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APPENDIX A~ ENGINEERING DEBIGN

INTRODUCTION
Al. Description of Project Area and Vicinity. ZLong Beach Island,

to the west of Jones Inlet, is approximately 9 miles long and
varies in width from 1,500 feet to approximately 4,000 ft. It is
bounded on the east by Jones Inlet, on the south by the Atlantic
Ocean, on the west by East Rockaway Inlet, and on the north by
Reynolds Channel. Terrain of Long Beach Island is low-lying and
flat, with elevations generally less than 12 ft. above NGVD. The
ocean shoreline consists of a continuous sand beach (see Figure
Al). Communities on the island include Point Lookout, Lido Beach,
the City of Long Beach, East Atlantic Beach and the Village of
Atlantic Beach. The entire study area is located in Nassau
County, New York.

A2. Coastal History of the Project Area. Since the early 1900's
the project area has experienced substantial beach erosion and

damage from coastal storms. The response of the local and state
governments has been to build numerous coastal protective works.
Previous corrective actions along the project area were the
construction of timber and stone groins, timber and concrete
bulkheads and the jetties at the two navigation inlets that are
the limits of the project area. Available records indicate that
no significant corrective work was performed along the Long Beach
Island ocean front before 1928. The following paragraphs briefly
describe the history of coastal protective works along the project

length.

A3. During the period 1928-1533, 28 timber and 5 stone filled
groins were constructed aleng Atlantic Beach. Four stone groins
were constructed in western Lideo Beach from 1930 to 1933. 1In
1937, in the central portion of the City of Long Beach, 15 stone
and timber groins were constructed by the city. In the western
portion of Long Beach, the city constructed four timber groins in
1944, which were subsequently destroyed. In 1946-1947, the New
York State Department of Public Works (NYS DPW) built six stone
groins in the same general area.

A4. In 1947, two stone-filled timber groins were built in
Atlantic Beach. All the structures in Atlantic Beach built prior
to 1948 were either replaced, removed, destroyed or buried. In
1949, about 100,000 cubic yards of £ill was place at the western
end of Long Beach and 100,000 cubic yards was placed at the
eastern end of Atlantic Beach by the NYS DPW. In 1949, the Town
of Hempstead constructed four timber greins in Point Lookout.
These timber groins were replaced by three stone groins in 1953 by
the New York State Department of Public Works. 1In 1951, NYS DPW
constructed two stone groins in Atlantic Beach, and in 1955-1958
constructed 14 additional stone groins there. 1In 1956, two
locations along Lido Beach received 50,000 cubic yards of
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material, which was taken from offshere. In 1559, NYS DFW placed
about 280,000 cubic yards of £ill in Atlantic Beach. In October
1962, the U.S. Army Corps of Engineers placed about 40,000 cubic
yards of material at the western end of Lido Beach, under contract
for emergency work following the March 1962 storm. Approximately
20,000 cubic yards were also placed in eastern Long Beach.

A5. The East Rockaway Inlet and Jones Inlet Jetties, built in
1933-1934 and 1952-1959, respectively, have caused a considerable
amount of accretion to the east of the respective jetties.
Protective structures and fill were placed along the west shore of
Jones Inlet between 1939 and 1950. Three timber groins were
constructed by local interests along the southern half of this
shore in 1939. These structures were subseguently destroyed by
erosion. During the period 1940 to 1948, the Town of Hempstead
constructed a stone seawall together with 12 stone groins,
covering the whole western shoreline of Jones Inlet. 1In 1950,
48,500 cubic yards of fill was placed by the Town of Hempstead
along the seawall as a protective measure. In 1952 a stone
seawall was constructed by local interests along the east shore of
East Rockaway Inlet, extending northeast from the landward end of
the jetty a distance of 1,500 feet. The East Rockaway Inlet jetty
is presently being rehabilitated by the Army Corps.

A6. A total of 14,300 feet of bulkheading exists behind the
beaches (construction dates unknown); 13,500 feet of timber
construction primarily in the City of Long Beach and Atlantic
Beach, and 800 feet of concrete ceonstructien in Long Beach.

A7. More recently, material dredged from the Jones Inlet Federal
Navigation channel has been disposed in the Long Beach project
area. The Town of Hempstead beach, which is just west of Point
Lookout in the Village of Lido Beach, has received fill material
six times, in 1973, 1980, 1982, 1985, 1990 and most recently,
March 1994. A total of 1,478,478 cubic yards of pay and non-pay
yardage have been placed in the five operations from 13973 te 15990.
Approximately 720,000 cubic yards of pay and non-pay yardage was
placed in March 19%4. It is expected that material from future
Jones Inlet dredging operations will be placed on the Town of
Hempstead beach under Section 933 authority.

A8. Problem Identification. The problems encountered in the Long
Beach project area consist of the loss of sand fronting the
densely populated areas, due to storm-induced beach erosion, and
the deterioration of the protective coastal structures. Erosion
has reduced the width and lowered most of the beachfront areas
along the project shoreline. This continuing erosion of the
protective beach exposes Long Beach Island to a high risk of
catastrophic damage from ocean flooding and wave attack.
Throughout the period of record, the ten mile project area has had
erosion in all areas at some point in time, except for the western
section of Atlantic Beach, where sand has been trapped by the East

Rockaway Inlet jetty.
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A9. Many of the ceastal structures, including the groins and
jetty at East Rockaway Inlet, have deteriorated since their
construction. The structures are becoming less effective in
trapping sand, and increasingly susceptible to storm damage as the
beach continues to erode and lower. The area is also subject to
flooding, though at lower stages, from the bay side of the island.
The objective of this feasibility study was to identify an optimum
storm damage reduction project.

EXISTING CONDITIONE

A10. Tides and Datums. Tides along the Atlantic shore portion of
the project area are semi-diurnal. Mean and Spring tide ranges
are listed in Table Al (Reference Al). Relationships between
datums are listed in Table A2.

Table Al
Mean and Spring Tide Ranges

Mean Range Spring Range

Location (Ft.) (Ft.)
Jones Inlet (Pt. Lookout) 3.6 4.3
Long Beach (outer ceoast) 4.5 5.4
Long Beach (Hempstead Bay) 3.9 4.7
Table A2
Relationship Between Tidal Datums
Atlantic Ocean
1941-1959 Epoch 1960-1978 Epoch (1)
MHW 4.50 ft. MHW 4.50 ft.
MTL 2.25 ft. MTL 2.25 ft.
NGVD 2.19 ft. NGVD 2.00 ft.
MLW 0.00 ft. MLW 0.00 ft.
MLLW =-0.25 ft. MLLW-0.25 ft.
. Reynolds Channel
1941-1959 Epoch 1960-1978 Epoch (2)
MHW 3.90 ft. MHW 3.90 ft.
MTL 1.95 ft. MTL 1.95 ft.
NGVD 1.45 ft. NGVD 1.26 ft.
MLW 0.00 ft. MLW 0.00 ft.
MLLW -0.25 ft. MLLW-0.25 ft.

(1) Source: NOAA, Tidal Datums Section (Reference AlS)
(2) Latest Available Epoch
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All. Tidal currents. Tidal currents along the ocean shore of the
study area are generally weak. CcCurrents at Jones Inlet have
average maximum velocities of 3.1 knots at flood tide and 2.6
knots at ebb tide (Reference A2). Currents at East Rockaway Inlet
have average maximum velocities of 2.2 knots and 2.3 knots for ebb
and flood tides, respectively. Current tables published by NOAA
(Reference A2) indicate that the average velocity of the rotary
tidal current in the offshore areas (22 miles south of Fire Island
Inlet and Fire Island Lighted Whistle Buoy 2Fl) is weak, averaging
about 0.1-0.2 knots respectively.

Al2. Winds. Prevailing winds at sea are from the western
quadrant, and from the southwest on the south shore of Long
Island. The fetch from the west is very restricted, so westerly
winds have little affect on the littoral drift. Winds blowing
from the eastern and southern quadrants have a significant
influence on littoral transport, due to virtually unlimited
fetches in those directions. Winds from the southwest average
10.1 knots (Reference A3). Velocities during tropical storms
exceed 60 mph, and may approach 100 mph during severe storms.

Al3. Waves. Wave data for the study area was taken from the Wave
Climatology Study (WIS), Phase III, Station 51 wave hindecast
performed by the Waterways Experiment Station (Reference A4). The
direction of wave approach to the Long Beach Island shoreline is
primarily (84%) from the south and southeast. For the hindcast
peried, 2.3% of waves exceeded 8.2 ft. in height.

Al4. A wave height-frequency curve was developed from the WIS data
to obtain storm wave conditions. (Reference A5, calculation No.
CS-1882-02) A plotting positions technigque based on the number of
observations of storm data was employed to obtain the significant
deep water wave heights. Breaking wave heights were then
calculated for the 10, 25, 50, 100 and 500 Year return periods
using the method outlined in the Shore Protection Manual
(Reference A6). The results of storm wave conditions, including
significant and breaking wave heights and the corresponding wave
periods are summarized in Table A3.

Table A3
Storm Wave Heights by Return Period
Deep Water
Period Deep Water Wave Breaking Wave
Return Period (sec) Height, H'o (ft.) Height, Hb (ft.)

2 9.2 14.8 17.8

5 5.4 16.0 19.2
10 9.5 17.2 20.3
25 8.8 18.1 22.0
50 10.0 19.8 23.0
100 10.5 21.0 24.8
500 12.5 24.0 28.3
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A15. Stage-Frequency. Flooding in the study area is caused by
+he combination of storm-induced water level rise and astronomical
tide. The storm-induced water level rise has several causes: 1)
storm winds exert shearing forces; 2) decreasing atmospheric
pressure; 3) storm waves raise the water level along the shore.
The combination of the first two effects is defined as storm surge
(and when added to the astronomical tide level, is called the
total stage), and the third effect is called wave setup. It is
the total stage levels with wave setup that are used for analysis
in this report. Stage freguency curves, which relate flood water
elevations to the average interval or time between storm events,
were developed for the ocean shoreline and the back bay.

Al6. Ocean Stage-Fregquency Curves. A storm water elevation
stage-frequency curve was developed by the Waterways Experiment

Station (WES) for the ocean side of Jones Inlet, which is
considered to be representative of the open coast stage-frequency
for the entire project shoreline (Reference A7). This curve
presents storm water elevations levels (including wave set-up) in
feet above NGVD. The combined hurricane and northeaster curve was
utilized for design purposes and for erosion model input. The
combined storm water elevations for 10, 25, 50, 100 and 500 year
return periods is summarized in Table A4. The stage levels are
plotted in Figure A2. .

Table A4
Water Level Elevation vs Return Interval

Return Period (yrs) Water Level Elevation (ft. NGVD) (1)

(1) Includes wave set-up

A17. Inlet and Back-bay Stage-Frequency Curve. In addition to
the open coast, the back-bay area at the project site will also be

flooded by the increased water level due to flood flow through the
inlets. It is anticipated that the induced flooding in the back-
bay would be the same for both existing and improved conditions
since there will be no hurricane barriers introduced in the
current improvement plan. The stage-frequency relationship
published by the Federal Emergency Management Agency (FEMA) in
1978 (Reference A8) was used for the flood damage estimates. The
surge level vs. return period are shown on Table A5 and pletted

in Figure A3.

A18. GSea Level Rise. The effects of possible changes in relative
sea level were examined in accordance to EC 1105-2-186 (Reference
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A9). The rate of land subsidence M=1.5 mm/yr for New York was
obtained from the report, Responding to Changes in Sea Level =
Engineering Implications (National Research Council, Reference
Al10). The historic, or local low level rate of rise of 0.01 ft/yr
was obtained from NOAA (The National Ocean and Atmospheric
Administration) for the Long Beach Area (Reference All).
Extrapolating the historic rate of sea level rise yields 0.5 ft of
increased water elevation over the 50 year project life. Using
NRC Curve III with an estimated land subsidence rate of 1.5
mm/year, the predicted high rate of rise is 1.30 ft over the 50
year project life.

AlS. Possible changes in relative sea level may have effects on
the storm stage-frequency relationships. Changes in storm stage-
frequency elevations are shown in Table A5 for both low and high
estimated rates of sea level rise.

Table A5

Ocean and Bay Stage Fregquencies with
Low and High Rates of Sea Level Rise

Storm Surge Elevations (ft NGVD)

Stage-
Frequency
Relationship Syr 10yr 350yr 100 yr 500 yr

Ocean
Year 0 (no rise) 7.6 8.4 10.8 12.1 15.3

Ocean

Year 50
historic rate 8.1 8.9 11.3 12.6 15.8

Ocean
Year 50
NRC high rate 8.9 9.7 12.1 13.4 16.6

Bay,
Year 0
(no rise) 5.5 5.9 7.4 8.3 11.1

Bay
Year 50O
historic rate 6.0 6.4 7.9 8.8 11.6

Bay
Year 50
NRC high rate 6.8 7.2 8.7 9.6 12.4

Should the high rate of rise occur, although this scenario is not
used for design purposes since it has not yet been shown to occur,
project design features would require raising to compensate for

A=6




increased damage potential of storms due to increased surge
elevations. The local rate of rise over 50-years of 0.5 ft is
within the estimated acecuracy range of the year 0 stage-fregquency
curve and would not reguire change to the design section.

A20. Storms. The study area is subject to damages from hurricanes
and from extratropical cyclones known as "northeasters".
Hurricanes generally strike the study area between June and
December, and more frequently within this period between August
and October. Northeasters generally strike the study area from
October through March. A summary of storms that struck, or
occurred, near the project area from 1635 to 1962 is given in
Appendix E of the 1965 Survey Report (Reference Al2). More detail
on historic storme can be found in that document. The following
paragraphs describe hurricane and northeasters, and give details
on the major storms which affected the project area in the more

recent past.

A21. BHurricanes. This type of storm affects the project area
most severely with its high winds, waves, rainfall and tidal
flooding. A hurricane is defined as a cyclonic storm with winds
in excess of 74 mph which originates in the tropical or
subtropical latitudes of the Atlantic Ocean and move erratically
in a curved path, changing from an initial northwest to a final
northeast direction. Hurricanes may affect localities along the
entire Atlantic and Gulf Coasts of the United States.

A22. The hurricanes that most severely affect the study area
usually approach from the south-southwest direction after
recurving around eastern Florida and skirting the Middle Atlantic
states. The most severe hurricane on record for the study area is
Hurricane Donna, which occurred on 12 September 1560.

A23. Northeasters. Named after the predominant wind direction,
these are large-scale, low pressure disturbances that are less
severe than hurricanes. Northeasters have sustained wind speeds
which rarely exceed 50 knots, although gusts can reach hurricane
strength in a very severe northeaster. Flood damage caused by a
typical northeaster is often a function of duration rather than
intensity. This type of storm typically lasts two to three days,
making it possible for it to act through several periods of high
astronomic tide. The longer the storm, the more opportunity it
has to destroy both natural and engineered flood protection
features.

A24. Northeasters sometimes develop into more complex storms.

Relative location of high and low pressure centers may cause wind
speed in excess of what would be expected from a single storm

cell. Winds reaching almost hurricane speed may occur over many
thousands of square miles. The most severe northeaster of record
that struck the project area occurred 6-8 March 1962. It caused
serious tidal flooding and widespread damage all along the Middle

Atlantic Coast.



A25. Hurricane of 21 September 1938. The center of this
hurricane skirted the east coast of New Jersey and struck the
south shore of Long Island near Moriches Inlet during a rising
predicted tide. In New York City, the minimum barometric pressure
was 28.72 inches. The U.S. Weather Bureau station near the
Battery reported a gust velocity of 80 mph from the nerthwest. At
East Rockaway Inlet a 50-foot section of the jetty was severely
damaged. Along the Long Beach oceanfront 15 stone and timber
groins were damaged. Sand from the beach was piled up on the
roads adjacent to the shore, and many structures in this area were
damaged by waves and from flooding. Along the Reynolds Channel
shoreline, the main damage resulted from flooding.

A26. Hurricane of 14 September 1944. On the morning of 14
September, the hurricane reached Cape Hatteras, where a central

barometric pressure of 27.88 inches and a wind speed of about 108
mph were reported by the U.S. Weather Bureau. Toward evening, the
storm center passed about 100 miles east of New York Harbor during
a falling predicted tide. Average wind velocity was 80 mph, with
peak gusts of 95 mph. The highest tide recorded at Sandy Hook,
New Jersey was 7.7 feet above NGVD. In the study area more damage
was caused by wind than by storm surge or flooding. At Long
Beach, waterfront cottages were damaged and the ends of a number
of streets were washed out.

A27. Extratropical Storm of 25 November 1950. The storm center

formed over eastern North Carolina and moved northward toward the
study area. At New York City, the winds, which were less severe
than during the 1938 and 1944 hurricanes, attained an average

. velocity of 47 mph, with gusts velocities as high as 72 miles per
hour. However, the accompanying tides in the New York Harbor area
were about one to two feet above the previous maximums recorded
during the 1938 and 1944 hurricanes. 1In the study area, light
stone groins were damaged and some bathhouses along the shore
front were destroyed. Damage to private homes ranged from minor
to complete destruction. Erosion of the beaches was extensive.

In the bay area, many boats were damaged or completely wrecked.
There was severe damage to property from flooding, causing many to
evacuate the area.

A28. Extratropical Storm of 6-7 November 1953. This storm
eriginated in the Gulf of Mexico and travelled east to a position
off the Georgia coast, whai'e it assumed a more northerly course.
The storm intensified when a .aigh pressure system centered over
the upper Great Lakes region brought cold air into the
southeastern portion of the country. The storm center moved
inland in the vicinity of New York City. The passage of the storm
at the time of the predicted high tide resulted in extremely high
water levels in the study area. At Atlantic Beach and

Long Beach, inundation reached a height of 12 inches. The barrier
beach at Long Beach was breached and the ocean and bay waters met.

A=-8



A29. Hurricape of 31 Auqust 1954 ("Carol"). After five days off
the eastern coast of the United States, Hurricane Carol's forward

speed accelerated to 40 miles per hour and the storm center
crossed the south shore of Long Island approximately 25 miles east
of Westhampton Beach on the morning of 31 August near the time of
predicted high tide. In the project area, seven cottages were
completely destroyed and numerous cabanas were damaged. Extensive
damage was caused by flooding.

A30. Hurricane of 12 September 1960 ("Donna"). This hurricane
was reported about 100 miles east of Atlantic City, NJ at 11 a.m.
Eastern Standard Time (EST) on September 12th. The "eye" of the
storm, which passed over the project area while moving northerly
at the time of predicted high tide, became elongated and extended
from New York City to Montauk Point. U.S. Air Force Radar
operators at Montauk Point indicated that Hurricane Donna had
separated into three "eyes" upon reaching this area. At New York
City, the Weather Bureau reported winds between 60 and 70 mph,
with a peak gust at LaGuardia Airport of 97 mph. The Weather
Bureau at New York City reported a low barcmetric pressure of
28.65 inches. The near coincidence of the storm's passage with the
time of predicted high tide in the study area resulted in the
highest recorded storm water elevations in the study area.
Maximum water surface elevations at the Battery and Fort Hamilton,
NY were 8.4 and 8.6 ft NGVD, respectively.

A31. Along the ocean front at Long Beach, about a mile of shore
area was inundated, with water in the streets from 3 to 4 feet
deep. Evacuation on a large scale took place at Atlantic Beach
and Lido Beach. Erosion at Jones Inlet was severe.

A32. Extratropical Storm of 6=-8 March 1962 ("Five High™). This
storm resulted from the merging of two storms. One moved easterly
from the midwest, while the other moved northerly up the coast.
The two storms combined off the mid-Atlantic Coast and remained
nearly stationary. Strong offshore winds over along fetch of
ocean influenced the entire Atlantic Coast for three days. This
storm has been described as one of the most destructive
extratropical cyclones ever to hit the United States coastline,
and is one of the most destructive to hit the study area. A
continuous storm surge of 3 to 5 feet coupled with spring tide
conditions resulted in significantly high water surface elevations
(7.1 £t NGVD at the Battery, NY).

A33. On 16 March 1962, President Kennedy declared the coastal
sections of New York City and Long Island a disaster area. In the
study area, the total damage was estimated to be §$ 3,812,000 as .«
reported in 1962. Damaging high waters occurred on five
successive high astronomical tides over a period of 48 hours. The
mementum of these high tides, aided by the force of high waves,
carried the water inland to reach buildings which would have
ordinarily been beyond the reaches of these tides. The long
duration of the storm caused unprecedented destruction of beaches
and dunes. Boardwalks, seawalls, bulkheads, greins and jetties
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were damaged and houses were destroyed on sites where they had
been considered safe for 60 to 80 years.

n34. Erosion of the beaches and dunes along the entire coast of
Long Beach Island, from Atlantic Beach to Point Lookout was
severe. At Atlantic Beach and Lido Beach, damage to the boardwalk
was considerable. The high tides deposited sand along the streets
of Long Beach. Extensive damage was experienced along the
Reynolds Channel shoreline.

A35, Extratropical Storm of 28-30 March 1984. This severe
northeaster lasted from late in the day on March 28th to midday on

March 30, with low barcmetric pressure, high winds and driving
rains. Near hurricane winds raised storm tides 5 to 6 feet above
the normal astronomical tides. A maximum storm water elevation of
7.1 feet NGVD was recorded at Sandy Hook, NJ. Along the study
area's oceanfront shoreline, groins, bulkheads and boardwalks were
damaged, with considerable loss of beach at Long Beach, Lido Beach
and the Town of Hempstead Beach. There was much accumulation of
debris and inundation along the streets throughout the island.

A36. Hurricane of 27 September 1985 ("Gloria"). This storm made
landfall at Fire Island, 40 miles east of the study area, at 11:00

a.m. EST on September 27th at a time of predicted low
astronomical tide. The hurricane had winds up to 70 mph and a
storm surge of 5-6 feet. Overall damage was far less than
expected and considerably less than the extratropical storm of

March 1984.

A37. Hurricane of 19 Augqust 1991 ("Bob"). This hurricane was
moving north/northeast at approximately 30 miles per hour to
within 100 mile of Atlantic City, NJ. Reconnaissance aircraft
reported a minimum baremetric pressure in the storm center of
28.14 inches, and maximum sustained winds in excess of 115 mph.
The hurricane passed within 25 miles of Montauk Point, however,
flooding and wave damage to the study area were minimal due to the
offshore path and to the near coincidence of the arrival of the
hurricane to the time of the predicted low tide.

A38. Extratropical Storm of 30 October 1991 (Halloween
Northeaster). This northeaster encompassed three, possibly four
high tides. Water levels recorded at Sandy Hook, NJ were measured
4 ft. above normal astronomic high tide on October 31st, at +6.73
ft NGVD. Significant inundation, from bot: :he ocean and Reynolds
Channel caused extensive flooding along the wastern half of the
island. Pt. Lookout, Town of Hempstead Beach and Lido Beach
experienced scarping of the beaches. Three groins at Pt. Lookout
were damaged, and water and debris washed into the streets of

central Long Beach.

A39. Extratropical Storm of 11-13 December 1992, The northeaster

of December 1992 stagnated over the metropolitan area for three
days, stalling and changing directions several time as it moved
out to sea. Several tidal cycles were impacted, resulting in
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prolonged effect of the surge and high waves. The storm
maintained a pattern of heavy rain, high winds (gusting up to 50
mph), high coastal water elevations, severe coastal flooding and
extensive beach erosion. The area experienced severe damage to
beachfront properties all along the ocean fronts of New York and
New Jersey. The maximum historical water elevations were
exceeded at Sandy Hook, NJ, (+8.68 ft. NGVD versus +8.56 ft. NGVD,
Hurricane Donna) and the maximum elevations during the storm were
within one foot of the maximum historical elevations at the
Battery (+7.96 ft. NGVD versus +8,35 ft. NGVD, Hurricane Donna).

A40. Extratropical Storm of 12-14 March 1993. A low pressure

center, born over the Gulf of Mexico, intensified into a massive
storm system as it tracked northward over the Atlantiec states. It
central pressure fell to 28.40 inches of mercury as it passed
almost directly over the metropolitan area. Accumulations of snow
ranged from 10 to 20 inches. Very high winds whipped this snow
around, creating blizzard conditions for many hours. These very
same winds also generated water elevations between six and nine
feet above normal. Coastal flooding was significant and
widespread. The maximum water elevation at Sandy Hook, NJ was

+7.13 ft NGVD.

A4l1. Geology. Long Island lies within the Coastal Plain
physiographic province and marks the southern boundary of
Pleistocene glacial advance in the eastern part of the North
American continent. Two end moraines form the physiographic
backbone along the northern part of Long Island. These moraines
are superimposed along the western half of Long Island but split
in west-central Long Island and diverge around Great Peconic Bay.
Terrain south of the terminal moraines originated as glacial
outwash plains, and is composed of sand and gravel detritus
transported south by melt-water streams during Pleistocene time.
Shallow brackish-water lagoons and low relief sandy barrier
islands with associated dunes are the dominant landforms along
most of the southern shore of Long Island. Leong Beach Island is
one of these barrier islands. Metamorphic bedrock underlies sandy
deposits, at depths varying from -200 ft. NGVD in northern Long
Island to -2000 ft. NGVD below Fire Island.

A42. The back-barrier lagoons and elongate-barrier islands are
geologically very recent features which owe their origins to
coastal processes operating during the gradual worldwide rise in
sea level. The barrier islands are constructional landforms built
up over the past several thousand years by sand from the sea floor
and by sand transported westward along the Long Island shoreface
by wave-generated longshore currents. This chain of sandy barrier
islands extends from the western end of Long Island eastward to
Southampton and is presently broken in continuity by six tidal

inlets (Figure A4).
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A43., Littoral Materials. Beach sediment grab samples were
collected in 1988 along ten USACE profile lines at +8, 0, -8, -18
and -30 ft. NGVD (Reference Al3). Sand samples were described as
tan to dark tan in color, with sizes ranging from very fine sand
to coarse sand, with some shell fragments. Grain size
distribution curves were then calculated based on composite beach
samples for each profile line. Three overall composites were made
by combining the profile composites to produce typical beach sand
models for the Lide Beach, Long Beach and Atlantic Beach areas of
the shoreline. These three overall composites were compared to
potential borrow material to determine its suitability for
beachfill. The parameters for the compesite beach sand models are
shown in Table A6. The median grain sizes for the three typical
beach models are 0.21 to 0.22 mm, which are classified as fine
sand based on the Wentworth Classification.

TABLE A6

COMPOSITE BEACH SAND PARAMETERS

Com ite Phi 16 (mm) Phi 50 (mm) Phi 84 (mm)

Lido Beach 1.38 (.38 mm) 2.13 (.22 mm) 2.75 (.15 mm)
Long Beach 1.31 (.40 mm) 2.17 (.22 mm) 3.03 (.12 mm)
Atlantic Beach 1.41 (.38 mm) 2.21 (.21 mm) 2.95 (.13 mm)

A44. Analyses were performed to compare offshore borrow material
with the three native beach material models to determine the
overfill (Ra) and renourishment (Rj) factors. Results are
summarized in Table A7. Borrow material at cores C-2, C-5 and C-7
consisted of fine sand and failed suitability requirements. Cores
C-14, C-15 and C-17 were found to have suitable material for
depths of 14, 10 and 17 feet respectively. All other cores were
found suitable for the entire 20-foot depth. Detailed evaluation
to determine beach and borrow area compatibility is presented in
Appendix B.
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TABLE A7
VIBRACORE OVERFILL AND RENOURISHMENT FACTORS

Composite Beach Model

Core Median Lido Beach Long Beach Atlantic Beach
Number Size (mm) Ra Ri Ra Ri Ra Ri
c-1 0.24 1.0 0.8 <1.0 1.0 <1.0 0.8
c-2 0.19 7.5 2.6 9.7 2.3 5.4 2.2
c-3 0.40 1.0 0.1 1.0 0.2 1.0 0.2
C~4 0.29 1.0 0.3 1.0 0.5 1.0 0.4
C=5 0.21 4.7 1.8 7.3 1.7 3.5 1.6
c-6 0.25 1.0 0.5 1.0 0.6 1.0 0.5
c=-7 0.25 1.4 0.8 1.2 1.0 1.3 0.8
c-8A 0.32 1.1 0.0 1.1 0.0 1.1 0.0
c-9 0.23 1.1 0.5 1.0 0.7 1.1 0.6
Cc=10 0.36 1.1 0.0 1.0 0.0 1.0 0.0
c-11 0.54 1.1 0.0 1.0 0.1 1.0 0.1
c-12 0.24 1.0 1.0 1.1 1.1 1.0 1.0
C-13 0.36 1.0 0.3 1.0 0.4 1.0 0.3
C-14 0.56 1.0 0.2 1.0 0.3 1.0 0.2
C=-15 0.19 >10 2.5 >10 2.2 >10 2.2

A45. Shoreline changes. Shoreline changes between 1835 and 1990
are shown in Figure AS5. During this time period the barrier
island/inlet system evolved to its present configuration. The
following description from the 1965 report (Reference A12)
describes the major movements of landforms including the formation
and closure of inlets which have occurred:

"In 1835 Long Beach Island extended west from Jones Inlet
approximately 6 miles. At the western end of the island
there was an inlet to Hempstead Bay called Hog Island Inlet.
The opposite shore of the inlet, about 3,000 feet to the
nerthwest, was a spit jutting out in an easterly direction
from the mainland. The south shore of this spit was
contiguous with the south shore of the mainland which
extended to the Rockaway peninsula. Between 1835 and 1855
the western end of Long Beach Island had migrated 13,000 feet
west, an average of 650 feet per year, and the inlet at this
end was now called East Rockaway Inlet. By 1879 this inlet
had closed and two new inlets had broken through the island,
one at the location of the original Hog Island Inlet and the
other 8,000 feet to the west. From 1879 to 1909 the two
inlets had closed and East Rockaway Inlet was open again at
its 1855 location. From 1909 to 1926 the western end of the
island had migrated about 4,000 feet west to about where East
Rockaway Inlet is now located.

The 1835 survey shows Jones Inlet with its western
shoreline 1,400 feet east of its present location. The width
of the inlet at that time was 6,600 feet, but as the eastern
shoreline generally migrated west at a faster rate than the
western shoreline, the inlet has usually become narrower.

The width of this inlet ranged from 8,000 feet in 1880 to 700
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feet in 1952, immediately prior to construction of the east
jetty.

The eastern shoreline of the inlet steadily moved
westward by the western shoreline shifted irregqularly, and
surveys made in 1880, 1909, and 1926 showed that it moved
east and north after 1880. A survey made in 1933-34 showed
that the western sheoreline had moved westward since 1926 an
average of 500 feet or 71 feet per year and a survey made in
1940, immediately prior to construction of a stone seawall
along this shore, showed the shoreline had retreated further
to the west. By 1952 the eastern shoreline had advanced west
about 7,500 feet since 1835, an average of 65 feet per vear,
and the western shoreline had moved approximately 1,400 feet
to the west during the same period, reducing the width of the
inlet to 700 feet. Construction of the seawall along the
western shoreline and of the east jetty has stabilized the
inlet, with a width of 2,200 feet between the two
structures."

A46. Table A8 lists changes on the Atlantic shoreline broken down
by community between 1835 and 1990. It is important to note the
magnitude of shoreline movements, and the fluctuating patterns of
accretion and erosion, as well as influences of the bracketing
inlets. The magnitude of shoreline change, which has historically
ranged between -23 ft/yr and +51.0 ft/yr, indicates the great
potential for sediment movement which exists along the entire Long
Beach shore. Stabilization efforts, namely construction of inlet
jetties, groin fields, and seawalls as well as periodic beachfill
have reduced the observed rates of accretion and erosion, except
in the area just west of Point Lockout, where erosion rates remain
extreme. In spite of human efforts, fluctuating accretion/erosion
cycles remain the dominant shoreline movement pattern for the
island as a whole, although the magnitude of fluctuations appears
to have been reduced by shore protection activities.

A47. A predom;nantly erosive zone is located just west of Point
Lookout, and is associated with the evolution of Jones Inlet. The
erosive trend in this area is expected to continue for the
foreseeable future, until growth of the offshore ebb shoal is
complete. The western portion of Long Beach Island has been
accretionary since the construction of the East Rockaway jetty in
1934. It is likely that impoundment capacity of this jetty is
decreasing, which will reduce the accretionary trend in this area.

A48. Volumetric Changes - 1927-1963. Point Lookout and eastern
Lido Beach experienced large veolumes of accretion in the 1927-1963
period, largely due to changes in the offshore ebb shoal
associated with Jones Inlet. Average yearly accretion volumes of
+31 cy/ft of shoreline are calculated for approximately 9500 feet
of shoreline from Jones Inlet westward.
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Reach
Pt. Loockout
(0.9 miles)

Lido Beach
(2.2 miles)

Long Beach
(3.3 miles)

Atlantic
Beach
(2.8 miles)

Atlantic
Beach
(2.8 miles)

Time Period

Table AS

SHORELINE CHANGES

1835-1990-

2dvance/Retreat

1835-1880
(43 yrs)

1880-1934
(34 yrs)

1934-1963
(28 yrs)

1963-1990
(27 yrs)

1835-1880
(45 yrs)

1880-1234
(54 yrs)

1934-1963
(29 yrs)

1963-1850
(27 yrs)

1835-15909

1825-1934
(88 yrs)

1934-1963
(28 yrs)

1963-1990
(27 yrs)

1835=1934
(99 yrs)

1934-1963
(29 yrs)

1963-1990
(27 yrs)

(1) Average change
(2) Maximum change

western half: +300 ft
eastern half: -200 ft

western third: -800 ft
eastern two-thirds: +700 ft

+1000 ft
-200 £t

western third:
eastern two-thirds:

western half: -460 ft
eastern half: +102 ft

eastern two-thirds: +280 ft

eastern two-thirds: =-1250 ft

entire reach: accretion
ranging from +200 ft to
+1000 ft

western 2500 ft: stable
eastern 5100 ft: accretion
ranging from +0 to +512 ft

In 1835 only the eastern
three-fourths of this reach
was in existence. By 1909
the shoreline is continuous.

eastern three-fourths: -700 ft

entire reach: +200 ft

entire reach: fluctuates
between loss of =123 ft and
gain of +128 ft

The shoreline evolved to
its present form over this
time peried.

entire reach: stable to
accretionary up to +1500 ft

eastern 2400 ft: =32 ft
western 12,400 ft: +282 ft

A-1l4a

Yearly Rate

)
1)

LIe/vr)
+6.7 (1)
-4.4 (1)

-14.8 (1

+13.0 (

+34.5 (2)

- 6.9 (2)

-17.1 (2)

+ 3.8 (2)

+ 6.2 (1)

-23.1 (1)

+37.9 (2)

0.0

+15.0 (2)
-7.1 (1)
+6.9 (1)
-4.5 (2)
+4.7 (2)

+51.0 (2)

- 3.1 (2)

+10.4 (2)



A49. The mid-portion of the island, western Lido Beach through
eastern Atlantic Beach (approximately 34,000 linear feet),
experienced an overall erosive trend, averaging ~5.0 cy/ft. of
shoreline. Artificially placed f£fill of 642,000 cy is included in
the loss rate given. Western Atlantic Beach data for 1927 does
not exist. Comparison of 1934-1963 shows annual accretion of
+20.5 cy/ft of shoreline occurring due in part to construction of
the East Rockaway jetty and subsequent impoundment,

A50. Volumetric Changes - 1963-1988. Point Lookout and eastern
Lido Beach experienced large erosional losses over the 1563-1988

time period. Profile comparison shows a loss of -11 cy/ft of
shoreline annually over 9,500 linear feet. The remainder of Lido
Beach and most of Long Beach (approximately 17,000 ft) shows a
yearly accretion of +1.2 cy/ft of shoreline. Western Long Beach
and eastern Atlantic Beach (12,000 ft of shoreline) experienced an
erosional trend of -5.1 cy/ft of shoreline/year. Western Atlantic
Beach (10,900 ft of shoreline) exhibited an accretionary tendency
over the 1963-1988 time period, gaining +6.1 cy/ft of shoreline

per year.

ASl. Sediment Budget - Existing Condition. an existing

condition sediment budget was developed for the study area based
on comparison of beach profiles between 1563 and 1988, and
records of beachfills placed in that time period (Figure As6).

The pattern observed alongshore is one of alternating erosive and
accretive zones. Transport is net westerly, with an overall
erosive trend, losing an estimated 80,000 cy/yr over the entire
Atlantic shoreline. "Accretion at the western end of the island
can be attributed in part to impoundment by the East Rockaway
jetty. The most erosive zone is located adjacent to Jones Inlet
although significant losses are found mid-island as well.
Material eroded migrates westward over time along the length of
the island, contributing to accretionary zones further downdrift.
AS seen from the historic shoreline comparisons, the location of
accretive and erosive zones shifts alongshore over time, so that
any given location will experience cycles of both deposition and

loss,

A52, Sediment Budget - Projected 50-Year. A second sediment
budget was prepared for a 50-year projection, to reflect the
without-project condition. This is shown in Figure A7, Measured
erosion rates were averaged over relatively long reaches to
capture the effects of migrating erosive and accretive zZones.
Measured erosion rates from the 1963-1988 period were increased
to account for several trends. First, it was assumed that the
East Rockaway jetty will reach capacity early in the 50-year
projection, and that impoundment in western Atlantic Beach will
cease. Second, deterioration of groins alongshore will result in
increased sediment movement. Third, sea level rise over a 50
year period will cause an increase in erosion rates for the
entire shoreline. Additionally, the 1963-1988 time period
contained relatively few severe storm events, indicating that
greater losses of material are likely to occur in the future.
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A53. Projected average erosion rates range from -5 cy/yr/ft of
shoreline to zero. The net transport direction is westerly.
Overall predicted losses for the Long Beach shoreline are
estimated at 195,000 cy/yr.

A54. Existing Beach Characteristics. Existing beach
characteristics were measured and tabulated from profile surveys
taken in November of 1991 and topographic mapping based on aerial
photography taken April 18, 1990. Characteristics are summarized

in Table A9.

A55. Dunes are present on 14 out of 33 profiles. The average
maximum dune elevation measured on the beach profiles is +17.75 ft
NGVD, with a range of maximum elevations from +13.5 to +20 ft
NGVD. Average dune crest width is 17.12 ft, ranging from no flat
crest to 160 ft of crest width. Dune side slopes range from 1V:4H
to 1V:12.5H. Figure A8 shows a profile of maximum dune elevations

across Long Beach Island.

A56. Flat berm features are not present on all profiles. Those
without well defined berms slope continually downward. Of 18
profiles showing well defined berms, the average elevation is
+9.42 ft NGVD, with a range between +7 and +14 ft NGVD. Average
berm width is $3.5 ft, ranging between 0 and 600 ft.

A57. Offshore slopes are steeper on the eastern end of the
island, averaging 1V:21.75H for profiles 140 to 174. Offshore
slopes for profiles 180 to 330 average 1V:34.52H.

A58, Sea Level Rise Effects on Shoreline Recession. Per Brunn
(Reference Al4) proposed a formula for computing the rate of
shoreline recession from the rate of sea level rise that takes
into account local topography and bathymetry. His contention is
that with a rise in sea level, the beach profile attempts to
reestablish the same bottom depths relative to the surfaces of the
sea that existed before the sea level rise. If the along-shore
littoral transport into and out of a given shoreline is equal,
then the guantity of material required to reestablish the
equilibrium bottom profile must be derived from erosion of the
shore. The shoreline recession attributed to the historic
estimate of sea level rise along the shore of the study area would
be 19 feet, or 0.38 feet per year. The shoreline recession
attributed to the "high" estimate of sea level rise would be 50.3
feet, or approximately 1.0 f=et per year. These recessions were
computed using Dr. Brunn's equation (Brunn's rule) as follows:

x = ab/(h+d), where

% = Shoreline recession (in feet) attributable to sea
level rise;
h = Elevation of shoreline above Mean Sea Level (+14.75 ft

NGVD dune) ;
d = MSL depth contour beyond which there is no significant
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TABLE A9
LONG BEACH, N.Y.
SUMMARY OF PROFILE EXISTING CONDITIONS OF NOV. 1891 SURVEY

MAXIMUM . FLAT
DUNE DUNE BERM BERM FORESHORE OFFSHORE
PROFILE ELEVATION WIDTH ELEVATION WIDTH SLOPE SLOPE
NUMEER (FT.NGVD) (FT) (FT. NGVD) (FT) (1v: H) (v H
140 19.0 70 No Flat Berm 0 12.0 63.0
150 No Dune 0 9.0 215 24.0 N/A
160 Mo Dune 0 140 - 20 225 N/A
170 Mo Dune 0 11.0 125 24.0 N/A
172 20.0 40 8.0 600 23.0 . N/A
174 20.0 45 7.0 535 25.0 N/A
180 18.0 160 75 220 31.0 NJA
182 ) 20.0 58 No Flat Berm ] 37.0 N/A
184 20.0 30 No Flat Berm o 34.5 N/A
190 No Dune 0 No Fiat Berm o] 30.0 N/A
192 13.5 2 No Flat Berm [} 38.0 N/A
184 No Dune 0 No Flat Berm o] 35.0 NfA
196 175 10 No Flat Barm o] 38.0 N/A
200 No Dune 0 10.0 70 35.0 N/fA
202 No Dune ] No Flat Berm 0 42.0 N/A
204 Mo Dune ] 10.0 65 43.5 N/A
206 No Dune o] No Flat Berm o] ars N/A
210 Na Dune 0 10.0 1357 41.0 N/A
212 Mo Dune 0 9.5 60 38.0 N,
214 No Dune 0 MNo Flat Berm 0 415 N/A
216 No Dune 0 10.0 70 40.0 N/A
220 No Dune 0 75 145 435 N/A
222 17.5 10 10.0 85 38.0 N/A
224 15.0 20 No Fiat Berm 0 19.0 N/A
226 155 25 No Flat Berm 0 215 43.5
230 200 45 10.0 = 18.0 43.0
234 Ne Dune 0 10.0 80 11.0 425
238 155 50 No Flat Barm 0 20.5 35,0
250 17.0 ? No Flat Berm 0 25.0 40.0
270 No Dune 0 9.5 105 40.5 N/A
290 No Dune 0 No Flat Berm 0 44.0 N/A
310 No Dune 0 8.0 335 38.0 N/A
330 No Dune 4] 75 135 510 NA
AVERAGE 17.75 17.12 9.42 83.48
AVERAGE SLOPE FOR PROFILE NOS. 140 TO 174 21.75 (use 25.0)
AVERAGE SLOPE FOR PROFILE NOS. 180 TO 330 34.52 (use 35.0)
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sediment motion (-20' NGVD);

b = Horizontal distance (1345 foot average) from the
SWL (0.25' NGVD - mean tide level) elevation to the
depth contour 4d;

a = Specified relative sea level rise for time period t.

Additional sand volumes needed to compensate for both rates of
rise were calculated. The low rate requires placement of 21.5
cy/1lf of shoreline over the 50 year project life. This volume has
been included in calculated nourishment volumes as part of the
project design. The high rate of rise would require 55.9 cy/lf of
shoreline over 50 years. Should the more rapid rate of rise
occur, additional compensatory volumes will be added to future
nourishment cycles.

A59. Effects of Sea Level Rise on Project Optimi .
Regardless of the rate of rise, all project alternatives would
require the same additional nourishment volumes and the same
increase in berm and dune elevation. Therefore, sea level rise
rates should have not impact on which alternative is the optimum.

A60. Existing Coastal Structures. A conditicn survey of the
existing coastal protective structures along the project site,
including groins, bulkheads (seawalls), and jetties was conducted
in December of 1993. The purpose of this on-site inspection was
to evaluate the current structural condition of the protective
structures, to compare with the previous documentation of
conditions surveys in order to assess the rate of deterioration,
and to evaluate the current functioning of the structures,
specifically the sand trapping effectiveness of the groins. As a
result of the site inspection and evaluation, a recommendation was
proposed to rehabilitate those exposed pertions (i.e., not covered
by the design £ill) of those groins that were found in poor or
fair condition.

A6l1. Previous Survey Records. A complete documentation of the
existing protective structures along the ocean front of Long Beach
Island, from Jones Inlet to East Rockaway Inlet was presented in
the report entitled "Beach Erosion Control and Hurricane
Protection Study, Atlantic Coast of Long Island, Jones Inlet to
East Rockaway Inlet" by the New York District Army Corps of
Engineers, 1965 (Reference Al2).

A62. An update of this condition survey wes carried out in 1988.
At that time, there were 50 groins existing on the Long Beach
Island ocean front, extending aleng a total shore length of
approximately 49,600 feet. This number did not include seven
groins buried by accretion of the sand fillet east of the East
Rockaway Inlet jetty or seven short timber groins built in earlier
days on the Long Beach City beach front, which were then in very
poor condition and nearly saturated. A total of 14,300 feet of
bulkheading existed behind the beaches, of which 13,500 feet were
of timber construction and 800 feet were of concrete construction.
The East Rockaway Inlet Jetty, built in 1933-1934, has caused a
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considerable amount of accretion to the east of the jetty.

A63. Table Al0 summarizes the structural conditions, as well as
the construction types, elevations and the dimensions of the
existing protective structures in 1993. To facilitate the ongoing
survey, these structures were catalogued from number 1 to number
58 in order from East Rockaway Inlet Jetty east to Jones Inlet.
0f the 58 catalogued structures, there are 50 groins, 7 bulkheads
and 1 jetty. The spacing between groins ranges from 700 to 800
feet. During the time of survey in 1988, 1 timber groin and 1
timber bulkhead on Atlantic Beach, 16 timber and stone groins on
Long Beach, 4 stone groins on Lido Beach and 1 timber bulkhead on
Point Lookout were already in poor condition. The remaining
structures were in fair te good conditien.

A64. The approximate locations of the 58 structures are shown in
Figure A38. This figure, together with Table A10 were used as the

base data for the current condition survey.

A65. Field Investigations and Evaluations. The site condition
survey of the existing structures was conducted during the week of
December 14, 1993. This survey included on-site review of the
structure dimensions and approximate elevations (hand level
accuracy), the types of structure and construction materials, the
armor stone sizes and interlocking conditions for stone groins,
and the sand trapping effectiveness of the greins. A series of
photographs were taken during the survey period to support the
assessment of the existing structure conditions. The photographs
of the existing structures were documented and filed separately.

A66. The results of the existing condition survey are presented
in Table Al10. All structure item numbers are consistent with the
1988 survey lists to facilitate comparisen. The present
conditions of the structures are discussed in the following

paragraphs.

A67. Atlantic Beach. Of the 23 coastal structures on this
stretch of beach, there is one stone jetty, 3 timber bulkheads, 3
timber groins and 16 stone groins. The 4250 foot jetty is
presently being rehabilitated by the removal, replacement and/or
resetting of the underlayer and armor stone to prevent sand from
seeping into the inlet. A considerable amount of sand has been
trapped to the east of the jetty and the sand trapping
effectiveness is consider=c fair. Two of the three timber greins
(Items 2 and 5) are visible and are in poor condition, the other
was buried in sand and not visible. The deteriorated timber

groins are no longer trapping sand.

A68. The 16 stone groins are in generally good condition with 5
groins missing some capstones in the exposed section. In terms of
their sand trappind function, the groins are still effective with
only one groin (Item 20) in fair condition.
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469. Long Beach. There are 27 structures in this stretch of
beach. Of the 27 structures, three are bulkheads and 24 are
groins. The 11,000 feet of timber bulkhead along the north side
of the existing timber boardwalk was completely buried by sand and
is not functioning at the time of the survey. Two other concrete
bulkheads, approximately 400 feet long each and with top elevation
at +16 ft. NGVD, are in good condition and are still functioning.

A70. Of the 24 groins, 8 were constructed of stone and 16 were
constructed of timber extending seaward to approximately mean sea
level (+0.5 NGVD) and continued seaward with approximately 200
feet of stone section. The 8 stone groins have since deteriorated
to poor or fair condition, with several capstones dislodged from
the main structure or fallen to the side. The groins are close to
saturation and they are only moderately effective in trapping

sand.

A71. For the remaining 16 composite timber and stone groins, all
the timber sections are buried with only 5 to 10 feet of the tip
exposed during low tide. One groin is completely buried (Item
50). Six groins have completely deteriorated (Items 33-38, and
41). The exposed stone sections of the remaining 9 groins are in
poor condition with the tips bent to the east, most of the
capstones are either dislodged or missing and some of the sections
are completely broken in the mid-section. The nine visible
composite groins are not effective in trapping sand.

A72. Lido Beach. There are three stone groins and one timber and
stone groin on this length of beach. All groins are in poor
condition with capstones missing, dislodged or broken in the
exposed sections. They are not effective in trapping sand.

A73. Point Lookout. Three stone groins and one timber bulkhead
were listed on this stretch of shoreline. The 90 foot timber
bulkhead is completely buried and not visible. The three stone
groins are generally in good condition with the outer 75 foot
section if Item 58 partially unraveled.

A74. Summary. The updated structure condition survey is shown in
Table A10. Of the 50 groins inspected, approximately 60 percent
are deteriorated. All exposed timber and concrete bulkheads are
in good condition and are serving as shore protection structures.
The East Rockaway Inlet Jetty is presently under rehabilitation.

A75. At Atlantic Beach, most groins are of stone construction and
in good condition, still effective in trapping sand. Five groins
have a few missing capstones. No groin rehabilitation is
recommended in Atlantic Beach. In the City of Long Beach, the
majority of the groins are of timber and stone composite
construction and have deteriorated to a fair to poor condition.

Of the 16 composite groins, one is covered, six are completely
deteriorated, and nine are in poor condition with many dislodged,
missing or broken capstone on the crest and side slopes. Eight
other stone greins are in poor to fair condition. Rehabilitation
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is recommended for all portions of the 23 groins which remain
uncovered by the design fill. At Lido Beach, all 4 groins are in
poor condition. Rehabilitation is recommended for the portions of
the 4 Lido Beach groins which remain uncovered by the design fill.
At Point Lockout all 3 stone groins are in good condition and are
generally filled to capacity, with the outer 75 feet of the
easternmost groin in need of rehabilitatien. The other two groins
in Point Lookout do not need to be rehabiliated.

A76. The proposed groin rehabilitation design, including stone
sizes and structure geometry, is fully described in Paragraph

A222.

A77. Interior Drainage Structures. All storm-water interior
drainage structures have their outlets in Reynolds Channel.
Project improvements to the Long Beach Island ocean front will
have no impacts on the functioning of the interior drainage

systems on the island.

A78. Inlet/Shoreline Interactions. Jones Inlet and East Rockaway

Inlet are major coastal features which act as part of the total
system affecting the Long Beach project area. These inlets, like
all inlets and barrier islands, are formed by wave and current
forces, and by sediment transport processes. Inlets and
shorelines immediately adjacent to them comprise the most dynamic
portions of barrier islands (Reference AlS5).

A79. This section outlines the general components of natural and
man-altered inlet systems, and will describe how sediment is
bypassed at inlets. An estimate is made for the Long Beach area
of the length of shoreline affected by inlet processes. Observed
changes in the Jones Inlet ebb shoal over time are described, and
changes to downdrift shorelines during the same time period are
illustrated. Future trends are discussed.

A80. Length of Affected Shoreline. Based on historic shorelines
from 1933 to the present (Figure A5), the maximum zone of
influence of Jones Inlet extends along approximately 15,000 ft.
west of the inlet. East Rockaway Inlet, which was stabilized by
jetty construction in 1933, has a much smaller zone of influence
consisting of the accretionary zone associated with growth of the
updrift jetty fillet. The East Rockaway inlet zone of influence
is approximately 4500 ft. Together, the inlets affect a maximum
of approximately 40% of the length of the island's oceanfront

shoreline.

A81., The Tidal Inlet System. To describe how sedimentation
processes at inlets affect their adjacent shorelines, it is first
necessary to define the components of the tidal inlet system, and

describe natural bypassing mechanisms.
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A82. In general, a natural tidal inlet system is made up of the
following components:

1. Updrift and downdrift landmasses

2. Flood and ebb tidal channels creating passages for
flow from the ocean to the back bay

3. Flood shoal

4. Ebb shoal
5. Swash bars located on top of the ebb shoal platform

A83. Flood and ebb shoals tend teo be fan-shaped, radiating
outward in a semi-circular shape from each end of the inlet
(Figure A9). Both shoals are cut by tidal channels. The semi-
circular ebb shoal platform forms an underwater bridge which
loosely connects the updrift landmass to the downdrift landmass.
Sand which bypasses the inlet travels across this bridge,
eventually arriving on the downdrift shore near where the ebb
shoal connects with the shoreline. The ebb and flood shoals and
the adjacent land masses store large volumes of sand, and any
change in their configuration affects the amount of sand stored or
released, and, consegquently, the amount of sand which is free to

travel downdrift.

A84. Sand movement occurs on top of the shoal platforms, along
the seaward edge of the ebb shoal, and within the tidal channels.
A common feature of inlets is the formation of small swash bars on
top of the main ebb platform. These tend to migrate shoreward, by
the combined effects of tidal action and waves refracted into the
inlet. The swash bars travel over the ebb shoal, eventually
welding to shore where the ebb shoal connects with the adjacent
land masses. Figure A10 illustrates this process, as well as
showing the effects of changes in location of the main ebb
channel, and the process of inlet migration and spit accreticn.
All of these mechanisms result in portions of the ebb shoal
attaching to the downdrift shore, which moves a large volume of
material past the inlet and frees it to be carried on further
downdrift. Storms cause an increase in all forms of sediment

movement at inlets.

A85. Those inlets which have been "stabilized" or altered by
construction include man-made features such as jetties and dredged
navigation channels. Construction of jetties, channels,
revetments, etc. interfere with the natural migration pattern of
inlets by keeping them in one place. In addition, manmade
structures affect the location and rate of sand transport both
within the inlet, and past the inlet to the downdrift shoreline.

A86. Sediment Bypassing at Natural Inlets. Although Jones Inlet
is now a structured inlet and is frequently dredged, it was
examined as a "natural" inlet for some understanding of the
inlet's sediment bypassing mechanisms. Three natural mechanisms
of inlet sediment bypassing were first described by Bruun and
Gerritsen in 1959, and have been summarized as follows:
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1. Bypassing by .wave induced sand transport along the
seaward periphery of the ebb delta

2. Bypassing through the transport of sand in channels by
tidal currents, and

3. Bypassing by the migration of tidal channels and sand
bars.

Using the egquation:
r = Mmean/Qmax

where Qmax = the maximum discharge at the inlet during
spring tidal conditions (cy/sec)
Mmean = longshore sediment transport rate to the
inlet (ecy/yr)
r = the ratio of Mmean to Qmax

Bruun and Gerritsen showed that inlets with high ratios

(r> 200-300) bypass sand primarily by wave action along the ebb
tidal periphery, and inlets with low values (r<10-~20) bypass sand
via the other two methods. Inlets with r values between 20 and
200 bypass by a combination of the three methods.

A87. Calculation of the Bruun/Gerritsen bypassing criteria for
Jones Inlet yields an r value of 137, assuming a transport volume
of 550,000 cy/yr and a maximum inlet flow rate of 4007 cy/sec.
This indicates that both wave action and tidal flow affect
sediment bypassing at Jones Inlet, and that all three mechanisms
of transport are in effect.

AB8. The Effects of Stabilization. After construction of
stabilizing features, such as jetties, the inlet system will
reconfigure to adapt to the changed wave, tidal, and sediment
transport conditions. Reconfiguration can take many years. There
is no guidance on how long it will take a particular inlet to
reach a new equilibrium after stabilization, but studies have
documented time periods of up to 40 years without concluding that
a new equilibrium had been reached (Reference Al6).

A89. Effects of Jetties. Construction of a jetty will reduce the
amount of sediment transported past the inlet for some time. If
the jetty is constructed on the updrift side of the inlet,
sediment will accumulate next to the jetty in an updrift fillet.
Corresponding downdrift erosion has been observed which is of the
same order of magnitude as the net accretien in the updrift

fillet.

AS0. Changes in the flood shoal after jetty construction are
relatively minor. The ebb shoal, however, shows considerable
adjustment. Sand moving downdrift must move further seaward to
bypass the jetty. Over time this tends to force the ebb shoal as
a whole to move seaward and enlarge (see Figure Al1l).
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A91. Any increase in storage of material within the inlet
elements reduces the amount of material which bypasses and
continues on downdrift. After the adjustments have reached a new
equilibrium, bypassing will return to its preconstruction volumes
(Reference A17).

A92. Effects of Channels. Construction of deeper than natural
channels through the inlet can create sediment traps which
effectively remove material from the system. Disposal of dredged
material offshore, or anywhere other than downdrift of the inlet,
will permanently remove that sand from the inlet system and will
cause a sediment deficit downdrift of the inlet. Creation of a
stable channel, i.e. one which does not migrate, will eliminate
natural bypassing by channel relocation.

A93. Observed Changes at Jones Inlet Over Time. Aerial
photographs of Jones Inlet were available for 20 separate

years over the time period from 1952 to 1990. These photographs
were examined for changes in the ebb shoal, and the updrift and
downdrift ocean shorelines. Additionally, offshore depth surveys
from 1933-35, 1963 and 1972 (estimated) were used to compare the -
12, -18 and =30 ft. NGVD contours. Jetty construction at Jones
Inlet was begun in 1953 and was completed in 1959. TInitial
channel dredging was completed in 1956. The channel was relocated

closer to the jetty in 1963.

A94. Prestabilization. Figure Al2 shows an aerial photo of Jones
Inlet taken in 1952, before construction of the navigation channel

and jetty (the future locations of these structures are
indicated). This photo shows the inlet in close to its natural
state. The line of breaking waves offshore shows the outline of
the semi-circular ebb shoal connecting the updrift and downdrift
shorelines. Some of the flood shoal shows as a shallow or above
water mass north of the inlet. The shape of the updrift island
(Jones Beach) shows the recurved spit formations associated with
migration of that island westward. The western shore of the inlet
had already been hardened with revetments on the east side of Pt.
Lookout, so inlet migration patterns were already somewhat
altered.

A95. Figure Al3 shows aerial photography of Jones Inlet taken in
1955, during the construction of the updrift jetty. This photo
shows the ebb shoal formation in greater detail. Both Figure Al2
and Figure Al13 show the wave breaking effect of the ebb shoal,
which protects the shoreline immediately behind it from wave
energy. Note on Figure Al13 the convex shape (curved seaward) of
the shoreline in the sheltered area behind the shoal, and the
concave shape (curved landward) of shoreline just west of the
shoal. West of the protection of the shoal, the downdrift
shoreline has retreated further landward than the adjacent
protected area, which indicates greater erosion taking place
immediately downdrift of the shoal than behind the shoal.

A=23



A96. Observed effects of Ebb Shoal on Downdrift Shore.
Examination of the 30-year photo record clearly shows a
relationship between the downdrift shoreline shape and the
presence or absence of an ebb shoal. Evidence of an ebb shoal
offshore of the downdrift shoreline was taken to be either
breaking waves in the photo, or as directly visible sand.

A97. At two times shoal material was directly observable, close
to and parallel with the downdrift shore. This was observed in
1952 (Figure Al2), before jetty construction, and in the early
1970's. The shoreline behind the shoal at these times is convex
in shape. Further downdrift, beyond the shoal, the shoreline
becomes concave. This indicates that the sheoal, when close to
shore and parallel with it, provides protection from wave energy
and limits erosion in its shadow. Erosion is shifted westward
beyond the protection of the shoal.

A98. Between 1959 and 1966 breaking waves are observed in the
photographs, indicating the existence of an ebb shoal platform.
The shoreline behind the breaking waves is observed to be
generally straight (east-west). West of the breaking waves the
shoreline is observed to be concave. Again, the offshore shoal
provides some protection to the shoreline immediately behind it,
and shifts the locus of erosion immediately westward.

A99. 1In 1966 photos show the existence of a north-south oriented
sand bar near midchannel. Over the next six years this bar is
observed to grow and to move westward, gradually changing its
orientation to east-west. Figure Al4 shows the shoal in 1969. In
1972 the bar was attached to the downdrift shoreline by placement
of dredged material in Pt. Lookout (Figure A15). In August of
1973 dredged material was placed between the bar and the
shoreline, filling the small lagoon. This eliminated the small
shallow water area between land and the shoal, and connected the

two.

Al00. The attachment of the bar toc shore in the early 1970's did
two things. Not only did this migration of a portion of the ebb
shoal shoreward provide protection from waves, it also delivered a
large volume of material to the downdrift shore. The volume of
material moving naturally was augmented by additional material
dredged from Jones Inlet and placed at Pt. Lookout.

2101, Since the bar attachment in 1972-73, aerial photos have
shown no visible shoals offshore of the downdrift shoreline. The
shape of the downdrift shoreline is concave, except immediately
after artificial fill operations, when the shoreline is straight.
The erosional zone downdrift of the ebb shoal extends from the Pt.
Lookout groins westward. The 4000 ft. immediately west of these
groins shows the highest erosion rates on the island since 1963.
This area (the Town of Hempstead Beach) was the site of six fill
operations since 1973. Fill operations have not been of
sufficient volume to offset erosion in this area, although
material placed at the Town of Hempstead has reentered the
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littoral system, and has traveled substantially downdrift to
nourish shorelines to the west as observed from profile
compariscns before and after fill operations.

A102. Observed Changes at East Rockaway Inlet. Previous to jetty
construction East Rockaway Inlet migrated westward, in the
direction of net littoral drift. Since construction of a jetty on
the updrift side of East Rockaway Inlet in 1933-1934 westward
migration has been halted. The shoreline changes for Long Beach
Island since that time have consisted of accretion of the updrift

jetty fillet.

A103. Conclusions - East Rockaway Inlet: The shoreline updrift of
the East Rockaway Inlet jetty is stable, with a fully formed
updrift f£illet. This portion of the shoreline is likley to
require less £ill than shoreline further east.

2104. Conclusions = Jones Inlet. The Jones Inlet system has been
adjusting to the construction of the updrift jetty since its

completion in 1959. It is uncertain if this adjustment is
complete. It appears that the updrift fillet is fully formed.
The ebb shoal is migrating seaward, and may still be impounding
material as it grows to accommodate greater depths and larger
areal extent. The net littoral drift moving past the inlet may,
therefore, be at less than pre-jetty volumes, since impoundment
offshore is still occurring.

A105. The phenomenon of bar migration towards downdrift shore was
observed during the post-jetty period, but there is no evidence at
this time which allows prediction of this bar migration occurring
again in the future if at all. There is no observed wave breaking
pattern or visible sand in photographs since 1976 to indicate the
growth or movement of a portion of the ebb shoal landward. Based
on observation of the 1972 bar migration, this process, when it
oceurs, delivers larger volumes of material to the downdrift shore
than is provided by routine channel maintenance dredging.

A106. The three groins at Pt. Lookout appear to successfully
stabilize that portion of the downdrift shore; however, the
ungroined area just to the west has suffered significant erosion
since 1976, due to the location of the ebb shoal.

A107. Dredging material from Jones Inlet Channel and disposing of
it anywhere but immediately downdrift of the inlet permanently
removes material from the inlet/island system. Suitable sand
material dredged from Jones Inlet, if placed on the immediately
downdrift beaches whenever maintenance dredging occurs, would
serve to nourish the downdrift shoreline and keep sand material in
the inlet/island littoral systemn.
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WITHOUT PROJECT CONDITIONSB
(Coastal Processes)

A108. General. The "without" project condition is identified as
a continuation of long term erosion with a conseguent reduction of
the protective dune and beach area up to the seaward face of any
major buildings, bulkheads or major transportation routes. The
continued future reduction of the protective beach will expose the
existing buildings to storm damage due to direct wave attack. In
areas currently protected by the limited dune system, the
continued future reduction of protective beach area will increase
the potential for their devastation in major storms. The loss of
beachfront will result in increasingly more fregquent undermining
of the dunes and overwash of the island. In areas without dunes
the continued erosion of land will expose the existing development
to storm damage on an increasingly more frequent basis. Back bay
flooding will remain a continuing source of damage.

A109. To develop the impacts of the without-project conditions,
coastal processes were evaluated for the project area. Coastal
processes are the natural processes which affect oceanfront
shorelines. The major objective of plans of improvement is to
reduce the damages caused by these processes. Four coastal
processes were evaluated for the project area: Long-term erosion,
inundation, storm-induced erosion, and wave attack. A dune
failure analysis was alse performed, which used the results of the
long-term erosion and storm-induced recession evaluations. The
without-project conditions were analyzed on three typical
profiles, which represented the characteristics of the project
area shoreline. The following paragraphs describe the coastal
processes evaluations which were used to estimate the without-
project condition damages.

2110. Typical Profile Representation. Three typical profiles

were chosen to represent the characteristics of the existing
conditions of the beach for coastal processes analyses. The data
used to evaluate the profiles included: May 1992 beach profiles,
November 1991 beach profiles, April 1990 topographic mapping, and
April 1988 beach profiles. The characteristics examined included:
presence/absence of a dune, elevation and width of the dune, dune
toe elevation, presence/absence of a beach berm, width of berm,
elevation of berm, offshore slope(s) and foreshore slope(s),
presence/absence of an offshore bar, depth of closure, and
location of profile along shore. A summary of the typical profile
characteristics based on the November 1991 survey is shown on

Table AS.

Alll. The three selected typical profiles are described below by
their landward features (for convenience). Typical Profile 1 is
characterized by a substantially high dune elevation (+15 to +20
ft. NGVD) and a minimal flat berm. Profile No. 182 is
representative of Typical Profile 1 and is shown on Figure Al6.
Typical Profile 2 has no dune and a flat berm at elevation +10 ft.
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NGVD. Profile No. 200 is representative of Typical Profile 2 and
is shown on Figure A17. Typical Profile 3 has a medium dune
elevation (+10 to +15 ft. NGVD) and a moderate sloping berm.
Profile No. 238 is representative of Typical Profile 3 and is
shown on Figure A18. The applicable shoreline reaches represented
by these typical profiles are shown in Figure Aa1S5.

All2. Economic Reaches. The project shoreline was divided into
specific lengths or reaches for the purposes of the benefit
analysis. One of each of the three typical profiles was selected
to represent the beach characteristics of each economic reach,
however benefit analyses were computed on a profile-by-profile
basis to relate the distance of development from the existing and
design shoreline. The initial criterion for selection of the
economic reaches was the community borders, such as the limits of
the city of Long Beach. The second criterion for delineation was
physical features, such as dune width and height and berm width
and height, which will impact wave runup, wave attack and storm-
induced erosion evaluations. A third criterion was the property
development. The island was separated into six economic reaches,
however, Reach 1 has subreaches of la and 1b to account for the
split in the reach geographically along the island. Figure A20
shows the layout of the project economic reaches.

Al113. Long=term Erosion Rates. The long-term shoreline erosion
rates were estimated based on both the historical records and the
results of volumetric calculation. Historical shorelines show a
pattern of alternating accretion and erosion along the entire
oceanfront length of Long Beach island. Recorded erosion/
accretion rates were averaged over varying shoreline lengths to
normalize the effects of the fluctuations. Construction of
jetties at both inlets has resulted in predominant erosion near
Jones Inlet and near stability adjacent to East Rockaway Inlet.
The resulting long-term erosion rates show the greatest loss in
the east, with diminishing loss rates proceeding westward.

The long-term erosion rates were estimated for the six economic
reaches as designated for the economic analysis, and are given in
Table All.

All4. TUnder the Jones Inlet Section 933 project (Reference A18),
material dredged from Jones Inlet was placed on the Town of
Hempstead Beach in May 1994. It has been calculated, through the
use of shoreline change methodology (as described in the Section
933 report) that the diffusion of the material westward will
decrease the existing long-term erosion rates in economic reaches
1 and 2. To reflect that decrease in the without-project
condition where it is assumed that continued Section 933
operations will be performed every three years through the project
life for the Lido Beach/Long Beach project area, the long-term
erosion rates used for the economic evaluation were decreased
accordingly, and are shown in Table All.
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TABLE All
LONG-TERM EROSION RATES

Without Project Without Project
Future Erosion Rate Future Erosion Rate
Economic  With No Inlet Dredge With Inlet Dredge

Reach No. Material Placement Material Placement
(£t/yr) (ft/yr)*

la 5 0/1.7 %%

2 5 2.7

1b 5 1.7

3 4 4

4 4 4

5 4 4

[ 2 2

* This value reflects the effects of continued Jones Inlet Section
933 dredging/placement in the Town of Hempstead Beach on long-term

erosion rates.
** 0 rate within groin field, 1.7 ft rate west of the groin field

Al15. Inundation. The most widespread problem on long Beach
Island is frequent flooding, resulting in damage to homes,
businesses and public facilities. This extensive flooding results
from both oceanside overtopping flow due to high still water
levels, wave setup, and runup, and bayside overtopping due to
elevated bay still water levels.

All6. OQuantification of inundation consisted of calculation of
water depths for storm frequencies between 1 and 500 year
recurrence intervals for every structure included in the economic
analysis. Basic methodology consisted of construction of 48 water
surface profiles running from the ocean to the bay, using a weir
equation to determine oceanside overtopping flow and Manning's
eguation to determine overland flow depths. Overland flood stages
across the island were based on backwater from the bayside flood
stage (normal depth plus bayside ground elevation). Stages at
each structure were calculated based on the bayside stage, the
slope of the hydraulic profile and the location of the structure
on the cross island profile. Results were compared to flood marks
recorded for six storm events:

1. 25 Novemb:. 1950 (northeaster)

2. 12 September 1960 (Hurricane Donna)
3. 6-8 March 1962 (northeaster)

4. 28-29 March 1984 (northeaster)

5. 27 September 1985 (Hurricane Gloria)
6. 11-13 December 1992 (northeaster)

Parameters considered included ocean and bay still water levels,
wave set-up, runup elevations, dune/berm elevation, dune failure,
cross=island topegraphy, flow depths overland, elevation at
structures, and residual flooding due to bay water incursion. A
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sample water surface profile constructed across beach profile #210
and continuing north aleng National Boulevard is shown in Figure

A2l.

A117. Topography. For the evaluation of inundation across Long
Beach Island for the without project condition, 48 cross-island
water surface profiles were constructed. Cross-island profile
elevations were obtained from 1990 topographic mapping, plus 1991
and 1992 beach profiles. In localized ridges on the island,
bayside elevations were adjusted to reflect impacts from adjacent
areas.

A118. Ocean and bay stage-freguency curves. The ocean stage-
frequency curve used was developed in the 1985 WES "Ocean Grid
Stage-Frequency Curves for the South Shore of Long Island", and
included wave setup for the oceanside of Jones Inlet (Reference
A7). The bay stage-frequency curve used was developed in the NYD
1978 "FEMA Flood Insurance Study for the Township of Hempstead,
Long Island" (Reference A8). These elevations are shown in Table

Al2 below.

Table Al2
Ocean and Bay Btill Water Level
Etage-Frequency Elevations in ft. ©NGVD

Return Period Ocean Stage Bay Stage
10 8.4 5.9
20 9.2 6.4
50 10.8 7.4
100 12.1 8.3
200 13.6 2.3
500 15.3 11.1

Al119. Flow Rate Computations. Overtopping flow rates at the
ocean boundary were calculated using the weir equation,

(3/2)
Q=cLH

where: Q flow rate in cfs

nn

c = weir coefficient = 3.0 (Reference: "Handbook of
Hydraulics" 6th Ed. by Brater and King)

L = unit length of weir (1 ft.)

H = depth of water over the berm/dune crest on profile.

The resulting flow rates vs. frequency for the sample water
surface profile are shown in Table Al3.



Table Al3
Inundation Depths, Profile 210/National Blvd.

Qcean Total(l) Innundation

Return SWL Stage Water Elevation of Depth at Flow
Peried Elevation Elevation Crest Crest Rate
(Years) (Ft. NGVD (Ft. NGVD) [(Ft. NGVD) (Ft) (cfs)
10 8.4 10.1 10.0 0.1 0.14
20 9.2 11.0 10.0 1.0 3.35
50 10.8 12.6 10.0 2.6 13.68
100 12.1 13.8 10.0 3.8 24.25
200 13.6 15.2 10.0 5.2 38.57
500 15.3 16.8 10.0 6.8 59.03

(1) Ocean SWL including setup plus runup elevation
A120. Normal Inland Depth Computatjon. The normal inland depths

were calculated using Mannings Equation,

(2/3) (1/2)
Q = 1.486 A R s

n

flow rate in cfs
= Mannings n coefficient = 0.04, (Reference: "Handbook

of Hydraulics" 6th ed. by Brater and King)
= cross-sectional area of flow in sf = depth, d for a

A
unit width of beach

R = hydraulic mean radius = A/wetted perimeter = depth, d

s

where:

=N o]
]

for a unit width of beach
= slope

The slope was determined between the ground elevation landward of
the oceanside berm or dune and the profile low peint. The inland
depths were computed by rearranging Mannings Equation to solve for
depth, d, at the low points of the profile, and using Q as
calculated from the weir equation. These computed depths are
referred to as the computed normal depths, and are shown in Table
Al4. The resulting ocean water surface profiles were plotted
between the ocean berm or dune and the prc”ilie low point. These
depths are referred to as the normal depths and are shown on
Figure A21.
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Table Al4
Computed Normal Depths, Profile 210/Naticnal Blvd.

Inundation Computed
Return Depth at Flow Normal Depth
Period Berm Crest Rate Profile at Low Point
(Years) (Ft) {cfs) Slope (Ft.)
10 0.1 0.14 0.00102 0.27
20 1.0 3.35 o0.00102 1.86
50 2.6 13.68 0.00102 4.33
100 3.8 24.25 0.00102 6.11
200 5.2 38.57 0.00102 8.06
500 6.8 59.03 0.00102 10.41

Al121. Comparison of Flood Depths. For any storm, the minimum
flood elevation is equal to the bayside flood stage, while the
maximum flood stage is equal to the wave runup elevation
synonymous with maximum water elevation with peak setup.
Intermediate stages were based on the normal depth of overland

flow.

Al22. Comparison to Flood Marks. The methodology above was found
to be a fairly accurate indicator of the ocean-induced flooding,

as determined by comparison with recorded flood marks.

A123. Storm-Induced Recession. To develop the input for the
economic benefit analysis of without- project conditions, the
existing condition typical profiles were analyzed for storm-
induced recession using the SBEACH numerical model (Reference
A20). The results of the model analysis are shown in Figures A22,
A23 and A24 for Typical Profiles 1, 2, and 3, respectively.

Al24. The distances shown on the recession-frequency curves are
measured from the economic baseline (which is a straightened
approximation of the 1990 0.0 NGVD shoreline) for all cases. The
relationship with variability is not a multiple of the recession
without variability, because the analytic procedures in SBEACH
differ from those in previous storm-induced recession models. For
existing conditions, however, the variability factor in the
recession-frequency relationship is the equivalent (with regards
to damage calculations) to the previously used variability factor
of 2.0 for existing conditions on similar projects, i.e. Sea
Bright and Asbury Park, NJ. As with previous studies, 100% of the
damages are calculated up to the "with variability" distance,
however only 50% of the damages will be taken due to the
variability of storm recession at specific locations.

Al25. Existing Conditions Recession Distances. Storm events,
from 2 to 500 year frequency, were run on the SBEACH model for the
typical profiles to develop storm=-induced recession distances.

The distance from the economic baseline to the landward-most
occurrence of 0.5 ft. of vertical recession was used as the storm
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recession parameter for the modeled storm events. Figures A25
through A28 show the SBEACH results.

Al126. For some of the typical profiles, because of the physical
features of the profiles and applicability of the SBEACH model,
model results were not available for the less fregquent events, due
to overtopping of the beach profile. A conservative approach was
taken to extrapolate the model results for those cases, based on
Figure A25. For profile 182, the median northeaster results were
used to the intersection of the median hurricane line, then the
hurricane results were used. Based on Figures A26 through A28 for
all other profiles the median northeaster results were used and
were extrapolated for the less frequent events. The results from
profiles 200 and 210 were averaged for typical profile 2. The
values are given in the following tables (Tables Al6 through A20).

A127. Variability Factor. To develop a measure of variability in
the storm-induced recession, as can be expected along the length
of the project shoreline, a comparison was made of the 50%
confidence limit recession value shown on the SBEACH result
figures and the median recession plus maximum contour recession
distances, and is shown on Tables Al6 through A20. The 90%
confidence limit shown on the recession-fregquency curves captures
variations in recession values between storms events of the same
frequency. The traditional variability factor, as developed by
Savage and Birkemeier (Reference A2l1), reflects variations in
profile response along a shoreline to the same storm event, and
therefore, the twe variations are not equivalent. The SBEACH
median recession line with a 90% confidence limit gives a measure
of recession and its variation with different storms of the same

frequency.

Al28. The SBEACH median recession value will be used for the 100%
damage distance. The median recession plus maximum contour
recession, since it generally yields more conservative recession
impacts than the 50% confidence limit, will be used as a measure
of variability along the length of the project shoreline, which is
comparable to the variability factor of 2.0, developed for
existing conditions in previous storm-induced recession studies.
As stated in paragraph A124, 100% of the damages will be
calculated up to the "with variability" distance, however only 50%
of the damages will be taken due to the variability of storm
recession at specific locations. For improved conditions, the
median recession distance plus half the maximum contour recession
will be used, which is comparable to the use of the variability
factor of 1.5, developed for previous storm-induced recession

studies.
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TABLE AlS

MEDIAN RECESSION PROFILE 182 (TYPICAL PROFILE 1) (1)

Median plus
Distance to Distance to Maximum
Median Median Recession Contour
Return Recession 90% Confidence Recession (2)
Period (w/o var.) Limit (w/ variability)
(yrs) (ft) (ft) (ft)
2 200 263 286
5 237 305 323
10 260 330 346
20 292 358 378
50 325 450 411
100 365 525 451
200 445 600 531
500 525 698 611

(1) Distance from economic baseline to landward-most occurrence of 0.5
ft. of vertical erosion.
(2) Maximum contour recession, profile 182: 86 ft. based on SBEACH

results
TABLE Al6
MEDIAN RECESSION PROFILE 200 (1)
Distance to Median plus
Distance to Median Recession Maximum
Return Median 90% confidence Contour
Period Recession Limit Recession (2)

(yrs) (£t) (£t) (ft)
2 266 334 382
5 290 355 406
10 304 360 420
20 321 381 437
50 345 415 461
100 360 432 476
200 372 446 488
500 398 470 514

(1) Distance from economic baseline to landward-most occurrence of 0.5
ft. of vertical erosion.

(2) Maximum contour recession, profile 200: 116 ft. based on SBEACH
results
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MEDIAN RECESSION PROFILE 210

TAELE Al17

Distance to

(1)

Median plus

Distance to Median Recession Maximum
Return Median 90% Confidence Contour
Period Recession Limit Recession (2)

(yrs) (ft) (£t) (ft)
2 235 280 303
5 250 253 318
10 262 305 330
20 273 317 341
50 288 333 356
100 298 344 366
200 311 355 379
500 326 370 394

(1) Distance from economic baseline to landward-most occurrence of 0.5

ft. of vertical erosion.
(2) Maximum contour recession, profile 210: 68 ft. based on SBEACH

results
TABLE Al8
AVERAGE OF MEDIAN RECESSION
PROFILES 200 AND 210 (TYPICAL PROFILE 2) (1)
Distance to Median plus
Distance teo Median Recession Maximum
Return Median 90% Confidence Contour
Period Recession Limit Recession (2)
(yrs) (ft) (ft) (ft)
2 251 307 343
5 270 324 362
10 283 333 375
20 297 349 389
50 317 374 409
100 329 388 421
200 342 401 434
500 362 420 454

(1) Distance from economic baseline to landward-most occurrence of 0.5

ft. of wvertical erosion.
(2) Maximum contour recession, typical profile 2: 92 ft. based on

SBEACH results
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TABLE Al®°

MEDIAN RECESSION PROFILE 238 (TYPICAL PROFILE 3) (1)

Distance to Median plus
Distance to Median Recession Maximum
Return Median 90% Confidence Contour
Period Recession Limit Recession (2)

(yrs) (ft) (£t) (ft)
2 211 265 293
5 250 312 332
10 280 331 362
20 310 360 392
50 349 400 431
100 376 431 458
200 405 462 487
500 465 500 547

(1) Distance from economic baseline to landward-most occurrence of 0.5
ft. of vertical erosion.
(2) Maximum contour recession, profile 238: 82 ft. based on SBEACH

results

A129. Existing Condition Wave Runup and Wave Attack Analysis.
The wave attack analyses on existing conditions were performed to
determine the position in the uprush/swash zone where the force
due to a broken wave exceeds the critical force needed to destroy
a structure. It was determined that a lateral force of
approximately 1800 lbs./ft., was necessary to destroy a typical one
story structure in the project area and was taken to be the
critical force. The wave runup limit was first determined based
on the slope composite method outlined in the 1984 SPM (Reference
A6). The wave attack limit was then calculated based on EM-1110~
2-1614 Change 2 of 30 November 1992 (Reference A22). The storm
events analyzed included northeasters of 2, 5, 10, 20 year
frequencies, and hurricanes of 50, 100, 200 and 500 year
frequencies. Forces for multi-story structures due to wave
impact from breaking waves and broken waves were not computed
because economic analysis showed these damage categories to be
insignificant.

A130. WYave Runup Analysis. A wave runup model was first used to
determine the maximum vertical extent of the wave runup. The
maximum horizontal runup extent was then determined graphically.

Al131. Wave Runup Model. The model used to determine the vertical
extent of the wave runup is the Wave Runup Analysis for Coastal
Flood Insurance Studies prepared for the Federal Emergency
Management Agency in November 1981. This model is based on the
slope composite method outlined in Chapter 7 of the 1984 SPM,
however it incorporates two improvements to the analysis
procedure. The first improvement is a more accurate assumption of
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a linearly decaying wave crest profile landward of the breaking
point, as opposed to the assumption made in the SPM of a
nondecaying wave crest profile. The second improvement is that an
array of wave heights is able to be input and computed very
quickly in this PC model, which allows the realistic possibility
of a wave height smaller than the maximum deep water wave height
He, giving a larger wave runup.

Al132. Profile Data. The four profiles analyzed were Typical
Profile Nos. 182, 200, 210, and 238 . The wave runup was
calculated on the post-storm condition of the four profiles, as
predicted by the storm-induced erosion model SBEACH. The 2, 5, 10
and 20 yr. northeasters were analyzed using the post-20 yr.
northeaster profiles, and the 50, 100, 200 and 500 yr. hurricanes
were analyzed using the post-100 yr. hurricane profiles.
Beginning with one standard post-storm eroded profile made the
results of the northeasters more readily comparable and more
realistic (i.e. runup increasing with storm severity), and
similarly for the hurricane results.

Al133. Stage-Frequency Data. The ocean stage-frequency curve at
the oceanside of Jones Inlet developed by WES in the "Ocean Grid
Stage-Frequency Curves, South Shore of Long Island" (dated 1985)
was used for this analysis. The elevations from the curve without
wave setup were used, as wave setup is already accounted for in
the runup curves in the SPM and the FEMA model. These elevations
are shown in Table A20.

Table A20
Stage~-Frequency Elevations
Return Period Ocean Stage Elevations w/setup w/out setup

(years) (ft. NGVD) (£t /NGVD)
2 7.0 5.6
5 7.6 6.1
10 8.4 6.6
20 9.2 7.4
50 10.8 B.9
lio00 12.1 10.1
200 13.6 11.4
500 15.3 13.0

Al134. Wave Data. The deep water wave heights and wave periods
used for this analysis are shown in Table A3. The array of wave
heights, used for the analysis of the wave runup values, was made
up of decreasing wave heights in increments of 2 ft. to a minimum
of approximately 7 feet. For example, the array for a 100 year
storm event would censist of H'o = 21, 19, 17, 15, 13, 11, 9, and
7 feet. The wave periods determined for the largest wave height
were assumed to be constant for the array of wave heights.
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A135. Wave Runup Results. The existing condition wave runup
elevation results are shown in Table A21 and on Figure A29. It
should be noted that the model is not valid for cases where the
maximum runup elevation and/or the SWL (stage) elevation exceed
the maximum profile elevation. For those cases, the landward
profile slope was extended to elevations high enocugh te preclude
overtopping. The runup heights determined above the hypothetical
slope were assuned to approximate the runup heights on the actual
profile grade. It should be noted that the runup heights for
Profile No. 210 decrease for the higher level events due to the
changes in the post-storm slopes for those events.

Al136. Wave Attack Distances. The wave attack distances were
calculated in accordance with EM-1110-2-1614 Change 2 of 30
November 1992, "Design of Coastal Revetments, Seawalls, and
Bulkheads", paragraph 2-29cC, equation 2-23 (Reference A22).

A137. Wave Attack Distances Results. The resulting existing
condition wave attack distances measured from the 0.0 ft. NGVD
location on the post-20 or 100 yTr. storm-ercded profile are shown
in Table A21 and on Figure A30 for the critical force of 1800
lbs/foot. It should be noted that the higher wave forces occur
further seaward and the lower wave forces occur further landward,
due to the gradual dissipation of wave energy as the wave runup
extends up the beach slope. The results for Profile No. 210 were
truncated at the 100 year storm event due to the flatness of the
existing grade.

A138. Wave Attack Distance Over Time. The long-term erosion rate
was assumed to erode the profiles translationally at the rates
given in Table All, adjusted for assumed placement of dredged
inlet material. These erosion rates should be incrementally added
to the X1 distances from economic baseline to determine wave
attack impacts from broken waves over the life of the project,

i.e. 50 years.

A139. Dune Failure Apalysis. Dune failure is defined as a loss
of protective dune elevation due to wave attack, runup and/or
overtopping. Loss of fronting berm will make dunes more
vilnerable to failure. Dune failure for the without project
conditions was examined for a range of storm events from 1 year to
500 year return intervals. Projections were made for a 50-year
future without project time period.

A140. The dune failure analysis was based on results of the
SBEACH storm induced erosion modeling, using typical profiles 238
and 182. Additional data from measurements of dune failures which
occurred in Ocean City, Maryland as a result of the 4 January 1992
northeaster were utilized. This storm was classified as a 100-
year event at Ocean City. Based on Ocean city data, a loss of 80%
of dune volume from its original location was defined as complete
failure of the dune. Losses from long term erosion and storm
losses were combined to determine what freguency of event would
cause partial or compete dune failure. Results are summarized in
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TABLEA 2]
EXISTING CONDITIONS WAVE RUNUP/ATTACK ANALYSIS

I TOTAL WATER STATION OF
RETURN STAGE WAVE SURFACE 1800 LB/FT
PROFILE PERIOD ELEVATION| RUNUP ELEVATION FORCE *
NUMBER|  (YEARS) (FT. NGVD) (FT) (FT.NGVD)! (FT.)
182 2 5.6 1.51 7.11 179.1
182 5 6.1 1.56 7.66 2234
182 10 6.6 1.72 8.32 251.5
182 20 .74 175 9.15 277.3
182 50 8.9 2.07 10.97 293.6
182 100 10,1 2.28 12.38 310.0
182 200 1.4 2.47 13.87 3746
182 500 13.0) . 238 15.38 504.5
200 2] 56 1.48 7.08 245.3
200 5 6.1 1.60 .17 264.0
200 10 6.6 1.72 ' 8.32 293.1
200 20 7.4 1.81 9.21 3239
200 50 8.9 2.18 11.08 340.4
200 100 10.1 2.10 122 374.1
200 200 11.4 2.21 13,61 518.8
200 500 13.0 2.20 15.2 753.1
210 2 56 1.48 7.08 188.8
210 5 6.1 1.60 - 77 2122
210 10 6.6 1.72 ‘8.32 2486
210 20 7.4 1.81 9.21 296.0
210 50 8.9 1.78 10.68 511.9
210 100 10.1 1.68 11.78 795.2
210 200 11.4 1.55 12.95 7952 %
210 500 13.0 1.54 14.54 7952 **
238 2 5.6 2,07 7.67 1917
238 5 6.1 2.10 8.2 2200
238 10 6.6 228 8.88 2247
238 20 7.4 2.41 9.81 2516
238 50 8.9 2.38 11.28 316.4
238 100 10.1 252 12.62 370.0
238 200 114 2.87 14.27 377.2
238 500 | 13.0 3.12 16.12 428.8

NOTE: * ME&»SIJF.BD FROM THE 0.0 FT. NGVD CONTOUR LOCATION
ON THE POST=-20 OR 100 YR. STROM=ERODED PROFILE.
** RESULTS TRUNCATED DUE TO FLATNESS OF EXISTING GRADE.
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Table A22 below. Long term erosion rates used for this analysis
assume placement of fill material at the Town of Hempstead beach
at regular intervals.

Table A22

Frequency of Event Causing Dune Failure (Years)
Without=-Project Conditions

Erosion
Economic  Rate Analysis Year
Reach (£t/yr) PO P10 P20 P30 P40 P50
1A 0 92 92 92 92 92 92
1.7 92 57 47 25 17 12
1B 2.7 500 500 500 500 500 500
2 1.7 500 500 500 500 500 500
3 4.0 92 35 17 5 1.5 1.5
4 4.0 92 35 17 5 1.5 1.5
5 4.0 92 35 17 5 1.5 1.5
6 2.0 92 57 47 25 17 12

Al41. Without-Project Future Conditjions. For the future
without-project conditions, the existing condition economic
baseline was translated by the long-term erosion rate, and the
results of the storm-induced recession analysis, wave runup
analysis, wave attack analysis and dune failure analysis as
described in the preceeding paragraphs were applied. The historic
rate of sea level rise was only included in the without-project
future conditions for the inundation analysis.
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PROJECT DESIGN

Al4l. The following paragraphs give the details of the design
process for the alternative plans of improvement for storm damage
reduction and shore protection. The project layout, groin design
and design and nourishment quantities will also be described.

Al42. Description of the 1965 Corps of Engineers Plan. The
previous unauthorized federal pPlan in 1965 called for levees,
hurricane barriers, three new groins at Lido Beach, nineteen
reconstructed groins at Long Beach, and a reconstructed terminal
groin at Point Lookout. The plan also specified beach fill along
the entire length of the study shoreline with a dune crest
elevation of +18 ft. NGVD and a 100 foot wide berm at elevation
+10 ft. NGVD. This plan provided both wave attack protection on
the ocean front and flood protection for the entire island. The
project was never constructed.

Al43. Description of the 1989 Reconnaissance Plan. The

reconnaissance investigation led to the recommendation of a cost-
effective plan for storm damage reduction and shore protection for
further study. This plan consisted of continuous beach £fill along
the shorefront except at the park area of Lido Beach and at Silver
Point Park, at the western end of the island. The investigation
indicated that a 110-foot wide beach berm at +10 ft. NGVD, backed
by a dune system with crest elevation of +15 ft. NGVD, with
suitable advanced and periodic nourishment was an implementable
design. The park area of Lido Beach would receive advance fill at
the time of initial construction and would be stabilized at its
present position with period nourishment. In addition to the
beachfill, the plan included minor to moderate rehabilitation of
30 groins and the reconstruction of the terminal groin at Point
Lookout, as well as periodic nourishment. The reconnaissance plan
was considered as one of the project design alternatives during
this feasibility study.

Al44. Design Criteria. The design criteria for the restoration
and nourishment of the beachfill, groin rehabilitation and groin
design is in accordance with the provisions of the following
memoranda and manuals:

(a) Shore Protection Manual, Volumes 1 and 2, dated 1984, fourth
edition, CERC (Reference A6)

(b) EM 1110-2-1614, dated 30 April 1985, Design of Coastal
Revetments, Seawalls and Bulkheads (Reference A22)

(c) EM 1110-2-2904, dated 8 August 1586, Design of Breakwaters
and Jetties (Reference A23)

(d) ER 1110-2-1407, dated 30 November 1990, Hydraulic Design of
Coastal Shore Protection Projects (Reference A24)
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(e) ER 1105-2-100, dated 28 December 1990, Planning Guidance
(Reference A25)

Al45. Design Constraints. Design constraints are technical,
environmental, economic, regional, social and institutional
considerations that act as impediments to successful response to
the plan objectives. The design must be safe, cost effective,
serve project purposes, minimize adverse impacts on surrounding
areas and be environmentally acceptable.

Al146. Preliminarv Shore Protection Alternatives. The following
preliminary design alternatives for a beach erosion control and
storm damage protection project along nine miles of Long Beach
Island were considered in the initial phases of plan formulation:

a) No Action

b) Beach Restoration

c) Beach Restoration with Groins

d) Seawall

e) Seawall with Beach Restoration

f) Bulkhead with Beach Restoration

g) Breakwater with Beach Restoration

h) Perched Beach with Beach Restoration

It is noted that all the above preliminary alternatives were
selected to provide similar storm damage protection with the
exception of (a). Similarity in the level of protection for
alternatives b through h is based on the following design
assumptions which were common to all alternative solutions:

(1) All alternatives used a 73=-year storm event as the design
storm

(2) Design wave heights, wave periods, still water
levels and wave set-up elevations were the same for all
alternatives considered

(3) Continuous coverage of the entire project shoreline
was provided by each alternative

(4) All alternatives assumed the use of the same sand
borrow source

The following paragraphs summarize the objectives and evaluation
of each of the above preliminary alternatives. A summary of first
and annual costs which were used to screen the preliminary
alternatives for further study in this feasibility phase are
presented in Table A23.

Al47. No Action. The No Action alternative invelved no measures
to provide erosion control, recreational beach or storm damage
protection to structures landward of the beach front. This
preliminary alternative would not check the continuing erosion of
the beaches, nor would it prevent property from becoming more
subjected te higher storm damages from beach recession, flooding
and wave attack. The existing groins would continue to deteriorate
further accelerating the loss of beach. This plan failed to meet
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any of the objectives or needs of the project.

A148. Beach Restoration. This preliminary alternative involved
the placement of beach fill from an offshore borrow source in
order to widen and stabilize the existing beach profile. This
alternative developed a design template of a 110 ft wide berm at
el. +10 NGVD fronting a 25 ft. top width dune at crest elevation
+15 NGVD with 1 on 5 side slopes. The foreshore slope utilized
for the eastern third of the project length matched the existing
predominant slope of 1 V on 25 H and the foreshore slope for the
remaining two thirds of the project length matched the existing
predominant slope of 1 V on 35 H. Advanced nourishment was
included in initial placement. Periodic nourishment, estimated at
2,500,000 c.y. every 6 years, was planned to be placed throughout
the 50 year project life in order to maintain the design profile.
The total initial £ill volume was 10,940,000 c¢.y. Existing groins
in disarray that protruded above the beach f£ill placement were
planned to be restored for stability to the adjacent beach fill

and for safety to bathers.

A149. Beach Restoration with Groins. This alternative provided
the same beach restoration plan as described above with the

following changes: (1) a terminal groin (15 ton maximum stone) was
added at the eastern end of the project adjacent to Jones Inlet
for closure, (2) 7 new groins were added to 2 miles of currently
ungroined project frontage near the eastern end of the project and
24 existing groins (approximately every 1500') were extended to
the toe of initial fill placement (an average extension of 500
1.f£f.) along the remaining 7 miles of project frontage, (3)
advanced fill in initial placement and nourishment fill were
reduced due to the presence of the groins which reduce the eresion
rate and therefore reduce the magnitude of beach nourishment. The
initial £ill volume including advance fill was 10,640,000 c.y.
with 2,200,000 c.y. of nourishment every 6 years. The stone
volume to extend 24 existing groins was 460,000 tons, the stone
volume to construct 7 new groins was 245,000 tons and the stone
volume for the terminal groin was 102,000 tons.

A150. The additional stone volume required for this preliminary
alternative will be much more costly than the additional sand
required for the periodi¢ nourishment of the beach restoration

project.

Al51. Seawall. This alternative included ‘:i:2 ~onstruction of a
“"Galveston type" seawall placed along the entire nine mile project
length with a top elevation of +20 NGVD to prevent overtopping
from a 100 year storm event. This structure included fronting toe
scour stone protection, was pile supported and provided with
underlying sheeting to reduce underseepage. The volume of concrete
for the seawall was 498,000 c.y. This alternative would not
provide any recreational beach restoration but would provide storm
damage protection consistent with the other structural
alternatives. It is noted that the seawall section used is
approximately 10% less costly than an equivalent stone revetment
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section per linear foot.

A152. Seawall with Beach Restoration. This preliminary
alternative provided the same beach restoration plan as above
except that the improved dune segment fronting the Long Beach area
(3.5 miles) was eliminated and replaced with the seawall to
provide continuity of storm damage protection. A seawall was not
selected for the entire shoreline in combination with beach
restoration because of the existing dune system to the east and
west of Long Beach (which essentially has no existing dune
system). The seawall design was able to be slightly downsized due
to the presence of the fronting beach improvement compared with
the seawall above. The required initial beach fill for this
preliminary alternative was 10,740,000 c.¥y. with the same
nourishment as for the beach restoration plan. Concrete for the
seawall portion of this alternative was 170,000 c.Yy.

Al153. Bulkhead with Beach Restoration. This preliminary
alternative was the same as the seawall with beach restoration
except that a concrete capped steel sheet pile bulkhead was
utilized to provide storm damage protection at Long Beach in lieu
of the concrete seawall for cost comparison purposes. Thus
10,740,000 c.y. were required for initial fill, 2,500,000 c.y.
were reguired for nourishment every 6 years and 868,000 s.f. of
steel pile bulkhead were required for the 3.5 miles fronting Long

Beach.

Al154. Breakwater with Beach Restoration. This preliminary
alternative included 39 offshore stone rubble mound structures
each approximately 600 ft. long with 500 ft. gaps between
structures placed about 700 ft offshore covering the nine mile
project length. The capstone for these structures was 16 ton with
a total guantity of stone of 2,145,000 tons. The beach restoration
was similar to the beach restoration plan above except that the
dune height was reduced since the offshore breakwater will trip
the 100 year storm design wave before it intercepts the improved
beach; the improved beach would be subjected to a lower impinging
wave environment. In addition nourishment requirements were
substantially reduced since the erosion rate would be
significantly lowered by the presence of the offshore breakwaters.
The initial fill placement was 8,840,000 c.y. with 500,000 c.y.

of nourishment required every 6 years.

A155. Perched Beach with Beach Restoration. This preliminary
alternative was similar to the beach restoration alternative above
except that a submerged stone rubble mound structure was used to
support the offshore end of the £ill thus eliminating
approximately the outer 300 ft. of beach profile near its closure
with ocean bottom included in the beach plan. The volume of
initial sand fill as well as nourishment volume was therefore
reduced since no placement of sand would extend beyond the
submerged structure. Initial sand fill including advance
nourishment was estimated to be 8,600,000 c¢.y. Nourishment was
estimated to be 2,000,000 c¢.y. required every & years. The stone
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for the submerged structure was 630,000 tons. The perched beach
was not anticipated to reduce the erosion rate of the improved

beach.

Al56., Based on the evaluations of the storm damage reduction and
shoreline protection preliminary alternatives, beach restoration
with dunes were further evaluated, Alternative beachfill cross-
sections and dunes were designed for the final project analyses.
The construction of new groins was considered in the Point Lookout
and Town of Hempstead park areas as project closure alternatives,
and to reduce the requirement of nourishment fills.

AlS6a. In addition to the above alternatives, consideration was
given to a plan consisting of rehabilitation and upgrade of the
existing groin field either alone or in conjuction with on-beach
placement of material dredged from regular maintenance of Jones
Inlet. It became apparent early in analysis that such a plan
would not provide any benefits against ocean innundation, nor
would it completely overcome long term erosion losses and storm
induced erosion losses. Use of dredged material for beachfill
placement has the additional disadvantage of providing
unpredictable volumes for placement at unpredictable intervals.
Therefore, a plan limited to renovation of the existing groin
field and placement of Jones Inlet dredged material was not
considered further.

TABLE A23
COST COMPARISON OF PRELIMINARY DESIGN ALTERNATIVES (1/94 P.L.)
First Cost Total Annual Cost
Alternative {Million $) {Million $)
a) No Action 0o 0
b) Beach Restoration 75.5 8.5
Oonly
¢) Beach Restoration 132.4 13.3
w/Groins
d) Seawall 275.1 24.2
e) Seawall w/Beach 168.0 16.8
Restoration
f) Bulkhead w/Beach 150.9 15.0
Restoration
g) Breakwater w/Beach 256.1 23.0
Restoration
h) Perched Beach w/ 116.5 11.9%

Beach Restoration

Al57. Project Design Alternatives Considered - Beachfill.
Necessary design parameters for beachfill include dune slope, dune
position, dune crest width, beach slope, berm elevation, berm
width, and dune elevation. The first five of these parameters are
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affected by natural processes and were based on site specific
existing beach characteristics. Berm width and dune elevation
were varied to achieve project optimization.

A158. Dune Slope. Since dunes are generally above water, dune
side slopes can be limited to the steepest slope that is stable
for the given beach material. This reduces dune encroachment on
the berm and reduces costs. Existing dune side slopes vary
between 1V:4H and 1V:12.5H at the project site. Additionally, 7
out of 14 existing dune sections have slopes of 1V:5H or steeper.
A dune side slope of 1V:5H was chosen for design.

Al159. Dune Position. Following Shore Protection Manual guidance,
dunes were placed as landward as possible on the berm. The design
layouts tie new dunes into existing dunes where possible, allowing
for smooth transitions of both the dune line and resulting seaward

fill.

A160. Dune Crest Width. Existing dune crest widths vary widely,
from 0 ft. to 160 ft. Design crest widths considered ranged

between 15-40 ft, with a crest width of 25 feet being chosen for
design to preclude dune instability based on previous experience.

Al61. Beach Slope. Beach slopes are the result of on-site wave
climate and the characteristics of beachfill material. Existing
beach slopes are steeper in the eastern portion of the island,
near the influence of Jones Inlet. Slopes from profile 140 west
to profile 174 average 1V:21.75H, and slopes for profiles 180 to
330 average 1V:34.52H. Design slopes of 1V:25H and 1V:35H were
chosen, based on these existing averages.

A162. Berm Elevation. The average flat berm elevation is +8.3 ft
NGVD. Dune toe elevations average +10.2 ft NGVD. The top
elevation of the berm should be in equilibrium with the prevailing
wave climate to be cost effective. Over time, nature will act to
ensure that such equilibrium is achieved, regardless of the
elevation at which material is placed. For Long Beach Island, the
natural berm top elevation is approximately +10.00 ft. NGVD. This
is not expected to change significantly during the life of the
project in view of existing rates of sea level rise. Berm which
are lower than the equilibrium top elevation are shown to erode
more quickly by models such as EBEACH and SBEACH under design
storm conditions. This would result in greater nourishment costs
and less protection. Therefore berms lower than +10.0 ft. NGVD
were not considered. Evaluation of a berm higher than +10.0 ft.
NGVD was unnecessary due to includsion of a dune as a project
feature. A design berm elevation of +10 ft. NGVD was chosen to
match existing conditions.

A163. Berm Width. Based on experience in the New York District
and other districts, the berm width range considered for design
was 0 ft. (no additional berm) to 160 ft. of flat berm at
elevation +10 ft NGVD. Normally 50 foot increments are used to
distinguish between plans. Average existing minimum beach widths
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(beach width is measured from the +10 ft. contour to mean high
water) for Long Beach Island is 236 feet. A 50 foot flat berm at
+10 ft. NGVD yields an average beach width of 237.5 feet for a
1V:25H slope, and 312.5 feet for a 1V:35H slope. Because of the
width of the existing beach, the smallest plan considered was 0 ft
of additional design berm except for minor shoreline straigtening
in conjunction with 50 ft. of advanced nourishment. Other berm
widths considered were 110 ft. and 160 ft. at +10 ft. NGVD. The
110 foot berm would be an addition of approximately 60 feet to
existing beach widths. Both the 110 ft. and 160 ft. design berms
would be placed in conjunction with 50 feet of advanced
nourishment. The 110 ft. wide berm was the berm width from the

1989 Recennaissance Study.

Al64. Dune Elevation. The range of possible dune elevations
considered was +10 ft. NGVD (i.e. no dune) to +20 ft. NGVD. Three
of the optimization alternatives were designed with no additional
dune placement as a lower limit. A less than 5-foot dune would
provide limited protection against runup and wave attack.
Accordingly, the next dune elevation chosen was +15 ft. NGVD,
which would give a 5-ft. minimum dune across the project area.
The highest dune elevation considered for optimization was +17 ft.
NGVD, which exceeds the 500-year runup elevation.

Al65. Summary of Beachfill ternative In summary, nine
beachfill alternatives were analyzed to achieve project

optimization. These were:

1) no dune with 50 ft. advance nourishment only,

2) no dune with 110 ft. berm and nourishment,

3} no dune with 160 ft. berm and nourishment,

4) +15 ft. NGVD dune with 50 ft. advance nourishment,
5) +15 ft. NGVD dune with 110 ft. berm and nourishment,
6) +15 ft. NGVD dune with 160 ft. berm and nourishment,
7) +17 ft. NGVD dune with 50 ft. advance nourishment,
8) +17 ft. NGVD dune with 110 ft. berm and nourishment,
9) +17 ft. NGVD dune with 160 ft. berm and nourishment.

The nine alternative templates are shown on a typical profile,
Profile No. 216. The three no dune alternatives are shown in
Figure A31. The three 15 ft. NGVD dune alternatives are shown in
Figure A32. The three 17 ft. NGVD dune alternatives are shown in
Figure A33. The numerical shoreline evolution model GENESIS
(Reference A20) was utilizied to evaluate the design alternatives
and other project features. More details on the results of these
evaluations will be presented in later sections of this appendix.

Al66. Closure Alternatives. Design of the beachfill project
entailed the selection of closure alternatives at the eastern and
western ends of the project, and the evaluations of the closures.
At the western end of the project, a 6.5 degree taper to the
existing shoreline was initially selected as the closure design
and was included in all the design alternatives. GENESIS
simulations (Reference A20) showed that this transition angle was
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appropriate for the western taper. The final western design taper
will be discussed in the Selected Plan sectien of this appendix.

A167. Three initial alternatives for the eastern terminus of the
beach f£ill and nourishment were designed. These alternatives
were:

a) a groin field consisting of five groins spaced
approximately 1500 feet apart along Hempstead and Lido Beach,
each with a length of approximately 700 feet, with a sand taper
from the design shoreline to the existing shoreline beginning at
the existing third westernmost groin in Point Lookout and
progressing east to the existing terminal greoin. The groin field
was sited so that it would terminate at a point west of Jones
Inlet where the ebb shoal no longer effects wave climate.

b) a sand taper alone, which eliminates the proposed
groins from alternative (a). From profile line 150 eastward, the
depth of beachfill was smoothly decreased so that the project mean
high water line (elevation +2.5 ft. NGVD) is fully intercepted
within the existing Point Lookout terminal groin.

c) the extension of the existing terminal groin at Jones
Inlet, which allows the continuation of the full design berm for
the entire Point Lookout reach. The structure was designed to a
length of 970 ft., with a crest elevation ranging from +10 to +6
ft. NGVD.

The purpose of these closure alternatives was to retain the
project design fill and stabilize the shoreline. The alternatives

are shown in Figure A34.

Al68. The closure alternatives at the eastern end of the project
were analyzed. Due to limitations of the GENESIS shoreline
evelution model, such as inability to account for inlet effects on
adjacent shorelines, an inability to model wave transformation
resulting from the Jones Inlet jetty and the ebb tidal shoal, and
uncertainties concerning historical transport rates and
directions near the inlet, the closures east of the westernmost
Point Lookout groin were analyzed using historical shoreline
evolution methods and engineering judgement, not numerical
modeling. The extension of the groin field was modeled with

GENESIS.

Al69. Specific information needed to assess the closure
alternatives were the predicted shoreline evolution, sediment
losses from the existing and new groin field impacting either
Jones Inlet or the remainder of the project shoreline, and the
impacts of the closures on local sediment transport patterns and

subsequent beach change.

Al70. Extension of the existing groin field. The impact of the
proposed groin field on the shoreline to the east of the
westernmost Point Lookout groin is anticipated to be negligible,
because data suggest the proposed groin field would not interfere
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with coastal processes along the Point Lookout shoreline.
Historically, the most significant shoreline changes in Peint
Lookout occur due to inlet and shoal processes, with beach
conditions west of Point Lookout of little impact. Therefore, the
analysis of the new groin field began west of Point Lookout.

Al71. The proposed groin field was input into the shereline
evolution model with the design beach fill in place. From the
results of the GENESIS model simulations, the proposed groins
appear to be moderately effective in mitigating shoreline
recession along the Town of Hempstead beach and eastern Lido
Beach. Average annual net longshore sand transport rates indicate
the effect of the groin field on predicted transport magnitudes.
Relative to the without-groin field predictions, the gradient in
transport rate along the groined shoreline is less and magnitudes
are decreased. The downdrift impacts of the groin field are
negligible, and negative impacts are not predicted due te the
shoreline orientation and dominent wave directions for the Lido
Beach area, where the curvature of the shoreline west of the
proposed groin field is naturally accretive assuming adecuate
sediment supply, which will be insured with the project beachfill.

Al72. From the prediction of the proposed groin field
performance, alterations were made to this closure alternative.
The spacing of the groins was decreased, and the distance from the
project berm crest (including the nourishment fill width) to the
seaward crest of the proposed groins was made constant for each of
the proposed new groins. The modified layout of proposed groins
was carried forward for additional shoreline change analysis as
the means to decrease nourishment fill required in the Town of
Hempstead Beach and Lido Beach area.

Al73. Sand Taper. This analysis was conducted using historical
shoreline positions, and only focused on the sand taper in Point
Lookout because it was concluded that beach nourishment activities
west of Point Lookout, either with or without the proposed groin
field, would have minor impact on the evolution of the sand taper
and shoreline within Point Lookout. The taper angle of the fill
placement in Point Lookout varied with the alternative design berm
widths, tying into the existing Jones Inlet terminal groin.

Al74. Comparisons of the 1972, 1978, 1984, 1990 and 1992
shorelines were made for this area. The 1978 shoreline
represented a shoreline position similar to a beachfill activity,
due to the shoal welding in 1972. The volume contained in the
1978 condition exceeded all the considered sand taper alternative
plans. Other shorelines from 1984 to 1992 indicate that the
shoreline reach is stable in the present condition, and implies
the transition from the 1978 shoreline to an equilibrated position
similar to the 1984-1992 shorelines (see Figure a35).
Equilibration to the present condition suggests that regardless of
the volume of beachfill material placed, shoreline positions along
Point Lookout will return to the present stable condition. The
sand tapers would supply added shoreline widths and offset the
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current eresion problems, and with renourishment, would remain
stable. '

Al175. Because all the alternative beachfill sand tapers fall
within the historical range of shorelines in the Peoint Lookout
area (see Figure A36), the impact on shoaling in Jones Inlet
should remain below historical observations.

Al176. Terminal Groin. The third cleosure alternative consisted of
the lengthening of the terminal groin, and the continuation of the
design berm widths throughout the entire Point Lookout shoreline.
The added berm width crests would be seaward of the end of the
existing terminal groin, thus requiring the terminal groin
extension to protect the toe of fill. Proposed terminal groin
lengths varied from 965 to 1025 ft., and resulted in a hard
boundary between Jones Inlet and the nourished beach.

Al177. Construction of the design berm near Jones Inlet results in
a wider beach than observed historically, in the eastern Point
Lookout groin compartment. The design berm width in the western
compartment will not exceed the historical shorelines in that
compartment, and could be constructed without the extension of the
terminal groin, providing a wider berm in the western compartment,
without incurring the costs of terminal groin extension.
Construction of the terminal groin extension would only benefit
the eastern groin compartment, in terms of increasing the design
protection in that area. Construction of the terminal groin is
not needed to prevent excessive inlet shoaling, if the design fill
in eastern compartment does not exceeded the toe of the existing

terminal grein.

Al178. The construction of a such a large structure, such as the
extended terminal groin, and the introduction of considerable
beach material within the Point Lookout groin compartments, could
create a major change to the inlet/shoreline system in the
vicinity of Jones Inlet. Relatively stable shorelines along Point
Lockout could be influenced by altered coastal processes, driven
by the new structure, possibly resulting in new erosional
problems. Other potential problems could result with changes to
inlet dynamics, which could cause movement of the inlet shoal and
channel configuration, creating negative impacts which are not
predictable with current numerical modeling capabilities.
Overall, the engineering benefits of the extension of terminal
groin are moderate, with significant negative impacts possible.

Al179. The final closure alternative chosen was the extension of
the Point Lookout groin field west into Lido Beach, which includes
design beachfill transition back to the existing berm at the
existing terminal groin in Point Lookout. The existing terminal
groin will be rehabilitated as described in paragraph Al186. This
closure provided for a reduction in nourishment material regquired
in the Town of Hempstead Beach and Lido Beach, and a cost-
effective closure of the project at Jones Inlet. The detailed
design and layout of the final groin field is discussed in the
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Nourishment Fill Requirement section of this Appendix.

Al180. Groin Rehabilitatien. The alternative plans include
rehabilitation of the exposed portions of the groins (i.e. not
covered by design fill placement) that were found to be in poor to
fair condition. A site inspection and evaluation of the existing
groins between Pt. Lookout and Silver Pt. Park was conducted in
December 1993. The rehabilitation for three design alternatives
were evaluated which are representative of the nine alternative
beachfill designs considered in plan formulation. It is noted
that rehabilitation of the groins is not required as a feature for
the beachfill design alternatives, nor will the rehabilitation
adversely affect the project's performance. Rehabilitation of the
pertinent groins was included for stability of the adjacent design
beach based on historic record.

Algo0a. A cost comparison between rehabilitation of existing
groins and increased nourishment if groins are not rehabilitated
was made. Historic loss rates were used for the City of Long
Beach (18,200 1f.) shoreline to compare erosion during time
periods when no groin field was present with those after groin
construction. Pre-groin field rates of loss before 19324 were
found to average =7.9 cy/ft/yr, while losses after groin field
construction dropped to =-1.38 cy/ft/yr. Comparative annual costs
are shown in Table A26a.

Al8l. Rehabilitated Groin Length. The horizental extent between

the reference line and the seaward ends of the groins to be
rehabilitated were determined based on the November 1990
topographic survey. The proposed seaward extent of rehabilitation
from the reference line is set egual to the average extent which
is 500 ft. in Long Beach, and 240 ft. in Lido Beach. The groin
lengths to be rehabilitated essentially do not extend beyond the
1990 condition groin lengths. The proposed landward extent of the
crest of the rehabilitated section is approximately 50 ft.
landward of the design fill section, not including the
nourishment. Rehabilitation is being proposed only for those
groins whose proposed seaward ends would protrude seaward of the
design fill (not including the advance nourishment). The
resulting number of groins to be rehabilitated for each of the
design alternatives are shown in Table A24.

Al182. Rehabilitated Groin Profile. Four typical groin profiles
were selscted based on the average existing elevations. They are
shown in Table A25. Based on the existing profiles, the groin
will slope continuously from the landward end to the seaward end
for typical groin profiles nos. 3 and 4.

A183. Rehabilitated Groin Cross-Section . A minimum constructable
crest width of approximately 13 ft. was selected. A side slope of
1V on 1.5H was selected to approximately match the existing side
slopes. A seaward slope of 1V on 2H was selected. A primary
armor weight of approximately 5 tons was selected in order to
approximately match the existing armor steme. This size stone was

A-49



TABLE A24

NUMBER OF GROINS TO BE REHABILITATED

Alternative

Number of Groins
to be Rehabilitated

+15 dune/nourish only

Alt, 1 (No dune/nourish only)
Alt. 2 (No dune/110 ft. berm)
Alt. 4 (+15 dune/nourish only)
AR. 7 (+17 dune/nourish only)

+15 dunef110 R, berm

Alt. 3 (No dune/160 ft. berm)
Alt. 5 (+15 dune/110 ft, berm)
Alt. 8 (+17 dune/110 ft. berm)

+17 dune/160 ft, berm

Alt. 6 (+15 dune/160 ft. berm)

Alt. S (+17 dune/160 ft, berm)

23

15

TABLE A25
TYPICAL GROIN PROFILES
Typical Landward | Seaward Applicable
Groin Elevation | Elevation Groin
Profile (ft. NGVD) | (ft. NGVD) |Numbers
Number
1 5.0 5.0 24-29
2 3.0 3.0 30-43
3 6.0 5.0 44, 47,48
4 6.0 3.0 45
TABLE A26
ARMOR WEIGHTS AND LAYER THICKNESSES
Layer |Comparative Waeight Units Per Layer
Weights {tons) Layer Thickness(ft.)
primary w 5 2 8
secondary W10 05 2 4
bedding 0.025 2

Note: Filter cloth is to be placed between the bedding layasr and the exsisting grade.
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checked for adeguacy and was found to be within tolerable limits
(less than 25% damage) for design storm conditions. The layer
thicknesses were determined using EM 1110-2-2904 (Reference A23),
assuming unit weight of stone of 170 lb/cf. The armor weights and
successive layer thicknesses are shown in Table A26, as well as
the underlying filter cloth.

A184. Armor Volumes. The armor volumes and area of the filter
cloth required for the proposed groin rehabilitations are shown in
Tables A27a through A27c. One foot of tolerance was included in
the volume calculation. It is noted that the veolumes shown in
Table A27a are representative of Alternatives 1, 2, 4, and 7,
these on Table A27b are representative of Alternatives 3, 5, and
8, and those on Table A27c are representative of Alternatives 6

and 9.

A185. Volume of Reusable Existing Armor. The volumes of existing
(approximately 5 ton) capstone that are available for reuse were

calculated based on the following assumptions. The exposed
portions of the groins were measured using November 1990
topographic survey. An average groin height of 10 ft. was assumed.
one layer of capstone was assumed to be available for reuse. The
resulting reusable existing armor volumes are shown in Tables

A28a through A28c.

A186. _Terminal Groin Rehabilitation. Rehabilitation of the
existing damaged outer 75 ft. of the terminal groin on the western
side of Jones Inlet will be reconstructed. The following existing

characteristics of the terminal groin will be used:

Existing elevation: +5.5 ft. NVGD

Existing crest width: 12 ft.

Location of seaward end: 370 ft. from end of reoad
Existing side slope: 1V on 1.5H

Existing Primary Armor Weight: approx. 6 tons.

It is noted that this rehabilitation is common to all of the
alternative plans. It invelves rebuilding the outer 75 ft. of the
groin with W = 6 ton stone to crest elevation +5.5 ft. NGVD with
underlying bedding stone overlying filter cloth.

Al86a. Revetment Rehabilitation. The existing revetment which
wraps around the western side of Jones Inlet abutting the terminal

groin and extending northw~rd has suffered extensive damage during
the 1993 winter season. Pzhatilitation of this structure for an
estimated 640 feet beginning at the base of the terminal groin and
extending northward is necessary to prevent flanking and loss of
project fill material. Based on the existing structure, the
following design parameters will be used:

Top elevaticn: +5.0 ft. NGVD

Revetment crest width: 11.5 ft.

Revetment crest width plus splash blanket: 25 ft.
Armor size: 4 ton (median)
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TABLE

AZ8a

AREUSABLE EXISTING ARMOR VOLUMES FOR REMABILITATED GROINS

+15' DUNE/NOURISHMENT ONLY PLAN

GROIN| PROFILE| EXPOSED| SIDE SLOPES CREST | GROIN VOLUME OF REUSASLE
HUMBER! MNUMEER: _LENGTH FT) (V- xH WIDTH (FT. | HEIGHT FT ARMOR (CY)*=*
24 228 308 15 = 12.0 10, 20571
251 228 | 283 1 12.0 10, 1950.8
20! 224 212 1. 12,0 10. 1411.3
271 224 212 1.5 12.0 10.0 14113
28! 224 280 1.5 = 12.0 10.01 1730.9
29 222 200 1.5 12.0 10.0] 1730.9
30: 220 280 1.0 5.0 100 1188.5
32! 220 277 1.8 5.0 10.0} 15209
a3 218 277 1.8 * 5.0 10.0 1520.9
34 18| © ] 1.5 5.0 10.0 0.0
s 214 [ 1.5 50 10.0 0.0
3 212 Q 1.5 ¢ 5.0 10, 0.0
a7 212 [ 1.0 50 18, X
as 210 ] 1.6 ) 10, X
3w 208 | 283 1.5 .0 10, 18087 |
40 208 | 2680 1.5 .0 10. 14275
410 204 | 1] 1.5 0 19, 0.
42 2021 277 1.5 ¢ 0 10.0 15208
43! - 207 125 1.5 5.0 10.0 17844
vy 2007 308 1.5 50 10.0 1696.8
4% 200! 2800 1.5 5.0 10.0 1427.5
A7 198 | 277 1.5 12,0 100 1844.0
48 | 1941 228 1 1% 120 100 1517 8
NETE: * Sida scow smsumed
= Vois reto of armor = 37 SUBTOTAL (C.Y) 27,3272
T O lryes of cmpuione is sesumed.
SUBTOTAL (TONS)** 30,5118

_ TABLE A28b
REUSABLE EXISTING ARMOR YOLUMES FOR REHABILITATED GROINS
+15' DUNEA10' BERM PLAN

GROIN; PROFILE| EXPOSED SIDE SLOPES CREST G_RQIN VOLUME OF AREUSABLE
NUMEES __MUMBER| LEMNGTH (FT ) {1V _xHh V_\lDTH FT.) HEIGHT (FT) ARMOR [C.Y ) ==~
24 226 308 15 v 12.0} 10.0 2057.1
i 228 293 1.5 12,01 10.0 1850.8
28! 224 212 1.5 120 10.0 1411.3
27 224 ! 212 1.5 12.0 100 1411.3
28 224 280 1.5 * 12.0 10.0 1730.9
29 222 200 1.8 | 12.0 18.0 1730.9
24 218 | [ 1.8 | 5.0 10.0 0.0
s 214! o 1.5 | 5.0 14.0 8.0
38 ! 210 [ 1.0 | 5.0 10.0 0.0
41 204 o 1.5 | 50 10.0 9.0
42 202 | 277 1.5 * 5.0 10.0 1520.9
43 202 | 128 1.8 5.0 10.0 17844
[TH 200 | 300 1.8 50 10.0 1898.8
47 168 | 277 1.5 12.0 10.0 18440
Y 164 228 1L 120 200 15178
NOTE: * Side sicoe sssumed
= Vo vo of amor = 37 SUBTOTAL (C.Y.) 18,8557
™ One Ly of CASEICTS 8 M.
SUBTOTAL (TONS)™ 2WOTIL
TABLE A2Bc
REUSABLE EXISTING ARMOR VOLUMES FOR REHABILITATED GROINS
+17" DUNEM80° BERM PLAN '
— et —— —
GROIN| PROFILE EXPOSED SIDE SLOPES CREST GROIN YOLUME OF REUSABLE
NUMEER | NUMBER LENGTH (FT) (v zH] WIDTH FT} | __HEIGHT #T) ARMOR (C ¥ ) *=*
24 226 309 18 _* 12.0 10.0 20571
25 228 203 1 12.0 10.0 1950.8
28 224 212 1. 12.0 10.0 14113
27 224 212 1.5 12.0 10.0 14113
28 224 280 18 * 12, 10.0 1730.8
20 222 280 1.5 12, 10.0 1730.9
44 200 300 1.5 X 10.0 1808.8
47 | 108 277 1.5 12.0 10.0 1844.0
48 | 104 238 1.8 12.0 10.0 15178
NOTE: * Side sicpe assurmed ]
= \okd rete of amor = 3T SUBTOTAL (C.Y.) 15,1504
== L loyer ol capaicne s ssasmed.
SUBTOTAL (TONS)™ 22,1944
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TABLE A29A
QUANTITIES FOR REVETMENT REHABILITATION
ALL ALTERNATIVES
(Includes Tolerance)

DESIGN LESS REUSEABLE TOTAL TOTAL OTHER
QUANTITY STONE STONE STONE QUANTITIES
ITEM (CY) [(=24] (CY) {TONS) (units as shown)
4-Ton Armor 10,892 798 10,094 14,594
1.6 Ton Armar 1,166 0 1,168 1,686
800~=1b Underlayer 4,812 338 4,474 6,469
40=1Ib Bedding 1,683 121 1,562 2,258 |
SUBTOTAL (CY) 18,553 1.257 17,296
SUBTOTAL (TONS) 25,007
| Rehandled Stone (Re—
| moved, stockpiled,
| reused)
| Armor 121cy 175 tons
Underlayer 338 cy 488 tons
Bedding 798 cy 1,154 tons
SUBTOTAL 1,257 ey 1,818 Tons
Fitter Fabric 6,514 sy
Excavation 18,987 cy
Sand Backiill 73cy

AS0e




Underlayer: 800 lb.
Bedding: 40 lb stone on filter cloth
Side slope: 1V:2H

In addition, an embedded type toe, with bottom elevation of =18
ft. NGVD has been included to satisfy COE design criteria and to
provide additional stability for prolonged structure life. A
typical cross section is shown as Figure RA4%a.

Al87. Terminal Groin and Revetment Armor Volume. The armor

volumes and area of the filter cloth for the following proposed
terminal groin rehabilitation at Jones Inlet (including one foot
of tolerance) is shown in Table A29. The armor volumes and area
of filter cloth for revetment rehabilitation are shown in Table
A29a. Volumes of reuseable stone for the revetment are included

in Table A29a.

Al188. Project Layout, Figure A37 presents the General Plan of
improvement and Figure A38 presents the layout of Design 5, the
+15 ft. NGVD dune with 110 ft. berm, for the project length from
Point Lookout through East Atlantic Beach. The project layout for
the other eight alternatives is similar with, a continuous fill of
material. The beachfill alternatives include dunes incorporated
into the existing dune system where possible and set as landward
as practicable to aveid structures and provide maintenance access.
Between profiles 174 and 170 it was necessary to straighten the
seaward berm line somewhat in order to provide a smooth and
continuous seaward shoreline. The new dunes seaward of the Long
Beach boardwalk have their landward toe between 15 ft. and 25 ft.
seaward of the seaward edge of the boardwalk to allow for
construction and maintenance access to the landward side of the
dune. The beach berm widths for the six dune plans are measured
from the seaward toe of the dune. The project baseline for the
alternatives without dunes is generally a straightened
approximation of the existing +10 ft. NGVD contour. Beach berms
for alternatives without dunes are measured from the project
baseline. Profiles of Design 5, the +15 ft. NGVD dune with 110
ft. berm, are presented in Figures A39-1 through A39-33.

Als9. Quantity Estimates - Design Fill. 28 beach profiles as
displayed in Figures A39-1 through A39-33 were utilized to
generate the required beachfill volumes for the nine alternative
designs as described in paragraphs A157 through A165 of this
Appendix. Profiles utilized for volume computations included
Profiles 192 through 238 as established in November 1991.
Profiles 140 to 192, as established in May 1992, were used to
update and better reflect existing conditions in the Lido Beach
and Point Lookout areas prone to higher erosion rates than the
Long Beach area (Profiles 192 to 238). The beachfill cross-
section template for the alternative designs were superimposed on
the profiles, following the project layout guidelines described in
Paragraph Al88, in order to calculate the required beachfill
volumes. Volumes were determined for the alternative designs by
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1.

Plan Altematives
[No Dune/Nour, Only}
(No Dune/110" Berm)
(Ne Dune/180" Berm)
{+15 Duna/Nour. Only)
{+15 Duna/110'Barm)
(+15 Duns/180° Eamq.
{+17 dune/Neur. Only)
(+17 Dune/110'Berm)

{+17 Duna/180" Barm)

Note:
(a) All plan alternatives includs 1,716,000 c.y. of advance nourishiment (w/e ovarfll),
(&} 1.01L tolerance.

{e) Overfil factor of 2.5%.

Table A30 — Quantities for Initial Construction Alternatives

Velume to Grade (c.y.)(a) Tolerance (c.y){b) Overfil Factor {c.y.)(c)

4,240,100
4,534,500
8,423,800
5,542,400
7,145,100
$,034,400
8,430,100
8,032,500

9,821,800

1,080,100
1,088,200
1,284,800
1,227,000
1,288,100
1.381.200
1,243.200
1,301,000

1,377,800

132,500

140,800

182,700

169,200

210,800

250,900

191,800

233,300

282,500

Total (e.y.)

5,432,700
5,763,300
7.801,300
£.018,600
8,542,000
10,855,500
7,885,100
9.566.800

11,581,800



multiplying the cross-sectional areas for the design and advanced
nourishment templates on each profile and their associated
effective distances. The calculated volumes are shown in Table

A30.

A190. Nourishment Fill Reguirements. To maintain the integrity
of the design beach cross-section, including the berm width and

height, beachfill nourishment must be included in the project
design. Without nourishment, long=-shore and cross-shore coastal
processes would erode the design beach, reducing the storm damage
protection ability of the project design. The nourishment fill is
considered a sacrificial fill volume, which protects the design
fill volume. Various coastal processes were analyzed to develop
an estimate of the nourishment f£ill volumes regquired.

A191. pPreliminary Nourishment Design. To develop the preliminary
nourishment design, the following processes were analyzed: long-
term erosion losses using shoreline recession rates developed for
the sediment budget, beachfill losses due to predicted (current
rate) of sea level rise, and losses due to storm-induced erosion
for various nourishment cycles. The results of these analyses
were compared, and the volumetric reguirements were combined to
develop the total nourishment needs. The width of nourishment
£ill was developed for testing in the GENESIS shoreline evolution
model, and to optimize the nourishment cycle. The nourishment
design was finalized after the completion of the shoreline

evolution moedeling.

A192., Long Term Erosion Losses. The long-term erosion rates were
developed during the sediment budget analysis. For the eastern-
most 16,500 feet of shoreline (Pt. Lookout to Lide Beach), a
recession rate of 5 feet/year was developed. For the Long Beach
area (18,200 feet of shoreline) a recession rate of 4 ft/yr was

developed.

A193. Based on a depth of closure of =20 ft. NGVD and a design
berm height of +10 ft. NGVD (or an active envelope of 30 ft), each
foot of beach lost from the berm landward, will eguate to 1.1
cubic yards/year/foot of shoreline length. The volumetric loss
per year for the Pt. Lookout/Lido area, based on the long-term

erosion is:

(5 ft. erosion) (30 ft. depth) (1 £t along shoreline) 5.5 cy/yr/ft
= of shoreline

27 cubic feet/cubic yard

For the Long Beach area, the loss is 4.4 cy/yr/ft of shoreline.
Averaging the two rates, the long-term erosion loss component of
the nourishment fill will be 5.0 cy/yr/ft of shoreline, inclusive
from Pt. Lookout to the western limit of the city of Long Beach.

A194. Sea Level Rise Losses. Using the current sea level rise
rate of 0.1 feet/year, obtained from NOAA (Reference All), and the
Bruun method, the distance of shoreline retreat over the 50 year
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project life was determined, as described previously in Paragraph
A58 of this appendix. This retreat rate was added to the long-
term erosion losses and the storm-induced erosion losses to
develop the nourishment estimates.

Al95. A graphical representation of Bruun's Rule is given in
Figure A40. If the water level rises by an amount A, the quantity
of material per unit length of shoreline needed to reestablish the
bottom elevation over a distance, B, seaward from the shoreline is
A*B. The length B is the distance measured perpendicular to the
shoreline out to a depth contour beyond which there is no
significant sediment motion. The volume of sand per unit length
of beach, A*B, must be derived from the active profile by a
recession of the profile. The amount of the recession, x, is
determined by balancing the volume A*B with the area between the
two profiles. This area, given simply by x*(h+d), represents the
volume of sand per unit length of beach needed to reestablish the
beach to the original shoreline. Equating the two volumes gives

A*B = x * (h+d) (1)
or upon solving for x,
x = A*B/ (h+d) (2)
where
% = shoreline recession (in feet) attributable to sea level
rise;
A = relative sea level rise for the time period t;
B = horizontal distance from the SWL/profile intersection to
the profile closure depth, d;
h = shoreline elevation above mean sea level
d = profile closure depth; depth contour beyond which there

is no significant sediment motion.
Al96. For Long Beach, the following factors apply:
a) A = (50 yaars}(o.alft/year).= 0.5 ft.

b) B = average of horizontal distance from SWL to profile

closure depth
h = average maximum elevation above mean tide level

Using a mean tide level of +0.25 ft NGVD as the still water level
and assuming a depth of closure of d= -20.0 NGVD, the following
values are valid for the typical profiles:

TABLE A3l
DISTANCE TO DEPTH OF CLOSURE &
MAXIMUM ELEVATION OF MEAN TIDE LEVEL

Profile | 182 ’ 200 | 210 l 2138 | Average
B (ft) 2140 1340 980 920 1345
h (ft) 20.0 13.4 10.2 15.4 14.75
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From equation (1):

(0.5 ft) (1345 ft) = x(14.75 + 20.0)

19.3 ft. over the 50 year project life

]

X
For the annual shoreline recession due to sea level rise,
19.3 ft/50 yrs = 0.39 ft/yr
Converted to a volume per linear foot of shoreline,

(0.39 £t) (30 ££) = 0.43 cy/yr/ft of shoreline
27ft/cy

Al97. Storm-induced Erosion Losses. The last factor to be

analyzed for the nourishment design was the beachfill losses due
to storm-induced erosion, for various nourishment cycle time
periods. Results from the SBEACH numerical model of storm-induced
erosion, for the maximum volume loss on any contour on the beach
profile (Figure A41), were used for the various cycle lengths.

The nourishment volume required for storm-induced erosion must be
calculated to withstand the storm losses for the event which has a
50% chance of being exceeded during the nourishment cycle, from
two to ten year cycles. The SBEACH values of erosion for typical
profile 238 were found to be representative for the entire
shoreline.

TABLE A32
STORM-INDUCED VOLUME LOSSES
Cycle Event w/ Volume
Length 50% chance Loss

(years) of exceedence (cy/£ft)

(years)

2 3.5 16.0
3 5.0 16.6
4 6.3 17.0
5 7.7 17.3
6 5.2 17.6
7 10.6 17.9%
8 12.0 18.2
9 13.5 18.4
10 15.0 18.6
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TABLE A33
PRELIMINARY DESIGN NOURISHMENT VOLUME REQUIRED

Design
Nourish-
Cycle Event w/ Long=-term Sea Level |Volume |ment
Length 50% chance Erosion Rise Loss Volume
(years) of exceedence Loss Loss (cy/ft) |Required
(years) (ey/ft) (1) (ey/Lft) (2) (ey/ft)
2 3.5 10 .86 16.0 26.9
3 5.0 15 1.29 16.6 32.9
4 6.3 20 1.72 17.0 38.7
5 7.7 25 2.15 17.3 44.5
6 9.2 30 2.58 17.6 50.2
7 10.6 35 3.01 17.9 55.9
8 12.0 40 3.44 18.2 61.6
9 13.5 45 3.87 18.4 67.3
10 15.0 50 4.30 18.6 72.9

(1) Long term rate = 5 cy/ft/yr x cycle length (years)
(2) Sea level rise rate = 0.43 cy/ft/yr x cycle length (years)

A198. To develop the total nourishment volume required, the
volumetric losses from the three coastal processes were combined.
Table A33 shows the total nourishment design volumes required to
compensate for the coastal processes losses.

2199, The equivalent berm width for the design nourishment volume
required is given by the following equation:

50.2 cy/ft = (berm width) (30 ft height of £ill) (x) = 45.2 ft.

r

(27 cubic ft/cy)

A nourishment f£fill width of 50 feet, which was estimated to be
sufficient for a nourishment cycle length between five and seven
years, was applied to the design beachfill profile for GENESIS
shoreline evolution modeling simulations. The GENESIS analyses
included the effects of the existing groin field on shoreline
evolution for without-project conditions, and the effects of the
rehabilitated groins for the with-project conditions. The results
of the simulations was used to develop the recommended nourishment

widths and cycle length.

A200. Numerical Modeling of Shoreline Change. A numerical model
of shoreline change was used to evaluate the performance of the
alternative beachfill designs for the Long Beach area. The
GENESIS shoreline change model (Reference A20) was used for
simulation of longshore sand transport processes and long-term
shoreline changes along the project area. The GENESIS shoreline
change model is a generalized system of numerical models and
computer sub-routines which allow simulation of long-term
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shoreline change under a wide variety of user-specified
conditions, which includes the effects of offshore bathymetry and
shoreline structures. The results of the model calculation
assisted in the estimation of beachfill renourishment
requirements, estimation of downdrift impacts, and in the
objective comparison of eastern alternative closure options as
described above.

A201. Model Setup. Shorelines from May 1978, April 1984, and
April 1990, were digitized from available survey maps and
photographs. Waves from the Wave Information Study (WIS)
(Reference A4) hindcast station offshore of the project area were
selected as raw data for use in the GENESIS model, and the
numerical wave transformation model, RCPWAVE, was used for the
complete range of wave conditions needed to develop the wave input
for GENESIS. Longshore potential sand transport was calculated
for each year of the hindcast in order to determine the
representative years within the hindcast period. The years 1857,
1961, 1962, 1971 and 1972 were chosen as being representative of
average transport years, and were used in all model simulations.
Two wave transformation data sets were developed; one with the
existing offshore bathymetry, and a second with the proposed
borrow area (see Appendix B, Figure Bll) dredged in all suitable
locations to 20 ft. below the existing bathymetry. The simulated
with-borrow bathymetry reflects an extreme condition, maximum
potential borrow requirements and no infilling of the borrow area,
and the results of the with- and without-borrow area are expected
to envelope actual impacts. Beachfills, groins and jetties were
included in the simulation of measured shoreline change.
Historical data concerning groin and jetty conditions and
construction dates, and beachfill volumes, placement dates and
locations were compiled. For with-project simulations, groin
conditions reflected the rehabilitations described in preceeeding

paragraphs.

2202. Model calibration and Verification. The calibration period
selected for the Long Beach project was May 1978 to April 1984,
for the project length from the westernmost groin in Point Lookout
to East Rockaway Inlet jetty. Genesis input conditions were
continually adjusted during the calibration to produce the
appropriate shoreline responses along the project length:
erosional west of Point Lookout, stable in western Lido Beach, and
erosional or stationary along Long Beach and Atlantic Beach.

The model verification peviod selected was April 1984 to April
1990. Figure A42 shows the final verification simulatien.
Observations from the final verification simulations include the

following:

1) the predictions for cells 1 through S0 are reasonable,
given the inlet effects and the anomaly of the 1990 shoreline at
Lide Beach (from a Jones Inlet dredging placement),

2) the prediction from the model are conservative in the
Long Beach area of cells 91 to 136, and the likelihood of
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overprediction of erosion in these areas should be expected and
compensated for in the interpretation of model results,

3) the predictions of a stable or accretionary shoreline
in cells 137 to 288 is in reasonable agreement with historical

trends.

A203. The transport rates shown in the bottom portion of Figure
A42 are low in comparison with histerical estimates, however, the
predicted sediment transport rates are of the appropriate order of
magnitude and direction and were deemed adeguate. Sand transport
rates increase or decrease in the locations of changes in the
local shoreline orientation, which is a major consideration in the
interpretation of model results.

A204. Evaluation of Beachfill Design Alternatives. GENESIS

simulations were conducted on the existing condition shoreline (as
a simulation baseline) and on six proposed beachfill design
alternatives for both a 5-year and 10-year future condition
simulation. The six design alternatives chosen for simulations
were Designs 1 through 6. Designs 7 through 9 (+17 ft. dune) were
not analyzed due to minor differences between shoreline position
for these alternatives (approximately 20 ft.) and Designs 4
through 6 (+15 ft. dune). The design shorelines modeled included
the design beachfill and the 50-ft. nourishment width. A 6.5
degree transition was included in the transition from Long Beach
inte Atlantic Beach, ending to the west with a tie-in with the 0.0
ft. NGVD shoreline.

A205. The results from the six design alternative simulations
were very similar, with variations accounted for in the quantity
of placed material for the particular beachfill design. The
significant predicted shoreline changes occur along Hempstead,
eastern Lido Beach and eastern Long Beach, however the prediction
of erosion in eastern Long Beach is conservative as stated in the
discussion on the model calibration. Figure A43 shows the initjal
input shoreline, including the design and 50 ft. nourishment
width, and the shoreline positions after 5 and 10 year simulations
for Design 5. Erosion in the vicinity of the Long Beach -
Atlantic Beach border can be attributed to the change in shoreline
orientation in this area. Changes to the designs shorelines were
made to this area in the final project layout, which includes a
longer transition into Atlantic Beach.

Comparison of shoreline simulations showed the negligible
difference in terms of shoreline evolutien of designs of a given
berm width and either the no-dune or with-dune alternatives.

A206. Figure A44 shows the predicted shoreline positions under
the with-borrow wave climate. The magnitude of erosion along
Hempstead and Lido Beach is predicted to be reduced, however, the
erosional reach length increases and is predicted for grid cells
1-60. The major predicted impact from the dredging of the borrow
area occurs along eastern Long Beach for grid cells 90 to 140,
with increased magnitude of erosion in cells 120 to 140.
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Accretional reaches are predicted for grid cells 65-85 and 150-
180. These reaches showed increased shoreline accretion relative
to without-project condition future simulations. No impacts of
borrow area dredging are predicted west of grid cell 180.

A207. Altered wave refraction patterns as determined by RCPWAVE
with-borrow area bathymetry force the with-borrow shereline
evolution, and indicate potentially important dredging impacts
over the life of the project. Note that the assumed bathymetry
represents the extreme condition as stated above, with borrow
volumes corresponding to the 50-year life of the largest beach
£ill design alternative. Simulation with the dredged borrow also
does not account for infilling of the pit, which is anticipated to
occur to some extent during the life of the project. Actual
impacts due to the required dredging associated with each
beachfill alternative are anticipated to lie within the range of
the with- and with-out borrow area simulations, with impacts from
initial construction to be predicted more closely by the with-out

borrow area simulations.

A208. Longshore sand transport rates predicted for all the design
simulation were similar, with only slight variations resulting
from differences in sand availability and effective groin lengths.
The maximum transport rate for Design 1 was estimated to be
234,000 cubic yards/year, which represents a predicted increase of
39,000 cubic yards/year. The maximum transport rate for Design 6
was estimated to be 286,000 cubic yards/year, which represents an
increase of 91,000 cubic yards/year. Higher transport rates
result from the greater seaward extension of the larger plans.

The borrow area simulations all fall within this range of changes

to the maximum transport rate.

A209. Nourishment Fill West of Profile 182, From the results of
the shoreline simulations for the six beachfill design
alternatives evaluated, taking into consideration the areas where
the model over-predicts erosion, the conclusion was reached that
the design shoreline will be maintained in the majority of the
project length with the sacrificial nourishment width of 50 ft. as
designed if renourishment is scheduled in five year cycles. The
nourishment plan is the same for all nine beachfill design
alternatives. The nourishment width of 50 ft. is appropriate for
the shoreline reach from profile 182 to Profile 216. From profile
216 westward to Profile 238 (last full design cross-section), the
nourishment width will be 25 feet, as this i< an accretional area,
and only the storm-induced erosion losses aid sca level rise
impacts need to be provided in the nourishment volumes (see Table
A33). The nourishment volume will taper from Profile 238 to the
final transition at Nassau Avenue.

A210. Extension of Point Lookout/Hempstead Beach Groin Field.
In the Hempstead and Lido Beach area, the 50 ft. of advance

nourishment as designed does not supply sufficient sacrificial
material to maintain the integrity of the design shoreline.
GENESIS simulation predicted the shoreline to recede beyond the
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limits of advanced nourishment. As discussed in the Closure
Alternatives section, an extension of the Point Lookout groin
field was also modeled with GENESIS, however some alterations to
the groin field were suggested. Three additional GENESIS model
simulations were performed, which were called the Final Design
Plans, with the same model input ceonditions, and the results were
reported in the same format. Figure A45 shows the layout of the
Final Design Plans. Note that these "Final Design Plans" were for
the evaluation of additional alternatives. The results of the
final evaluations led to the determination of the recommended
plan. The three Final Design Plans are summarized as: 1) Final
Design Plan A ~-increased nourishment width of 100 ft. in the
Hempstead and western Lido Beach area; 2) Final Design Plan B -
same increased shoreline as Final Design Plan A, with seven new
groins; 3) Final Design Plan C - reduced shoreline width to match
existing NGVD shoreline, S0 ft. nourishment width and six new
groins. The three western most groins for Final Design Plan C had
crest extents landward of the groins shown on Figure A45 for Final

Design Plan C.

A211. Alterations to the originally designed groin field were
included in the final design simulations. Analysis of the
original simulations indicated the following: 1) groin spacing of
1500 ft. was too large and should be reduced to decrease erosion
within the groin field; 2) five groins are not sufficient to
mitigate erosion along Hempstead and eastern Lido Beach given the
results of the without-and with-borrow area simulations; and 3)
groin lengths should be consistent given the downdrift impact
resulting from a longer groin at the western end of the groin

compartment.

A212. The new groin field for Final Design Plan B included

seven groins with compartment spacing of 800 to 1200 ft., with the
first groin 1000 ft. west of the westernmost groin in Peoint
Loockout. Groin spacing from east to west were 1000, 1200, 1200,
1200, 1200, 1000, and 800 ft. The groins were designed to be 320
ft. from the 0.0 ft. NGVD nourishment shoreline to the seaward
crest. The reduced shoreline width of Final Design Plan C
eliminated the need for the westernmost new groin, having a total
of six new groins. The groin spacing to groin length ratio, which
compares the length of groin, from the berm crest to the seaward
crest of the groin (550 ft., see Figure A48), to the groin
spacing, varies from approximately 1.5 to 2.2. These values are
slightly smaller than the recommended spacing/length of 2 to 3
(SPM, Reference A6), however the use of a predictive model such as
GENESIS may be a more reliable indication of the effects of groin

spacing.

A213. The results of the simulation for Final Design Plan A show
that this plan alleviates some of the predicted erosion problems
in Hempstead and eastern Lido Beach, however it appears that
potential erosion problems remain despite the increase in
nourishment velumes. Without the extension of the Point Lookout
groin field, 50 additional feet of sacrificial nourishment
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material would be required from Profile 150 to Profile 180 to
insure the integrity of the design profile, at a more frequent
nourishment cycle (i.e. two and a half to three years).
Approximately 310,000 cubic yards of additional nourishment
material would be required for this alternative at each more
frequent nourishment operation, to maintain the design shoreline
in the Hempstead ~Lido Beach area.

A214. Simulations conducted for Final Design Plan B showed that
the groins appear effective in retaining a majority of the f£ill
and maintaining the shoreline seaward of design shoreline. The
gradient of average annual net longshore sand transport rates
along Hempstead and eastern Lido Beach were predicted to be
reduced from the without-groin field simulations. As seen on
Figure A46, the groin fillets remain near the initial shoreline
condition. Downdrift erosion appears to be negated by the
availability of material and the shoreline orientation change just
west of the proposed groins. Erosion is reduced greatly from the
without-groin plan. For the S5-year simulation, the groin field is
predicted to be successful in protecting the design shoreline, and
assuming adequate renourishment, indicates a probability for a
successful project using Final Design Plan B.

A215. Final Design Plan C was evaluated to indicate the evolution
of a shoreline with nourishment similar to the initial design
alternatives and a groin field which maintained a straighter
alignment from the existing Point Lookout groin field. The groin
field for Final Design Plan C does not extend as seaward as the
groin field for Final Design Plan B, and does not attempt to mimic
the straightened shoreline feature of the 1990 dredged fill
material in the Town of Hempstead., Six new groins were included
in Final Design Plan C, of the same gecometry as Final Design Plan
B. The shoreline of Final Design Plan € deviated from Final
Design Plans A and B from cells 20 to 55 from approximately
Profiles 170 to 180 with a reduced shoreline width to match

existing 0.0 NGVD.

A216. Four of the six groin compartments were predicted to be
successful in protecting the design shoreline for the S5-year
simulation period, however revisions were needed to the shoreline
in the vicinity of grid cell 20 (see Figure A47). Given the
predominant wave direction from the southeast, the shoreline
orientation west of grid cell 20 induced longshore sediment
transport relative to the shoreline east of grid cell 20. Thiz
orientation change, in conjuction with the groin field,
subsequently was shown to cause erosiocn at the center of the
proposed groin field in the model simulations.

A217. To decrease the changes in the shoreline orientation, and
allow the nourishment £ill to protect the design £ill, the final
proposed nourishment plan maintains a straightened shoreline from
Profile 150 to Profile 174, as shown on Figure A38. Six new
groins will be constructed, extending the Point Lookout groin
field to the west, at the spacing given above for the first six
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compartments. Nourishment fill of 50 ft. per five year cycle is
required in the groin compartments. The alteration as described
previously in this paragraph to Final Design € was chosen as the
least expensive nourishment alternative for this shoreline reach.
The cost differential between the necessary material for Final
Nourishment Design A (with the more fregquent nourishment
operations and 100 feet of nourishment) and the recommended
nourishment plan (with 50 ft. of nourishment and the extended
groin field) is $ 62,000 on an annualized basis.

A218. Advanced Fill and Nourishment Volumes. Table A34 shows the
nourishment volume required over the 50-year life of the project.
Each nourishment operation, as well as the advanced nourishment in
initial construction, has been estimated to regquire the same
volume, to be placed in 5 year cycles. Climatic events occurring
between scheduled nourishment operations, major rehabilitation due
to the impacts of infrequent events and post-construction
beachfill monitoring may revise the quantities of nourishment
operations.

A219. Fill Sources - Offshore Sources. Based on the borrow area
investigations, approximately 35 million cubic yards of suitable
sediment has been identified in the borrow area offshore of Lideo
Beach and Long Beach. This material will be used for the initial
construction and renourishment operations. Further details on the
borrow area identification are given in Appendix C.

A220. Fill Tolerance. Additional f£ill is required during the
construction of the beach restoration project to provide for a
design template tolerance due to the construction difficulties in
obtainung the exact design elevation. A one-foot construction
tolerance was utilized in this analysis which increases volumetric
requirements as shown on Table A30.

A221. Qverfill Volume. Since the borrow area material is not
perfectly compatible with the native beach material, an additional
amount of fill called overfill volume must be provided for in the
total require volume. This extra amount of f£fill will move
offshore when the project erodes, leaving the design cross-section
in eguilibrium. Overfill factors for the Long Beach borrow area
range from 1.02 to 1.03. Average overfill factor values are
listed on Table A30. Additional information on overfill factors

is provided in Appendix B.

A222. Total Initial and Nourishment Fill Velumes. The total
initial project £ill volume is the sum of the design, advanced
nourishment, tolerance and overfill guantities. Table A30
presents the total initial £ill volumes for the nine beachfill
alternatives. Table A34 presents the total volumes for the
nourishment operations after the initial construction.

A223. Groin Design. All the alternative beachfill plans include
the extension of the existing groin field at Pt. Lookout with six
new groins to the west in the Town of Hempstead Beach and Lido
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Beach. The groin field extension was included in the plan
alternatives to provide the most cost effective means of
maintaining the integrity of the design beach fill in the Town of
Hempstead Beach and Lido Beach when compared with the required
increase in renourishment volumes at this highly erosive area.

The plan layout is shown on Figure A38. It is noted that beach
Profile 160 was used as the representative shoreline profile for
the design of the eastern three groins and beach Profile 172 was
used as the representative shoreline profile for the design of the

western three groins.

n224. Design Wave Introduction. Based on the data from the WIS

Report 30, the maximum recorded wave height at the nearest wave
gage to Long Beach (Station 74) between the period 1956 through
1975 was 19.3 ft., with a corresponding water depth of -59.0 ft.
MLW. However, the ocean bottom depth offshore of Lido Beach where
the new groins are located displays a continuous offshore bar
ranging between 2,000 ft. & 4,000 ft. offshore and averaging a
crest elevation of approximately. -10.5 ft. NGVD, for a 100 to 200
ft. width. Because of this bar, a depth limited wave transmission
condition exists whereby wave heights on the order of 19 ft. would
break 2,000 to 4,000 £ft. offshore.

A225. Design Wave = Fastern Three Groins. To determine the
maximum non-breaking wave that can be transmitted across the bar
for a Still Water Level (SWL) matching the groin head crest
elevation of +3.5 ft. NGVD (the SWL that yields maximum damage to
the groin head section), Table 7-2 of the SPM was utilized. Using
an offshore slope of m=0, a wave period of 10 seconds and a db
(water depth across the bar) of 14 ft., this depth limited wave is
10.9 ft. A check was made to determine the maximum depth of
breaking for this wave height of 10.9 ft. From Fig. 7=2 (SPM) the
maximum depth of breaking for a wave height of 10.9 ft. and a wave
period of ten seconds is 16.4 ft. This maximum depth approximates
the depth at the groin head and therefore a 10.9 ft. wave is the
maximum wave height that can break on the groin head.

A226. To determine the design wave for the inshore end of the
trunk section (crest elevation. of +3.5 ft. NGVD), Fig 7-4 of the
SPM was utilized. Based on a maximum depth of water at the
structure of 10 ft. (with the SWL at +3.5 ft. NGVD), with a
nearshore slope of 1 on 50 (both based on existing conditions) and
a 10 second wave period, the design wave is 9.6 ft. This wave
height bresking on the structure will yield maximum damage where
the SWL is approximately at the crest of the groin. The outer end
of the trunk section uses the previously developed 10.9 ft. design

wave height.

A227. To determine the design wave for the inshore section, with
crest elevation of +10 ft. NGVD, Fig. 7-2 was first utilized to
determine the maximum non-breaking wave transmitted across the
offshore bar. Using an offshore slope of m=0, a wave period of 10
ceconds and a db (water depth across the bar) of 20.5 ft., the
maximum wave transmitted across the bar is 15.5 ft. To determine
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the minimum depth that a 15.9 ft. wave height breaks, Fig. 7-2 was
utilized. Using a nearshore slope of m=.03 (1 on 33) and a 10
second wave period with Hb=15.9 ft., the minimum depth of breaking
is 17.5 ft. Based on the existing beach profile, the water depth
using a SWL of +10 ft. NVGD which is associated with a maximum
damage condition for the inshore section (crest elevation +10 ft.
NGVD), is 11 ft. Therefore, a 15.9 ft. wave would break well
seaward of the inshore end of the groin structure. To determine
the actual design wave height to use for the inshore section, Fig.
7=4 of SPM was utilized. Based on a nearshore slope of 1 on 33, a
depth of water at the structure of 10.8 ft. and a 10 sec. wave
period, the breaking wave height becomes 11.0 ft.

A228. Design Wave - Western Three Groins. To determine the wave
height to be used for designing the head section of the three
westerly groins, profile 172 was utilized. Based on the previous
analysis for designing the head section with a crest elevation of
+3.5 ft. NGVD, a maximum wave height of 10.9 ft. will be
transmitted to the groin. From Fig. 7-2 of SPM, the maximum depth
for a 10.9 ft. wave to break using a nearshore slope of 1 on 35
and a 10 sec. wave period is 16.3 ft. The minimum depth for a
10.9 ft. wave under these conditions is 12 ft. (from Fig. 7-2).
The actual depth of water with a +3.5 ft. NGVD SWL at the groin
head is 13.5 and therefore this 10.9 ft. wave can be considered to
break on the groin head to yield maximum damage conditions.

A229. To determine the wave height to be used for designing the
inshore end of the three westerly groins, a limiting condition of
the design section (berm width of 110 ft. from the dune) was
utilized. The existing profile extends well seaward of the
required design section, and can be allowed to retreat back to the
design section over the life of the project. With a SWL of +10
NGVD to allow for maximum damage to the structure, the design
water depth, ds, measured from the design section is 9 ft.
Utilizing Fig. 7-4 of SPM with a nearshore slope of 1 on 30, and a
10 second wave period, the resulting breaking wave is 9.9 ft.

A230. Gro Desj and Confi ation. The design of the six new
groins incorporated the requirements that they be low profile,
sand tight and of rubble mound stone. Each groin has an inshore
end of crest elevation +10 ft. NGVD for a length of 125 ft. to
match the adjacent berm crest elevation of design beach £ill and
an offshore end with a trunk and head section of crest elevation
+3.5 ft. NGVD for a length of 420 ft. to provide a low profile.
The intermediate section of trunk transitioning between inshore
and offshore ends slopes at 1V:20H and is 130 ft long. The
landward extent of each groin extends between 60 and 90 ft.
landward of the design fill berm crest to preclude flanking. The
seaward extent of the head section crest typically extends 50 ft.
beyond design f£ill closure at the toe of slope for the eastern
three groins and at approximately the start of slope flattening
for the western three groins. The landward extent of the +3.5 ft.
NGVD crest elevation extends to its intercept with the design £ill
slope at elevation +3.5 ft. NGVD. Side slopes are 1 on 1.5 and
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the head section crest length is set at 50 ft., with and end slope
cof 1 on 2.

A231. Utilizing the design waves developed in the previous
section and Hudson's eguation, the required stone sizes were
calculated along with required crest widths and layer thicknesses.
These calculations are shown on Calculations A-1 and A-2. Typical
groin sections are shown on Figure A48 and typical greoin profiles

are shown on Figure A49.



WITH PROJECT CONDITIONE
(Coastal Processes)

A232. General. The "with" project condition is identified as the
condition with the project design in place, with long-term
renourishment and maintenance of the project features. The
project nourishment has been designed to insure the integrity of
the design beachfill cross-section and eliminate the long-term
erosion of the shoreline, however coastal processes will continue
to impact the project area shoreline. The with-project coastal
processes of inundation, storm-induced erosion, wave attack and
dune failure were evaluated. The with-project conditions were
analyzed on two different typical profiles, which reflect
different offshore and upland topographies for the shoreline
under project conditions. The following paragraphs describe the
coastal processes which were used to estimate the with-project

condition benefits.

A233. Inundation. Analysis of inundation depths for the
improved condition consisted of a repeat of the without project
inundation calculation adjusted for changes in topography due to
construction of dunes. Storm analysis was repeated for events
ranging from 2 year to 500 year return intervals. Dune failure
was included in the analysis at the appropriate storm fregquency
for each cross-island profile. Residual flooding from the back
bay was determined with the project in place. Figure AS50 shows
the sample cross island profile (Profile 210/National Blvd.) for
the +15 dune, 110 ft. berm plan.

A234. Storm-induced Recession Distances. To develop the input
for the economic benefit analysis of the with-project conditions,
the improved condition alternative beachfill cross-sections were
analyzed for storm-induced recession using the SBEACH numerical
model (Reference A20) using the same climatic input as the
without=-project conditions (see Paragraphs A123 through Al28).
Storm events from 2 to 500 year frequency were run on the SBEACH
model to develop storm-induced recession distances. The distance
from the economic baseline to the landward-most occurrence of the
0.5 ft. of vertical recession was again used as the storm
recession parameter for the modeled storm events. Alternative
beachfill Designs 2 through 9 were analyzed for improved
conditions, as improvements to Profiles 200 and 238. The two
profilec .ere used for backshore and offshore differences. The
results o7 tne existing condition SBEACH analysis were used for
Design 1 on both Profiles 200 and 238, with the assumption that
long-term erosion will be prevented under improved conditions.

A235. The methodology to develop the recession distance vs.
frequency relationship for improved conditions was the same as for
existing conditions, however for improved conditions, the median
recession distance plus half the maximum contour recession was
used, which is comparable to using a variablity factor of 1.5.
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Figure A51 shows the relationships of recession vs. frequency for
Designs 2 through 9, Profiles 200 and 238.

A236. HWave Attack and Wave Runup Analysis. The wave attack
analyses on improved conditions were performed to determine the
horizeontal distance to where critical impact forces occur landward
of the still water level (SWL) in the runup zone, as in the
Existing Conditions Wave Attack Analysis. The first stage of the
analysis determined the maximum vertical extent of wave runup
based on the slope composite method outlined in the 1984 SPM. The
second stage determined the horizontal distances landward from the
SWL to the location where the critical force (1800 1b/lf) from the
wave impact occured based on EM-1110-2-1614 Change 2 of 30
November 1992. The storm events analyzed included northeasters of
2, 5, 10, 20 year frequencies, and hurricanes of 50, 100, 200 and
500 year fregquencies. For further information of the methodology
used, refer to the Existing Conditions Wave Attack Analysis.

2237. Wave Runup Analvsis. The FEMA model was used, as for the
existing conditions. The same stage-frequency (without wave
setup) and wave height-frequency data utilized for the existing
conditions were used, and are shown in Tables A3 and A4. Two
typical profiles analyzed were: Profile No. 200 and Profile No.
238. Eight design alternatives were evaluated, and are described
in Table A35. The runup and wave attack distances for design
alternative 1 was assumed to be equivalent to the runup and wave
attack distances calculated for the existing condition on Profile
Nos. 200 and 238.

Table A35
Design Alternatives
Alternative Berm Width Dune Elevation
(in ft.) (in ft. NGVD)
2 110 no dune
3 160 no dune
4 4] +15
5 110 +15
6 160 +15
7 0 +17
2] 110 +17
9 160 +17

The wave runup was calculated on the post-storm condition of the
16 profiles (two typical profiles with eight design alternatives
each), as predicted by SBEACH. And, similar to the existing
conditions analysis, only the 20 yr. northeaster and the 100 yr.
hurricane post-storm profiles were used, instead of the 2, 5, 10,
and 20, and the 50, 100 200, and 500 yr. post-storm profiles, in
order to obtain more easily comparable and consistent results.
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A238. Wave Runup Results. The model output gives the maximum
runup height, which when added te the SWL (stage) elevation gives
the maximum vertical extent of the wave runup. The runup
elevations for the 2, 5, 10, and 20 yr. frequencies were plotted
on the 20 year northeaster post-storm conditien profiles, and the
distance from the SWL was measured. Similarly, the runup
elevations for the 50, 100, 200, and 500 year frequencies were
plotted on the 100 year hurricane post-storm profiles, and the
distances were measured. The improved condition wave runup
heights and elevations are shown in Table A36 for Profile No. 200,
and in Table A37 for Profile No. 238. It should be noted that
the model is not valid for cases where the maximum runup elevation
and/or the SWL (stage) elevation exceed the maximum profile
elevation. For those cases, the landward profile slope was
extended to elevations high enough to contain the runup. The
runup heights determined above the hypothetical slope were assumed
to approximate the runup heights above the actual profile grade.

A239. Wave Attack Distances. EM=-1110-2-1614 Change 2 of 30
November 1992, eguation 2-23 was used. For further information,

refer to the Existing Conditions Wave Attack Analysis. The
resulting improved condition wave attack distances from the
Economic Baseline are shown in Table A36 for Profile No. 200, and
in Table A37 for Profile No. 238 for the 1800 1lb./ft. critical
force for single family structure damage. The wave attack
distances for the improved and existing conditions for Profile
Nos. 200 and 238 for the 1800 1lb./ft/ force are shown in Figures
AS52 through AS7.

A240. Dune Failure. Analysis of dune failure for the improved
condition consisted of a repeat of the without preoject calculation
adjusted for changes in topography due to construction of dunes
and added beachfill. The storm range of 2 year to 500 year return
intervals was repeated for improved conditions. The provision for
repeated beach nourishment results in the same failure freguency
for improved conditions for all 50 years of the project life.
Results are summarized in Table A38 below.
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Table A38

Frequency of Event for Dune Failure (Years)
With-Project Conditions

Design Reach
Alternative Description 1A/1B 2 3 4 5 6
Alt. 1 Ex. Berm s2/500 500 92 g2 92 92
Ex. Dune
Alt. 2 110 ft. Berm 200/500 500 200 200 200 92
Ex. Dune
Alt. 3 160 ft. Berm 200/500 500 200 200 200 92
Ex. Dune
Alt. 4 Ex. Berm 100/500 500 100 100 100 92

15 ft. Dune

Alt. 5 110 ft. Berm 200/500 500 200 200 200 92
15 ft. Dune

Alt. 6 160 ft. Berm 200/500 500 200 200 200 92
15 ft. Dune

Alt. 7 Ex. Berm 100/500 500 100 100 100 92
17 ft. Dune

Alt. 8 110 ft. Berm 200/500 500 200 200 200 92
17 ft. Dune

Alt. 9 160 ft. Berm 200/500 500 200 200 200 92
17 ft. Dune

A241. Risk and Uncertainty. Currently, no guidance is available on
the application of risk and uncertainty within the coastal arena,
however risk and uncertainty were evaluated to some extent in this
Feasibility study. The treatment of risk and uncertainty in the
coastal processes analyses was conducted by considering multiple
storm events for given return periods, with variations such as
duration of event, wave height time series and wave pericds. These
considerations were considered in application of the SBEACH storm-
induced erosion model. Joint-probablity meti.cdclgies were used in
the development of the ocean stage-frequency curve, in which
hundreds of storms, beoth historical and synthetic, were used to
develop the relationship. Considerations of risk were included in
the development of the nourishment and major rehabilitation volumes,
in which the risk of an event with a 50% chance of occurrence during
a specified period of time was used for evaluation. Uncertainties
in the rate of rise of sea level rise variations were estimated and
project impacts were described.



A242. Levels of Protection. The existing condition within the
project area provides a relatively low level of protection against
storm events. The storm damage reduction beachfill design
alternatives will increase protection against profile recession
due to storm-induced erosion, increase protection against
inundation due to high levels of ocean storm water elevations, and
increase protection against wave attack damages due to wave runup

and wave impacts.

A242. The beachfill design alternatives which include dunes will
provide increased protection against oceanfront inundation,
however the improvements will not lessen the storm water
inundation from the back bay side, which will occur at more
frequent storm events. The back bay inundation is from Reynolds
Channel, over the existing bulkheads or through existing storm
drains. Elevations as low as +4.5 ft. NGVD exist along the canals
on Reynolds Channel, and the design improvements will not decrease
the likelihood of flooding in these locations where there will
still be the potential for frequent flood damage. The existing
condition level of protection against inundation is approximately
a storm event with a return period of 10 years. The improved
condition designs which include dunes (Designs 4 through 9)
therefore are estimated to give a level of protection against
inundation for ocean surges up to a storm event with a return
interval of 100 years.

A243. The level of storm-induced recession protection afforded
by the existing beach and by the design beachfill and dune is
defined as the return period of the storm event which would incur
0.5 ft. of vertical recession at the seaward extent of the
seaward line of buildings in the project area. The existing
condition level of protection for Typical Profile 2 (Profile 200)
is approximately 30 years. The existing condition level of
protection for other areas along the project length is similar or
slightly greater than the level of protection for Typical Profile
2, especially in areas which have existing dunes. The improved
condition level of protection against storm-induced recession for
Design 5, Profile 200, would be over 500 years.

A244. 1In addition to providing protection against storm-induced
recession and inundation, the storm damage reduction project will
also provide protection against damage to buildings caused by
wave attack and wave runup. The level of protection afforded by
the existing beach and by the design beachfill and dune against
wave attack was defined as the return period of the storm event
which corresponds to the distance of the critical force of 1800
lbs/ft. (as described in previous sections of this appendix) to
the seaward wall of the seaward line of buildings in the project
area. The existing condition level of protection for Typical
Profile 2 (Profile 200) is approximately 200 years. Again, as in
the storm-induced recession, the existing condition level of
protection against wave attack for other areas along the project
length is similar or slightly greater than the level of
protection for Typical Profile 2. The improved condition level
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of protection against wave attack for Design 5, Profile 200,
would be over 500 years.

A245. Conclusions. The existing conditions provide a low level
of protection against storm-induced recession, inundation and wave
attack. Only the design alternatives which include the 110 ft.

or 160 ft. berm widths increase the level of protection against
storm-induced recession significantly. Only the design
alternatives which include dunes will increase the level of
protection against ocean surge inundation. The design
alternatives which include the 110 ft or 160 ft. berm widths with
dunes provide a significant increase in the level of protection
against wave attack.
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SELECTED PLAN

A246. Description. The selected plan is equivalent to the
selected plan discussed in the main report. The plan is defined
as the storm damage reduction and erosion control plan which
maximizes beneficial contributions to the National Economic
Development, while meeting the planning objectives. The selected
NED plan is the Design 5, the +15 ft. NGVD dune with 110 ft. berm
width, with the extension to the west of the Point Lookout groin
field with six new groins and rehabilitation of 16 existing
groins. This plans yields the maximum difference between annual
benefits over annual costs.

A247. The following is a detailed description of the selected
plan:

a) Dune and berm fill from Pt. Lookout west through
East Atlantic Village to Yates Avenue, approximately
41,000 L.F. (Village of Atlantic Beach not included).
The design berm fill will taper at an angle of
approximately 6 degrees at the western termination, and
will tie into the existing shoreline at the eastern
termination at Jones Inlet.

b) Dune: Crest elevation of +15 ft. NGVD for a crest
width of 25 ft. with 1 on 5 side slopes on the landward
and seaward sides.

€) Berm: Fronting the dune, a berm width of 110 ft. at
elevation +10 ft. NGVD with a shore slepe of 1 on 25 for
the easternmost 5,500 L.F. of the project, a 1,500 L.F.
transition, thence a 1 on 35 slope for the remaining
34,000 L.F. of the project.

d) Total sand fill quantity of 8,642,000 €.Y. including
tolerance and overfill and advanced nourishment will add
between approx. 100 and 400 ft. of design beach at 0.0
ft. NGVD to the existing beach. Beach placement can be
accomplished by either hopper or cutterhead dredge.

e} Of the 8,642,000 c.y. of initial fill placement,
1,760,000 c.y. is for advanced nourishment.

f) The dune construction includes 29 acres of planting
dune grass and 50,000 L.F. of sand fence for dune sand
entrapment as well as ramps and walkovers for access

over the dune.

g) Six new groins, with an average foot print of
approximately 60 ft, are propesed at Lido Beach across
6,000 L.F. of beach frontage, i.e. spaced approximately
1200 ft. apart, with each groin averaging approximately
700 ft. in total length and with crest elevations
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varying between +10 ft. NGVD at the inshore end to +3.5
ft. NGVD at the outer end. The total stone volume for
the groins is approximately 100,000 tons of underlayer
and armor stone (6 to 9 tons) and 30,000 tons of bedding
stone underlain by filter cloth.

h) 15 existing groins at Long Beach are to be
rehabilitated as part of the project, since these groins
are in disrepair and will be left exposed or partially
exposed subseguent to project placement of beach fill.
In addition, the outer end of the terminal groin at Pt.
Lookout that is in disrepair will be rehabilitated. 1In
total, approximately 68,000 tons are to be imported or
reused from existing groins as part of this
rehabilitation effort.

i) 640 1lf. of revetment fronting the west side of Jones
Inlet will be rehabilitated to prevent flanking and loss
of project £ill material. A total of approximately
26,800 tons of stone are to be imported or reused from
the existing revetment as part of this rehabilitation
effort.

j) Renourishment operations are scheduled every five
years subsegquent to the commencement of sand placement
of initial construction and throughout the project life
(50 years). This renourishment will replace sacrificial
material fronting the design section. 2,111,000 c.y.
are estimated to be placed per renourishment operation
along the 41,000 L.F. of project length.

Figure A38 shows the layout of the selected plan, the location of
the groins and revetment which will be rehabilitated, the dune
walkovers and accessways, and the location of the new groins in

Lido Beach.

A248. Construction Template. The 110 ft. berm width at +10 ft
NGVD with slopes of 1 on 25 and 1 on 35 compromises the design
cross-section. This design section represents the equilibrium
profile. When the fill is placed by hydraulic methods, offshore
slopes cannot be graded to the designed, equilibrium slopes. The
offshore slope will adjust to the design section by wave action
over the period of a few months. The seaward limit of the
hydraulically placed fill is the construction template, which
extends the design beach berm design beyond 110 ft. to provide
equivalent volumes to the design section stated above. The
initial advance nourishment material is also included in the
construction template. The construction template, as shown in
Figure A58, is based on hydraulic placement with foreshore and
offshore slopes of 1 on 20. Table A39 displays the average
adjusted construction beach berm width for the project area

profiles.
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Table A39
Selected Plan Construction Template
Berm Widths at +10 ft. NGVD

Average Template

Profiles Width (ft)
150-170 230
172-180 180
184-214 345
216-238 320
A249., construction Sequence. Initial construction fo? beach

placement and groin work is anticipated to take approximately 2
years. The anticipated schedule has flexibility to aveoid sand
placement at Lido Beach during the May through September
environmental restrictions, but the groin work at Lido Beach
reguires continuous construction due te the extent of work.

A construction schedule is included in the Main Text of this

report.

A250. Sea Level Rise Considerations. Additional sand volumes
needed to compensate for both the historical rate and the high
rate of rise were calculated. The histeorical rate requires
placement of 21.5 cy of nourishment material per foot of shoreline
over the 50 year project life. This volume has been included in
calculated nourishment volumes as part of the project design. The
high rate of rise would require 55.9 cy of nourishment material
per foot of shoreline over 50 years. Should the more rapid rate
of rise occur, although not anticipated, additional compensatory
volumes could be added to future nourishment cycles, however, the
total volumes estimated for nourishment of the project are
sufficient to compensate for even the high rate of sea level rise.

A251. Impacts on Atlantic Beach. The design berm and dune will
tie-in to high ground at the western end and terminate just east

of Yates Avenue in the vicinity of the Village of Atlantic
Beach/East Atlantic Beach border. A taper section will be
provided te smoothly transition the design £ill, including the
offshore portion of £ill, into the existing shoreline. The taper
section is approximately 2000 feet long, and will terminate the
toe of the design fill into the existing shoreline at Onedia
Avenue in Atlantic Beach.

A252. Although the design cross-section will end just east of the
Village of Atlantic Beach, the shore protection project will
impact portions of Atlantlc Beach. The shoreline evolution
numerical modellng (GENESIS - Reference A20) predicted stability
of the existing shoreline as has been seen historically, through
medel simulations of future conditions, for the eastern section of
Atlantic Beach from Yates Avenue to approximately Jefferson
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Boulevard (near the fifth groin from the west). Impoundment of
littorally transported material, derived from the movement of
nourishment £ill from the project shoreline, is predicted from the
vicinity of Jefferson Boulevard to the East Rockaway Inlet Jetty.
No negative impacts of the recommended plan of improvement are
expected in Atlantic Beach.

A253. Impacts on East Rockaway Inlet. Shoaling of the navigation
channel at East Rockaway Inlet has been an on-going maintenance
concern in the vicinity of the project area. Maintenanace
dredging has occurred in 30 of the last 57 years, since 1937.
Disposal sites have varied, including offshore disposal (berms and
mounds), sidecast, and placement on downdrift beaches. Some of
the material has been placed on Rockaway Beach as part of a
rencurishment project, however recent testing has indicated that
the material is fine sand, and may not be of a grain size suitable
for beach placement. In the years 1889, 1990 and 1591, the total
dredging yardages from the East Rockaway Inlet Channel were
226,000 cy, 192,000 cy and 160,000 cy, respectively (Reference
A18). These three values average to 193,000 cy/year. This
material was placed in offshore disposal mounds.

A254. It is not known exactly what volume of material bypassing
the East Rockaway Inlet jetty is contributing to the shoaling of
the navigation channel, as a portion of the material may be coming
from Rockaway Beach. The sediment budget predicts a littoral
transport rate of 279,000 cubic yards per year under existing
conditions in the vicinity of the East Rockaway Inlet jetty (see
Paragraph A51 and Figure A7). The net contribution of Long Beach
Island to the littoral transport rate is 79,000 cy/yr.

A255. A precise prediction of the impacts of the Long Beach shore
protection project on the East Rockaway Inlet maintenance dredging
would be difficult at this time to make, however the GENESIS
shoreline change modeling was used to make a general prediction of
possible increases to the bypassing rate (and therefore channel
shoaling) due to the nourishment project. As the nourishment
volumes were the same for all the design alternatives, the impacts
on East Rockaway Inlet were the same for all alternatives.

A256. As stated above, the shoreline change simulations indicated
the probable impoundment of beachfill material at East Rockaway
Inlet. Predominant wave directions from the southeast,
diffraction by the jetty and sheltering of waves drive the
littoral material from the nourished shoreline reach to western
Atlantic Beach. Of concern is the potential growth of the fillet
to a condition that exceeds the sand retention capacity of the
jetty, eventually causing the nourishment material to increase the
shoaling at East Rockaway Inlet. GENESIS predicted the shoreline
position where significant bypassing would be initiated
(indicating the time periocd when shoaling would potentially
increase due to the nourishment project), and also predicted the
net sand transport rates bypassing the jetty, providing estimates
of contributions to inlet shoaling.
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252a. Use of a taper extending into the private beaches westward is needed to cost effectively
protect an erosive zone at the western limit of the public beaches. The model GENESIS predicts
an erosive zone beginning at the western end of the City of Long Beach and extending into East
Atlantic Beach (also a public beach) so that if the transition taper was located east of where it is
designed, additional periodic nourishment would be required to maintain the design section. The
termination of fill via the recommended taper provides necessary protection to the entire public
beach area. The full design beach profile covers the total length of the public area, and
minimizes the periodic nourishment needs. Additionally, the taper design creates no negative
downdrift impacts, which would been likely with alternative terminations such as a terminal
groin. In the event of downdrift impacts with alternative closures, additional project costs would
be incurred as well as a reduction in project benefits. The annualized cost of the taper vs. a
terminal groin is $130,000 vs. $210,000. Acquiring private beaches is prohibitive both
politically and economically. Therefore, the proposed plan provides the most cost effective
closure at the western end of the project, while at the same time allowing for the passing of
littoral material to downdrift areas. '

252b. The relatively steep design taper angle was chosen to minimize the length of the taper
and the volume of beach fill, while still in the acceptable range for performance as a beach fill
closure. A coastal expert from Headquarters agreed that the proposed taper angle is relatively
steep. A steeper taper would likely result in increased erosion and the need for additional fill
material during periodic nourishment. The amount of taper material to be placed in the 2000
foot long section to assure proper toe and beach berm transition is relatively small, The design
taper requires approximately 200,000 cu.yd. of sand (approximately 2.3 percent of the initial
beach fill amount), and the existing beach berm elevation is approximately 8-9 feet NGVD. A
majority of this material will be placed at or below the high water line, with only about 50,000
cu.yd. of sand fill placed upland on the beach. This amount is less than the 1 percent of the
initial beach fill amount and is clearly incidental to the overall project.

252c. The beach fill taper on the private beach does not have full cross section and will provide
very limited if any, additional storm damage protection to private property. However, this
incidental taper section is required for the project on public property to function properly. In
accordance with paragraph 4-15(d) of ER 1105-2-100, dated 28 December 1990, and paragraph
6.h. of ER 1165-2-130, dated 15 June 1989, private property can be included “if such protection
and restoration is incidental to the protection of publicly owned shores or if such protection
would result in public benefits”. The ER recognizes “private property”, and in view of the
circumstances involved in this project, the ER does not require public access to the incidental fill
(taper) area that is located on private property.

(REVISED APRIL 1996)
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A257. From the GENESIS analysis of a design layout which was the
110 ft. berm and +15 ft elevation dune, with the same section in
Atlantic Beach, the model simulation showed that the jetty will
impound material to equilibrium five years after project
construction, and then have a net transport rate of approximately
78,500 to 130,800 cubic yards/year. These values are based on
average wave years; extreme wave years would lead to values
outside this range. These values need to be compared to the
simulation values for the without project condition. GENESIS
simulation value for net sand transport rate at East Rockaway
Inlet under the without project condition is 36,600 cubic
yards/year compared with 79,000 cy/yr from the sediment budget.
The GENESIS values are lower than the predicted sediment budget
values, however the comparison of the differences from the GENESIS
results without and without the project are useful for prediction
of project related increases.

A258. The recommended plan of improvement for this project does
not include improvement at Atlantic Beach. Therefore, additional
area will be available for impoundment along the Atlantic Beach
shoreline. It can be expected that equilibrium would be achieved
later in the project life than year five. GENESIS simulation
results from the original design plans (which did not include fill
at Atlantic Beach) show that the jetty will still be impounding at
project year 10.

A253. To assess the impacts on the East Rockaway Inlet channel,
the following scenario will be used. After year 10 of the
project, impoundment of the jetty will reach its maximum, and
increased bypassing will begin. Due to the possible growth of the
inlet shoal, direct impact to the navigation channel is not
expected immediately after the maximum jetty impoundment. This
scenario predicts that it will take three years for the bypassed
material to impact channel dredging rates. The range of increases
to net sand transport is predicted to be 42,000 to 94,000 cubic
yards/year. The average value of this range is 68,000 cy/yr,
which will be used as the potential increase in shoaling at East
Rockaway Inlet each year due to the Long Beach nourishment
project. The cost of additional channel dredging is included as a
project cost.

A260. Coordination with Jones Inlet Dredging. As mentioned

previously, a Section 933 project was completed at Jones Inlet in
March 1994 (Reference A28). The dredged material from the channel
(approximately 720,000 cubic yards) was placed on the Town of
Hempstead beach and eastern Lido Beach. This operation is
anticipated to continue under the Section 933 authority whenever
channel dredging is required in Jones Inlet in the with-out
project future condition for the Long Beach project area. When
the recommended plan is constructed, it is expected that the least
costly disposal option for the dredged material will be chosen
(i.e. offshore). If suitable inlet material is placed on the
shoreline with the Long Beach project in place, future nourishment
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costs may be reduced. It is estimated that the use of inlet
material may save approximately $ 25,000,00C in future
nourishment costs over the life of the project, if historical
rates of inlet dredging continue. Since this material is tied
into the navigation of the inlet, and dredging quantities cannot
be accurately anticipated, the material cannot be counted on as
nourishment material and was not included in the development of
the total project cost. Volumes of material necessary from the
recommended borrow area for nourishment gquantities were not
reduced.

A261. Major Rehabjlitation Plans. Major rehabilitation

guantities were developed to identify additional costs to the
project due to erosion losses from higher intensity storm events
(see paragraphs Cl12 and Tables C4 through €9). Up teo
approximately 40% of those losses are considered permanent, and
additional material would have to be placed in the project area to
regain all of the design cross-section and insure the level of
protection. The major rehabilitation £ill volumes and costs are
developed in Appendix €. The results of the storm-induced erosion
model, SBEACH (Reference A20), were used to develop the required
major rehabilitation volumes for the range of larger intensity
storms.

A262. Monitoring Program. Pre=-construction monitoring will
consist of a survey of beach profile lines, sediment sampling of

the beach and borrow areas, aerial photography of the project area
and biological samples collected along the beach and borrow area.
Post-construction monitoring will duplicate the preconstruction
efforts, plus add the deployment of a directional wave gage with
subsequent littoral climate measurement. Post-construction field
work will be fellowed by lab and data analysis and summarized in
reports. The proposed monitoring program will begin at the
initiation of pre=-construction efforts and continue for five
years. The monitoring program is further described in Appendix H.

A263. Operation, Maintenance, Replacement, Repair and
Rehabiljitation (OMRR&R Manual). In accordance with ER1110-2-1407,
ER1110-2-2902, Policy Guidance Letter #9, and Policy Guidance
Letter #27 an OMRR&R Manual shall be prepared in conjunction with
the PCA which outlines non-federal responsibilities after project
construction for the economic life of the project. The non-
federal sponsor must operate, maintain, repair, replace and
rehabilitate the completed project. In general, the non-federal
responsibilities are described in the following paragraphs.
Specific responsibilities for the Long Beach project will be
finalized during the PCA process.

A264. OMRRLR For Hardened Structures. As per Policy Guidance

Letter #27, under current policy, for projects constructed since
passage of WRDA 86, the non-Federal sponsor is responsible for all
activities related to the OMRR&R of hardened structures. This
includes features such as groins, terminal groins, and other stone
structures which may be included in beachfill projects.
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A265. OMRR&R For Beachfill and Dunes. As per Policy Guidance
Letter #27, non-federal operations responsibilities include
continuing oversight activities to assure that the beach design
section provides storm damage reduction and promotes and
encourages safe and healthful public enjoyment of the recreaticnal
opportunities provided by the beach fill. Operation activities
would include protection of dunes, prevention of encroachments,
monitering of beach design section conditions, provision of
lifeguards and beach patrols, and trash collection. Maintenance
activities for non-federal sponsors include preservation of the
design section. This can be achieved through a combination of the

following:

(1) Grading and reshaping the beach and dune using sand
within the project design section.

(2) Maintenance of dune vegetation, sand fencing and
dune cross-overs.

The following activities, if undertaken by non-federal parties,
may be classifed as continuing project construction and may be
shared as pericdic nourishment under the terms of the PCA:

(3) Placement of additional sand fill to restore an advanced

nourishment berm.
(4) Placement of additional sand fill on the project to
restore the design section.
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Design Data

Eastern 3 Groins (A, B & C)

Armor Stone Weight (Wr) = 170 lb.Jjef.
Specific Gravity of Stone (Sr) = 2.85
Structure Side Slopes (sot 8) = 1.5
Subility Ceeflizient (KD)

Head = 1.9

Trunk = 2.0

Wave Heights (Breaking) (H)
Head Section & Outer Trunk Séction = 10.9 fi.

From SPM (1984)
for rough angular
sione, breaking wave
condition

Inshore End of Trunk (w/crest el +3.5 NGVD) = 9.6 fi.

Inshore Section = 11 &, Lo
Compule Stone Weights
Armor Stone  Weight
W= WreH"3 .
KD*(Sr-1)"3%coL 8

Head Section: Wi = _ (170010.9*3 = 17,000 Ibs.
1.9*2.65-1)"3*1.5  or say 9 Tons

Outer Trunk: Wi = _(170(10.91"°3 = 16,100 Ibs.
2%(2.65-1)"3"1.5 or say § Tons

Inner Trunk: Wt = _(170V9.6)°3 = 11,100 lbs.
2%(2.65-1)"3"1.5 ar .y 6 Tons

Inshore Section: Wi = _(170W113°3 = 16,600 [ba.
2*(2.65-1)"3"13 or say & Tons

Underlayer Weight = Wu'10
or 1200 lbs. o 1600 Ibs.

Bedding Layer - Use quarry run

Compute Structure Dimensions
Crest Width
B = p*k*(WuWr)*1/3
‘Where B = crest width

a = no. of Aones, = 3 (recommended  in SPM)

k = layer coefficienst = |
(Table 7-13 SPM)
Heed Section/Cuter Trunk, B = 14 8.
lnner Trunk, B = 13 fi.
Inshare Section, B = 14 &,

Layer Thickness
r = ok (WUWn)~1/3
Whers r = layer thickness

n = no. of fl =2 3
k = layer coeflicient = 1
(Table 7-13 SPM)
Agmar
Outer Trunk, r = 9.1 f.
lnner Trunk, r = s2f
Inshore Section, r = 9.1 f.

in SPM)

411
i
4.2

CALCULATION
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Design Data

Western 3 Groins M. E & F)

Armor Stone Weight (Wr) = 170 bb./s.f.
Specific Gravity of Siene (Sr) = 2.85
Steueture Side Slepes (eot 8) = 1.5

Subility Coefficient (KD)

Head = 1.9 - From SPM (1984)
Truek = 2.0 for rough angular
sone, breaking wave

condition

‘Wave Heights (Bresking) (H)

Heod Section & OQuter Trunk Séstion = 10.9 ft. .
Inshore End of Trunk (w/crest el. +3.5 NGVD)= 9.9 ft.
Inshore Scction = 9.9 .

Compute Stone Weights
Armor Stone Weight
W o= WreH"3
KD*(Sr-17"3"cot 8
Head Section: Wt = __(1703(10.90°3 = 17,000 lbs.
1.9+(2.65-1)"3*1.5 ar say 9 Tons
CQuter Trunk: Wt = _(170)(10.9)°3 =~ = 16,100 Ibs.
2%(2.65-1)"3*1.5 or say & Tons
Inner Trunk: Wi = _(170WD.91"3 = 12,100 [be.
2%(2.65-1)"3%1.5 or say § Tons
Inshore Scation: Wi = _(17002.9)°3 = 12,100 Ibs.
2+(2.65-1)"3"15 or say & Tons
Underisyer Weight = Wu/'10
or 1200 lbs. o 1600 lba.
Bedding Layer - Use quarry run
Comy e . N
Crest Widih
B = pke(WrWr 13
Where B = crest width
n = no. of stones, = 3 {recommended in SPM)
k = layer coefficient =1
(Table 7-13 SPM)
Head Section/Outer Trunk, B = 14 fi.
laner Trunk, B = 13 ft.
Inshore Section, B = 13 ft.
Layer Thickness
r = p*k*(WUWr)"13
Where r = layer thickness
o = oo..of ! =2 ded in SPM)
k = layer coeflicient = 1
(Table 7-13 SPM)
Armor Undedayer
Cuter Trunk, r = 9.1t 421 f
lnner Trunk, r = 82 ' 12f.
Inshore Section, rw= : IR 3R

CALCULATICN A-2
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WATER SURFACE ELEVATION IN FT. NGVD
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FIGURE A40
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APPENDIX B - BORROW AREA INVESTIGATICN
PROJEZCT LOCATION AND DESCRIPTION

81. The general study area is located aleng the Atlantic Coast of
Leng Island, New ¥York from Jones Inlet westerly to East Rockaway
Tnlat, The araa lies within Nassau Countv, New York and Irom east
=0 west includes the communitiss of Psint Loockout, the Town of
Hempstead, the City of Long Beach, and the Village of Atlantic
Beach.

B2. Tne terrain of the island is low-lying and flat with
slevation generally lsss than 10 f£set above the National Geodetic
Vertical Datum (NGVD). The ocean shorsline of Long Beach Island
consists of a continuous strip of generally leow-lving beach with a
seriss of groins constructad along much of the ocsanirent.

GECLOGY
83. Long Island lies within the Coastal Plain physiographic
province and marks the southern boundary of Pleistocene glacial
advance in the eastern part of the North American continent. Two

end meraines form the pPYSLquaphic backbone along the northern
part of Long Island. These moraines ars superimpesed aleng the
western half of Long Island but split in west-cantral Long Island
angd divearge a*ouné Grazt Peconic Bay. Terrain south of the
z=2rminal moraines coriginatsd as glacial cutwash plains, and is
composad of sand and gravel detritus transported south by melt—
water streams during Pleistocene time. Shallow brackish-wate
lagoons and low relisf sandy barrier islands with associatad dunes
ars the dominant landforms aleng most of the southern shoras of
Long Island. Long Beach Island is cne ¢f these barrier islands.
Matameronic bedrock underliss sandy deposits, at depths varving
from -200 £T. NGVD in rorthern Long Islané to -2000 £%. NGVD belaw
Fire Island. '

4, The back-barrier lagoens and elongate-barrier islands are
geclogically very recent fsaturss which owe thelr origins to
ccastal processes operating during the gradual worldwide rise in
s2a lsvel. The barrier islands are constructional landforms built
“up over the past several thousand years by sand frem the sea floor
and by sand transported westward along the Long Island sheoreface
by wave-generated longshcore curresnts. This chain of sandy barrier
islands sxtends from the wastern end ci Long * zastward to
Scuthanmpton and is presently broken in continuil ;y by six tidal
inlets. Figurs Bl show the geclogic formatiens aleong the south
shore of Long Island described in the late 1800's, from Fire
Island to Coney Island.

BORROW ARE2 INVESTIGATION METHCDQLOGY
85. The primary objective of the borrow area investigation was to
identify and delineate sources of sand borrow material in the
offshere watsrs of Long Island for use as design £i11 and beach

Bl



(1)

nourishment material the Long Beach project, which extends
f»om Jones Inlet to ea Atlantic Beach. Sediments were sought
which wers of suitable grain size, and present in suificient
volume, within a reascnable distance from the project shoreline.

(=]
s

r
.
-

35. Offshore investigations included subbottom seismic reflection
orofiling (gecphysical profiling), and sediment sampling by
vibracoras coring. Grain size distributions of the offshore
subbottom sediments weras obtained from core samples, and were
compared to grain size distributions of. sand samplas taken from
the project area beaches to determine the compatibility of the
offshore sediments with beach (native) sadiments. Those areas
which passed suitability criteria and contained sufficient depth
of suitable sediment wers designated as potential borrow areas.
Volumes of suitable sands were computad in the potential borrow
ar=a2s. The search for borrow araas continued until sufficient
volume of suitable materizl was located te suffice for estimated
project needs over 30 years.

BEACH SAND EVALUATION

B7. Ercded beaches that are in need of rencurishment are
considersd to have rsmnant sediments of a grain size distributicn
#hat is reasonably stable. Native beach sediments must be matched
with similar grain size borrow area sediments sc that the beach
raplenishment will endure cver & reasonable period of time. In
order to detarmine :his reprasentative sadiment, samples of native
beach must be collectad and analysed for grain size distributien.
Beach sample parameters derived from the grain size distributien
(gsd) curves are then compared mathematically with the gsd curves
of +he borrow arsa sadiments to detemine the overdresdge (Ra) and
stabilitv (Rj) factors of potential borrow sediments.

23. Beacn sediment grab szmples wers collectad in 1235 along .tan
JSACE profile lines (Figure B2) at +8, 0, -3, -18 and -30 ft.
NGUD. Grain size distribution curves were then calculated based
on ccmposite beach samplas for each profile line. Beach composite
parameters are given in Table Bl.

TABLE B-1
BEFACE PROFILE COMPOSITE PARAMETERS
Profile Phi 352 2hi 32
130 2.22 2.71
172 1.85 2.48
182 2.29 3.31
194 1.94 2.83
210 2.29 3.18
224 2.20 2.95
234 2.22 3.03
240 2.05 2.84
290 2.18 2.80
330 2.31 3.00
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B9. Thres overall compositas were made by cembining the profile
composites To produce typical beach sand models for the Lido
Beach, Long Beach and Atlantic Beach areas of the shereline.
These three overall composites were comparad to petantial borrow
matsrial to deterimine their suitability for beachfill. The
parameters for the compesitz beach sand models are shown in Table
3-2. As indicated in Table B-2, the median grain sizes (Phi 30)
for the three typical beach models are 0.21 to 0.22 mm, which are
classified as fine sand based on the Wentworth Classiricatien
(Figure B3). Grain size distributicon curves for the thres typical
beach sand models are shown in Filgures B4-B6.

TABLE B-2

COMECSITE BEACH SAND PARAMETERS

Composite Phi 15 (mm) Phi 30 (mm} Phi 84 (mm)

Lido Beach 1.38 (.38 mm) 2.13 (.22 mm) 2.75 (.15 mm)

Long Beach 1.31 (.40 mm) 2.17 (.22 mm) 3.03 (.12 mm)

Atlantic Beach 1.41 (.32 mm) 2.21 (.21 mm) 2.95 (.13 mm)
OFFSHORE INVESTIGATIONS

B1O. several offshors investigations were conducted aleong the

southern Long Island sheoreline from 1266 to 1551. In general,
these studiss included two types of data collectiocn; subbotiom
seismic profiles (gecphvsical profiles), and wvibracore core

samples. Seismic profiling effasctively covers wide araas, and
delineates the depth and extent of ssdiment lavers beneath the
surface. Seismic profiling is used to pinpoint locaticns for core

sampling, and to estimate volumes of subbottom sediments. Core
samples show precisely what types of sadiment exist, and their
associated depths. Core information is used for compariscon with
native beach material, and in computation of sadiment wvolumes.

B11. Summarv of Offshore Investicgations.
a. TICONS Investicaticn — 1376. The geopnysical investigaticns of

1576 consisted of 7335 lines miles of subboticm seismic reflection
profile data and 70 vibracores (Figure B7). Alsc included in the
report are the results of coring done in the 1960's by Nassau and
Suffolk counties for sewer outfall construction. This study
indicated an abundance of sand suitable for beach replenishment
off of the Long Island coast and throughout the New York Bight
area. Quantities in the regicn were estimated at eight billion
cubic yards of sand available for retrieval by present dredging
technigues (References Bl).
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b. Survey Report = 1%65. In the 1363 Long Beach Island Ercsien
Control and Hurricane Protection Report (Refersnce B3), the New
York District Corps of Engineers proposed to use borrow areas in
Reynolds Channel and Jones Inlet for beach f£ill. Boering logs of
subsurface explorations across Reyneclds Channel, Long Creek, Swift
Creek and Sloop Channel were presented in this report.

Preliminary examinaticns were made basad on the beoring logs to
determine the characteristics and the potential volume of
materials in these areas. Material was found to be unsuitable for
beachfill, consisting primarily of silty sand and organic
deposits. .

c. Jones Inlet 933 Studv, 1891. Dredge material frem Jenes Inlet
has been used for beachfill on the Town of Hempstead beach
numerous times in the past, and is likely to be used regularly in
the futures. Thirtesn sediment grab samples were taken in Jones
Inlet and seven in East Rockaway Inlet in November 1991. Crain
size distribution curves wers prepared for all grab samples and
those from Jones Inlet were compared to the native beach material
frem the Lido Beach model. Grab sample locations are shown in
Figure B8. Jones Inlet sand parameters are shown in Table B=3.
The sand from the inlet was found to have a relatively high Ra
factor of 1.44.

TABLE B-3

JONES INLET SAND PARAMETERS

Grab

Sample Phi 18 Bhi 84
JIL 2.01 2.78

- JI2 1.85 2.72
JI3 1.61 2.43 '
JI4 1.61 2.68
JIs 0.28 1.18
JIs 1.04 1.85
JI7 1.05 1.84
JIig 1.17 1.93
JI9 1.14 1.98
JI10 0.79 2.17
JTI11l 1.07 1.73
JI12 1.69 2.86
JIl3 1.14 2.01

LONG BEACH OFFSHORE INVESTIGATION, 1891

Bl2z. Summarv. The New York District performed a gecphysical
investigation in the coastal waters just south of the Long Beach
project site in the fall of 1991. The intention was to find a 50-
year supply of sand for beach reconstruction/rencurishment for the
beaches of Long Beach Island. The gecphysical survey consisted of
30 line miles of subbottom siesmic reflection profiles and 15
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swenty-foot vibracorss. Figurss 39 and B10 shew tThe locaticns of
the seismic lines and vibracorss. Core material was then compared
to the project beach sand medels 2 potential borrow area
containing 35.8 MCY of suitable material was delineatad (Figure
B11l).

313, Ssismic Investigation. Thirty line miles of saismic
rafisction profiles were taken as the first phase of the 1931
afsshors investicgaticn (Figure BS). Fourzzen parallel lines were
Fun in The north-south dirsction spaced 2t an intarval of 2,000
fset, for a nerth-south length oI about 6,000 fset. Three tie
lines were run in an east-west direction, saparated by an intsrval
of 2,000 feet. 2ll seismic raflection racords were studied to
detsrmine the patterns of geclogical strata. Vertical cross-
sections wers constructed te show the positions of fixes along
=ach =rackline, the crientation of the seaflocr and rslative
pesitions of interpretead saismic reflecticns kbelow the sealloor.
Sites for vibraceoring were chosan for thesa areas which gave
indication of sufficient sand resources.

814, Core Analvsis. During the vibracors operaticn, graphical
recordings wers made of the penetration rates of the coring head
into the subbottom for each successive foot of penetration, to
cervae as an indicazor of the type of sadiment material being
cored. The racoverad cores wers cut into managsable sectiens.
vipracore sections were then cut open longitudinally and the
contents visually logged according to the Wentworth Classification
System. Each section was photegraphed at one-foot intervals.
Samples were extracted from each core. Extracted core samples
wers sisved by a soils laboratory to analvze the contents and
prapare grain sizs distribution curves. (Core grain size
iatrimution curvas and penetration logs are shown in Figures
312-B4l.)
Bi5. Classification. The cors material was classified according
to the wentworth classification system. This classificatieon is
widely used by geologists and engineers designing beach £ills.
The limits of the size classes vary by powers of 2 millimeters,
with the largest class consisting of boulders (>258 mm) and the
_smallest class containing celleids (<0.0024 mm). Figure C gives
1imits of the various size classes in the Wentworth classification
system.

Sadiment size

w
based on the de

£fin

Phi units = - log,(diameter in mm)

The phi unit scale is indicated by writing 'phi' after the
numerical value. Advantages of the phi unit scale are:

(1) Limits of Wentworth size classes are whole numbers in phi
units.

BS



{2) Sand size distributions tvpically ars near lognormal, so
+hat a unit pased on the logarithm of the size bhetter
emphasized the small significant differences between The
finer particles in the distributien.

(3) The normal distributien is described by its mean and
standard deviatioen. .

216. Based on the core sample length, an overall "weighted" grain
size distribution curve was plotted for each vibracors. From the
final grain size distribution curves, the phi-16 and phi-84 values
were determined. The phi-16 and phi-24 Yalues were compared to
native beach sand phi-16 and phi=-g84 values to determine the
overdredge (Ra) and renourishment stability (Rj) factors.

SUITABILITY CRITERIXZ

317. The suitability of sediments from potential borrow sites
considered as a source of supply for beach rsconstruction ware
evaluated by use of technigques and mathematical equations
presanted and discussed by James, 1975, (Refarance B6) and by
Eebson, 1977 (Referencs B5). These publications provided the
sourca for the development of 2 computar program to avaluats Twe
numbers, the Adjusted Fill Factor, Ra, and the Renourishment
Ratioc, Rj. New York District suitability criteria divides
sediment into three categories: suitable, marginal and unsuitable.
The Ra and Rj ranges for these eriteria are listed in Table 2-¢.
A sample calculation for computing Ra and Rj is shown as
calculation C-1.

TABLE B-4

SEDIMENT SUITABILITY CRITERIA FOR LONG BEACH, NEW YCORX

Ra Classification RJj
1.00 - 1.20 suitable 0 = 1.00
1.20 - 1.50 Marginal 1.00 - 1.10
1.50 - ++ Unsuitable 1.10 = =+

B18. The Adjusted Fill Factor, Ra, predicts the amount of
overdredge of a given borrow material which will be required to
produce, after natural beach sorting, one cubic yard of beach
material which will have a mean grain size similar to or coarser
than the original native sadiment. Losses due te the dredging
process are in addition to these natural sorting losses. The more
desirable Ra factors are those closest to 1.00. An Ra facter of
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1.0 to 1.1 is considered as representing the most suitable
material. An overdredge of ten percent or less produces the
desired sediment volume on the beach for Ra values between 1.0 and
1.1. An Ra factor of 1.1 to 1.3 means that an overdredge of ten
to thirty percent would be required to produce one cubic yard of
beach material. For this project, the limits for suitability
based on Ra factor were 1.0 < Ra < 1.2.

B19. The Renourishment Ratio, Rj, is a measure of the stability
of the placed borrow material relative to the native sands. The
more desirable Rj factors are those closest te or less than 1.0.
An Rj ratio of 1.0 means the native and borrow sands are of equal
stability, having very similar grain size distributions. a
renourishment factor of one-third, Rj = 0.33, means that the
borrow material is three times as stable as the natural beach
sands, or that renourishment with this borrow material would be
required one-third as often as the native-like sediments. For
this project, the limits for suitability based on the Rj ratio
were 0 < Rj < 1.0.

RESULTS

B20. Cross-Section Plots. Figures B42-B44 show representative
cross-section plots prepared from seismic and core data. The

cross-sections show the surface of the seafloor and subbottom
reflector lines, positioning fixes, and vibracore locations with
types and depths of material. Sand layers are shown to be
continuous between core samples.

B21. Compatibility. Based on the suitability criteria given
above, the fifteen vibracores were analyzed for compatibility with
native beach sands. Vibracore material parameters are listed in
Table B-5. Median sediment sizes range from 0.15 mm to 0.60 mm
which falls in the fine sand to coarse sand range based on the
Wentworth Classification. Analyses were performed to compare the
borrow material with the three native beach material models to
determine the overfill (Ra) and renourishment (Rj) factors.
Results are summarized in Table B-6. Borrow material at cores C-
2, C-5 and C-7 consisted of fine sand and failed suitability
reqguirements. Cores C-14, C-15 and C-17 were found to have
suitable material for depths of 14, 10 and 17 feet respectively.
All other cores were found suitable for the entire 20-foot depth.

B22. Borrow Area Delineation. A borrow area containing material
suitable for beach reconstruction and renourishment was outlined

and is shown in Figure B11l.

B23. Volume Estimates. Estimates of suitable borrow material
volumes are summarized in Table B-8, and are shown on Figure Bll.
The total volume of suitable beach placement material found is
35.8 MCY (million cubic yards).

B24. Cultural Resources. A cultural resources investigation will
be performed prior to the preparatjon of Plans and Specifications
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which may result in lecation of potential submerged cultural
resources. If this is the case, volumes of sand availakle for
placement on the beach may be reduced due to avoldance of
potential cultural resources.

TABLE B-3

VIBRACORE SAND PARAMETERS

Core Depth :

Number (Fest) Phi 186 Phi 50 Phi 84
c-1 0-15.5 1.25 . 2.15 2.80
c=2 0-15.1 2.05 2.45 3.25
c-3 0-20.0 0.10 1.3¢0 2.35
c-4 0-20.0 0.65 1.80 2.65
c-5 0-19.5 1.85 2.30 2.70
c-6 0-18.0 0.50 1.30 2.70
c-7 0-13.9 1.30 2.10 3.40
c-8a 0-15.9 -1.10 1.70 2.75
c-g 0-15.9 1.00 2.15 3.00
c-10 0-17.0 -1.15 1.50 2.20
c-11 0-19.5 -0.50 0.95 2.40
c-12 0-19.5 1.40 2.15 2.80
c-13 0-13.4 0.50 1.35 2.20
c-1 0-13.7 0.25 0.35 1.70
c-15 0-15.8 2.05 2.40 2.70

TABLE B-6
VIBRACORE OVERFILL AND RENQURISHMENT FACTORS

Composite Beach Model '

Core Median Lido Beach Long Bezch Atlantic Beach
Numker Size (mm) Ra Ri Ra Ri Ra Ri
C-1 0.24 1.0 0.8 <1.0 1.0 <l.0 0.8
Cc=-2 0.19 7.5 2.6 5.7 2.3 5.4 2.2
c-3 0.40 1.0 0.1 1.0 0.2 1.0 0.2
C=4 0.29 1.0 0.3 1.0 0.5 1.0 0.4
c-5 0.21 4.7 1.8 7.3 1.7 3.5 1.6
c-g 0.29 1.0 9.5 1.0 0.6 1.0 0.5
c=7 0.23 1.4 0.8 1.2 1.0 1.3 0.8
C-8a 0.32 1.1 0.0 1.1 0.0 1.1 0.0
c=-9 0.23 1.1 0.5 1.0 0.7 1.1 0.6
C~10 0.36 1.1 0.0 1.0 0.0 1.0 0.0
c-11 0.54 1.1 0.0 1.0 0.1 1.0 0.1
c-12 0.24 1.0 1.0 1.1 1.1 1.0 1.0
C-13 0.386 1.0 0.3 1.0 0.4 1.0 0.3
C=14 0.56 1.0 0.2 1.0 0.3 1.0 0.2
c-15 0.18 >10 2.5 >10 2.2 >10 2.2
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TABLE B-=7

VOLUMES OF SUITABLE BORROW MATERIAL
(million cubic yards)

Block Depth Area Volume
Location (£) (M s£) - (MCY)
c-1 20 4.0 3.0
C=3 20 4.0 3.0
Cc-4 20 4.0 3.0
C=8 20 4.0 3.0
C~-8A 20 6.0 4.5
c-38 20 4.0 3.0
c-10 17 6.0 3.8
c=-11 20 4.0 3.0
c=12 20 4.0 3.0
C=13 20 4.0 3.0
c-14 14 4.0 2.0
c-13 10 4.0 1.5
Total Volume 35.8 MCY
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calculation B-1

addusced Overfill fRz) and Renourishment i) Faciors

=20 —

1. Adjusted Qverzill Factor (Ra)

The adjustsd overfill criteria develcped by Janes (rReference
B6) , presented graphically helow, give a soluticn for the
adjusted over£ill facter, Ra, where

mated number ©f cublc ya:ds of £ill material
To producs 1 cubic ya:d of besach material
peach is in 2 conditzien compatible with the

Ra= the estixm

¢ = the standard daviation and is a measurs of sorting
¢ whers
{phi-84&4 - pni-ig}
d-¢= -

b = subscript b refers to borrow mataerizal
n = subscript n refers to natural sand on beach
phi-84 = 84%Th percentile in phi units

pni-16 = 1€th percentile in phi units

///9"
A
Z%

q
0

a

=

Isolines of the ad]usued overfill facter, Ra, for
values phi values of mean difference and phi serting ratic
(from James, 1375) . :
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The Automated Coastal Engineering System (ACES), Version
1.06, Coastal Engineering Research Center. 1%91. was used to
caleculate the Ra factors shown in Table Be.
2. Renourishment Factor (R3})

To de=srmine the periodic renocurishment reguirements, James
(1975) defines a renourishment factor, Ry, which is the ratio
of the rate at which borrow matsrial will erode to the rats
at which natural beach matsrial is eroding. The
ranourishment facteor is given as: -

(_ !(;era".\’{”\__ 22(‘130
=av Y] S — -
R, =exp| . J .2L03,‘

N
/]

=
2

=
=

Mgp=Man
Ten
i

1selines of the renourishment facter, Rj, for
values of phi mean difference and phi serting ratio,
A= 1.0 (from James, 1375).

The Autemated Coastal Engineering System (ACES), Version
1.06, Coastal Engineering Research Center, 1991, was used to
calculate the Ry factors shown in Table B6.

B-b



J—
EnDrIVIIO S
901077

SNOT.LYWAOA DID0710MD

FIG-Bl




Page 77 of 210

Last saved by e3plfgp3

nnn

RS

R+ e F b SNOIJYOOT HIdWMYS AvU9 INAWIUES HOvad

AN FFE FLLAN TS

@

.Eﬁnm_wﬁ_ﬁm

_:_TWW,H_ 5 :

:F

.:. W:Zrl

Jﬁﬂm@ﬂ = AU

m..cw &L

N

A HEAT I

Hﬁ_ e

FIG-B2

G:\~ LIBRARY\George\Long Beach Is|NY Feasability Rpt Feb 1995,Vol 2\LongBel,Feb 95 FeasRpt,Vol 2- 6.doc



Unified Soils |astm| mm | #ni Wentworth

Classification | Mesh | Size | Value Classification
% | BOULDER

COBEBLE TfﬁcJ-;;ﬁﬂim”j

_ |
_— 2 150 -'élé'—'a.?.ﬁ"/ COBBLE
g N 1 | ° P |
GRAVEL 0 ; ; 7
T AR AR,

FINE GRAVEL P 'L l i PEBBLE

coarse

GRAVEL

B

very
coarse
coarse
i Y 40 medium
fine
T, 000 4% 0.078 EY very fine
| i i .
SILT 1230 . 0.082 0
| | | SILT
L0 i 0.0038 8.0 T
| | I CLAY
CLAY 7. 00.00e4  12.00 . 5

COLLOID J

SOIL CLASSIFICATION

FIG-B3



JLIS0dW0D
201221061

FUAIND "ADT
314020

3IWIS 1tid

gost anne - AN HOVIE 04l

9

1
.

S

I
[ -4

1
|

SUILIHITIIH 3ZIS NIPHO

| I 1 T

@e'n 8 1-

'R

BE"1 =~ 91
€1°2 = @5
GL'2 = ¥B

I Yd
1 Yd
Hid

1
enz

Ly

avi

T
Bat

a9

aez

I
¥

AAIIS QYUUNYLS °S°N

2l

a2

%1:4

ar

es

29

8l

L)

es

L = = Ll o

TSI -

==

oo ZE+-

FIG-B4



J4LI50dW0D

TCAADN)Y "ADT3

Ap22°012'b61 2AT0d

3IS _1Hd

0861 INNL - AN “HOWAd ONO7I

T

1 T
Qe

T
e

I
eri

%] SHILIHITNIH AZ1S NIUYD

@

o

- —
-

(" Bti- 82— B E-

el

oz

—| BE

14

a9

IE*T =~ 91 |iud
Z1°g = 85 )hud.
EQ'E = ¥O|iud

as

e
e

TTTT—
3 Al

% 13]

- ]
%] 4

JAIIS QUYANULS “S°N

aatl

= > T =3O =

e = Z LI O

oW owZ -

FIG-B5



b

| ALISOJWOD *(UAIN) ‘A3 o .
PEE'B62 B2  VEZ 110 861 INNL ~ AN TIDVAE OTLNV 1LY
FWIE IHd

| I S R U I SO e SRS S S B VAR SR SO RN S B,
89 ‘8. = I 4 0'E a'e a' e-a 2" i- [ B E-

ib-o 1'8 sy3ILIWITIIM 3ZIS NIy @71 o1

-]
FIG-B6

- a2

e FER R e e g

Q€

= >~

L= Z e

99

Bl

Pl = 91 |14d
i2'2 =~ @5 |tud
C6'2 = ¥B|IUd

o OoOWZ -

ael

1 1 1 1)
aez avl  asl 09 ay %14 al 14

IAIIS! GUUINULS “S°N



Suffair Ca

< :

TCONS SEISMIC TRACKS AND CORE

LOCATICNS

FIG-B7



R
TN
g \'9!1;‘
S N

i B TR
.

Sheo g
{EKAIG ¥
=20

FaEcns NG
MEr MCLINE

A GkARER
1 FAA e 2w mainid

Elmi2sec
Priv maintc
Fan '

=" 5
[:~ 108 ; T
‘ :"ﬂ-a avazrac B

l cwﬂo~il !
| lones infer |

“he mugys And loundings N this Iniat

. zhgrien Sessute of 23nnAugl InEnge.

Freamari

o . .'i' ’ [ 2 '
N % i 7

—arrmme TAIT DM ~DATR SAMDTRES TACATTAWS

26

FIG-B8



[y}
0
£ oAty id _ 1har sy | onog e 1 30 ~ L3 [ n m
— — 2 o ., CEEEN i 3 [y
JIN0Y A3AHNS DIWST3S g LN - s 3 g
WOA RIN CONVIST 9HO T } ( T,
ONVIST_HIY3E 9ND1 . ) w
— [ T \
SN E e \
5 // N ﬂ./ ._m — ™~ T - L
N vl
- 0 Y ' AD .f ......
- \ a/,d ...,/I|[ \.I..,lum._lmm
HEAVEH ST 4 am/ e
L non ‘GO0 e
000 "GEL "2} 000 1EE N
000 181 N- Jodal)
T g0 7 000 '6B0 €3 o
000 511 - N P PR, ----.\\.acc el N e T
y 000 ‘580 23
TR T A000E2L N
“ i SR |/ ooose0es
" " = 1 y-00079e N
1 < o
“ ' 2 A 00U 60 23
—— : - Y -0BUEL N
1 Sea
e e— ga— — -

MY

[T E—

L e

N
Hd i [

it S




T ki

ROILY2IOT B0 Oree
A BEOVHL DINSITS

WOOL TN 0N BRI 00T
bR 51 VW38 D107

TI3w0NA OMING HOBONT 1Y I
IS HHOA MIN
SHINIEHD 0 SdAH0D ARMY S'n

| i.mmw. H—N_...a._.

L T
Ao v S e
LLUEHE]
e
LR T
i 1M
-mm
w o

5
...u pomaa 1w ap LET
Nz
S
NP 580

T

O D W SEILAZI TR CiEe

MO 3L R N AW LE

EI R Tt e R ey

PEE G T RUELE WS pn e sy

LT S T e T

LU

[

m W Ay e (N

Enon

me
b il wE s

AVETSY

FIG-B1O




T e T R —

s | _w s e TEES i

YWY MOMMOR RS 30016 490 .|Hm...ﬂmu‘.n. .
I BOHDEHESHD LY IS OMYS

- .a

HHOL BN ORS00 wmn
QYS! HOY3E DhOY

123 0Hd DUINOD HOBDHD 1IY3A
L12MHISHK) HHOL M3H

SHITHONT 50 S4H00 bRy 50

e e .
e 1
——— [
- - - H - b N e :— W e S A Wrnrrert) -
— Al W v 0 AP e 4 3THE R S L]
[ilzeakal sAon
e L]
¢ mm
e towe e
Vo
e = v 14 - T 3 n. h Lk
L e I ki - L . iy e T T
FRROUR TR B S |
B e ]
oy / [ R N J N . S A
fowerr ™07 -,
¢ \ -
8 7 - -
E -
- u - - veers - |
|
£ o 1

[T nan

FIG-B1ll



pugys] tpeog Duo e10Ns IO
g oloaeIA
GoeLre)

RIGTITEN IO
:potiey Buliig
Buppon
Bupisezg

Rl )

‘sHoys e
‘aqz WIS @nw| T9LE PULS 850D 80R)
torp | PURS WINPOL e[l '%ER PHNS o)) Avip)

G600

ensoduny
IS 09R1) o4 PURS BSIROD QORI "HE WIS 0
Tapp) pUIS LIN(petl el "w%En pues ey Al b SGE -G
“gpels 0mel] 'ebE (oAl
ot 0zl] "6 ¢ IS ORI} TSGR PIZE DSIR0D B
fat Ol PUES WINIPOU pug "% L1 pues o) Aeiey RN ) i
‘ura "9%g NS eann
fogp pUIES WINPEW aoel %16 pUes ot Aeid Uspum a'G-,00 [N .
001 on
NOILJIUDSI0 FHOD
MTIA - WNLVA T

1334022 HLd3a UALYM

G111 - S50V

1oN weloid

16G 1 1otuieAon H:1[: T
“aup *Aoaing opsies urea euldly g
HIOA MAN "HIOA MBN
spep] W opepel) BUL] [Fe}
ganInog Mmoslog - Youey Huo sjoafoid
I B
o
—
L4 Lt
— 5
H 5
— m‘ .
.f.f;_._/ =~
H oL g
(=3
l\\\ 2
- E
I &
; H lg
[.rffrra.u.
e |i|_ s e e s .,ll..||L.|.|r.|, . n_
09 o oz 0

{'sa00) ewijl vopuoUed

L P



puegsy yoeog Buoty elous o
JIE oM A,

g 1areet

6IRITLIE

ouez pues) Buo | 'enis AN

gIm|s 8] “7hG pUeS Wnjpen oy
fon s ool Tag gl pues ouy Ay

‘opm PULS LINIPOIL AOIZT
Cong NS 021 TGEG PUNS oy Al wnpen

‘slrs PR
fon ] pUES @S V00 00 togg pUBES MNP 0ou
tegal WIS O "% LL pURS 9UY Ay wnppop

‘ueed e WS earn
fapg prues LINPOL 030 on G pues eul) Al 01

HOILJIHOSHU SIH0D

1334 661 HLJAA UILVM

HIGTIEATaa |
:poie Bumia
Muapgpon
Dupises]

HellElo]

A6 -00
oysoduing

OG-S

K AL

08-.00

TN WAiva

e G T TGOV 0N 000N
° 1661 1ogumenoN {:1lila]
“gilj "ADAING DWIS|DS LLOIO aujdiy ‘g
IOA MON HI0A MBN
soep| W opapeld RILGEe)
na9110G MOLIOE - L9108 Nuo uaa_c..n_

.M. 2 02 .
l.ﬂ.a\
—m :
— g | e
\\\\.\\. gt
e L
. W .
“m 1 ol
w M )
. L
I -
" z
Ir;...l -G
f.f.—.—H
-
I T B Bt 0
o0l 08 09 ov oz ., 0 _

(‘oo08) oWl vojuneund

st . —_—



GI 1l - SSOV

sjoojord

"o Touloid

seled
Aq

Nuelo

- 01

1334002 HLd3A HALYM

(y) uogonauzg o caq

puels] yoeog) Nuo oloys 0 uopeno] LGG 1 0GUeAoN
Oz etooenyA  powen Bubic gu) "AoAmng o(Isjug tmoa0 oty
9L642) Bup oy HIOA MOR HIOA MO
0L Duyisen s{np] W opopeldd
ouoz puels| Buot] ‘omis AN OO po0Inog monog - Yaueg BuoT]
. ) ‘unoo "s|a1s 01os
) ‘o) E}W.,m el eoul ‘% pLUBS BSIR0Y Bl
"% 0k puus winypoeut pus %G5 pues ety Avaly i 00z -.00
“ onsaduo)
i e 'sjuawiel) floys ewos fog | s wouEN
'org joamsl) euy) 00BN tag | puBes 8smo ejil
1 teg g puas euy pue *%Es pues wnppew Al i 0°0g -.001
_ ‘IS sesuo] Ukl poppaqiellij ‘s|nks 028l
"ot oAl aul'ss | pUes 1200 BIERN o 1118 GO
‘oo PUES UMPOL 6011) "% LG pUES eul Aealy ysnitim 001-.00 | 1 — P 1
ool 08 09 Ot 0¢ 0
NOILJIHOST0 U0D (‘so008) 0w ) vojuoted v
MTIW - WNLYd e T

s DA



pungs) oeog Duo'f oig 10
0 @I0DRNIA

GEOral

wrantia

etz pues) Duoty ‘ons AM

"o | oA} oty e
fap WIS ) T pUIeS asnon an
Top g PUES WINBIL S1I0S ‘o1 4 puus oul) Awigy

a2 pURS 851200 0orl) o WliS @anll
'ob g PUBS N|potl otos ‘op 9 puus ol Ay

o IS eoRdy
‘atg | pums unjpett o ‘% poes ouy Ky

“s(|e|s eoel] '%E WIS 00l
‘G jenwil el aiil] %0z pUES O5N0I BIIOS
oy ze PUIBS B pUE "H0E PUBS wnppem An ey

NOILJIUOS:0 HUOD

— 1334 0ze [1LLd3U UALVM

.._ (O]
b
L L

R
oyt

Hil izl
porpiely B
upon
[unsesy

Helltla

0'0eg - 00
oysodumn)

0% -.0°01

001 - 0€

0€-.00
oo

MTIW - WNLYa

o |

e T TE60V oM 100(03d
. 1GG ) etnoAoN 818l
‘a1j "AOAING DINSJOS URODO oty 1Agl
oA MON HIOA MON
spinzp| L opapald quolid
genI0g Mmolior] - 112ued o spojoid
- 08
[ R
| sk
L)
5
=3
m:
©
| ok

uononau

()

BENDIE R PSS | 0

0g 09 or 02 0
(-8008) aw LovIEUed

FIG-B15




S R ——— N ....I..i...-..i..l\ll-u:I.i!.-]ﬁﬂ-_.wluimlmmﬁl:dmml_wﬂ_m»r_

puejsi yarog buo'poloys no U eS| . GG equIenoN e
Oz osoouiA  potiew Dy g ‘ReANg aIsiAG UBBI0 aujdiy Ag
IR ArA JutpitoN BIoA MON HIOA MON
Y EO0L0IE sz spinz)| L onepetd HueliD
ottoz puesi Buoy ‘s AN T goaun0g Molioy - 4oued Buo qoefold
1_. (114
P -

&

=N

it

ueap ') WS eael fopz PUBS AR IN0D ane) m

topg pues wInjpettt @) ‘oabG pUEsS ouy Ae i) SG) =00 nm_

. ajsodined g

G

e o pues
wmpent 0081} "%E WS gorl) ‘95096 pres ol Kial) wop) GGL-.Ek

ajjoo el "o LG (MIS 86 N0d ool L NIE ool
‘oz PUBS wHpe oji e g puLS Bl At wngpoyy £ =00 e o s

(‘no0u) ourL uojjuijoued

NOILAIUDSHTU AUOD

1334 092 |1Ld30 BALVM AT - WALVa

FIG-B16



RN
Mgt

oltioz privgst Doy 15 AN

‘op | plES 051202 821 torg s Awall spnzp ooel)
oy b7 pUES WNpaI oy ‘o0 pues o) 2 g popw

‘o4 | plIEE 0500 090 ‘oG IS Al ypmp ezl
‘oL g PUES BIMpoU ol ‘or,00/, plans oul Al PON

glovs eonl ‘%1 IS 0w} o, | pues aseon ool
fep | puES LInjpen e of 14y pHCE 6L Al umgpap

NOILJIUDS3A FHOD

EEFTAPENLEINE)

on - 00
asodiing

Q00 -0e

00 -.0°0

MTIW - NJvd

e T TGRS0V o oloid)

. 1661 oiueanN ema
i 'ADAING DSOS LROD0 m:::{ A
NIOA MR HIDA MON
st | W opapeld quBlD
paoinog Mmool - yavag Hue pefoid
0e
. . o -
-
+ s

b

" . 21

[ T =8

me o

w01 3

o

MHoE

e = 5]

e T =

< &=

H . g
n-
_ ||||||||| _ ———— .._|l.|.i|.....!_ N c
0ot it} 09 or ne 0

{(-anau) e vojuijoUa

FIG-B17



yeop] Huop owogs 10 [IGTERN]
02 A Speion n !
£rE00dl i

) _.@: ptras esieon enel) "

3t bl DUES WINDSL SN Yap PUES el 661 =00
aysodiing

_ "%G WIS BRI
faLiy RS Gl FOB T a5 pURS /) wnpep GG -,061

cop ) oAl g om)

oLy (IIUE ASIHOS BIEN g f RS D{POT E.021)
el IS €104 ‘egny pues Kzl yqrzg) 051 -.00

MO SN0
CigivmeiinEdaivm T T AT WNLYA

e e Y |
Gi177s60v  oN weloid
. 16GG 1 BuIoAoN e
g ABNING o ag ureupy eudyy Ag
A MaN HI0A MON
; | "W otepetd RULTT)
82205 Mo IO - Yauogl BnoTl ~zpeloid
- ) 2
o 6L
=
o
8
=3
e
0
1 ' o 2
i o
o
g
=
o=
o]
o
Rﬁ\a...
Tem
- .I.I.‘.. - — ...I.._ s 8 e ﬂ - S v S————— P} nm
814} {18] il 0 0
(‘909 0) OWIL), UONAIILDS

FTG=-B18



L

A a:
LErore)

GOGIEDIT
ouoz prws) Gvo’| 'npeig Ay

Bl WS oM

"L S oo
260 [oaril) oy aon foney pues asnon o)
"B DURS WIOjpene e fag s ey Avir

"y, e
"0 PURS Npoi ooy oL 06G pes oy Avaf S IAA

TTRE IS B0Rn "Hp puRs oS oD gin)
B4 ) PURS WNIPOT @) "ot L s e Avall s

NOLLNHOSHA 3U0D

C1IF0SE IdIa uAIVM T T

GG -0
olsuduing

GG 051

'S -00L

A1l - 00

MW - INNIVU

001

. GlIL-5SOV 0N 1seloid
1GG1 equieson e)eQ
up ‘Aoaing apisies tures eujdpy :Ag
HUrA MON HIOA MOp
sinef |y vpepar ue|o
namnog moliog - (sveg Duo] ‘1ojor
LNy - 02
-
l\
W
N
n 5l
h hd
w
Y
- =1
;-f. v
— | o1 m
L}
/.. m‘y
e 8
- 7
m s
p;
el RIS ——— I- B ] [ S— -U.
on 09 o e 0
('oo09) oLy, vojen o0y

FIG-B1o



st ypeog Bue ewls 1O
A7 ot gEs,

e ﬁ:_\.m...m__m:wc"_ gort) "M s oonll
fag) s winpatl apl el L Al umppay

‘sosun| |5 en wppaciop mo)
“arz pUEE 05100 091 %01 IS o

Yog | 7 PURS WIPOUY 01 "KLY pries oup) Al wnypaiy

_ .._.x.m pLnes ot |aun)]
fooGh IS M| AL PHRS Ol Kl sypm)

‘suouiihe) (jo1s oonl o, | NS Ao
torg oAl ey oozl ‘o] punes usnod opl
Tyl PUES DAL OWOS top o) phis o1ay) Aizsl) o

NOLLJILDS:HA 2HO0D

353450 111430 UFLVM

TATIN - WNLYa

ponioy Buging
Rl

GG - 00
apsothin)

oG) - 8T

AT A

G -00

(01

-]
o

Gl -SSOV
1611 “10quiBAoN
g e oy

oA mapl oA MEN
EICHANT apopos-)
ganinog Mmool - yaeed fuoT

— . _ —— PR _ —_ ——
a9 Ok 0c
{en00) o] VONUNDUZ ]

oed
Ag
el
:1oejoid
o 02
-|- g1
&
Q.
o
+ oL 3
&
m.,
=1
m
-5
0
0

‘ot waloid

FIG-B20



5 oo

T%E
"oz joarif} oun 0o LG PUES 08
mpat emos ‘9624 pues oul) Rz

“ansepd Anniys ‘s ‘osuep Aloa ‘Ao Al ynegg

NOLLJIUD S U0

DuppioN
Ausen
LD

0L -00
ajisudwio)

0702 - L)

Ly -aon

Qe-.00

FEEFETOHTRE ITEINZ)

M

TRTING]

[§11]

UG Tssov
166G 10OADHN

| AAIS DSOS U0 eullpy
I, MER HIDA MOR

st Y opapal:

sooI0g Mouiog - taveg BuoT

09
(‘noaa) ouILL UojuIlotiog]

‘o eloid]

1 st

eecl
WA

uelD
qoofole

10 qdag

°c

01

() vonpasu

FIG-BZ1



SN0
ey pugs| Buocp ‘vpsg AR

sz i) ouy oo

“ad pues o:_as._ euir] "mLe S Do
YapEr PURS WAIPOI GII0Ss "%a L POINS ali) x._:_: HENA

HOLLILIDS S 210D

1933 008 MLdA UILVA

Glth
HellN[9]

£61-00
aysoding

L6 -2l

LB

OF =00

CAVTIAL - WNIVA

o

[ ....n.._.__._.lm.nmﬁ,l.mmz.wm‘u_mﬂ
. 1G] 1equean]y ojeq
| ‘AoAmg ojsEIG UEEI0 audyy Ag
FIA DN YIOA MEN
. L epapeld Hil:]lle)
paoIog Mmoo - ouag Buo] Huejoid
C] ) - 02
-
\I
..l
- St
e 4
i)
W =4
’ M e.
B T APV ¢
(1]
\.n\ g,
" 3
~ =
-, T
/l g
_. .__ .I._|| |I||.Au
ol 09 ar ue V]
(ranau) ewi| L vonunoua g

FIG=-B22



P [ R — S GiiT eSOV O ol

| prag Bhio aoys o ouay | . 166G 1oguaAon CT1EN
0 omarrgA  Cpovien Bumia ‘u) 'hoAing plsing Ueed0 aujpy 1Ag
OONGES Buppion ’ NI MON HIOA MEN
GGG S spe)| b ojepeld a0
suoz puejs) Duo| ‘onis AN gasinog moriog - 1|299d Buo naefoid
L] ER A
‘\l\
n
Y
. L
~
....... —_— A g1
Y

A g

A 5

o,

&

“ng| joneill owy enel) gz pURS 051200 @00l \ {00 3

‘agp IS 00w "puRs unpottn el % ) g pues auy Aery 56 - 00 t/ u.

ousolwon " g

™ &

saf g pULS B5N20D 0D ‘on b IS B Na 15
tage ] pues umpet ol Yo, 41 pULS B ey L6 -850 .f.;-/
KA CUENGEER fenty Js ookl \.\1
‘o) | pums wIpon o tgen prms el Aeig 5°6-,00 PSR PR PRR— Iiul..i o
00l oo 09 oy 02 0
NOLLIUNSHU FUOD {-8900) ow]], ojunRUed .

i e s U

—iEEaeiciildad ualvm TTTTTTTUMTING inavd

FIG-B23



2LOGGE
| GOMGGOR
ouz pues| Buo 'opes AN

B HLLIER 05D a0l
fnn b oAl @l ooen 9% IS 0uRN
ng 1oz PUIRS N0 GIH0S "GO puns atl) A

Tag )| (IS @SIR0D 8N R el A |
Yol PURS TNPOIN BUI0S Yed GO PAMs oy Anig
oLz PURS 05100 aunll fang IS ool

fappee PUES BINJPOW BW0S T L prius o) Ao

NOILAILDS30 FUOD

T€ HLJIA UFLVM

CHUIEY

4ok -0
opotund

bl -,001

0100

MTIAW - WNLVa

T e Y VR TN O

Gi11 - S50V

1 Gti 1 regquiono i emg
o *Aoamg Dpisng [Lit]:Hlg] c»__._?__ gl
oA Mep WA Mo
sz | L opeped HULfe]
seoinog mollog - 1jpveg Duot pefold
H ug
T
- 7
—_— 2
"- =2
I o
»
{ o g
g
=
1§
~
-
b
el | B L
(4] (1 oz 0

('so08) B[] UolRINIe]

FIG-B24



e i e i mﬂ.ﬂ.ﬂﬂ@ﬂ;nﬂ&ﬁma
) 161 ICUBAON ’ M1 14
O OO LA on) "Roamg apusgg 10 oudyy :Ag
niouel NI0A MON HIOA MaM
GO |1 el apepald queliD
ooz | Mo ) <5 AR a0 g Mmosg - 2o fuo ‘__cc_c._m
__./.. - 0a
H\
e
\.H. - gl
. v - f=g
s GE PUES ol owos w09 P LT P kT
aist . s
m-r
nt
“Avpa pu fonsepd A Avalh ey GG -.LE) 1 ol _uM .
. m
tara (o al) ol eoed) ton b PURS 0SNI00 B0 N =5
w Al i AT 2000 . w ¢
T e
BRiRC] /J.
(IR -~
. . L]
A 001070 (I PR B T [ A
oo ou LY op VA 0
NOLLAIWDSEQ SH0D {0090} ewi | uopuIEUId

TRATIA - INNLYa

1554 9°22 HLAAA UTLYM

FIG-B25



A o
LA

I LGHOUT &
nuoyz poeps) Buop 'omis AN

1SIHIM,

o0 ) punes eony Azl

slif
patt s “wza poes oul Al

R
M

‘el puRes |

NOILJIHDS G 3000

1334 02¢ HLJIA UALYM

TR WAL

61 .00
aysoduog

a61-.001

00k -00

“6i11 - 580V

op 120joid

1661 JequIpAoN o1eq)
o "Aoamg apusig weano autiy Ag
WA MON WA MON
sy | L) opopoid el
gannog monog - (jovog fuoT oeford
- S
Tm
A
H\ 1 61
~ g
5
2,
0
=3
I
..\ - S8
v
o
B e B e Q
09 or oa 0
(‘no08) o] vopwioted

FIG-B26



R C= AN THDUBE HNOTY

nid ...-i--;ﬁ.ll
e e [ e e e R Bl Breutely Mt Bt - _.-,
B =m= s_m usr e B0e a'l (A 0t 0 d- .__m..

ul

) 170 A AINTOVIH 320G L 0l

D g e g - e el ot e e et et e it i e B
——— e —. SN PR e e, [ —— - ET——— — PP PRl EE B B B B s—
[N (R PR U Y B B JUR R IS PSRRI HR - JUUNY PN JUURN PR IO R s
S N E— . - — ——— - p— ———— - e e — | ] — =R | ﬁu“
U [ ORI I D B . e oo o e —F =} =1 @&
i St e e i .|-.I.- ———r s e — - —— e - o N PUSEE——— e B r s [ ot o e = | e s-\
S IS NS S— e | e - e - P i ) i mm————— s | ——=f—— =111 W
e [EUUUUIPINS DR [ (U . [N O AR U (O NS EOS— R . . T
) ——— —— e ——— . —rme S —— - [ - - v e 2 e e[| o s e v o Ciaml b (il Ak . M-&

ETANEN AR I

C1°7 pGg g,
cowrzpafina || b S SO NN O B I
R S N e s B o b S ve

B Bk i -
S SR (U O B JRRU RS N N N N I — S R T
_, T— ] )

r|.. S SR NS B e e i Kt B Rt ntatt Stk B JESURRUP B .....“"|_l1-_. i L 1]

e R . .. , .
neit 0kl hol ny ak ne nl 4

JATES (MUENULS ST

FIc-mo7

= 2l



WGl
21-G
2= - AN THoUda 9NOTY

0E-

e [ e e e

N A B B R T R T -
oa'n 0t - u

0o ‘s ok n'e
14 Ak 1 ¥ T TR (TN TTRVITH S L I 01

U SO ﬁt e e e et e e e a
e - . e -1 o1
— Sl m ms e il Bl RIS i Bt Sl B — PRSPPI P [T R . 4 -1- 1]
SRR U P - N U o [T [ PR IR [ U N . 0
DU WS PN SR S N - N S SN NN U NN N N
i ——— |||.|._ I - - - - - - — o — . — — - ﬂu—‘
b IO I _ . SUSUSSPRPRRURIN ISR RN PR N O N ) .
e S N N | e A= o
[ PSSR Y SN B DU . Y Y Y R Y NURUUORUIY SR NS S U W . N R
G0°C gt [rud
VT pgliud.
€EC pufiuad ) I NN oo
b el - - - -1y - - oemomm .o - - e
]
S (N SO [N DN B SR S I I U B e
[ B -
NN P B B D e e L N S it [ l.l.—. pee
} . . e ule _ ¥

..._.:___m 0Nkl ool w9 . ___r .
”..._>..”:.__”,. (MUONUES SN

FIn-mr2=

-

—

TR

- >

=T

CUZTOWZ -



,em 0
NG

(oo = AN THHUIM HNOTY

e e e

L R USR]
e LT L S

n-a a' 0’y n' - 0ré- g E-
| ’ ol

T 3T

et e o e e I o o

— s - P ] ot N — —— R [ —— - s ] i, - =—
—— PRI [ R DR - - - I SUUDRN (SRR [NV S R N 1
et e . - — e S———— — . - e I - e T — - &N

....... 12

i . S I B ISR DRSS PR P ./ I [N T [USRY INSEUEN PSS — E—— - T P )

710 o H. —I.u_m_l..l ,.
(A N T T ’
LES2 pu

. _ O I thiEel Tttt I [N DU P .......!...I. |.... ||.. .ll__n alﬂu.r..ll... ::—
:fv::_ :: =¢ e 31 13

JATLS (RIDONULS "67N

FIG=-B29

LUXOWZ - LHZulin



fogto U
Groy B
AN

[

i T
noit Bk

-
T

RN [TRIE A TTH |
[ IR
e a'

LN R NN R s A N A AT IT

ey e
n i 0o

. Lo 1...___ S
r.

111
TATTLS (DA LS

<A THOU L DN

v

1 nn

[P

0o

BN 1]

)

FIG-B3p



I I N D AU R

L3 I

Bn
e

ETNET]
0¢° 7 ns
H9°7 pu

Y
1o
14a

3]

0

n’

Nkl

1311

el
04y

R T R e PAY R L R AT

]

e e e o e

0o n'i--

wi GO

"t
tr

P
-

~ AN U HNO)

Bed-

..!!.._..
¥

_m..
ol

JADLS (RIUGHULS "5

4

ol

»
aZ

[1]:4

Br

Ue

(1]

0w

(5]1)

[ ]

1]

wat

o PR A el 4

a

FIG=-B31l



M-G

Gl-=
D=0~ AN "HOUIMM ONOT

e et
___.: :._-

n'n 0's

IR _ i, . X i N — . I I
—— et e e S - = - U . SOV I - T [ - - — - - ]
SRR [ — —— — - R FUS— — | - PR [ N (RSUUR PENUSN I B S - waz
- B IR IUNE B SO T - NN I e =] -] au
|||||||||||||||||| S P ' - - - . - - . o — - P . B - - - E—\
— - . [ I U F SRS VRN U O L Y )
- . . N N U I N N _ -
R N . . e e e N - - I ] oe
0670 gy [14d
6071 pGlivd.
P
LAARIUAT] KRCUNS B 1 O R o L L a
RPN IV AU I I O I I I I B IR (R R e T
1
[N PR . - UUREEUIUTN RN SESNNUUONDY BSUU (Y PO B i R -
! S e -
IUNEU U I A e e b RS P S 11*_ b

i::x Dkl Bol T ._....,__r e nl ’ b
AATTS (RININULS "5

FIG-B32

- T

- Z Lo



Page 108 of 210

Last saved by e3plfgp3

N TR
2e4G
2~ - ANCHOUIME HNOTY

I - — . . - - — == -1 vt

- ~. e L - o 1.1 .

R } -. - - - s e mimeaama e s e B e Bl B B B 0we

- - - e e e Bl R ue

n— — e —=per - 313

. [P (RN S ey [ P B I B Y

- e - i Rl no

[ U, S - — — B SO I ol
TREEL
Bz N&

Valud B o BN e e = L] oo

L [ R / U . PR (PSRRI I S R e

- [EURSTEDNTY (U S 1<~ I IR [ S DR U - wo

¢ -
B DU Y o =11y |l_ U [ ﬂl., bl Eahi = PN SR ...il\. .Iu_h U PR NI RPN —::
..... o sh:“ Bkl Bol ua ) Nk (11 Bl

JADLG (RANONULS "GN

FIG-B3:

o

T Lo

= Z =t

HEOWWZ -

G:\~ LIBRARY\George\Long Beach Is|NY Feasability Rpt Feb 1995,Vol 2\LongBel,Feb 95 FeasRpt,Vol 2- 6.doc



(]
({1 0¢]

AT
(I A B A 7
9L KO

d

bt

el

1o

[

n'e

k3

X

A e ——

0Nkl Qol

T B -
n'n

WMETIT O 3z uny

il

G(Gi-o
SRS

AN mw -0

ol Bl BT apmm—— =

n-p-

ANZITS

Pz |- = —

= AN IDUAH HNOT

——

¥
C(RILANYLS

43}
-y

i

L1}
oz

Qe

B

L1+

B30

ul

[$11]
(1]

ao

uar

. T

= > T LA

-z Lo

N
3

]
K|



L N (R i B
G177 Rs
50°1 kU

11
noat

ma

1
113

LN WTH L _m__ RFREI

hol

[ Rt

DS 111,

u’

G- = AN UM HNOT)

e T

ata Ny W e~ 0'E-

0l ‘ ol

T e e Bl e T S T

S - -._|-|;|- -

[ [ L — bz B EeL L
4

B
IATS (NS ST

i

4]

e

Ue

ny

Hi

nit

)

Qan

(3]

B

ool

-0

FIG-B3s

K|
M



, L1-0
(z-s
Ol-2 - AR 1IDU3M HNOT)
| u_:z _:,_ PS— --ri_-.]_-il

——— P A i e e e
T —__ﬁ: ! 0'a (10 2 n'e L1 S._ a0’ ni- 0w 0 E-

0l ) 0l

T _Il YTV TN T T T

1479 ’ 14 :: w_ _—_.MI_“ i 1_._w:|-|_:_ M -1 O
— | - — =11 b fr.. - -1- - ot - s Gl ] S S -1 Bl

- - - Bl Rl === 11" Ll

o B - e I PRNNUU (S e =] o
- - bt i —_— - I——— L (S I . R ue

U P Do e e PO IEUTE— P FErt RSN R Y ny
H - — i e i N~ e T U R ) P i i i

s
NN (NN P g S P I DRI NG p——— P - Il e = —1=}}-1"] @0
— EUNPRURIN DURPURE TR — SR Y R T el e B W ‘e
e —_ ] - I [ =
e e | e e - (R JUNNE UUNNN e ey o
........ — I BN R e PR IR I— ey by b b <

e A e i
Sn__,_w__.:._ S:_ L1} 314 ne

. “.__>._:.,W (RUINULS "S5

FIG-B3s§

=

|

1.

L =t 2T

LWXOWZ -



=0 — AN "HOU3d HNOT

o o S WG T | i :
I i = i I D el S e Lt B E Ry Sl
n'e n's - nre [ It at ({1} n - 0 - N E~

0l : 3]

S - . S . e - =

oy ' LI HHALIT TN 7 vG fnne

[t EEER) - - - S - ——— - R Crs=—— e e — =] -~ - Bl
B it BET R - - - - e - . el B RN B B - (1]
e e SN ——— . P [E—— T SO LTrT B e B
S (U PUR——— I . - — Y PR SN S — - —nm— e Bt — c ] = - (411
! NP NN SN D PR (RESSE—— PN e B Bl Bl Bl B 1%

i1| 1| || | .\ . | ; ......... ﬂ
S - e e e N e e L 0

0= u1 vaa | N
U f1ad. N
B B e o e e A et ot it O I I
BPRUDU I B S B R B ek [ el S o I Bl B B Rt il Rl Sl Bl e |- e
’ ) NG
[ ENUN S B ) TN DR P U B [ PSR IUNIOR BN B DU RN N [
Sy
i N .
: IR I T O -
i —— IR [N, — - _ p— P _. .!....|.|d..|l-| - .l_.....l i _.Iu. - il Sk — .r[”.i... . - o— ﬂ —._an
DOE BEI LG 1R} OF e il F

NG (RIUOHULS S0

FIG-B37

b= Zwx

!_..

Wrxow=z

-



mp\.?u. o . ...

%5

© oo - AN THOUE HNoTT
,.H.i_tﬂ_ﬂl
(11}

N Rl e
__ a'n n:y-

|
[ I

ety WM Az jane 000

4]

— S Tt - [ T
............... - T E— B S BTN B -1- [ el Rt P N N e B h._n.
S - - - - - P R B BN I B B [ 1}
e ——— - | P [ R Rt — ——— [ ItTH BN . . nd

SNSRI P - - - - ——— _— — - - e | — R P . e e AT
e = PR [N - - - v e i | e [ |- T JUUY Iy g R B O R 12
: - |- R [ - —f - P —_ — e fee b= v
m———— - - - - U [ e = t=1-4-1-1"1 oo
VEST o |1t
PUTE aG | Iid.
ﬁh..'.N LA KM i E— - -1 - - S— S e =) - [P (N g PR P B Bl Bl Bl B 1]
........ . I I IR R T Tl R - e e e e R T e ™
B e Sl Shalit il IR S I : .
. B I SNV 1 O I L

oo DkE WOl 1 0k b mo o
AT ionHuls ST

1G=-B38

T



I e R L

(1t

1A
[$ 1]

(]

gp-n M
Gt Bh
S TA AL

4]

R
S XL}

DAL 376

n'e

DG Tk
AL L

3]

(3[4}]

I
usli

ﬂ

oy

"

~ AN U3 9HNOoT

S

0ie-

B
(]

ni

RSt Bt B
. .m.“l

IAITS (UONULS

s,

o]

N

a

i

L1
na

[ ]14

wr

(4 17]

1]

we

a0

ka

411

ual

FIG-B39

WOz

M

—

- L



e e T e

nrn
19°p

TRl
9E "0 BS
RN

(SRt

.|..I..
b
(M1

u

T

poi

n e

U ] MEALITPITH 370G HTueD

A
ukl o Bl

R Rl R

b a

Rl

19

R

18]

uit

1
|

n-i

-
0F

g -
_S_.___

1 |

ne

€= 0
The

Jad-0 = AU 9ron)

n'y- -_....“!

PR DRI
SRR RO B A
|
(S
oo =0
e e .i__._!l :
—.

Bl
JATTS (RINDLS

3

3]

- L 1]

n

-{ Qe

G

| Bg

A4l pa

“1T] 8l

1 a0

no

nat

FIG-B4g

L
t
3
3
t



e

n'n
134

vy M
ur -y NE

e e B

TALANCINTH IZI6 iy

n
ANITS (RIUANYLS

- AN THRU3n 9N

Tt Do

ol

a

Bl

0

Qg

ny

a5

o9

ad

an

(1]

an

aal

FIG-B4Al

-

Ty

-

-z L

—

1

WO Z -



i}

335 Nl HLd

o - 9-d1 ANIT S'1I408d DIWSIHAS HATIWVS ke

.mn
5 I
-09
o — T —
" 3LISUHDT AS0 . - —
T 002 ISAL) L T S8
- E—— T NF
= .ol .
— — ——— e . ALISOGHDD B 9L -0%
- Dt 12 TIAVED ML - Bt
o ST T L Szg anvs WIOR_ .._
e e HIE OnE TIHLY # lro— b2 OHYS WAIT3H -G
sk - - e e & i %69 ONYS MY PEl
L W56 anvS| Nl B2 oot . o
o - ) — —_——
4E2 ONYS HOIOOW <t
sE - o0 135440 01-D w2, aMys L #9L
-0e
0E =
-g2
52 -
-0z
o -
¢l
G -
-0l
ol - ’
-
n - e e ——
a-g7 AN _ _a
[
L _ i _ |

1
08s 585 nes CES LiLE] 509 L1k ] 19

2099000

. - e e . et e e e e et 089000
— P | L. S - J—
; - 2 & - = [
m *, 1] B 2 )
s LY
-] -]
3 3



=0

Ml HL

1224

Page 118 of 210

Last saved by e3plfgp3

T-3IL 97 IHIT 11d40Ud DIWSLAS A TAMYS

-0
0 - .
59 - 53
09 - . -
[CARI - CEHIAHD A¥TD
g5 - — T ) JHES0IHND FG6T) a3
_n,,.:,._
-05
" =] st #62 anys wniam
’ sar anws g T C°
—— ¥
G¥ - ER R 21 ) -4
Z63 OHYS WS ea] 72¢ ONYS] IS PG
o - 001 = e T T T T T e T e T
e A b - e
SE - © yez qavs WnioM 491 3SHY0D 9L 3N WO (IFH NYS A 00
) Za¢ uuws 3y Tt |

0 oo e o0 — TN

|
0 -2

s2 - 52
0z - -02
<l .
at ot
° -5
I i RN
L}
" _ _ [ [ _
GRE 05E GSE 03E GIE e SLE

ne i ——— T E— |}m..rrs.‘=__zmqlr| - v

000928

o [ETER &

0odes0
DOGSE0E

' FIG-B43

1334 NI HLd3T

G:\~ LIBRARY\George\Long Beach Is|NY Feasability Rpt Feb 1995,Vol 2\LongBel,Feb 95 FeasRpt,Vol 2- 6.doc



Z-AT4 °1 FNIT d1rdodd ODIWSIAS ATdWVS

0 - -0r
63 - . -9
09 - ) -09

ISOHUD T8L0 ) ILISO4HOD PO
= SR LA, — T T 002 e
ROE GHYS UM o e H_\\\t .
os - 4oy ,_..“.ﬂm K] ———— \\\,a.m:# -0%
- AT NS AN SIE QHYS M
v Zb6 WHVS i1 726 Qs Mt oo S"
e T L - i wo—— — e e e e e ——TT T e,

- s —— e IR e =T o

7 oov - [ _ B -or

7 ALY UINS AW gy

- |:\.\||.I\\|\\.\‘aﬂ 0
0% - Y8--2 0i-2 -0E
52 - ' 52
02 - -02
6l - =gl
o - -0t

230 a3
g - -8
0 -
| | | | | |
6l 061 sat o8 st ot
& memwar T T —— — T ————
i & o

v

Joorat2
st

7 e ¥ e ldq;-ﬂ-lL..,.' - — s CLELE L -
]
]
3

FIG-B44

1334 nl HLd3T






APPENDIX C
COST ESTIMATE



-



Long Beach Island
Storm Damage Reduction Project

APPENDIX C - COST ESTIMATES
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Appendix C - Cost Estimates

Cl. General. This appendix presents detailed cost estimates for
initial construction, nourishment, maintenance, monitoring and
major rehabilitation resulting in total and annualized project
costs for alternative storm damage reduction plans for the subject
project. The nine alternative plans developed from Point Lookout
through East Atlantic Village include: (1) Plan 1 = no dune,
nourishment only, (2) Plan 2 - no dune, 110' wide berm at el. +10
NGVD, (3) Plan 3 - no dune, 160' wide berm at el. +10 NGVD, (4)
Plan 4 - dune to el. +15 NGVD, nourishment only, (5) Plan 5 - dune
to el. +15 NGVD, 110 ft. fronting berm at el. +10 NGVD, (6) Flan 6
- dune to el. +15 NGVD, 160 ft. fronting berm at el. +10 NGVD, (7)
Plan 7 - dune to el. +17 NGVD, nourishment only, (8) Plan 8 - dune
to el. +17 NGVD, 110' fronting berm at el. +10 NGVD and (9) Plan 9
- dune to el. +17 NGVD, 160' fronting berm at el. +10 NGVD. The
dune for all alternatives has a 25 ft. wide berm crest with 1 on
5 side slopes. Included in the initial construction of all the
above plans are the following: (a) 6 new groins added to the
existing groin field at Lido Beach, (b) design and advanced
nourishment beach fill including sand fence and dune grass as well
as new and modified access ramping and dune walkovers and (c)
groin rehabilitation of existing groins at Long Beach & Lido Beach
for those groins in poor condition and left exposed after
placement of improved design beach fill and (d) rehabilitation of
the stone revetment (640') adjacent to the terminal groin on the
west side of Jones Inlet. All the plans provide for periodic
nourishment at 5 year intervals, maintenance of the dune, groin
field extension and stone revetment, monitoring and major
rehabilitation to restore the design beach profile damaged by
significant storm events beyond that designed for in the
nourishment cycle volumes. There are no utility extensions or
modifications required for this project. The plan layout of Plan
5 is displayed on Fig. A38 with typical improved beach sections on
Fig. A39 and typical groin profile & sections on Fig. A48 and A49%
all of Appendix A. In addition, first and annual costs were
developed for a plan alternative that supplements Plan 5 (above)
with dune (top el. +15 NGVD) with nourishment for the Atlantic
Village reach west of E. Atlantic Village.

C2. Basis of Cost. Cost estimates presented herein are based on
June 1994 price levels. Initial beach fill quantities are based
on beach surveys taken in Nov. 1991 and May 1992. The groin
rehabilitation work was based on a groin condition survey for the
study area accomplished in Nov. 1993. The revetment work was
based on a condition survey accomplished in November 1994. The
unit prices were developed on the basis that construction
procedures will be as outlined herein. All first and annual costs
presented in this appendix are NED costs.

C3. 1Initial and periodic nourishment £ill costs are based on the
use of a mid size hopper dredge (3,500 c.y. - 4,000 c.y.
capacity) for placement of beach fill for the western portion of
the project area and on the use of a 30" hydraulic cutterhead

c-1



dredge for the eastern portion closer to the borrow area.
Included in the hopper dredge operation is a pumpout mooring barge
located approximately 2,000 ft. offshore. The location of the
borrow area is shown on Fig. Bll of Appendix B

C4. Stone costs for new groin and groin rehabilitation and
revetment work are based on barging from the quarry at
Poughkeepsie, N.Y. on the Hudson River to a project constructed
docking area along Reynold's Channel on the bay side opposite the
project. The stone will be rehandled from the barges and trucked
to the project site. Stone quantities and costs are displayed on
Table Cl. Because of the large volume of stone required for groin
work, it is anticipated that three to four stone placement crews
will be utilized. Groin work is based on utilization of land
based equipment with construction/reconstruction proceeding from
the landward end of the groin crest out to the seaward crest.
Access stone is required overlying design stone for the
construction of the outer ends of the new groins with a design
crest el. of +3.5 NGVD to provide freeboard for normal wave
activity during construction. After construction of the outer
end, the access stone will be removed. The inshore end of the
groin will reguire open cut excavation in order to construct the
design section.

€5. Real estate costs as displayed in Table €1 are included as
administrative costs. For more information refer to the Real

Estate Appendix.

Cé. Alternatives Considered. Alternative plans were developed in Lol
two phases for the plan selection process. In the first phase 8
alternative plans (Jan. 1994 price levels) were compared: (1) the
no-action plan with a total annual cost of $0, (2) the beach
restoration conly plan with a total annual cost of $8.5 million,

(3) beach restoration with groins with a total annual cost of
$13.3 million, (4) seawall with a total annual cost of $24.2
million, (5) seawall with beach restoration with a total annual
cost of $516.8 million, (6) bulkhead with beach restoration with a
total annual cost of $15.0 million, (7) breakwater with beach
restoration with a total annual cost of $23.0 million and (8)
perched beach with beach restoration with a total annual cost of
$11.9 million. For more information on these plans refer to
paragraphs Al46 thru A155 of the Design Appendix. Based on an
analysis of these total annual costs with their associated
berefits, the beach restoration only plan was selected for the
serond phase for final plan optimization & selection. It is noted
that new groin work as part of the beach restoration only plan is
included to reduce nourishment costs at Lido Beach only (one fifth
of the project length) whereas the beach restoration with groins
alternative includes new groin work for the entire 41,000 ft. of

project length.

C7. The costs for the nine alternative plans as described in
paragraph Cl for this second phase of plan selecticn is displayed

in Table C2.
c-2



Cc8. Estimated First Cost. The estimated project first cost for
Plan 5 - (+15 NGVD top of dune with 110 ft. fronting berm at el.
+10 NGVD) is $69,893,699 which includes placement of 8,641,900
c.y. of hydraulically placed design and advanced nourishment beach
£ill, the construction of 6 new groins, the rehabilitation of 16
existing groins and 640 ft. of stone revetment, the construction
of 16 dune walkovers, 13 timber ramps for boardwalk access and 12
vehicular earthen access ramps over the dune, and the placement of
29 acres of dune grass and 90,000 L.F. of sand fence, real estate
administration costs and pertinent contingency, engineering and
design and construction management costs. Details of the first
cost estimate are shown on Table Cl.

C9. Contingency, Engineering and Design and Construction
Management. Engineering and design costs include preparation of

the subsequent project design memorandum, plans & specifications,
cultural, coastal and environmental pre construction monitoring
and the development of the PCA. Of the $2,450,800 for engineering
and design, $1,226,000 is for the total pre-construction
monitoring effort. Construction management costs are based on 7 %
of the direct construction costs. Pertaining to contingencies:
15% was applied to beach placement work to account for larger
required beach fill quantities at the time of construction due to
future pre-construction erosion; 15% was applied to grein and
revetment work to account for design refinements dictated by
changing beach profiles at the groin and revetment locations and
for the uncertainty of the available guantity of gualified
reusable stone to supplement imported stone; 20% was applied to
walkovers, timber walls, & ramps to account for design refinements
and 15% was applied to dune grass and sand fencing to account for
variances in the beach profile at the dune location due to future
pre-construction shifting and/or eroding beach conditions.

ANNUAL CHARGES

C10. General. The estimates of annual charges for all
alternatives are based on an economic project life of 50 years and
an interest rate of 8%. The annual charges include the annualized
first cost and interest during construction, the annualized
periodic nourishment costs, the annualized major rehabilitation
costs, the annualized increased cost for dredging from this
project's impacts on East Rockaway Inlet, post construction
monitoring costs and annual dune and new groin maintenance. It is
noted that interest during construction was developed for the
first cost of the project constructed over between a two to three
year period (depending on the alternative plan) at an 8% annual
interest rate. Total annual charges are summarized in Table C10
for all nine alternatives. For Plan 5, the total annual cost is
$8,954,000.

Cll. Periodic Nourishment. The periodic nourishment volume to
be placed at 5 year cycles subsequent to commencement of
construction and throughout the 50 year economic life is 2,111,000

c=-3



c.y. which includes overfill and tolerance. The placement of this
material will follow the constructability outlined in paragraph
C3. For more details on the development of the periodic
nourishment quantity refer to paragraphs A191 through A218 of the
Design Appendix. The borrow area for periodic nourishment is
shown on Fig. Bll. Periodic nourishment costs are developed in
Table C3.

Cl2. Major Rehabilitation Costs. Major rehabilitation costs are
included as an additional annualized cost for significant storm
events beyond that designed for in the renourishment cycle to
restore the design profile. The threshold at which major
rehabilitation costs are incurred for each plan alternative is
based on the storm event that causes the erosion volume (based on
SBEACH analysis) to exceed 15 c.y. per linear ft. along the beach
front. This is the average nourishment volume anticipated to be
available at the midpoint of the renourishment cycle since the
significant storm event has a 50% chance of occurring earlier or
later than the cycle midpoint. Major rehabilitation costs for
each alternative are developed in Tables C4 through C3.

C13. Monitoring Costs. Post construction monitoring costs
include coastal monitoring over the 50 year project life and
environmental monitoring over the first five years of the project.
Annualized monitoring costs are shown on Table C10 for all the
alternatives.

Cl4. Eas ckawa et . NED costs were included for the
project impacts to the E. Rockaway Inlet navigation channel
pertaining to increased shoaling caused by the project.
Annualized E. Rockaway Inlet impact costs are shown on Table C10.
The annualized cost is based on an anticipated 68,000 c.y./year
increase in channel shoaling subsequent to the complete filling of
the Inlet's east jetty fillet 12 years after project construction.

CONSTRUCTION AND FUNDING SCHEDULE

C15. General. The construction and pre-construction sequence and
time schedule of Plan 5 is given in Table 9 of the Main Body.

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. These items of local
cooperation are principally the furnishing of offshore borrow
easements by the State of New York as well as required shoreline
real estate easements, and the relocation items for beach access.
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Table C2-A

Plan 1 = {No Dune/Nourishment Only)

Total First Cost

Code of Account Description Amount (with 15% contingency)
01 Lands and Damages $11,920
02 Relocations $0

10 Breakwaters & Seawalls
New Grain Work (6 groins) (b) $10,949,585
Groin Rehabilitation (24 groins) (a) $17,264,074
Stone Revetment (640 ft) (b) $2,272,146

17 Beach Replenishment

Mob & Demob $1,421,909
Placement of 5,432,700 c.y. of sand $25 052 896
Subtotal $56,972,530
E&D $2,450,800
Construction Management $4.421,500
Total First Cost $63,844,830

{a) includes importing & rehandling 113,300 tons of 5 ton stone, importing 16,700 tons of
underlayer stone and 40,000 tons of bedding stone with 225,000 c.y. of excavation and

42,500 s.y. of gectextile,
(b) For quantities refer to Table C1.

Table C2-B

Plan 2 = {(No Dune/110’ Berm)
Total First Cost

Code of Account Deseription Amount (with 15% contingency)
01 Lands and Damages $11,920
02 Relocations %0

10 Breakwaters & Seawalls
New Groin Work (6 groins) (b) $10,949,585
Groin Rehabilitation (24 groins) (a) $17,264,074
Stone Revetment (640 ft) (b) $2,272,146

17 Beach Replenishment

Mob & Demob $1,421,909
Placement of 5,763,300 ¢.y. ¢! :and 26,577,458
Subtotal $58,497,092
E&D $2,450,800
Construction Management $4,520,800
Total First Cost $65 468,692

(a) For quantities refer to footnote (a) of Plan 1
(b) For quantities refer to Table C1.



Table C2-C

Plan 3 — (No Dune/160' Berm)

Total First Cost
Code of Account Description Amount (with 15% contingency)
01 Lands and Damages $11,920
02 Relocations $0
10 Breakwatars & Seawalls
New Groin Work (6 groins) (a) $10,949,585
Groin Rehabilitation (16 groins) (a) $6,391,017
Stone Revatment (640 ft) (a) $2,272,146
17 Beach Replenishment
Mob & Demcb $1,421,909
Placement of 7,901,300 c.y. of sand $36,436,845
Subtotal $57,483,422
E&D $2,450,800
Construction Management $4,454 900
Total First Cost $64,380,122
{a) For quantities referto Table C1.
Table C2-D
Plan 4 = {+15 NGVD Dune/Nourishment Only)
Total First Cost
Amount
Code of Account Description (with 15% contingency) (a)
01 Lands and Damages $11,920
02 Relocations (ramp, walkovers misc.) $775,379
10 Breakwaters & Seawalls
New Groin Work (6 greins) (¢) $10,949,585
Groin Rehabilitation (24 groins) (b) $17,264,074
Stone Revetment (640 ft) (c) $2,272,146
17 Beach Replenishment
Mob & Demob $1,421,908
Placement of 6,938,600 c.y. of sand $31,997,354
Dune grass, sand fence & timber wall 987,776
Subtotal $65,680,143
E&D $2,450,800
Construction Management 5,004,500
Total First Cost $73,135,443

{(a) Contingency of 20% for relocations, 15% for everything else.
(b} For quantities refer to footnote (a) of Plan 1.
(c) For quantities refer to Table C1.
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Table C2—-E

Plan 5 - (+15 NGVD Dune/110' Berm)
Total First Cost

Amount
Code of Account Description {with 15% contingency)(a)
01 Lands and Damages $11,920
02 Relocations (ramps, walkovers & misc) $775,379
10 Breakwaters & Seawalls
New Groin Work (6 greins) (b) $10,949,585
Groin Rehabilitation (16 groins) (b) $6,391,017
Stone Revetment (640 ft) (b) $2,272,146
17 Beach Replenishment
Mob & Demob $1,421,909
Placement of 8,641,900 c.y. of sand $30,845,667
Dune grass, sand fence & timber wall $987.776
Subtotal $62,655,399
E&D $2,450,800
Construction Management $4.787.500
Total First Cost $69,893,699
(a) Contingency of 20% for relocations, 15% for everything eise.
(b) For quantities refer to Table C1.
Table C2-F
Plan & — (+15 NGVD Dune/160" Berm)
Total First Cost
Amount
Code of Aceount Description {with 15% contingency)(a)
o1 Lands and Damages $11,920
02 Relocations (ramps, walkovers & misc) $775,379
10 Breakwaters & Seawalis
New Groin Work (6 groins) (c) $10,9490,585
Groin Rehabilitation (10 groins) (b) $2,792,683
Stone Revetment (640 ft) (c) $2,272,146
17 Beach Replenishment
Mob & Demob $1,421,909
Placement of 10,655,500 c.y. of sand $49,137,838
Dune grass, sand fence & timber wall 987,776
Subtotal $68,349,236
E&D $2,450,800
Construction Management $5,178,200
Total First Cost $75,978,236

(a) Contingency of 20% for relocations, 15% for everything else.

(b) Includes importing & rehandling 21,500 tons of 5 ton stone, importing 2,900
tons of underlayer stone & 6,100 tons of bedding stone with 26,000 c.y.
of excavation & 7,100 s.y. of geotextile,

(c) For quantities refer to Table C1.
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Table C2—-G

Plan 7 = (+17 NGVD Dune/Nourishment Only)

Total First Cost
Code of Account Description
01 Lands and Damages
02 Relocations (ramps, walkovers & misc.)
10 Breakwaters & Seawalls

New Groin Work (6 groins) (c)
Groin Rehabilitation (24 groins) (b)
Stone Revetment (640 ft) (c)
17 Beach Replenishment
Mob & Demob
Placement of 7,865,100 c.y. of sand
Dune grass, sand fence & timber wall
Subtotal
E&D
Construction Management
Total First Cost

(a) Contingency of 20% for relocations, 15% for everything else.
(b) For quantities refer to Plan 1 footnote (a).
(c) For quantities refer to Table C1.

Table C2~H
Plan 8 = (+17 NGVD Dune/110' Berm)
Total First Cost
Code of Account Description
01 Lands and Damages
02 Relocations (ramps, walkovers & misc.)
10 Breakwaters & Seawalls

New Groin Work (6 groins) (b)
Groin Rehabilitation (16 groins) (b)
Stone Revetment (640 ft) (b)
17 Beach Replenishment
Mob & Demob
Placement of 9,566,800 c.y. of sand
Dune grass, sand fence & timber wall
Subtotal
E&D
Construction Management
Total First Cost

(a) Contingency of 20% for relocations, 15% for everything else.
{b) For quantities refer to Table C1.

C=-9

Amount

(with 15% contingency) (a)

$11,920
$775,379

$10,948,585
$17.264,074
$2,272,146

$1,421,909
$36,269,909
$087.776
$69,952,698
$2,450,800

$5,284,400
$77,687,898

Amount

{with 15% contingency) (a)

$11,820
$775,379

$10,949,585
$6,391,017
$2,272,146

$1,421,909
$44,117,298
987,776
$66,927,030
$2,450,800
085,000
$74,462,830



Table C2-|

Plan 9 — (+17 NGVD Dune/160’ Berm)

Total First Cost
Code of Account Description
01 Lands and Damages
02 Relocations (ramps, walkovers & misc.)
10 Breakwaters & Seawalls

New Groin Work (6 groins} (c)
Groin Rehabilitation (10 groins) (b)
Stone Revetment {640 ft) (c)
17 Beach Replenishment
Mob & Demob
Placement of 11,581,800 c.y. of sand
Dune grass, sand fence & timber wall
Subtotal
E&D
Construction Management
Total First Cost

(a) Contingency of 20% for relocations, 15% for everything else.
(b) For quantities refer to Plan 6 footnote (b).
(¢} For quantities refer to Table C1.

Table C2-J

Plan 5 Plus Dune {+15 NGVD) with
Nourishment Only in Atlantic Beach

Total First Cost

Code of Account Deseription
01 Lands and Damages
02 Relocations (ramps, walkovers & misc.)
10 Breakwaters & Seawalls

New Groin Work

Groin Rehabilitation

Stone Revetment (640 ft)
17 Beach Replenishment

Mob & Demcb

Placement of 9,750,200 c.y. of sand
Dune grass, sand fence & timber wall
Subtotal
E&D
Construction Management
Total First Cost

C-10

Amount
{with 15% contingeney) (a)

$11,920
$775,378

$10,940,585
$2,792,683
$2,272,146

$1,421,909
$53,409,932
$987,776
$72,621,330
$2,450,800
5,462 400
$80,534,530

Amount (with 15% contingency)

$5,414,920
$775,379

$10,949,585
$6,391,017
$2,272,146

$1,421,909
$44,963,047
1,157,398
$73,345,402
$2,450,800

$5,508,800
$81,305,002



Table C3

Nourishment Costs
Per Operation
2,111,000 cy. @ $4.01/c.y. ‘= $8,485,110
Mob & Demob $1,236,443

Subtotal $9,701,593
Contingency 15% $1,455,233
E&D $506,000
Construction Managemant $1,004 000
Total Cost Per Operation $12,660,786
=$12,661,000

Annualized Cost of Nodrishment (a) =
($12,661,000)(2.07)(.08175) = $2,143,000

(a) Based on nourishment every 5 years and an 8% intarast rate where 2.ﬁ? is the total present worth
of all renourishmant cperations and 08175 is the capitol recovary factor.
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