).  The following are three archaeological site 
preservation scenarios: 1). a headland site near a 
freshwater source (based upon the Woodland mortuary site 
of Island Field in Delaware) where continued landward 
migration of the coastal barrier and sea would most 
likely consume any traces of cultural materials; 2). a shell 
midden at the edge of a marsh and lagoon where the 
material may conceivably be preserved in the marsh/
lagoon mud facies below a rising sea level; and 3). a 
site which originated adjacent to a n estuary or tidal 
river, due to the delay between burial and the arrival 
of the eroding shoreline,

In addition to the relatively few documented 
occurrences of inundated terrestrial resources, 
considerable effort has been expended over the past 
quarter century in attempting to develop effective 
predictive models that can guide researchers intent on 
locating submerged prehistoric resources and 
assessing site preservation potential.  Much of this work 
has taken place in the Gulf of Mexico and along the 
Atlantic Continental Shelf in connection with offshore 
gas and oil leasing activities (e.g., Coastal 
Environments, Inc. 1977; Bourque 1979). For the most 
part, these studies conclude that paleogeographic 
analysis (with particular reference
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more easily identified by remote sensing techniques involving 
the use of magnetic, acoustic or sonar detection equipment.

1.  Potential for Shipwreck Preservation, 
Identification, and Evaluation

to sea level change and coastal geomorphic 
processes), coupled with remote sensing and selective 
core sampling, can assist in narrowing down offshore 
areas where site preservation potential is high.  As just one 
example, although the location and identification of 
submerged Archaic sites would be difficult, their association 
with shell middens should increase the chances of their being 
detected.  Indeed, investigations in the Gulf o f Mexico off the 
west coast of Florida have confirmed both the association of 
prehistoric material with submerged middens and the 
detectability of these sites using side scan sonar remote 
sensing (Ruppe

1979).

The macro-scale model-building studies noted above are 
valuable as an overall guide to preservation potential of 
terrestrial resources within large expanses of ocean, but they 
tend to be too broad and generalized for effective application in 
the study of small offshore tracts such as those proposed for 
sand borrowing off the New Jersey coast.  The need for detailed, 
local paleogeographic data will always be paramount for site-
specific offshore studies, and in most instances, such data 
are not readily available, being both expensive and 
logistically awkward to derive and interpret.

B. Underwater Resources

At many shipwreck sites, sand and light mud similar to the 
bottom sediments in portions of the project area have 
provided an excellent environment for preservation.  Given 
the extent of vessel losses in the vicinity of the project area, 
and the level of preservation at shipwreck sites in other 
similar environments, it was considered very likely that well-
preserved shipwreck sites would survive within the designated 
survey areas.  However, it was felt that potential shipwreck sites 
would almost certainly be buried beneath an extensive 
amount of sand. Wrecked vessels typically act to trap 
sand,

As with inundated terrestrial resources, the effect of coastal 
geomorphic processes may either erode or bury underwater 
resources, and the processes may occur rapidly or slowly 
over time.  However, because of  the "accidental" and rapid 
manner in which many underwater resources (notably 
shipwrecks) are formed, and the shorter elapsed time 
involved before their remains are sought, they are frequently 
better preserved and generally more easily discovered.  
Underwater resources, such as shipwrecks, because they 
usually constitute a stronger physical (topographic, magnetic) 
anomaly than most inundated terrestrial resources are also 
far 

In many cases, the remains of shipwrecks may be 
submerged, but not buried beneath sediment. Shipwreck 
material deposited in even the shallowest environment can 
settle rapidly into the bottom with its a ssociated 
archaeological record intact.  The wreck of the De Braak 
(1798), discovered near the Delaware Breakwater close to 
the study area, provides a classic example.  A good portion 
of the lower hull survived intact, along with an extensive 
associated artifact assemblage (Shomette 1993). Even in 
extremely high-energy environments, evidence of the ship 
structure frequently survives. A recent discovery of a wooden 
hull sailing vessel adjacent to the Showboat Casino in 
Atlantic City also confirms that vessels have survived 
the inundation process in the project vicinity 
(correspondence files of the New Jersey Historic 
Preservation Office).  Numerous other 
archaeological investigations off the coasts of the states of 
Massachusetts, North Carolina, Florida, and Texas, and of 
England, Israel and Turkey, also offer examples of ship remains 
surviving inundation by sediment and the preservation of 
valuable archaeological data.
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particularly in an environment where strong long-shore 
currents transport high volumes of suspended sand up and 
down the coastal margins.  On the other hand, buried 
wreck sites may sometimes become exposed again as 
severe coastal storms can also erode the sand which 
encapsulates wreck sites.

limits of the three proposed off-shore sand borrow 
areas, Appendix A and secondary and primary 
historical sources show that numerous vessels have been 
deposited in their general vicinity throughout the h istoric 
period.  The project area is therefore considered on the 
basis of background research to hold a high potential 
for yielding underwater resources of a caliber suitable 
for inclusion in the National Register of Historic Places.As a major conduit for exploration, colonization and 

expanding coastal commerce, the Long Beach Island 
littoral is an obvious and natural repository for 
underwater resources.  Strong coastal storms, often with a 
lethal combination of treacherous northeast winds and 
swift tidal currents, coupled with the presence of 
shallow water and historically heavy coastal traffic, 
have conspired over the last three centuries to make 
the Long Beach Island shoreline the f inal resting place 
for dozens of documented sailing vessels, steamships, 
barges, tugs and large modern ships.   

Based on the information in Appendix A, the types of 
underwater resources that may be present in the Cape 
May  vicinity include a variety of materials dating from the 
18th century through World War II. Appendix A also 
lists several recent shipping disasters which have 
occurred within the last 40 years.  Potential vessel 
types include wrecks representative of all phases of 
commercial and naval activity taking place in the 
Delaware Bay and along the N ew Jersey portion of 
the Atlantic Coast. Wood-hulled ships, ranging from 
small fishing sloops, shallops, recreational sailing and 
motor craft and coastal schooners, to sail-rigged warships, 
have been lost in the vicinity of Long Beach Island.  Iron-
hulled vessels, including paddle-wheel steamboats and 
World War II-era merchant ships sunk by German 
submarines, have also been lost in the project vicinity.  
Large 20th-century steamships and freighters are also 
among the listed losses in the region.  Many of these 
types of vessels would potentially lend historic insights 
into a wide range of maritime topics, including the 
contexts of naval activity, shipbuilding and regional 
shipping, and patterns of trade and industry.

A recent Bureau of Land Management study of the 
Continental Shelf from the Bay of Fundy to Cape 
Hatteras has characterized the New Jersey Coastal 
Zone as an area of "moderately heavy" predicted 
shipwreck density (Bourque 1979).  An inventory of 
shipwrecks and all types of ship losses near Long 
Beach Island was compiled during the background 
research phase of this study and confirms this 
predicted density (Appendix A).  Drawn from a range 
of primary and secondary sources, this extensive 
shipwreck list, while far from comprehensive, 
nonetheless gives an indication of the variety of 
shipwrecks that have occurred in the project vicinity.  
Although there are no documented underwater 
resources within the



CHAPTER 6

FIELD INVESTIGATIONS

The fieldwork component of this survey involved

chiefly visual inspection and remote sensing to
The transects extended from the mean low water line 
to 50 feet west of the mean high water line.  In addition to 
inspecting, recording and photographing cultural 
features encountered along the waterfront, the project 
staff asked local residents and the staff of the Long Beach 
Island Historical Society Museum if they had any 
knowledge of buried or submerged cultural resources 
along the section of ocean front under study.  

Area A (Figure 6.1)

identify potentially significant cultural resources within 
the shoreline, near-shore and offshore survey areas.  
Visual inspection and magnetic survey of the shoreline 
were conducted along four segments of the tidal zone 
totaling 10.5 miles of Long Beach Island’s Atlantic 
coastline (Areas A-D). Comprehensive magnetic, 
acoustic and bathymetric remote sensing and 
hydrographic survey were conducted within the 
near-shore sand placement areas (located directly 
offshore from Areas A-D), as well as within the three 
proposed offshore sand borrow areas, in order to 
locate, identify and preliminarily evaluate submerged 
cultural resources that might be affected by the 
proposed depositional or dredging activity.  Analysis of 
remote sensing data aimed primarily at isolating 
potentially significant targets that might require 
further investigation or avoidance.  No visual inspection 
of underwater targets (i.e., diving) was conducted.

A.  Shoreline Survey

1.  Visual Inspection

This section of shoreline is separated from the 
nearby beachfront homes and other properties by a line 
of eroding sand dunes with sparse and patchy 
vegetation (Plate 6.1).  The foredunes are mostly 
protected from human activity by sections o f 
fencing and accompanying warning signs.  Despite such 
protective measures, natural erosion of the dunes 
has caused a steep slope down towards the waters 
edge.  Stone and composite wood and stone jetties and 
groins, constructed mostly of basalt or diabase 
boulders set between wood pilings, were noted at 
regular intervals throughout Area A , beginning at 
Dolphin Street (Plate 6.2). Approximately 20 
composite wood and stone and 11 stone structures of 
this sort were recorded.

The shoreline survey limits were defined as four 
segments of the Long Beach Island shoreline:  Area A - 
Loveladies to Surf City, between Dolphin and North 17th 
Streets; Area B - Ship Bottom to Brant Beach, between 
South 22nd and Stockton Street; Area C - Long Beach 
Township, between Nebraska and 27th Streets; and 
Area D - Beach Haven, between 6th Street and 
Webster Avenue.  Four archaeologists and one 
architectural historian inspected the four areas on foot 
between April 27 and 29, 1998.  During periods of 
low tide, the surveyors walked along a series of 
north-south oriented transects spaced 50 feet apart (or 
closer, depending on the width of available beach front).  

One historic resource of possible interest, a 
residence at 14 South 73rd Street in Harvey Cedars, was 
noted within Area A [A-5] (Plate 6.3).  This building, 
located adjacent to the dune ridge, appears to date from 
the late 19th century, but also displays some 20th-century 
alterations.  Like other buildings on the same side of the 
block, it faces north towards 73rd Street rather than 
towards the ocean. The foundation of the two story 
structure was not visible.  The front gabled roof is wood 
shingled and the main body of the house is sheathed 
in heavily



Plate 6.1.  Shoreline Survey Area A:  general view looking southwest from Dolphin Street showing the northeastern limit of 
Shoreline Survey Area A (Photographer: Sarah Waters, April 1998) [HRI Neg. # 98007/6:11].

All other cultural features identified in Area A were 
composed of 20th-century materials, including a group 
of 35 weathered wood pilings and boards located 
midway between the low tide line and the base of the 
dune at East 84th Street [A-1].  A conglomeration of 
concrete, wood  pilings and boards was located near 
the base of the dune at 73rd Street in Harvey Cedars 
[A-2].  A few hundred feet to t he south at the end of 
72nd Street in Harvey Cedars an outcrop of large 
stones was noted in the surf [A-3], most likely 
representing the remains of a partially buried jetty/
groin.  Feature A-4, composed of two series of 
parallel wood pilings along the edge of the foredune, was 
located north of Bergen Street in Harvey Cedars.  The 
orientation of the pilings with the sand dune formation 
indicate that it was probably a former walkway to the 
beach.

weathered clapboards.  A single narrow brick 
chimney rises above the roof’s ridge line near the 
building’s center.  A projecting second story bay 
overhangs the porch along the street front.  The porch 
roof and the front of the bay are covered in asphalt 
shingles.  The porch and a one bay deep addition at 
the rear of the house seem to be later alterations to the 
earlier central core of the building. The s imilarity of 
the wide window surrounds observed on both the 
front and rear additions suggests that both additions 
were the result of a single episode of building 
enlargement.  Multiple projecting window bays were 
noted along the west side of the house, which also has a 
late 20th-century deck addition.   Although the building’s 
windows are double hung 20th-century replacements, 
the front door is wooden paneled and appears to date to 
the early phases of the building’s life, if not to the period 
of  original construction.  A small one story outbuilding 
with a wood shingled roof and clapboard sheathing 
extending to the ground surface stands 15 feet to the 
south of the main house.  The smaller structure has a 
small porch facing the beach.  The window surrounds 
match detailing on the porch and rear additions to the 
main house.  



Plate 6.2.  Shoreline Survey Area A:  general view looking east 
southeast showing wood piling jetty/groin ending in a stone barrier, 
partially covered by sand.  This jetty/groin is located at Loveladies 
Public Beach Access (Photographer: Sarah Waters, April 1998) [HRI 
Neg. # 98007/6:17].

Area B (Figure 6.2) pilings, partially obscured by the dune slump, 
were probably part of a modern sand retaining 
structure to protect the dune from erosion. 

Area C (Figure 6.3)

This section of shoreline is slightly more 
populated than Area A to the north, yet the 
appearance of the beachfront is generally 
consistent with Area A described above (Plate 
6.4).  Eleven composite and two stone jetties/
groins were observed spaced at regular 
intervals along this section of the shoreline. A 
series of wood pilings [B-1], was located 
between two jetties/groins just north of Stockton 
Street.  The

The shoreline in Area C is again visually similar 
to that in Areas A and B (Plate 6.5).  
Nine jetties/groins were observed, eight of 
which were



Plate 6.3.  Shoreline Survey Area A: view looking southwest showing Historic Resource A-5, House #14 at the end of East 78th Street 
(Photographer: Sarah Waters, April 1998) [HRI Neg. # 98007/6:3].

Plate 6.4.  Shoreline Survey Area B:  general view looking southwest from Brownson Street (Photographer: Sarah 
Waters, April 1998) [HRI Neg. # 98007/5:24].



Plate 6.5.  Shoreline Survey Area C:  general view looking southwest from Nebraska 
Boulevard (Photographer: Sarah Waters, April 1998) [HRI Neg. # 98007/5:19].

composite wood and stone, and one entirely of 
stone.  No other cultural materials were observed in this 
survey area.

Area D (Figure 6.4)

This feature was composed of two rows of pilings 
which emerge from the surf for a short distance 
before being covered by sand.  Four other modern 
wooden piling configurations were located between 
Jefferies Avenue and Marshall Avenue [D-4, D-5, D-6, 
D-7].  At the south end of survey Area D, between 
Marshall Avenue and Webster Avenue, the beach 
showed signs of disturbance from recent heavy 
machinery activity.     

2.  Pedestrian Magnetometer Survey

This portion of the Long Beach Island shoreline 
appears less eroded.  Visually, the shoreline 
resembles that observed in Areas A, B and C, 
although the beach is more expansive between the 
waterline and the dune structure (Plates 6.6 and 6.7).  
Nine jetties/groins are spaced at regular intervals 
along this section of beach; seven are composite 
wood and stone, one is entirely stone, and one is 
constructed entirely of wood.

The purpose of the pedestrian magnetometer survey 
along the shoreline was to detect and delineate 
anomalies that might be related to potential historic 
cultural materials, with a particular emphasis on 
shipwrecks.  The field survey was completed 
between April 29 and May 5, 1998 by Enviroscan, Inc.  
The areas surveyed were the same four

Several 20th-century features were observed along this 
stretch of shoreline.  Three wood pilings [D-1] were 
l ocated approximately 40 feet into the surf near 
Berkeley Avenue (Plate 6.8).  Feature D-2, a double 
and in some areas triple row of pilings, began at the 
low tide line at Chatsworth Avenue and gently curved 
into the surf, appearing sporadically for approximately 
100 feet.  Feature D-3 was located at the end of 
Holyoke Avenue (Plate 6.9).



Plate 6.6.  Shoreline Survey Area D:  general view looking southwest from 6th Street  (Photographer: Sarah Waters, April 1998) 
[HRI Neg. # 98007/5:17].

Plate 6.7.  Shoreline Survey Area D:  general view looking northeast from Webster Avenue (Photographer: Sarah 
Waters, April 1998) [HRI Neg. # 98007/5:2].



Plate 6.9.  Shoreline Survey Area D:  view looking southeast showing Historic Resource D-3, 
composed of wood Pilings Partially Submerged in the surf at the end of Holyoke Street  
(Photographer: Sarah Waters, April 1998) [HRI Neg. # 98007/5:15].

Plate 6.8.  Shoreline Survey Area D:  view looking east showing Historic Resource D-1, 
composed of wood pilings in surf near Ocean Street (Photographer: Sarah Waters, 
April 1998) [HRI Neg. # 98007/5:14].

shoreline parcels of Long Beach Island subjected to the 
visual ground surface inspection described

above (Areas A-D).  The original proposed 
magnetometer survey specified east-west magnetic



appear regularly spaced in every data profile. Thus, the 
east-west trending of linear anomalies likely represent jetty/groins 
rather than shipwrecks. Anomalies between the jetties along the 
dune bases may be due to the presence of steel wire and bolts in the 
bulkheads and fences constructed to prevent dune erosion, and 
are also not likely representative of significant historic cultural 
resources.  

profiles at 50-foot spacing intervals, but the survey strategy was 
altered to study north-south profiles at a less than 50-foot spacing, with 
a station spacing of less than five feet.  This adjustment was 
necessary to compensate for the mean high water line erosion of the 
beach back to dune fences, bulkheads and private residences in 
order to most accurately represent any magnetic signatures 
(see below, Appendix B).

In total, five magnetic targets may represent historic resources, such 
as shipwreck remains.  Potentially significant magnetic anomalies 
identified during this shoreline magnetometer survey (and including 
near-shore and offshore remote sensing survey targets [see below 
section B]) are summarized in Table 6.1. This table lists the 
character, amplitude range and New Jersey state plane grid 
coordinates for each of the potentially significant magnetic targets.  

Area A (Figures 6.1 and 6.5a-b)

The high-sensitivity total field intensity magnetic survey was 
conducted using a Geometrics G-858 cesium vapor 
magnetometer.  The magnetometer was equipped with two 
sensors to simultaneously record total field data along parallel profiles 
ten feet apart.  Readings were automatically triggered at one-
second intervals as the sensor array was carried at normal walking 
speed and were time-stamped and stored in the memory of the 
magmapper.  The dual-sensor array was carried along each 
of four profiles: 1). a line west northwest of the mean high water line; 
2). the mean high water line itself; 3). a line between the mean high and 
low water lines; and 4). the mean low water line.  In each survey 
area, the profile along the mean low water line was walked at 
times corresponding to the local ebb tide plus or minus 90 
minutes, providing a profile somewhat seaward of the mean low 
water line.  A total of eight magnetic profiles were recorded for 
each survey area (Appendix B).  Magnetic field variations 
unrelated to subsurface targets were recorded using a 
Geometric G-856 magnetometer with a single proton precession 
sensor at a separate f ixed location for each survey area.  The 
survey data was adjusted accordingly to yield a data set 
representing primarily local, time-invariant anomalies 
related to subsurface targets. 

A very large point target with a highly coherent character 
[MA-4] may be interpreted as the potential remains of a 
shipwreck, although a n underwater magnetic target, possibly 
related, was located offshore and slightly north of MA-4 [4:816](see 
below, Section B).  Together, these targets are perhaps more likely to 
represent an outflow pipe or other such linear east-west structure.  
Three other possible shipwreck targets were encountered i n 
Area A with slightly less coherent signatures [MA- 1, MA-3 and 
MA-7].  Aside from these magnetic anomalies which might 
represent shipwrecks, a possible debris field [MA-5], located 
near Essex Avenue, was also identified.  This target is suspect as a 
historic resource, however, due to its proximity to fences and other 
potential signature-altering materials.  The remaining magnetic 
anomalies identified in Area A [MA-2, MA-6, MA-8 thru MA-13] 
are associated with jetties/groins and other 20th-century features that 
are visible above ground.

Area B (Figures 6.2 and 6.6)

Magnetic survey station coordinates were recorded using a 
Trimble Pathfinder global positioning system (GPS).  The GPS 
data was corrected in real time using radio beacon corrections 
supplied by the United States Coast Guard GPS base station 
in Barnegat Light, New Jersey.  The resulting differential 
GPS (DGPS) positioning has a nominal accuracy of less than two 
feet.  

The composite stone and/or wood jetties/groins along the survey 
areas caused magnetic anomalies to

No significant magnetic anomalies were identified in Area B.  The five 
magnetic targets that were located [MB-1 thru MB-5] are all 
associated with





























CHAPTER 7

EVALUATION, ASSESSMENT OF IMPACT AND RECOMMENDATIONS

As throughout the main body of this report, this

chapter maintains a distinction between
submerged and shoreline terrestrial resources  (i.e., prehistoric 
and historic resources that were formed on land and have 
since, in some cases, been inundated by water or sediment 
as a result of rising sea level and other offshore erosive and 
depositional activity) and underwater resources  (i.e., resources 
such as shipwrecks or downed airplanes, whose original 
formation occurred in a marine environment).  
Both types of resources are a potential issue in the 
proposed shoreline and near-shore survey areas; underwater 
resources are the principal concern within the borrow areas, 
although there also exists some potential for inundated 
prehistoric resources in these zones.

beneath the Atlantic Ocean and thereby derive an accurate 
assessment of prehistoric archaeological potential.  The work 
of Kraft and others studying the geomorphology of the 
Delaware coastline is a valuable aid in understanding the 
processes that are at w ork and providing a hypothetical 
model for predicting cultural resource occurrence (see above, 
Chapter 3).  However, testing such a model and 
reconstructing the geomorphology and 
geoarchaeology of any given section of inundated terrain 
within the Atlantic Shore Zone would require extensive 
and systematic bathymetrically-referenced sampling of the 
bay floor sediments, a task that is well beyond the scope of 
the current investigation.  For this reason, it is not possible to 
offer a definitive evaluation of prehistoric 
archaeological potential for either the proposed sand borrow 
areas or the tidal zone on the basis of the research conducted 
to date.

A.  Submerged and Shoreline Terrestrial 
Resources

During the period of prehistoric and historic human activity in the 
Mid-Atlantic region, which extends over the past 15,000 
years or so, the areas investigated during this study 
have experienced ongoing and increasing inundation as a 
result of rising sea level.  For the most part, inundation has 
been accompanied by accumulation of sediments on the o cean 
floor, although offshore scouring and shifts in littoral 
drainage may also have produced local erosional effects.  
Cultural resources that were originally formed on land may 
now therefore lie submerged beneath the waters and variable 
depths of sediment in the Atlantic Shore Zone. 
Alternatively, they may also have been eroded through 
natural forces, such as water or wind action, or through 
human agency such as dredging.

At some future date, in the context of larger-scale engineering 
offshore projects, a better sense of the paleoenvironment and 
prehistoric archaeological potential of the study area could 
perhaps be obtained from a carefully designed program of 
sediment sampling conducted jointly by coastal 
geomorphologists and archaeologists.  Specifically, sampling 
of this type within the proposed sand borrow areas could 
establish the depth below the bay floor of prehistoric land 
surfaces and the thickness of overlying (i.e., post-
depositional in a cultural sense) sands and muds.  This would 
enable the depth to which sand borrowing and other ocean floor 
disturbance could take place without affecting possible cultural 
strata.  Such core samples would also constitute the beginnings 
of a geoarchaeological data bank for the ocean floor on the 
Continental Shelf and would serve as a valuable reference for 
other dredging and sand borrowing actions along the New 
Jersey Atlantic Coast.

Prehistoric Resources - It is extremely difficult to reconstruct 
in detail the natural environment (topography, drainage, 
soils, flora and fauna) and land use history of areas that are 
now submerged

With regard to research issues attendant on the



to produce some semblance of a paleoenvironmental 
reconstruction.

historic contexts defined in New Jersey's 
Comprehensive Historic Preservation Plan, 
paleoenvironmental  (or, indeed, archaeological) data 
from the Atlantic Shore Zone would add 
considerably to the geographic and settlement-
subsistence context within which the few known 
terrestrial Paleo-Indian and Archaic archaeological 
resources in New Jersey's Coastal Plain are 
currently analyzed.  The contribution of offshore 
paleoenvironmental and archaeological research to 
studies of Woodland period cultures is likely to be less 
significant, but there remains some potential for inundated 
procurement sites around the peripheries of former tidal 
marsh environments.

Since the tidal zone and shoreline of the four 
shoreline (and immediately adjacent near-shore) 
survey areas involved in the current study are to be 
"nourished" through the deposition of additional sand, 
buried prehistoric land surfaces and associated cultural 
resources, if these exist, should receive additional 
protection as a result of the proposed project action.  
There would not appear, therefore, to be any need to 
sample sediments within the tidal or near-shore zone in 
conjunction with the present project.  No further prehistoric 
archaeological study is therefore recommended along 
the shoreline within the tidal and near-shore study area 
segments.In the context of the three proposed offshore sand 

borrow areas, further “field” investigation -- either in the 
form of remote sensing (such as sub-bottom profiling) or 
coring -- is not, in the opinion of this consultant, a 
necessary, appropriate or cost-effective approach to 
clarifying the potential for prehistoric archaeological 
resources within specific borrow area limits.  
Reconstruction of the ocean floor topography would be 
of some assistance in refining areas of potential, but 
would still leave archaeologists largely ignorant on 
matters of site location, site boundaries and site 
stratigraphy, not to mention issues such as site function 
and inter-site and intra-site patterning.

Yet, recognizing that prehistoric cultural materials may 
on occasion be dredged up and redeposited along 
the shore during the course of beach 
replenishment (as occurred recently along a 
nourished stretch of the northern New Jersey 
shoreline), some basic information on offshore 
prehistoric site locations may be recovered b y 
making provision for controlled, periodic 
monitoring of the beach surface during and 
immediately following the replenishment process. This 
can be undertaken by one or two trained 
archaeologists systematically walking and inspecting the 
sands for evidence of redeposited prehistoric (and 
historic) cultural materials and coordinating with the 
dredge crews to pin down as precisely as possible the 
source of the borrowed sand.  In this manner, over time, 
a partial and some what gross record of offshore 
prehistoric site locations may be assembled and correlated 
with available bathymetry

Historic Resources - Transient activities, such as 
hunting and fishing and the occasional loading and 
unloading of vessels, were sporadically pursued along 
the Long Beach Island section of New Jersey's 
Atlantic coast prior to the mid-19th century.  
There is also limited documentary evidence for 
extremely low density settlement and economic activity 
along this stretch of shoreline from t he late 17th 
through late 19th centuries. However, no field evidence 
has been found during the current investigations for 
either short-lived or more substantive "permanent" early 
historic cultural features along the Long Beach Island 
littoral.  It should be noted that despite the absence of 
above-ground and surface cultural features in this zone 
that pre-date the late 19th century, the finding o f 
subsurface remains of an early 18th-century British 
vessel beneath a parking lot adjacent to the 
Showboat Casino in Atlantic City demonstrates that there 
is some potential for early historic 
archaeological resources along the shoreline. 
Overall, however, the potential for early historic 
resources being encountered along the beach during 
beach nourishment activities is still considered to be slight 
and highly localized.  In the opinion of the consultant, 
no additional field investigation into early historic 
resources is warranted.  In the unlikely event that 
early historic remains are unexpectedly encountered 
during the placement of sand on the beach, it is 
suggested that provision be made for such resources to 
be inspected, recorded



and evaluated by a qualified archaeologist. proposed offshore sand borrow areas is negligible. 
These areas are likely to have been inundated 
throughout the historic period. 

B. Underwater Resources

Since the time of their initial development, the shore 
communities on southern New Jersey’s barrier 
islands have become progressively more built-up, to the 
extent that human land use has arrested slightly (and 
even reversed in some places) the steady post-glacial 
westward movement of the coastline. Numerous 
erosion abatement structures, notably groins and 
bulkheads, have been constructed to aid in these efforts 
and several of these are present along the Long 
Beach Island shoreline (Table 7.1). Other structures, 
including both boardwalks and piers have also been 
constructed in conjunction with the shore’s resort 
functions, but Long Beach Island is devoid of these 
particular types of shoreline feature.  While the groins 
and bulkheads are often difficult to date and in varying 
states of repair, most are probably less than 50 years old 
and therefore do not meet the age criterion for 
inclusion in the National Register of Historic Places.  
The older examples tend to be the least well 
preserved.  No groins or bulkheads meriting National 
Register listing were observed along the Long Beach 
island shoreline.  In any event, it is regarded 
that preservation of shoreline structures, even if they are 
presently ruinous, is entirely consistent with the goals 
of shoreline protection, since piers, groins and other 
features projecting into the ocean, 
perpendicular from the shore, can assist i n 
stabilizing the strand.

Background research confirms European maritime 
activity along the New Jersey Atlantic coast from at least 
as early as the first quarter of the 17th century. English, 
Dutch (and to a lesser extent Scandinavian) sailors 
were the first Europeans to explore the region during 
this period and were also the first to extensively 
traverse the waterways of the interior while 
establishing settlements in the present-day states of 
Pennsylvania, New Jersey and New York. Although 
extensive permanent settlement and development 
of the barrier islands did not, for the most part, start to 
occur until the mid-19th century, the inlets separating 
the islands, such as those at either end of Long 
Beach Island, were used a s transportation arteries 
by settlers inland at least as early as the 18th century.  
This local maritime activity was very limited in scope, 
however, and the vast majority of shipping activity within 
the offshore study areas was almost exclusively 
transient (i.e., coastal).  Vessels crossing the study 
areas were participating in the network of coastal 
trade that linked the Delaware Bay ports and New York 
with other ports from Maine to Texas.  International 
maritime traffic was also present in the project 
vicinity and involved shipping passing from the 
eastern seaboard to ports in the Caribbean and 
Central and South America.  Much of this coastal traffic, 
when caught in heavy seas and bad weather

Aside from the groins, bulkheading and various 
pilings noted along the shoreline, only one other 
structure was identified as being of potential historic 
interest.  This is a late 19th-century residence at 14 
South 73rd Street in Harvey Cedars (Table 7.1). 
More detailed examination of the exterior and 
interior of this building would be necessary before a full 
evaluation of its National Register eligibility could be 
given.  However, the house is situated above the 
high tide line and will not be directly affected by the 
proposed project actions.  Indeed, beach nourishment 
should serve to protect this building.  No further 
assessment of this structure is considered necessary in 
the context of the current project.

The potential for historic period terrestrial (as 
opposed to underwater) resources within the three



TABLE 7.1. SUMMARY OF CULTURAL RESOURCES IDENTIFIED DURING STUDY

LOCATION FIELD EVIDENCE/ INTERPRETATIONCULTURAL RESOURCE 
TYPE

EVALUATION/
RECOMMENDATION

SHORELINE AND NEAR-SHORE AREA A (Figure 6.1) Dolphin 
Street to North 17th Street

1. Feature A-1 No further study recommendedAligned with Magnetic Target MA-6; modern 
conglomeration of wood pilings and planks

Area A, Harvey Cedars, mid-
beach, near terminus of 84th 
Street

2. Feature A-2 No further study recommendedArea A, Harvey Cedars, near 
terminus of 73rd Street 

Modern concrete and wood formation of pilings and 
boards, possible former bulkhead

3. Feature A-3 Rock outcrop in surf; former portion of  jetty/groin No further study recommendedArea A, Harvey Cedars, near 
terminus of Sussex Avenue

4. Feature A-4 No further study recommendedArea A, Harvey Cedars, near 
terminus of Salem Avenue

Modern set of pilings at edge of dune slope with wood 
planking attached, possible former walkway

5. Feature A-5 Historic structureArea A, #14 South 73rd Street in 
Harvey Cedars

Further study required for full 
evaluation, however, current 
project is not likely to have an 
adverse effect on the resource; no 
further study recommended

6. Features (Area A) No further study recommendedVisible wood/stone composite jetties/groins; some 
composed only of stone

Occurring at similar spatial 
intervals from North 17th Street to 
Dolphin Street; emerge from 
shoreline and continue in a n 
east-west line into the surf

7. Magnetic Target MA-1 Area A, North Beach shoreline (N 
308700 to 
N 308730)

Semi-coherent point target; possible shipwreck 
remains; suspect due to proximity of fences, groins, 
etc.

Current project plans will protect 
resource; no further study 
recommended

8. Magnetic Target MA-2 No further study recommendedSemi-coherent point target, linear east-west; 
signature attributed to jetty/groin

Area A, North Beach shoreline (N 
309380 to 
N 309420)



TABLE 7.1. SUMMARY OF CULTURAL RESOURCES IDENTIFIED DURING STUDY

LOCATION FIELD EVIDENCE/ INTERPRETATIONCULTURAL RESOURCE 
TYPE

EVALUATION/
RECOMMENDATION

9. Magnetic Target MA-3 Incoherent point target; possible shipwreck remainsArea A, North Beach shoreline 
(N 310060 to 
N 310100)

Current project plans will protect 
resource; no further study 
recommended

10. Magnetic Target MA-4 Highly coherent, very large point target; possible 
shipwreck remains

Area A, Harvey Cedars 
shoreline (N 310920 to N 
311080)

Current project plans will protect 
resource; no further study 
recommended

11. Magnetic Target MA-5 Incoherent point target; possible debris field, but 
suspect due to proximity of fences, etc.

Area A, Harvey Cedars 
shoreline (N 316200 to N 
316320)

Current project plans will protect 
resource; no further study 
recommended

12. Magnetic Target MA-6 No further study recommendedCoherent, linear east-west target; aligned with 
Feature A-1

Area A, Harvey Cedars 
shoreline (N 321100 to N 
321160)

13. Magnetic Target MA-7 Semi-coherent, double peak point target; 
possible shipwreck remains

Current project plans will protect 
resource; no further study 
recommended

Area A, approximately 800 feet 
north of Loveladies/ Harvey 
Cedars shoreline border 
( N 322520 to 
N 322640)

14. Magnetic Target MA-8 No further study recommendedArea A, Loveladies shoreline 
(N 323580 to N 323660)

Semi-coherent, linear east-west target; 
signature attributed to groin/jetty

15. Magnetic Target MA-9 No further study recommendedArea A, Loveladies shoreline 
(N 325520 to N 325560)

Negative spike on single profile; sensor 
malfunction

16. Magnetic Target MA-10 No further study recommendedArea A, Loveladies shoreline 
(N 326000 to N 326040)

Semi-coherent linear east-west target; 
signature attributed to groin/jetty

17. Magnetic Target MA-11 No further study recommendedArea A, Loveladies shoreline 
(N 326540 to N 326560)

Negative spike on single profile; sensor 
malfunction

18. Magnetic Target MA-12 No further study recommendedArea A, Loveladies shoreline 
(N 326620 to N 326700)

Semi-coherent linear east-west target; 
signature attributed to groin/jetty



TABLE 7.1. SUMMARY OF CULTURAL RESOURCES IDENTIFIED DURING STUDY

LOCATION FIELD EVIDENCE/ INTERPRETATIONCULTURAL RESOURCE 
TYPE

EVALUATION/
RECOMMENDATION

19. Magnetic Target MA-13 No further study recommendedArea A, Loveladies shoreline (N 
328240 to N 328300)

Negative spike on single profile; sensor 
malfunction

20. Magnetic Target 4:735 Area A, Near-shore off North 
Beach  (N 307327, E 607019)

Acoustic image confirms presence of partially buried 
object perpendicular to shoreline; potential shipwreck 
remains 

Current project plans will protect 
resource; no  further study 
recommended

21. Magnetic Target 4:816 Area A, Near-shore off Harvey 
Cedars (N 310905, E 592753)

Current project plans will protect 
resource; no  further study 
recommended

Magnetic signature only; lack of acoustic image 
confirms material is buried; signature occurs due east 
of Magnetic Target MA-4; possible outflow pipe, groin, 
or shipwreck remains

22. Magnetic Target 4:1009 Area A, Near-shore off Harvey 
Cedars (N 319658, E 596864)

Current project plans will protect 
resource; no  further study 
recommended

Magnetic signature only; lack of acoustic image 
confirms material is buried; signature occurs just 
northeast of groin; possible outflow pipe, groin, or 
shipwreck remains



TABLE 7.1. SUMMARY OF CULTURAL RESOURCES IDENTIFIED DURING STUDY

LOCATION FIELD EVIDENCE/ INTERPRETATIONCULTURAL RESOURCE 
TYPE

EVALUATION/
RECOMMENDATION

SHORELINE AND NEAR-SHORE AREA B (Figure 6.2) 
South 22nd Street to Stockton Street

23. Feature B-1 No further study recommendedModern series of wood pilings in dune structure, 
possible former retaining wall or walkway

Area B, between Brant Beach 
and Beach Haven Crest, 
near terminus of Brownson 
Street

24.Features (Area B) No further study recommendedVisible wood/stone composite jetties/groins; 
some composed only of stone

Occurring at similar spatial 
intervals from Stockton Street 
to  22nd Street; emerge from 
shoreline and continue in 
a n east-west line into the surf

25. Magnetic Target MB-1 No further study recommendedArea B, Brant Beach shoreline 
(N 284780 to N 284840)

Semi-coherent linear east-west target; 
signature attributed to jetty/groin

26. Magnetic Target MB-2 No further study recommendedArea B, Brant Beach shoreline 
(N 285500 to N 285540)

Semi-coherent linear east-west target; 
signature attributed to jetty/groin

27. Magnetic Target MB-3 No further study recommendedArea B, Brant Beach shoreline 
(N 286160 to N 286200)

Semi-coherent linear east-west target; 
signature attributed to jetty/groin

28. Magnetic Target MB-4 No further study recommendedArea B, Brant Beach shoreline 
(N 288160 to N 288220)

Semi-coherent linear east-west target; 
signature attributed to jetty/groin

29. Magnetic Target MB-5 No further study recommendedArea B, Brant Beach shoreline 
(N 290220 to N 290280)

Semi-coherent linear east-west target; 
signature attributed to jetty/groin



TABLE 7.1. SUMMARY OF CULTURAL RESOURCES IDENTIFIED DURING STUDY

LOCATION FIELD EVIDENCE/ INTERPRETATIONCULTURAL RESOURCE 
TYPE

EVALUATION/
RECOMMENDATION

SHORELINE AND NEAR-SHORE AREA C (Figure 6.3) Nebraska 
Boulevard to 27th Street

30. Features (Area C) No further study recommendedVisible wood/stone composite jetties/groins; some 
composed only of  stone.

Occurring at similar spatial 
intervals from 27th Street t o 
Nebraska Boulevard; emerge 
from shoreline and continue in an 
east-west line into the surf

31. Magnetic Target MC-1 No further study recommendedArea C, Haven Beach shoreline (N 
276360 to 
N 276420)

Incoherent target extending northward from jetty/
groin; possible debris field, however, proximity of 
jetty/groin suspect 

SHORELINE AND NEAR-SHORE AREA D (Figure 6.4) 6th Street 
to Webster Avenue

32. Feature D-1 No further study recommendedThree wood pilings in the surf, possible pier 
remnants; appear modern

Area D, Beach Haven, near 
terminus of Berkeley Avenue, 
approximately 40 feet offshore

33.  Feature D-2 No further study recommendedThree rows of wood pilings, curving into surf; appear 
modern; proximity of Magnetic Target MD-

Area D, Beach Haven, near 
terminus of Chadsworth 
Avenue 6

34.  Feature D-3 No further study recommendedArea D, Beach Haven, near the 
terminus of Holyoak Avenue

Two rows of modern wood pilings, covered by sand 
near surf line; appear modern; proximity of Magnetic 
Target MD-6

35.  Feature D-4 No further study recommendedArea D, Beach Haven, near the 
terminus of Jefferies Avenue

18 wood pilings, no apparent configuration; appear 
modern; proximity of Magnetic Target MD-3

36.  Feature D-5 No further study recommendedArea D, Beach Haven, near 
terminus of Leeward Avenue

Rows of wood pilings, covered by sand nearing surf 
line; appear modern; proximity of Magnetic Target MD-2



TABLE 7.1. SUMMARY OF CULTURAL RESOURCES IDENTIFIED DURING STUDY

LOCATION FIELD EVIDENCE/ INTERPRETATIONCULTURAL RESOURCE 
TYPE

EVALUATION/
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37.  Feature D-6 No further study recommendedArea D, Beach Haven, near 
terminus of Nelson Avenue

Wood pilings adjacent to wood jetty/groin; appears 
modern

38.  Feature D-7 No further study recommendedArea D, Beach Haven, near 
terminus of Marshall Avenue

33 wood pilings extending toward nearby jetty/
groin; appears modern

39. Features (Area D) No further study recommendedVisible wood/stone composite jetties/groins; some 
composed only of stone.

Occurring at similar spatial 
intervals from Webster Avenue to 
6th Street in Area D; emerge from 
shoreline and continue in an east-
west line into the surf

40. Magnetic Target MD-1 No further study recommendedArea D, Beach Haven shoreline (N 
260060 to 
N 260300)

Semi-coherent linear east-west target; signature 
attributed to jetty/groin; proximity of Feature D-6

41. Magnetic Target MD-2 No further study recommendedArea D, Beach Haven shoreline (N 
260560 to 
N 260720)

Coherent target with multiple peaks; semi-linear east to 
west; signature attributed to steel jetty/groin; proximity of 
Feature D-5

42. Magnetic Target MD-3 No further study recommendedArea D, Beach Haven shoreline (N 
261020 to 
N 261100)

Semi-coherent linear east west target with double peak; 
signature attributed to jetty/groin; proximity of Feature 
D-4 

43. Magnetic Target MD-4 Semi-coherent point target; possible shipwreck 
remains

Area D, Beach Haven shoreline (N 
261680 to 
N 261720)

Current project plans will protect 
resource; no  further study 
recommended

44. Magnetic Target MD-5 No further study recommendedIncoherent linear east-west target; signature 
attributed to jetty/groin

Area D, Beach Haven shoreline (N 
261960 to 
N 262080)

45. Magnetic Target MD-6 No further study recommendedArea D, Beach Haven shoreline (N 
262620 to 
N 263040)

Incoherent or numerous small coherent peaks noted in 
target signature; possible extensive debris field; proximity 
of both Features D-2 and D-3 probable source of 
signature



TABLE 7.1. SUMMARY OF CULTURAL RESOURCES IDENTIFIED DURING STUDY

LOCATION FIELD EVIDENCE/ INTERPRETATIONCULTURAL RESOURCE 
TYPE

EVALUATION/
RECOMMENDATION

OFFSHORE BORROW  AREA D (Figures 6.9 and 6.14)

45.  Magnetic Target 7:614 Offshore Borrow Area D (N 
303572, E 607019)

An acoustic image confirms the magnetic target; 
possible shipwreck remains

Current project plans may effect 
resource; further study 
recommended



between Sandy Hook to the north and Cape May to the 
south, deliberately sought shelter in New Jersey’s 
Harbors, bays and inlets.

As a result of the extensive historic maritime 
activity offshore of New Jersey's Atlantic coast, a wide 
variety of underwater resources may b e 
anticipated in the vicinity of the study areas as is 
evidenced in the list of documented shipwrecks 
presented in Appendix A.  Remote sensing, both 
onshore on the beach within the tidal zone, and 
offshore in the near-shore zone and in the three 
proposed offshore sand borrow areas, has also 
encountered a number of anomalies that may prove to 
be shipwrecks or other submerged features of historic 
interest (Table 7.1).

Within Area A, between North 17th Street and 
Dolphin Street, four anomalies of potential interest were 
noted onshore (Magnetic Targets MA-1, MA- 3, MA-4 
and MA-7) and another three were pinpointed 
immediately offshore in the near-shore zone (Targets 
4:735, 4:816 and 4:1009).  One other onshore anomaly 
was noted in Area D, between 6th Street and Webster 
Avenue (Magnetic Target MD- 4).  No potential 
shipwrecks were noted onshore in Areas B and C or in the 
near-shore zone in Areas B, C and D.

If supplementary investigation of this type reveals the 
definite or suspected existence of a potentially 
significant resource, such as a shipwreck, 
consideration should be given to avoiding this 
location during sand borrow dredging activities by 
designating a suitably protective “no dredge” buffer zone 
around the target.  If avoidance is not a viable option, 
additional Phase II-level archaeological investigation 
-- conceivably involving further diving, visual 
inspection, probing, recording and, if appropriate, 
overburden removal and still more recording -- is 
recommended at this target to fully characterize and 
evaluate the object(s) responsible for generating the 
remote sensing signature. Ground truthing of 
this target at both the supplementary Phase I 
and Phase II level o f investigation should 
ultimately aim to evaluate whether this potential 
underwater cultural resource is of sufficient caliber to 
merit inclusion in the National Register of Historic 
Places.  As part of the resource identification and 
evaluation process, field data should also be correlated, 
wherever possible, with background historical 
information.

Without further study (chiefly, diving and probing), it is not 
possible to definitively identify the onshore anomalies in 
the Areas A and D and the near-shore anomalies in Area 
A as shipwrecks and some may, in fact, be related to 
groins or outfall pipes. However, since the proposed 
beach nourishment will entail deposition of sand in these 
locations, the source of these anomalies will be 
protected.  No further study of these targets is 
considered necessary within the context of the current 
project. Care should be taken not to traverse these 
locations with heavy machinery so as to prevent 
damage to possible subsurface cultural deposits.  The 
locations should be clearly marked in the field so they 
can be avoided by the contractor.

Remote sensing of the three proposed offshore sand 
borrow areas resulted in the identification of a 
single target within Borrow Area D (Magnetic Target 
7:614) that produced a signature resembling those 
typically found at shipwreck sites.  With regard to this 
target, it is not possible without some form of 
rudimentary ground truthing to establish whether it 
represents the site of a shipwreck or other 
submerged resource of true historic interest. For 
t his reason, it is recommended that 
supplementary Phase I-level study -- typically 
involving a more focused program of remote 
sensing, diving, visual inspection, probing and 
recording -- be undertaken at this target to obtain a 
clearer “read” on whether the anomaly in question 
derives from a potentially important submerged 
resource.
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Feasibility Study
Barnegat Inlet to Little Egg Inlet

Real Estate Plan

1. PURPOSE: This Real Estate Plan is for the Barnegat Inlet to Little Egg Inlet Feasibility
Study.  This is a part of the ongoing New Jersey Shore Protection Study.  This study was
completed under authority of resolutions adopted by the Committee on Public Works and
Transportation, U.S. House of Representatives, and the Committee on Environment and Public
Works, U.S. Senate, dated December 1987.  The Reconnaissance Report was completed in
March of 1995.  The non-Federal sponsor is the New Jersey Department of Environmental
Protection (NJDEP).

2a.  PROJECT AREA DESCRIPTION:  The study area, also known as Long Beach Island (LBI),
is a sandy barrier island located in Ocean County, New Jersey, along the Atlantic coastline.  It is
bounded on the north by Barnegat Inlet and on the south by Little Egg/Beach Haven Inlet
complex.  LBI consists predominantly of separate residential dwellings, except for its 2.5 mile
southern extremity which constitutes the Holgate Unit of the Forsythe National Wildlife Refuge.
The developed areas of the island are divided into six political jurisdictions, the largest of which,
the municipality of Long Beach Township, is comprised of four discontinuous units.  The other
five incorporated areas are the boroughs of Barnegat Light, Harvey Cedars, Surf City, Ship
Bottom, and Beach Haven.

2b.  RECOMMENDED PLAN: The purpose of this project is shoreline protection and erosion
control.  The selected plan consists of berm and dune restoration utilizing sand obtained from
offshore borrow sources.  This plan would require 4.95 million cubic yards of sand for initial
berm placement, and 2.45 million cubic yards for dune placement.  Sand will be hydraulically
pumped onto the existing beach and then shaped.  Approximately 1.9 million cubic yards would
be needed for periodic nourishment every 7 years over a 50-year period of analysis.  The berm
and dune restoration extends from groin 4 (Seaview Drive, Loveladies) to the terminal groin (98)
in Long Beach Township-Holgate, approximately 17 miles.  The Barnegat Light area (northern
end of the study area) is not included in the project due to low erosion and ample shore
protection.  Similarly, the Holgate Unit (southern end of the study area) was also not included
based on the report of the US Fish and Wildlife Service (USFWS, 1996) that they do not
consider beach nourishment on the Holgate Unit of the Edwin B. Forsythe National Wildlife
Refuge necessary. Because both ends of the project terminate at a groin, no tapers are needed.  The
template for the plan is a dune at an elevation of 22-ft NAVD, with a 30-ft dune crest width; 1V: 5H
slopes from dune crest down to a berm at elevation +8 ft NAVD, a berm width of 125 ft from
centerline of dune. Often the public’s perception of Berm width is considered from the toe of dune to
mean high water (MHW) or the useable portion of the beach. The average usable beach from the
seaward toe of dune to MHW water is 105 feet. The beachfill continues from MHW with the profile
at 1V: 10H slopes from the berm to mean low water (MLW).  The fill is expected to maintain the
existing profile shape from MLW to depth of closure (occurring at approximately -29 ft NAVD).
Average dune widths for LBI are already at 29 feet.  Existing dune elevations are at 19 ft on average
while berm width averages are at 111 feet, as defined from the dune centerline. Construction access
points to the beach will be from the public streets as indicated in Exhibit D.  Lands below the
MHWL extending 3 miles seaward (to include the borrow area) are owned and controlled by the



NJDEP.  The borrow areas are located off LBI below the Mean High Water Line (MHWL) and
are owned and controlled by the non-Federal sponsor with the exception of Borrow Area D2.  
Use of borrow area D2 extends beyond the three mile limit, necessitating a Memorandum of
Agreement between the U. S. Department of Interior, Minerals Management Service, and the
non-Federal sponsor  be developed.  The duration of Temporary Work Area Easements (TWAE)
for access and staging is estimated to be two years.  This will allow sufficient time for
construction, contractor mobilization/demobilization, weather delays, etc.  Acreage requirements
are indicated in Exhibit D.

2c.  OWNERSHIPS: The dune and berm will be constructed on existing beachfront owned by
private and commercial owners, Long Beach Township, and the boroughs of Harvey Cedars, Surf
City, Ship Bottom, and Beach Haven. Construction areas would exclude any existing structures. 
A total of approximately 845 privately owned parcels with 825 ownerships, 5 commercial parcels
with 5 ownerships, and 116 public parcels with 6 ownerships are indicated to be impacted by the
proposed project.  The required staging/access areas are publicly owned, as are perpetual access
areas.  The TWAE will not require access from the adjacent properties during construction since
the work will be primarily confined to the seaward side of the dune and equipment will be such
as to work over the dune.  Ownership information is indicated in Exhibit A.

2d.  ESTIMATED VALUE: The detailed Real Estate Cost Estimate in MCACES format is
included in Exhibit B.  The required TWAE (approximately 19.72 ac.), perpetual restrictive
dune/beach nourishment easements (approximately 330 ac. including the area from the landward
toe of dune to the MHWL), are considered to have nominal value because of special benefits. 
The proposed project will create a betterment to the properties that otherwise would not exist.

3. DESCRIPTION OF NFS’ EXISTING OWNERSHIP: Submerged lands below the MHWL of
the Atlantic Ocean are owned by the State of New Jersey and managed by the NJDEP Bureau of
Tidelands Management.

4. RECOMMENDED ESTATES: The construction, operation and maintenance of the dune and
berm will require a standard restrictive dune easement and perpetual beach nourishment
easement.   A standard TWAE with a duration of two years will be required for access/staging
during construction.

Dune/Berm:

RESTRICTIVE DUNE EASEMENT

A perpetual and assignable easement and right-of-way in, on, over and across  (the land
described in Schedule A) (Tract Nos. ____), to construct, operate, maintain, patrol, repair,
rehabilitate, and replace a dune system and appurtenances thereto, together with the right to post
signs, plant vegetation and prohibit the grantor(s), (his) (her) (its) (their) heirs, successors,
assigns and all others from entering upon or crossing over said dune easement; reserving,
however, to the grantor(s), (his) (her) (its) (their) heirs, successors, assigns, the right to construct
dune walkover structures in accordance with any applicable Federal, State, or local laws or



regulations, provided that such structures shall not violate the integrity of the dune in shape or
dimension and prior approval of the plans and specifications for such structures shall have been
obtained from the District Engineer, U.S. Army Engineer District, Philadelphia, and all other
rights and privileges as may be used without interfering with or abridging the rights and easement
hereby acquired; subject, however, to existing easements for public roads and highways, public
utilities, railroads and pipelines.

PERPETUAL BEACH NOURISHMENT EASEMENT

A perpetual and assignable easement and right-of-way in, on, over and across  (the land
described in Schedule A) (Tract Nos. ____), to construct, operate, maintain, patrol, repair,
renourish, and replace the beach berm and appurtenances thereto, including the right to borrow
and/or deposit fill, together with the right to trim, cut, fell and remove therefrom all trees,
underbrush, obstructions, and any other vegetation, structures, or obstacles within the limits of
the easement; reserving, however, to the grantor(s), (his) (her) (its) (their) heirs, successors and
assigns, all such rights and privileges as may be used without interfering with or abridging the
rights and easement hereby acquired; subject, however to existing easements for public roads and
highways, public utilities, railroads and pipelines.

Additionally, the following standard estate would be required for staging and access
during construction:

TEMPORARY WORK AREA EASEMENT (Estate No. 15)

A temporary easement and right-of-way in, on, over and across  (the land described in
Schedule A) (Tract Nos. ____), for a period not to exceed two years, beginning with date
possession of the land is granted to the United States, for use by the United States, its
representatives, agents, and contractors as a work area, including the right to borrow and/or
deposit fill, spoil, and waste material thereon and to move, store and remove equipment and
supplies, and erect and remove temporary structures on the land and to perform any other work
necessary and incident to the construction of the Barnegat Inlet to Little Egg Inlet Shore
Protection Project, together with the right to trim, cut, fell and remove therefrom all trees,
underbrush, obstructions, and any other vegetation, structures, or obstacles within the limits of
the right-of-way; reserving, however, to the landowners, their heirs and assigns, all such rights
and privileges as may be used without interfering with or abridging the rights and easement
hereby acquired; subject, however to existing easements for public roads and highways, public
utilities, railroads and pipelines.

5. EXISTING FEDERAL PROJECTS:  There are no federal projects in the proposed project
area.

6. EXISTING FEDERAL OWNERSHIP:  There is no Federally-owned land within the project
area.

7. NAVIGATIONAL SERVITUDE: Navigational Servitude will apply to this shoreline



protection/erosion control project.  No Federal Government interest in real property is required
with respect to lands subject to navigational servitude.  The non-Federal sponsor owns all the
lands below the MHWL, but due to navigational servitude no right-of-entry will be necessary.

8. REAL ESTATE MAPPING:  Plates R-1 through R-13, dated 11 February 1999, are attached
as Exhibit D.  The maps include delineation of the land, estates, and acreages to be acquired and
indicate parcels impacted by the project.

9. INDUCED FLOODING:  No induced flooding is anticipated due to this proposed project.

10. BASELINE COST ESTIMATE FOR REAL ESTATE:  The detailed real estate cost estimate
in MCACES format is included in Exhibit B.  Since the number of parcels impacted for this
project is unusually large, costs to the non-Federal sponsor in the acquisition of the real estate are
being kept in check.  As the result of this project each property owner will accrue special
benefits, therefore compensation is nominal.  Informal value estimates will be completed in lieu
of formal appraisals, since values will be less than $2,500 per tract, at an estimated cost of
$25,000.  Rather than obtaining Title Evidence for each individual parcel, Verification of
Ownerships will be completed at an estimated cost of $10,000 for this job action.  No individual
survey and title description will be done on each parcel in the acquisition of the easements.  Each
municipality has affixed on their mapping a building line limit that has been surveyed, and is or
will be required to be recorded at the Ocean County Courthouse.  The easements for each parcel
of this project will reference the building limit line.  The cost for the preparation and recordation
of these plats by the municipalities has been estimated at $3,000.  These costs have been
discussed with and agreed to by the non-Federal sponsor.     

11. PUBLIC LAW 91-646 RELOCATIONS: There are no Public Law 91-646 relocations
required in connection with the project.

12. MINERAL ACTIVITY: There is no present or anticipated mineral activity in the vicinity of
the project, which may affect the operation thereof.

13. ASSESSMENT OF THE NFS’REAL ESTATE ACQUISITION CAPABILITIES: The NFS,
the New Jersey Department of Environmental Protection, has indicated that the required real
estate acquisitions would be accomplished with the assistance of the municipalities of Long
Beach Township, Harvey Cedars, Surf City, Ship Bottom, and Beach Haven.  The NFS has real
estate acquisition, eminent domain, and “quick-take” authorities in the project area and has
indicated that each of the municipalities has condemnation authority.  It is anticipated that the
State of New Jersey would enter into a State Aid Agreement with these municipalities whereby
the municipalities provide the real estate in order to receive state funding for the project’s
construction.  The Assessment of the Non-Federal sponsor’s Real Estate Acquisition Capability
is included in Exhibit C.

14. ZONING CHANGES: No zoning changes are proposed in lieu of, or to facilitate real estate
acquisition.



15. ACQUISITION SCHEDULE: The non-Federal sponsor, the New Jersey Department of
Environmental Protection, has indicated that the required real estate acquisitions would be
accomplished with the assistance of the municipalities of Long Beach Township, Harvey Cedars,
Surf City, Ship Bottom, and Beach Haven.  Following is the estimated acquisition schedule based
on an estimated PCA execution date of 1 Sep 2001:

1. PCA execution 01 Sep2001
2. Forward maps to sponsor 02 Sep 2001-09 Sep 2001
3. Recordation of Building Limit Line 10 Sep 2001-10 Dec 2001
4. Ownership Verification 10 Sep 2001-10 Dec 2001
5. Informal Value Estimates 11 Dec 2001-11 Mar 2002
6. Negotiations 12 Mar 2002-12 Nov 2002
7. Closings 13 Nov 2002-31 Jan 2003
8. Condemnations (if necessary) 01 Feb  2003-01 Oct 2003
9. Possession 02 Oct  2003-02 Nov 2003

16. RELOCATION OF UTILITIES AND FACILITIES: There are no relocations of utilities or
facilities required for this project.

17. HAZARDOUS, TOXIC, AND RADIOACTIVE WASTE: The Preliminary Hazardous,
Toxic, and Radioactive Waste Assessment indicated there are twelve (12) potentially
contaminated sites within approximately a 2 mile radius of the project.  Since none of these sites,
however, are located on the beach or close enough to have any impact on the project, there is
considered to be no HTRW contamination potential in the project area.  Therefore, the real estate
cost estimates contained in this Real Estate Plan do not reflect the presence of contamination.

18. LANDOWNER SENTIMENT: The majority of the landowners are concerned about the
need for shoreline protection and continued erosion and would likely support this project for that
purpose.  However, in one segment of Long Beach Township, known as Loveladies, some of the
property owners oppose the project unless they receive financial compensation for the easement
on their property. 

19. NOTIFICATION TO NFS OF RISKS PRIOR TO PCA EXECUTION: The non-Federal
sponsor, New Jersey Department of Environmental Protection, will be notified in writing
regarding the risks associated with acquisition of land prior to the execution of the PCA. 

20. PUBLIC ACCESS: ER 1165-2-130, Para. 6.(h) requires public use by all (including non-
residents) on equal terms.  This means that the project beaches will not be limited to a segment of
the public.  Public use is construed to be effectively limited as follows: a) when available public
access points to any particular shore are spaced more than one-quarter (1/4) mile apart; b) when
there is a lack of sufficient parking facilities for the general public (non-resident-users) located
reasonably nearby and with reasonable public access.  Generally, parking should be available
within a reasonable walking distance of the beach.

Public access and sufficient parking for the general public is available in the boroughs of Beach



Haven, Ship Bottom, Surf City, and Harvey Cedars as prescribed in the regulations.  The same
holds true for Long Beach Township except in the areas known as Loveladies and North Beach. 
In an approximately 2.1 mile stretch, Loveladies has three (3) points of public access, while
North Beach has one (1) in a 1.3 mile stretch.  According to information provided by Long Beach
Township, Loveladies has approximately 811 parking spaces, and North Beach 120, primarily
located on the bayside of Long Beach Boulevard in each of those areas, that are available for
general public use. 

In order to bring these two areas of Long Beach Township into compliance with ER 1165-2-130,
Para. 6.(h) as cited above so as to be eligible for Federal assistance through this project, the
following is required:  

1. In addition to the existing public access points, establish new ones to meet the ¼ mile
distance between each.  This would require the non-Federal sponsor to obtain permanent
easements for these access points if they have not already done so.  Recommended sites
to establish these access points in Loveladies are Tracts 20.07, 20.33, 20.82, 20.107,
20.133 Lot 6; in North Beach, Tracts 18.13, 18.41, 18.93, 18.119.

2. Remove current restrictions prohibiting parking on one side of streets from 9:00am
Wed through 9:00pm Sun. 

3. Provide at a minimum an additional 100 parking spaces in the North Beach area.  The
120 spaces identified by the Township for this 1.3 mile area are essentially located within
a .3 mile stretch of the south end.  Recommend that parking be made available in the
vicinity of the recommended access points 18.41, 18.119, and the existing access point
18.65.  Toward this end, it is recommended that the non-Federal sponsor purchase in fee
property to satisfy the required parking spaces needed.  Possible sites for this purpose,
presently listed as vacant land, are Tracts 18.35, 18.67 and 18.111.  If this option proves
untenable, the non-Federal sponsor should provide parking on Long Beach Boulevard in
this North Beach area.  This option may require removal of the bike paths and median. 

4. As long as no restrictions are placed on the parking spaces as identified by the
Township in the Loveladies’ area, the availability appears satisfactory.  However, since
this parking is on the bayside, it is recommended that this 2.1 mile stretch have sufficient
lights for the pedestrian public to cross Long Beach Boulevard to access the beach area.

21. The local sponsor as well as the non-Federal sponsor have confirmed that public access will
be provided every (1/4) mile and that parking area will be created where possible. The final
details regarding public access point will be completed in the PED phase of the study.
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There are no geodetic control monuments that would be affected
by the proposed project.

Bottom topography in the borrow area and placement areas will
be affected by the proposed dredging.  Navigational safety will not
be impacted.



The COE will provide NOS surveys of the project area upon
completion.



See the following COE response letter.













In accordance with the stated NJDEP’s regulation, USFWS
recommendations in the FWCA 2(b) Report, and avoidance of
Essential Fish Habitat (EFH) under NMFS’s Magnuson-Stevens
Fishery Conservation and Management Act (MSA), Borrow Area
E has been eliminated.  Borrow Area B was never part of the
former selected plan.

Pursuant to Section 305(b)(2) of the MSA, the COE has initiated
consultation with NMFS regarding the proposed project in EFH.



The COE has provided NMFS a written assessment of the effects
of the project on EFH.  This was conducted subsequent to release
of the draft EIS but will be included in the final EIS.

The final EIS includes this information.







A Biological Assessment that discusses Philadelphia District
hopper dredging activities and potential effects on Federally
threatened and endangered species of sea turtles was prepared
and formally submitted to the NMFS.  A Biological Opinion was
provided by the NMFS in November 1996.  As a term and
condition of the incidental take statement included in this
Opinion, the Corps will monitor all hopper dredge operations in
areas where sea turtles are present between June and November
by trained endangered species observers.  Adherence to the
findings of the Biological Opinion would insure compliance with
Section 7 of the Endangered Species Act.

In accordance with the NJDEP’s regulation, USFWS
recommendations in the FWCA 2(b) report, and avoidance of
Essential Fish Habitat (EFH) under the NMFS’s Magnuson-
Stevens Fishery and Conservation Act (MSA), Borrow Area E has
been eliminated.  Borrow Area B was never part of the former
selected plan.

Concur.  Contour dredging will be conducted.  This entails
utilizing sections of the borrow area with subsequent
renourishment cycles so that the actual dredged area is rotated.
This also entails avoidance of the creation of deep, poorly flushed
pits.



Refer to Section 5.2 of the report.  The local sponsor NJDEP
secures permanent easements for the project.

The local sponsor will address development of informational
materials for the purpose of educating the public about beach
nesting birds.

In cooperation with the local sponsor, the COE will develop a
shorebird monitoring program that is in compliance with the
Service’s “Guidelines for Managing Recreational Activities in
Piping Plover Breeding Habitat on the U.S. Atlantic Coast to
Avoid Take Under Section 9 of the Endangered Species Act”,
dated April 15, 1999.  No placement of fill is proposed at Barnegat
Inlet where piping plovers have been identified.  The COE will
coordinate with both the USFWS and the NJDEP on threatened
and endangered species prior to initial nourishment and all
subsequent renourishment activities.  If piping plovers are
identified at Barnegat Inlet, initial construction can begin in the
southern most portion of the project area to avoid the plovers
during their breeding season.

The proposed project design incorporates dune fencing and the
planting of dune grasses to trap sand.  Burial of existing beach
vegetation will be minimized.



The final USFWS 2(b) Report is provided in the Appendix of the
FEIS in it’s entirety.



The proposed dredging schedule is April through November.  In
cooperation with the local sponsor NJDEP, the COE will develop
a shorebird monitoring program that is in compliance with the
Service’s “Guidelines for Managing Recreational Activities in
Piping Plover Breeding Habitat on the U.S. Atlantic Coast to
Avoid Take Under Section 9 of the Endangered Species Act”,
dated April 15, 1994.   No placement of fill is proposed at
Barnegat Inlet where piping plovers have been identified.  The
COE will coordinate with both the USFWS and the NJDEP on
threatened and endangered species prior to initial nourishment
and all subsequent renourishment activities.  If piping plovers are
identified at Barnegat Inlet, initial construction can begin in the
southern most portion of the project area to avoid the plovers
during their breeding season.

Likewise for the seabeach amaranth.  Although no extant
occurrences of seabeach amaranth are known within the project
area, if the species is found during pre-construction surveys, the
COE will  modify the project to establish a protective zone around
the identified sites to avoid impact.



A Biological Assessment that discusses Philadelphia District
hopper dredging activities and potential effects on Federally
threatened and endangered species of sea turtles was prepared
and formally submitted to the NMFS.  A Biological Opinion was
provided by the NMFS in November of 1996.  As a term and
condition of the incidental take statement included in this
Opinion, the Corps will monitor all hopper dredge operations in
areas where sea turtles are present between June and November
by trained endangered species observers.  Adherence to the
findings of the Biological Opinion would insure compliance with
Section 7 of the Endangered Species Act.











1. Concur.  The Philadelphia District will follow an MOA
similar to that which has been signed by MMS and other
Corps Districts.

2. Concur.  The Philadelphia District has initiated EFH
consultation with NMFS.

1.

2.





See COE response letter dated 31 August 1999.











The issues involving surf clams, prime fishing areas, submerged
infrastructure routes, coastal engineering, public access, dune
creation and maintenance, cultural resource, endangered and
threatened vegetation species habitat and sand borrow sources are
addressed in the report.

The figures have been revised to correct the inconsistencies.







Barnegat Inlet to Little Egg Inlet Beach Nourishment Project (LBI)
Communication Log

Participants:  Eric J. Charlier, USACE
                      Robert Wargo, AT&T

Date:  8/27/99 – 9/16/99

Subject:  Submarine Trans-Atlantic Cables off of LBI Coast

-----Original Message-----
From: Wargo, Robert (Bob), NCIO [mailto:rwargo@att.com]
Sent: Monday, August 23, 1999 12:48 PM
To: Eric Charlier
Subject: Dredging and Submarine cables

Mr. Charlier,
I received a forwarded message from Mr. Ron Russian that
you were interested
in getting information on safe distances to dredge sand
from around cables.
I assume this is in relation to the ongoing project to
replenish the beaches
all along the coast of New Jersey.  I would like a little
information
regarding your proposed dredge areas such as type of
dredge, depth of water,
location (Lat. Lon.) and how deep the dredge will excavate
the sediment.  Is
the replenishment scheduled to take place this fall and
will the entire
length of Long Beach Island be replenished?  Thanks for
your interest in
protecting submarine cables.  I look forward to hearing
from you.
Best regards,
Bob Wargo

-----Original Message-----
From: Charlier, Eric J NAP02
[mailto:Eric.J.Charlier@nap02.usace.army.mil]
Sent: Friday, August 27, 1999 2:40 PM
To: Wargo, Robert (Bob), NCIO
Subject: RE: Dredging and Submarine cables



Bob,
This is for the Long Beach Island Beach Fill project.  The
borrow areas of
concern ("D1" & "D2") are off of the coast between Harvey
Cedars and Surf
City.  I believe the depth of water is between 30'-40'.
Off of the top of
my head, the depth of sediments removed is approx. 10'-15'
deep.  The
coords. of both areas are attached.  We are still a few
years away from any
dredging.  The entire beach will get renourishment at some
point during the
life of the project, but not all areas will receive any at
the initial
construction.  We will be dredging with a cutter head
dredge which will have
a DGPS (Differential Global Positioning System) on board.

Could you please provide a safe distance to keep away from
the cables other
than the typical 1-mile range, for our project.
If you need any further info. please email or call me at
(215)656-6668.

thanks,
Eric Charlier

From: Robert Wargo

Mr. Charlier,
Thanks for the prompt reply, however there was no
attachment with the
coordinates.
Bob Wargo

-----Original Message-----
From: Charlier, Eric J NAP02
[mailto:Eric.J.Charlier@nap02.usace.army.mil]
Sent: Friday, August 27, 1999 3:28 PM
To: Wargo, Robert (Bob), NCIO
Subject: RE: Dredging and Submarine cables

Bob,
Here you go, sorry, I forgot to attach these.



These are in NJ State Plane NAD 83.

D1 1 611460.562 308547.312
D1 2 609065.938 306527.719
D1 3 601741.812 303618.562
D1 4 605481.625 300837.719
D1 5 608686.312 302994.094
D2 6 609187.8161 303602.3441
D2 7 611582.8466 304735.9865
D2 8 614103.9328 306793.3384
D2 9 618137.6676 311416.0576
D2 10 615910.7087 312717.6472
D2 11 613473.6622 309820.5615
D2 12 611531.6345 308443.9064

thanks,
Eric

From:  Robert Wargo

I am unable to convert these state plane coordinates to
latitude longitude
pairs without having them end up off Boston, in which case,
dredge away.  I
have a feeling though they are probably off of NJ.  Would
it be possible for
you to convert these to Lat-Long pairs and resend?
Bob

From:  Eric Charlier

The converted coords. Were provided.

From: Robert Wargo

Eric,
Thanks very much for the coordinates of the planned dredge
area.  However,
as usual, more information does not clarify the situation,
only generate
more questions.  Here they are:

After plotting them it looks as if you put the northern
boundary on the



cable, was this intentional?

How deep of a hole will be excavated by the dredge and does
it do multiple
passes?  Any information you can provide on the methods and
procedures of
dredging in this area will be greatly appreciated.

Do you know the sediment grain size in the area you are
dredging?  I would
assume it was picked to be similar to that on the beaches
of Long Beach
Island which would be that sugary, white, medium grained
sand.

How are the dredges monitored to ensure that they stay
within the planned
borrow area?  My colleagues in the UK have a similar
situation in which the
government electronically monitors the dredge with a vessel
tracking system.
I believe that dredges that stray out of the planned area
are fined and
repeat offenders may loose their license.

I apologize for the additional questions but I am getting
very close to a
decision on this one but don't want it to be a hasty or
misinformed one.

Best regards,
Bob

THIS IS HOW IT WAS LEFT.  ROBERT WARGO HAS NOT REPLIED AS
OF 9/23/99.

THE SAFE DISTANCE ASSUMED IN THE CALCULATIONS WAS
APPROXIMATELY 200 FEET.  If AT&T replies with a greater
mandatory safe distance, then the borrow areas will be
recalculated to determine their capacity.  The potential
quantities that may be unavailable due to the cables is
very minor.  If there is not enough material after
recalculating the quantity, there are small portions of D1
& D2 that were not utilized which can be checked for
compatibility.  These portions were considered to be
negligible in comparison to the rest of the borrow areas,



but can be used to replace the quantities lost by the AT&T
mandate forthcoming.



-----Original Message-----
From: Wargo, Robert (Bob), NCIO [mailto:rwargo@att.com]
Sent: Thursday, October 21, 1999 11:48 AM
To: Eric Charlier
Cc: Wills, Thomas
Subject: Dredging and submarine cables

Eric,
After much thinking about the angle of repose of sand at the bottom of
the
ocean, the longshore current off the NJ coast, figuring out just how
much
sand will be moved off the sea bed, and a little basic trigonometry and
calculus I am finally prepared to answer your question regarding how
close
we think would be acceptable for you to dredge sand next to TAT-11.
AT&T is
willing to accept a dredge no closer than one quarter mile from the
location
of a submarine cable.  You had initially asked for 1000 feet and I have
to
say I am not comfortable with that.  This primarily due to the fact
that the
dredged sand will need to be replaced from somewhere and the knowledge
that
in the past cables have been exposed due adjacent to dredged areas and
subsequently broken by fishing activities.  Quite frankly, I'm not real
comfortable with a quarter mile either but I am attempting to balance
your
needs, the needs of my home state and its dependence on tourism and the
needs of AT&T's customers.  I hope this meets with your approval, if
not
give me a call and we can talk about it.

I would also request that you keep us informed of the schedule of this
operation.  If there is a possibility (as I feel there is in this case)
of
an AT&T cable being damaged we can do some things up front that could
limit
an outage to AT&T's network should an unfortunate event occur.  We
would
probably also have a guard vessel nearby just to keep an eye on things
for
our own peace of mind.

Best Regards
Bob Wargo
973 326 3398

























































































































Appendix H

Public Access Plan
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Public Access

The beach access strategy includes natural beach walkover paths, up and over the dunes
at a skewed angle and delineated by sand fencing.  These walkovers will be strategically placed
at the street ends or other traffic areas which currently do not have any existing structural
walkover in place.  Long Beach Island currently has walkovers has described.  Long Beach
Township has walkovers in over 80% of their beach access areas.  The final location and
dimensions of these walkovers and access ways will be coordinated with the sponsor and the
local community during the preparation of plans and specifications.  Adjustments to existing
walkovers will be coordinated at that time.

Vehicular access will be provided at existing vehicular access points.  The final locations
and number of additional vehicular access points will be further coordinated with the sponsor
and the local community during the development of plans and specifications, if necessary.

The local community may have special, site specific requirements for beach access
appurtenances, which may require the construction of additional or the modification of proposed
access paths. This is conditionally acceptable with the Corps of Engineers as long as the access
plans are fully coordinated with the Corps of Engineers to ensure no loss of project integrity, and
with the NJDEP for adherence to State coastal zone regulations.

Additional details regarding public access issues are covered in the real estate section,
Volume 3, Appendix F.
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