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EXECUTIVE SUMMARY

This report presents an analysis of coastal erosion along Smith Point County Park, based
on historical surveys and a review of prior reports by the US Army Corps of Engineers,
New York State, the National Park Service, and other institutions. The report also draws
on prior studies of Fire Island by CSE.

Section 2.0 summarizes previous research related to coastal sediment transport and
shoreline recession along the park. Section 3.0 describes the regional setting and large-
scale coastal processes that influence the park and adjacent beaches. Section 4.0
describes the methodology used in the present study to estimate linear shoreline change
rates and volumetric erosion rates. The present analyses emphasize sand volume
changes and evaluate both underwater and visible beach changes over the past 40-50
years. Section 5.0 presents results of the analyses by means of tables and graphs
showing trends through time and variations from one section of beach to another. Section
8.0 draws on the results and experience with similar sites to identify the primary causes
of erosion along the park. Section 7.0 outlines four restoration alternatives (beach
nourishment at a range of levels) including their anticipated costs and impacts over an
~10-20 year period. Section 7.1 also addresses the question of what will happen to the
park’s oceanfront if no action is taken to restore the beach. Section 8.0 summarizes the
alternatives and discusses project maintenance.

There has been a rich history of erosion studies along Fire Island. Compared with many
coastal sites, Fire Island is relatively stable with low erosion rates and few inlet/dune
breaches in historic times. Between 1955 and 1979, however, underwater erosion accel-
erated along Smith Point County Park as well as the “Pattersquash”™ area immediately
east of the park. At the same time, Moriches Inlet was trapping and accumulating more
sand. These trends created a major sand deficit between the foredune and the outer bar
along the park compared with adjacent healthy reaches (Fig A). This was less noticeable
in 1979 because the visible beach remained healthy. However, by the 1990s, the
foredune and dry beach zone along the park had much less sand than desirable. (See
the yellow portion of the bars in the lower graph of Figure A.)

Forty-odd years of chronic erosion along the park has produced a sand deficit that, if not
restored, will lead to more frequent damages in the next 10-20 years. The present study
estimates the average annual erosion rate is 2.5 cubic yards per foot per year (cy/ft/yr)
for the area. However, the estimated sand deficit with respect to the existing foredune
is upward of 150 cy/ft in the park. CSE belisves restoration of this deficit volume is the
key prerequisite for a long-term erosion solution.
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FIGURE A. Profile volumes by reach for Lenses 1, 2, and 3 (foredune fo —18 ft NGVD) combined in 1955 {upper),
1979 (middle), and 1998 {lower). Note the precipitous decline in total volume and dry beach volume along the
Pattersquash and county park reaches. [NOTE! Profile volume is the average volume of sand measured in cubic yards
for a one-foot length of beach between the indicated features and datums, NGVD is approximate mean sea level. Dry
beach is the portion of the beach above mean high water datum.]
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The study identifies six primary causes of erosion along the park.

1) The opening and stabilization of Moriches Inlet (1931-1955), which has tended
to trap sand and reduce the supply to the park.

2) The sheltering effect of the Moriches Inlet ebb-tidal delta (seaward shoals),
which tends to act like a groin and intercepts longshore sand transport moving
along the coast.

3) Erosion and loss of the foredune along the Pattersquash reach (east of the
park), which leads to more frequent washovers and permanent loss of litioral
sediments.

4) Reduction in nourishment sand and dredge disposal projects since 1980, which
in prior decades accounted for over half the volume change along eastern Fire
Island (ie, reducing the background erosion rate by more than 50 percent).

5) Sand trapping by the Westhampton groin field, which reduced the sand supply
to Moriches Inlet and points further west.

6) The 1938 and 1962 storms, which had record impacts on erosion rates in the
area.

All other erosion-causing factors (eg, sea-level rise, beach scraping, loss of dune vegsta-
tion, etc) are considered insignificant in this setting.

Four restoration alternatives are presented.

Alternative 1) Regional Beach Restoration — This alternative would restore the profile
deficit, rebuild the dry beach, and provide ten years' worth of “advance” nourishment
along 40,250 linear feet (Pattersquash reach to Old Inlet). A total of 5.7 million cubic
yards would be placed by hydraulic dredge using a Corps of Engineers-designated borrow
area off Long Cove and a stockpile area near Moriches Inlet. The following summarizes
the estimated costs, outcome, and advantages of Alternative 1. ‘

Volume: 5,700,000 cy
Length: 40,250 linear ft
Average Sections: ~140 cy/ft
Average increase in beach width: ~ ~220 ft
Estimated Longevity: >>10 years
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Approximate cost: $30,000,000 (@ ~ $5.25/cy inclusive).

Advantages:  Restores deficit along adjacent reaches as well as along the park. Likely fo
provide multi-decade erosion control and beach preservation given its length.
Eliminates need for frequent re-nourishment and construction activities on the
beach. Provides restored areas that can feed the park.

Disadvantages: Cost; scope goes well beyond park boundaries thereby requiring multiple
sponsors, particularly the National Seashore which may not be supportive of
beach restoration and shore protection,

It is noted that this alternative is based on a federal beach erosion report, the future of
which is unsure at this time. However, it is important that this alternative be presented,
since it is a viable engineering solution to the problem of erosion at the park. Also, the
need to protect the Flight 800 memorial should enhance the federal interest in an erosion
control project at this location.

Alternative 2) County Park Beach Restoration —. This alternative would provide a
similar improvement to the beach along the park, but would involve a much shorter length
of ~12,150 ft. Because of its length, Alternative 2 would not last as long as Alternative
1, CSE estimates that fully half of the nourishment volume would erode and shift to
unnourished areas away from park facilities within ten years. The cost of Alternative 2
could be reduced by upward of 33 percent if an alternate borrow area could be located
'directly offshore of the pavilion. The following summarizes Alternative 2.

Volume: 1,500,000 cy
Length: 12,150 linear feet
Average Sections: 175 cy/ft along primary recteation area {~4,590 ft)
~87 cy/ft along adjacent taper sections (~7,560 ft)
Average Increase in Beach Width: ~ ~200 ft along primary recreation area
~100 ft along taper sections
Estimated Longevity: ~10 years (~50 percent remaining)
Approximate Cost: $9,000,000 {at ~$6/cy - inclusive of engineering, permitting,

dredge mobilization, and pumping from USACE Long Cove

borrow area (labeled “A" on Fig 19).
Note: Alternate borrow areas “B” and “C” would involve longer pumping distances and would therefore be
more costly. However, if a federal project could provide a stockpile between stations F7¢ and F81, the
transportation distances to the park would be reduced to around 20,000 ft, making that a more economic
borrow source. CSE estimates the incremental cost for frucking from stockpiles in Reach 1 to the project area
would be ~$1.50/cy per mile (~$6.50-$8.25/cy). Trucking would likely become compefitive with dredging if
the stockpile area were moved at least as far west as station F79 {ie, ~15,000-20,000 ft from the park). -

Advantages:  Restores deficit along primary recreation area of the park. Likely to provide
upward of ten years of erosion relief; however, nearly 50 percent of the fill would
have eroded and spread to adjacent (unnourished) reaches in that fime. Would
eliminate the need for frequent beach/dune scraping during the first 5-10 years.
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Disadvantages: Does not provide an updrift feeder beach to maintain the profile over a longer time.
Has a limited longevity because of ifs relatively short length. Will require
renourishment sooner.

It should be noted that this alternative differs significantly from the county’s efforts fo
maintain a similar beach width in front of the boardwalk in the 1990s. This is due to the
fact that this alternative includes restoration of the entire profile, including the underwater
portion down to the - 18 foot depth contour.

Alternative 3) Federal Interim Project — This alternative was fermulated recently by the
US Army Corps of Engineers—New York District as part of an island-wide plan. While it
appears that the interim project is no longer viable according to Corps officials, there may
still be a federal interest in portions of the plan, particularly at Smith Point County Park
and the Flight 800 memorial. Alternative 3 calls for ~615,000 cy of nourishment over a
length of ~8,000 ft. A project of this magnitude is expected to lose 50 percent of its
volume within five years. The following summarizes Alternative 3.

Volume: 614,437 cy

Length: 6,000 ft

Average Sections: ~94 cy/it (+8 cy/it stockpiled)
Average Increase in Beach Width: ~ ~110 feet (after fill adjustment)
Estimated Longevity: <5 years (~50 percent remaining)
Approximate Cost: $6,360,000 {(~$10.30/cy inclusive)

(~Federal~$4,125,000)
(State/Local~$2,225,000)

Advantages:  Provides partial restoration of the deficit and significant restoration of the recrea-
tional beach for an estimated ~5 years. Federal cost sharing covers ~65 percent.
Permifting is handled by the federal government. As a public park with excellent
access, permitting and cost-share justification is usually easier.

Disadvantages: Does not fully restore the deficit or provide significant advance nourishment. De-
sign is controlled by the Corps of Engineers rather than the local sponsor. Time
line for federal projects is often long and subject to funding appropriations by
Congress. (This necessitates strong local sponsorship and political support.)

It is understood that the federal interim project received opposition from the state and fed-
eral agencies charged with environmental oversight. However, this alternative utilizes the
interim project cross-section (as it is a feasible engineering solution) for only a small por-
tion of the interim project area. The need to protect the Flight 800 memorial is a relatively
recent factor which provides additional justification for a beach nourishment solution.

Alternative 4) Frequent Small-Scale Nourishment - This alternative would involve
frequent beach fills, taking advantage of opportunities as they arise, such as disposal of
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Moriches [nlet sediments. Under this alternative, small quantities of sand (<200,000 cy)
would be trucked to the park by off-road dump trucks from stockpiles (dredge spoil areas
near Moriches Inlet). Repeated nourishment would be required to restore the sand deficit
while keeping pace with the background erosion rate. Fills of this order would erode rap-
idly, leaving about 50 percent in place after two years. The deficit along the park would
be restored after 15-20 years by repeating similar projects every two years. The following
summarizes Alternative 4.

Volume: ~200,000 cy

Length: 6,000 ft

Average Sections: ~33 cy/ft

Average Increase in Beach Width:  ~40 ft

Estimated Longevity: <2 years (~50 percent remaining)
Approximate Cost: $1.3-51.65 million™

Advantages;  Partially restores the beach. Negligible mobilization costs (via trucking), relatively
easy to permit. Can be performed independently of inlet dredging schedule, litle
jost time for weather during construction. Project scope and costs are easily
scaled to the budgef available.

Disadvantages: Does not fully restore the profile. Has relatively short longevity. Many repeat
beach fills required to restore deficit and regain a wide recreational beach.
Dependent on continuing restoration of the stockpile by the federal government.

[*Costs assume borrow material is pumped (at no cost to the county) from Moriches Inletfo a stockpile area
within 4.3-5.5 miles of the park. The county would contract separately to truck material from the stockpile
areas to the park at a cost of approximately $1.5/cy per mile.]

The Corps of Engineers has announced its intention to resume the maintenance dredging
of Moriches Inlet on a two-year basis. The profile analysis presented in the appendix
demonstrates an ample supply of sand in the inlet's ebb-tidal delta. The need to protect
the Flight 800 memorial should enhance the federal interest in modifying this project to
facilitate the placement of spoil in accordance with this alternative.

The average costs of the alternatives considered is summarized in Table A. These costs
are primarily dependent on the transportation costs from borrow areas to the park. Be-
cause average transportation distances are upward of five miles, CSE recommends that
an additional borrow area investigation be made offshore of the park. If beach-quality
sand can be located within three miles or less, the costs in Table A can be reduced
by as much as 33 percent. ‘
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TABLE A. Summary of beach restoration alternatives developed in the preseht study. [Alternative 3 - Source:
USACE (1999). Note: All costs are given without interest and amortization for illustration purposes. Costs for
Alternative 3* are the local share (excludes federal share - 65 percent).]

. Coastal Science & Engineering vii

. Nourishment ‘Average Avqg Increase Beach Area Estimated
Applicable Length Volume Fill Section Beach Width Added Half-Life
Alternative Reaches {ity (cy) (cyift) @ Pavilion {ff) (acres) {years)
1 . 23&4 40,000 5,700,000 142.5 220 202 20
2 Park Facilities+ 12,150 1,500,000 123.5 200 37 10
3 Park Facifities 6,000 614,000 102.3 110 14
4 Park Facilities 6,000 200,000 333 40 6
Avg © Avg Unit Avg Unit Avg Unit Avg Unit Cost
Estimated Annual Cost Per Cost Per Cost Per Per Beach
Local Cost Cost Beach Foot Beach Acre AcrefYear Foot/Year
Alternative (%) {$fyear) ($/ft) ($facre) ($acrefyr) ($iftlyt)
1 $ 30,000,000 | § 1,500,000 { § 750 $ 148,500 § 7425 $ 38
2 $ 9,000,000 | § 900,000 (5 741 $ 240437 $ 12022 $ T4
» $ 2,250,000 | § 450,000 | § 375 $ 163,187 5 8159 $ 75
1 $ 1,500,000 | § 750,000 | § 250 § 272,250 § 13813 $ 125
No-Action Impacts — If no beach nourishment is performed, the foredune and

" beach will retreat by an average of at [east 25 ft over the next ten years and 50 ft

over the next 20 years. Such chronic erosion will expose the steel bulkhead and
producé additional localized scour immediately adjacent to, and seaward of, the structure.
Flanking erosion east and west of the bulkhead will cause localized shoreline
recession of up to 50 ft landward (in addition to the average recession of 25 ft over
ten years). Flanking erosion will also diminish with distance away from the exposed
structure, but wiill directly affect upward of 1,000 ft of shoreline in either direction.
Bulkhead exposure will also lead to scour along its toe and a tendency for a trough to
persist. The dry beach will be replaced by a wet beach (or will be severely
diminished), thus inhibiting normal sunbathing and recreation immediately seaward
of the pavilion.

A further consequence of no-action will be a possible violation of the park’s bulkhead per-
mit from the state, which specifies that the structure be covered with sand. ‘As erosion
progresses, the need for sand scraping to cover the structure will increase, whife the
longevity of the covering-sand will decrease because of the narrower beach.

 Present conditions of the beach and foredune are inadequate to safeguard all facilities

during major storms. Chronic erosion will sim'ply exacerbate this problem. Based on
previous storm experience, a 25- to 50-year return-period storm (which has as much
chance of occurring next year as within ten years) will produce temporary dune
retreat of the order 50-100 ft. This will directly impact park facilities, damage
structures situated as much as 125 ft landward of the present foredune crest, and

Smith Point County Park
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deposit sand in the access tunnels. Because of the presence of the steel bulkhead and
other foundation structures around the pavilion and variable backshore elevations,
localized flanking erosion will modify the storm damage line, shifting it further landward
in some areas. A storm of this intensity could cause significant structural damage to the '
Flight 800 memorial if no remedial action is taken. A catastrophic storm will also trigger
inlet breaches along narrow sections of Fire Island where dunes have been lost. [Fora
detailed description of the prerequisites and processes associated with inlet breaches
along Fire Island, see Kana and Mohan (1994) — Assessment of the Vulnerability of the
Great South Bay Shoreline to Tidal Flooding, prepared for New York Coastal Partnership,
Babylon, New York.]

Beach Scraping — Catastrophic storm erosion differs from chronic erosion because most
of the eroded sand remains nearby in the survey zone. Following major storms, the
beach tends to graduaily rebuild itself. The natural recovery after large storms can be
accelerated by beach scraping. The success of beach scraping is directly related to the
beach condition. Studies have shown that it is highly cost-effective and environmentally
benign if:

1) It is performed soon after storms where large quantities of sand have been shifted
from the dunes to the surf zone but not otherwise lost from the immediate vicinity.

2) The shoreline to be scraped has a relatively low background erosion rate.

3) The scraped beach does not protrude seaward of the adjacent beach strand. and

4) The littoral profile does not have a major sand deficit compared to a healthy profile.

Where the above-listed criteria are met, beach scraping can jump-start recovery of the
dry beach and quickly reestablish a stable dune line. It may last for several years before
it has to be repeated. However, where these conditions are not met, scraping after
storms may provide protection for only a few weeks. Portions of Smith Point County
Park around the pavilion are considered least economic for scraping after storms
because of the sand deficit and presence of the bulkhead. As erosion continues, the
longevity of scraping along the pavilion will diminish each year. If no nourishment is
preferred, the probability and severity of damages to structures will increase. Wldenmg
the beach via nourishment decreases the chance and severity of damages. Sand
replenishment and dune building, utilizing the maintenance practices described above, will
become viable only if the beach profile deficit is addressed through a nourishment
program.

The findings of this report are consistent with the Governor’s Coastal Erosion Task Force
findings of 1994. ’

Coastal Sclence & €ngineeting il Smith Point County Park
[2081 - FINAL] SEPTEMBER 2002 Fire Island, New York



DEFINITIONS
Following are definitions of some specialty terms used in the report.

Barrier island — A relatively long and narrow island of unconsolidated sediments parallel to the shore, separated
from the mainland by a lagoon.

Beach — The zone of unconsolidated sediments over which waves and fides strike the shoreline and form a
profile.

Beach cycle - The exchange of sand between the beach and the surf zone before and after storm events or
seasonal changes in the beach profile.

Beach profile — The ground surface in a vertical plane across the beach between the dune and shallow water
area.

Berm — A nearly horizontal section of the beach near the highest wave limit where unconsolidated and
unvegetated sediments are dry most of the time.

Bulkhead ~ A vertical structure intended to retain the fand at the coast, normally in sheltered areas.

Closure depth ~ The approximate depth of water offshore beyond which there is no measurable change in-bottom
elevation over a defined period of time.

Coastal processes — The principal physical processes acting at the coast including winds, waves, tides and
currents. ' ‘

Downdrift — The principal direction of movement of litforal material

Dry beach — The area of the beach between the base of the foredune and the high tide line.
Dune - Ridges or mounds of Ioosé, wind-blown sediment.

Foredune — The seawardmost dune.

Groin — A shore-perpendicular structure placed across the beach to trap and retain liforal sediment maving along
the coast.

Jetty — A structure extending offshore designed to prevent littoral materials from entering an inlet, harbor or basin.

Littoral zone — The zone extending seaward from the beach/dune area to the outermost wave breaking zone.
(See figure at bottom of page.)
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Longshore — Parallel and near the coast; alongshore,

NGVD (National Geodetic Vertical Datum) — A fixed plane over the earth's surface approximating mean sea level.
Used as a standard elevation reference by surveyors,

Nourishment — The process of adding unconsofidated sediments to the beach by natural or artificial means.

Outer bar - A linear mound of sediment parallel to shore beyond the normal breaker zone where only the largest
waves break. {Also referred to as the longshore bar)

Offshore (as used in the present report) — The outer edge of the littoral zone seaward of the outer bar.

Profi[e volume (as used in this report)

_ The quantity of sediment contained in Typical Profile - Unit Volume Calculation Boundaries

a unit length of beach (eg, one foot) - ® Basclineat-DunoCrest
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Seawall - A sfructure placed along a Distance (f)

shoreline to prevent waves from
inundating or damaging the land.

Setback line — A jurisdiction line generally parallel and some distance infand from the shoreline marking a
seaward limit for development or other socioeconomic activifies.

Shoreline — The intersection of a specified plane of water with the land. Mean high water is one example.

Shore protection — General term for alterations at the coast designed to maintain and protect upland features or
the shoreline itself from the action of winds, waves, tides, currents, and storms.

Surge ~ A higher than normal water level along open coast resulting from the action of storms and wind.

Tidal inlet — A narrow waterway at the coast which channels the incoming (flood} or outgoing {ebb} tide into bays,
lagoons, estuaries, or rivers.

Tide — The rising and falling of water in a large basin due to the gravitational atraction primarily of the moon and
sun on the rotating earth,

Trough — An area between the beach and the outer bar where littoral currents flow and depths are deeper than
-the outer bar.

Updrift — The direction from which most [ittoral material originates along a particular shoreline.

Washover — A nearly horizontal deposit of beach sediments generally landward of the seawardmost dune line
produced by high waves that overtop the beach and dissipate inland, carrying littoral sediment.

Wet beach — The area of the beach between the low tide mark and the high tide mark.
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1.0 INTRODUCTION AND PURPOSE

This report is prepared in connection with a study of potential improvements to Smith
Point County Park. Greenman-Pedersen Inc (GPI) was retained by the Suffolk County
Department of Public Works (SCDPW) to review existing conditions in the park and
prepare an updated master plan of improvements. One element of the review is an
assessment of coastal erosion and development of alternative plans for erosion miti-
gation. Coastal Science & Engineering LLC (CSE) was retained by GPI t{o prepare the
erosion analysis using historical and recent information from a variety of sources.

The report provides a brief review of previous erosion research, describes the regionai
setting and geomorphic history of eastern Fire Island, and summarizes local coastal pro-
cesses and storm impacts. It includes detailed analysis of erosion rates and profile vol-
umes for representative time periods. This serves as a basis for guantifying sand deficits
and beach restoration requirements along the park and adjacent shoreline. The report
outlines the principal causes of erosion along the park inferred from the present analysis
and prior studies, and discusses alternative borrow sources for beach nourishment and
periodic maintenance. The probable cost of beach improvements under several alter-
native nourishment sceharios is presented based on recent experience with similar
projects.

Coastal Science & Engineering 1 Smith Point Gounty Park
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2.0 PREVIOUS RESEARCH AND DATA REVIEWED

Smith Point County Park (at the eastern end of Fire Island) is situated along one of the
most intensely studied coastlines in the United States. For over 80 years, the New York
District— US Army Corps of Engineers (USACE) has completed studies along the southern
shore in connection with inlet stabilization projects, inlet maintenance dredging, emer-
gency beach restoration, and leng-term beach/dune improvements. Surveys have been
completed by the USACE following major storms such as the 1938 (unnamed) hurricane,
1962 northeaster, and the recent northeasters of December 1992 and March 1993, among
others. Other surveys have been performed in connection with beach nourishment and
groin construction projects at Georgica Pond and nearby Westhampton Beach.

Among the most relevant reports by the Corps for the present study are USACE 1958,
19632, 1963b, 1967, 1980, 1994, and 1999. The 1958 report developed a comprehensive
analysis of erosion and storm protection requirements for the shoreline from Montauk
Point to Fire Island Inlet. As a result of changes caused by the March 1962 northeaster
(northeaster of record) and construction of the Westhampton groin field (1964-1971), the
USACE initiated a “Reformulation Study” (publishing parts of it in 1980). Corps subcon-
tractors, including CSE’s parent company (Research Planning Institute Inc), assisted with
the reformulation study (eg, RPI 1985), developing a sediment budget analysis. Other
contractors (eg, URS 1985) evaluated structural damages and the economic impacts of
storms along the south shore.

A second “Reformulation Study” was initiated in the early 1990s after damaging north-
easters of December 1992 and March 1993. USACE (1999) is an interim plan for south
shore beach restoration, preliminary to completion of the present reformulation study
scheduled for 2006 (L Bocamazo, NY District, pers comm, May 2001).

Another series of important studies were prepared by the National Park Service and its
subcontractors, notably Dr. Steve Leatherman and Dr. Jim Allen. Leatherman and Joneja
(1980) prepared a “geomorphic analysis of south shore barriers” which includes an excel-

lent annotated bibliography on the evolution of barrier islands (with specific reference to

Fire Island), a compilation of historical maps, charts, and aerial photographs; and an anal-
ysis of historic shorelines (Leatherman and Allen 1985), inlets, and washovers. Other
linear shoreline change analyses of Long Island’s south shore have been prepared by the
US Geological Survey (Dolan et ai 1985}.

The Federal Emergency Management Agency (FEMA 1987) has prepared flood insurance
studies and maps of predicted flood zones and flood elevations for the Town of Brook-
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haven as well as other south shore reaches. These reports provide official estimates of
extreme open coast tide levels for various return-period storms. Data from FEMA studies
have also been combined with land-use plans developed by the Long I[sland Regional
Planning Board (eg, LIRPB 1884, 1989).

Other relevant reports are from the New York State Governor's Coastal Erosion Task
Force (eg, NYDOS 1994) which were prepared by a broad panel of state experts in
response to extensive erosion in the early 1990s. Also in response to the 1992 breach
at Westhampton, the New York Coastal Partnership commissioned a study of potential
impacts to the Great South Bay shoreline of a breach of Fire Island (Kana and
KrishnaMohan 1994, Kana 1995, Koppelman 1995). These documents synthesize much
of the erosion and sediment budget data developed in earlier studies.

An important data source for eariier sediment budgets (eg, RPI 1985, Kana 1995, Kana
1999) are dredging and beach fill records compiled by Suffolk County Planning Depart-
ment (SCPD 1985). For many years, SCDP maintained a fleet of dredges and performed
periodic maintenance dredging in Moriches Inlet, the Intracoastal Waterway,' and
numerous bay channels to Fire Island. Between the 1950s and 1970s, millions of yards
of sediment were disposed along Westhampton Beach and Fire Island in conjunction with
county maintenance dredging.

A complete listing of other relevant articles about shore erosion, coastal processes, sedi-
ments, and geologic history is beyond the scope of the present study. However, a
number of articles are mentioned here because CSE regards them as classic studies for
the area:

Colony (1932) on the source and texture of south shore sand

DeWall (1979) on Westhampton Beach changes (1962-1873) along the visible
beach

Duane et al (1872) on linear shoals (potential nourishment sburces) off the south shore

Krinsley et al (1964) on tracing the movement of sand grains along the coast

McBride and Mosiow (1991) on the origin and evolution of offshore sand ridges, particularfy oif
Fire Island Inlet :

McCormick (1973) on shoreline changes along the south shore of eastern Long Island

Nersessian et al (1993) on the functioning of groins at Westhampton Beach

Panuzio (1969} providing an early synthesis of studies, particularly those of the

USACE-New York District

Coastal Science & €ngineering 3 - Smith Peint County Park
[2081 - FINAL) SEPTEMBER 2002 Fire lsland, New York



Sanders and Kumar (1875) on the quaternary history of the inner shelf off Fire Isiand

Taney (1961) a comprehensive early study of coastal processes and sediments
along the south shore

Williams and Meisburger (1987)  on the potential contribution of inner shelf sediments to the long-
term stability of Fire Island

During the past decade, the State of New York (in collaboration with New York State Sea
Grant and the USACE) began a detailed shoreline monitoring program which includes
Westhampton Beach and Fire Island. A network of profiles (established in 1995} have
been surveyed up to eight times to wading depth or out to about 30-foot (ft) depths. Data
have been compiled in a GIS database along with controlled vertical aerial photegraphs
and other relevant shoreline data (NYS 2001). These data are available from New York
State Department of State (NYDOS) on CD-ROMs (including software to read the files;
c/o Mr. Fred Anders at 518-474-6000). The data are accessed using Coastal View
(Version 1.2.0) by Science Application International Corporation (SAIC). This database
offers an unparalleled compilation of historical information, although some recent dataon
the disk have not been fully verified for quality control (J Tanski, pers comm, Feb 2002).
The most recent set of beach surveys available in the NYDOS program are from spring
2001. The majority of new work in the present study involved merging recent New York
State surveys with historical surveys by the USACE and developing updated erosion
rates. A later section of this report discusses in detail which specific data sets were
merged and how they were used in this analysis.

A final set of relevant articles were published recently in the proceedings of Coastal Sedi-
ments ‘99 [Kraus and McDougal (eds) 1999], a specialty conference in Hauppage, New
York (21-23 June 1999). Rosati et al (1999) provide an updated regional sediment budget
for Fire Island to Montauk Point (part of the current reformulation study). Kana (1999)
provides a “century” estimate of all nourishment volumes along the south shore. Schwab
et al (1999) discuss the evolution and contribution of offshore shoals fo central Fire
Island’s stability. Gravens (1999) analyzes rhythmic beach morphology and its relation
to the longshore bar. Headland et al (1999) review tidal inlet stability at Moriches Inlet.

The above-listed references provide a rich history of the area and serve as a basis for the
present study. Many have been reviewed in previous studies by CSE and are listed here
to facilitate future studies of physical and geologic processes along the south shore. Bio-
logical studies have been omitted as less relevant to the problem of coastal erosion.
However, the botany of barrier islands is very important and relevant for evaluating dune
stabilization alternatives. In keeping with CSE’s primary charge, we reference generic
vegetative stabilization options, but leave it to other experts (including our colleagues at
GPI) to develop specific landscaping plans.
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3.0 SHORELINE SETTING AND HISTORY
3.1 GEOLOGY AND GEOMORPHOLOGY

Long Istand marks the southern terminus of the Wisconsin glacier and owes its existence
to moraines deposited as the glacier receded (Flint 1971). The south shore is the out-
wash plain fronting the Ronkonkoma moraine. Outwash deposits are typically mixtures
of silts, sands, and fine gravel fanning out as deltas from the terminal moraine. As sea
level rose between 15,000 and 5,000 years ago, waves reshaped the outer lobes of the
deltas and built the barrier islands of today. Swales landward of the barriers became
Moriches Bay and Great South Bay. The outwash channels were drowned and became

“tidal tributaries such as Carmen’s River and Connetquot River.

In settings like the south shore, littoral processes rather than riverine processes dominate
at the coast. Sediments become sorted by waves and tidal currents, winnowing out fine-
grained material and leaving medium to coarse sand along beaches (Colony 1932).
Littoral transport moves sands along shore, forming spits and bars parallei to shore.

Tidal Inlets

Inlets provide periodic breaks in the barrier beach and serve as conduits for tides into the
bays. Where tide range is relatively low and wave energies high, natural inlets are widely
spaced (Hayes 1980). They tend to be ephemeral and migrate in the predominant drift
direction. Their channels are usually shallow and are not directly linked to the position
of paleochannels of the outwash plain.

South shore inlets are maintained by tidal flows in and out of the bays. Similar to rivers,
inlets also have associated deltas. In contrast to rivers, however, tidal deltas form on the
bay side as well as on the ocean side of the inlet. Flood tides generate deltas into the
bays; hence, the term “flood tidal” deltas for these deposits. Ebb tides generate “ebb
tidal" deltas on the ocean side.

The extent to which waves or tides dominate at the coast is reflected in the shoreline mor-
phology. Where tides dominate, such as along the Georgia shore, the coastiine will be
highly irregular. Where waves dominate, the coast will fend to be straight with few
interruptions by tidal inlets. This, of course, is the case along the south shore of Long
[sland.

Barrier Island Evolution
There are several theories on the formation of barrier islands which are discussed in
detail by Leatherman and Joneja (1980) and Davis (1994), among others. The earliest
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theory (by de Beaumont 1845) suggested that barrier islands formed as a result of
emergence and upward shoaling of shallow sand bars near the coast. Another famous
geologist (GK Gilbert 1885) theorized that barrier isiands form by way of spit growth under
the influence of longshore drift. The‘third theory (proposed by McGee 1890) suggested
that barrier islands formed by drowning of coastal ridges. As sea level rises, according
to this last theory, high dune ridges along a mainland shore become isolated as the lower
portions of the coastal plain are flooded and become lagoons.

In recent years, geologists have found evidence to support all three theories (Davis 1994).
In all likelihood, barrier islands like those of Long Island’s south shore probably formed
by a combination of processes, particularly via emergent bars and spit growth.
Regardless of the primary mode of formation, the result and persistence of barrier islands
is what is important for development planning.

Smith Point County Park is located near the eastern end of Fire Island, the south shore's
premier barrier island (Fig 1). Fire [sland is characteristic of “microtidal” barriers which
tend to be long (32 miles in this case) and narrow with a dominant foredune ridge. Fire
[sland is bounded on the east by Moriches Inlet and Westhampton Beach. The two
barrier islands have been linked in historic times as well as subdivided by inlets (Fig 2).

Shinhccock
Intel

Moriches

Inlet N

- [:,n'-;-; .
Oualkc Beach USACE
By

26 isxaild- o ) 10 15
g Fire ™
Fire Island Scale Miles

Inlet Atlantic Ocean

FIGURE 1. General location map of Fire Istand and Westhampton Beach cross-sections referenced herein. The
county park is situated between USACE 34 and USACE 8-024. _
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Leatherman and Joneja (1980) reported 26 inlet sites between Shinnecock Inlet and Fire
Island Inlet over the past 300 years. Two more can be added since the December 1992
northeaster. Most historic inlets (21) occurred along Westhampton Beach. By contrast,
Fire Island has had relatively few inlets west of Moriches Inlet. As Figure 2 shows, three
inlets existed near the county park between the late 1700s and early 1800s: Mastic Cut
near Pattersquash Island (east of the park), Smith’s Inlet about 3,000 it west of the park,
and Old Inlet off Bellport. By 1835, all three had closed and none have formed since then
in this area.

For the next 100 years, Fire Island and much of Westhampton Beach were linked as one
barrier island. Moriches Inlet breached the barrier in the vicinity of an earlier iniet in 1931
and persisted in a natural state until 1951 when it shoaled and closed. During this period,
the hurricane of record in September 1938 produced over a dozen major breaches and
left multiple inlets that eventually shoaled and closed along Westhampton Beach.

No inlets formed through Fire Island during the 1938 hurricane, butwashovers (precursors
to inlets) broke through the foredune in several places and deposited littoral sand along
the back side of the island (Fig 2). One small washover occurred in the vicinity of today’s
park pavilion and another large one along today’s campground. Leatherman (1985) found
that few washovers have managed to reach Great South Bay or Moriches Bay. Instead, -
washovers build up the back-barrier elevation, sometimes burying emergent salt marsh
vegetation. Full breaches of the barrier islands are thought to account for most of the .
sand deposited in the bays during storms.

3.2 LARGE-SCALE EROSION PROCESSES

In historic times, eastern Fire Island’s response to storms has been quite different from
that of Westhampton Beach. It has not breached; fewer washovers have formed; and
less sand has been lost to the bay. This has made Fire Island positionally stable over the
past 300 years. Differences between Westhampton Beach and Fire Island are reflected
in their cross-sections.

Kana and KrishnaMohan (1994) analyzed the condition of south shore barrier islands and
their vulnerability to breaches using profile geometry and volumes. Barrier islands
develop a profile under the combined force of waves and currents. It has been shown
that a certain minimurm profile cross-section is required to maintain stable dunes seaward
of a fixed point on the barrier. As long as sufficient sand is supplied to the littoral system,
the barrier island is self-maintained. If the supply is insufficient, profile volumes decline
and the shoreline recedes. If extra sand is added, the shoreline advances. Excess sand
in the visible beach is a fundamental prerequisite for dune building.
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During the early 20" century, Westhampton Beach and eastern Fire Island were linked
and free of inlets or structures that interrupt littoral drift. Since the 1930s, inlets, tidal
deltas, the Moriches Inlet jetties (1956) and the Westhampton groin field (1864-1971)
have modified littoral processes such that some areas have gained sand and others have
lost sand relative to a minimum, healthy barrier cross-section. Figures 3-5 illustrate these
large-scale trends.

The Westhampton Beach groin field consists of 15 large quarrystone groins, built in re-
sponse to erosion and barrier breaches. It extends for four miles, beginning about 3.1
miles east of Moriches Inlet. After construction of the groins (plus some nourishment),
the shoreline within the groin cells built over 200 ft seaward. The wider beach allowed
development of a new foredune and effectively doubled the volume of sand in the barrier
island profile above mean sea level (Fig 3, upper, USACE 468+00). In contrast,
downcoast profiles outside the groin field eroded, and the foredune receded. By 1979 (15
years after the initial groin construction), some barrier island sections had no dune
protection and less than half of the volume required for stability (Fig 3, lower, USACE
670+00). Throughout the 1980s, continued erosion left this downcoast reach vulnerable
to breaching. The December 1992 northeaster breached Westhampton Beach at this
vuinerable spot.

Another breach occurred in January 1980 just east of Moriches [nlet. This section, along
Cupsogue Beach, was narrow because of encroachment of the bay channel. During a
minor storm, the isthmus breached, leaving a low sill in place of the barrier beach (Fig 4,
USACE 790+00). The 1980 breach produced extensive deposition of littoral sand in the
bay channel and recession of the inshore profile seaward of the breach. This is one of
the few breach events documented by profile surveys. About one year after the breach
formed, the USACE closed the channel by dredge and trucks using sand from the bay
channel and mainland (Vogel and Kana 1985).

During the same period represented in Figures 3 and 4, eastern Fire Island lost sand in
the inshore zone (Fig 5). Profiles near Pattersquash Island show persistence of the
dunes between 1967 and 1979, but upward of 200 ft recession of the shoreline and loss
of sand between the dune and outer bar (Fig 5, upper, USACE34). At Old Inlet, the
December 1992 and March 1993 northeasters breached the foredune and left a low
washover at USACE station $-024 (Fig 5, lower).

Before quantifying erosion along the park, it is useful to note that eastern Fire Island has
been relatively stable compared to Westhampton Beach. While narrow, its foredune has
tended to maintain sufficient size and reduce the frequency of breaches and washovers.
And, in contrast to some barrier islands like Core Banks (NC) (Moslow and Heron 1979)
and Westhampton Beach before the groin field, Fire Island has not tended to “roli over”
from the ocean side into the bay during the past few centuries.
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Westhampton Beach - Compartment 143A
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FIGURE 3. Representative, barrier-island cross-sections from the eastern end of the Westhampton
groin field (upper) and Pikes Beach {lower), illustrating opposite trends in shoreline change between
1962 and 1979. Unit volumes are the quantity of sand contained in a one-foot léngth of beach
between the indicated contours. The profile volume provides a quantitative measure of beach
conditions. [After Kana and KrishnaMohan 1994]

Cupsogue Beach - Moriches Inlet
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FIGURE 4. USACE station 780+00 situated ~2,000 ft east of Moriches Inlet. Erosion in 1980
occurred after the January 1880 breach to the east migrated through this section. Note the complete
loss of beach and dunes by July 1980. [After Kana and KrishnaMohan 1994]
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Eastern Fire Island Near Pattersquash Island
Comp 151A - USACE 34 @ 6700 ft East of Pavillon
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FIGURE5. Representative, barrier-island cross-sections from (upper) Pattersquash Island area east of Smith Point
County Park (locality for numerous washovers in the past 20 years) and (lower) Old Inlet off Bellport {site of &
washover during the December 1992 storm). [After Kana and KrishnaMohan 1994]

3.3 COASTAL PROCESSES AND STORMS

The controlling processes along the Long Island coast are winds, waves, currents, and
tides. Winds generate waves which do most of the beach reshaping work. Tides control
the level at which waves interact with the shoreline and generate strong currents around
inlets. Waves breaking over the longshore bar and on the beach impart motion to
exposed sediment particles, causing movement across and along the shoreline. The
degree and direction of sediment motion are related to the approach angle of the waves
and the height of the waves.
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Tides

Mean tide range increases from 2.0 ft at Montauk Point to 4.6 ft at New York Harbor.
Moriches Inlet's mean tide range is 3.3 ft, and spring tide is 4.0 fi (NOAA 1996).
Surveyors use National Geodetic Vertical Datum of 1929 (NGVD) as a common vertical
reference. At Moriches Inlet, NGVD is 1.8 ft below mean high water (MHW) and 1.5 ft
above mean low water (MLW) (USACE 1999).

Tidal Currents

Tidal currents produce strong flow fields in the immediate vicinity of inlets, but are gen-
erally negligible several thousand feet away. Typical maximum inlet velocities are 4-6 feet
per second (ft/s) in Moriches Inlet between the jetties (USACE 1998). Tidal currents de-
" -flect sediment into tidal deltas and help maintain major sediment deposition zones at the
inlets (Militello and Kraus 2001).

Winds :

Prevailing winds are from the southwest. Northeast winds tend to be less frequent but
stronger and tend to dominate during most storms. Highest winds are in hurricanes. Typ-
ical wind speeds are 10-15 miles per hour (mph). Northeaster storms in Long Island tend
to be more intense than those of southern states with typical wind speeds of 30-45 mph
(versus 20-30 mph in the south). Highest recorded wind speeds in the area have
approached 100 mph (USACE 1989).

Waves

The predominant wave direction is from the southeast (longest fetch). This accounts for
wave breaking and net sediment transport toward the west. Prevailing winds produce “fair
weather” waves that tend to break toward the east. USACE (Hubertz et al 1983) has
hindcasted waves for various, return-period wind conditions using offshore stations
(USACE 78 is closest to Smith Point County Park). [n 30-ft water depths, the predicted
highest significant wave is 18.5 ft (period equal to 11 seconds) for a five-year return
period wind and 23.5 ft (period equal to 14 seconds) for a 50-year wind (Table 1). Waves
of these heights will break on the longshore bar upward of 1,000 ft offshore. Therefore,
" incident waves on the beach are typically much lower, even in storms. The mean wave
height for the area is typically about 3-3.5 ft. '

Storm Surges

Data on open-coast surge levels are rare for the area because of lack of tide recordings
or fixed objects to which high watermarks can be obtained. Flood levels in Mastic Beach
were reported as high as 15 ft during the 1938 hurricane. This estimate may include local
wind setup over shallow water in the bay and, therefore, possibly overestimates open-
coast surge levels during that storm.
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TABLE 1. Predicted maximum significant wave heights in 30-ft depths off Fire Island by hindcasting from wind records.
Station 78 is closest to Smith Point County Park. (1) Using CERC stage-frequency curve for Westhampton Beach. {2}
[After USACE 1999]

Value used in analysis: 30-ft depth.

WIS Hurricane wis (2)
1) Significant Peak
Return - . ) Water Wave Wave
Period Station 24 Station 25 Station 78 Level Height Period
Hs {ft) Hs (ft) Hs (it) {ft NGVD) Hs (ft) (sec)
{Years)
2 16.6 5.0 15.2 10
5 16.4 19.7 - 185 5.2 15.3 11
10 20.0 24.9 19.9 59 15.6 12
20 24.3 31.8 21.4 6.7 15.9 13
44 327 46.8 23.2 8.0 16.5 14
50 34.1 48.2 23.5 8.2 16.6 14
100 9.4 17.1 14
200 10.7 17.6 14

FEMA (1987) has applied uniform surge models to the area and predicts a 100-year surge
elevation (with wave action) of 12.0 ft at Smith Point and 14.0 f{ at East Moriches, several
miles to the east of the park. The 50-year and 10-year predicted flood elevations are 10.0

ft and 8.0 ft (respectively) at Smith Point (Fig 6).

Storms.

Hurricanes and northeasters occur at frequencies typical for the eastern United States
(Ho et al 1975). Leatherman and Joneja (1980) list 17 hurricanes and about 26 extra-
tropical (northeasters) for the period 1788-1980. The number of extratropical storms
increases dramatically after 1950, suggesting that early records tended fo ignore these
frequent events. The most notable storms of record for the area are:

Great Blizzard of 1888 (March 11-14)
Hurricane of 1938 (September 21, storm of record)
Hurricane Carof (31 August 1954)

Hurricane Donna (1960)

Northeaster of 1962 {"Five High") (6-8 March, record dune recession over five tidal cycles)
Hurricane Belfe {August 1976) . :
Northeaster of 1992 (December 11) {produced breach at Westhampton Beach)
Northeaster of 1993 (March 13-14)
Hurricanes Fefix and Luis (1995)

Northeaster of 1995 (November 14-15)

Northeaster of 1996 (January) (reportedly caused 200 ft of beach erosion af the park, USACE 1999)
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The above listing suggests that the largest storm-induced changes over the past century
occurred in connection with the 1938 hurricane, 1962 northeaster, and the rash of storms
in the early 1990s. Between these 25-30 year periods, the frequency or intensity of
storms was less. Beaches often respond to storm cycles by eroding rapidly, then
recovering slowly (Hayes 1967). The systematic variation in wave energy between stormy
and normal periods controls the “cross-shore” movement of sediment and development
of the littoral profile.

Flood Levels along the Barrier Beaches
Fiood Elev. 0t NGVD) {Ocean Side, FEMA Data)
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FIGURE 6. FEMA predicted flood elevations (with wave action) along south shore barrier beaches — ocean side
(upper) and bay side (lower). [After Kana and KrishnaMohan 1994]
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Longshore Transport

Estimates of net longshore transport along Fire Island span a wide range from ~100,000
cubic yards per year (cy/yr) to over 800,000 cy/yr (USACE 1958, RPI 1985, Kana 1995,
USACE 1999, Rosati et al 1999). All estimates are to the west. The earliest reliable rates '
were based on sand trapping at Democrat Point (Fire Island Inlet jetty). Between 1940
(when the jetty was built) and 1954, sand accumulated updrift of the jetty at rates of about
460,000 cy/yr (USACE 1958) to 600,000 cy/yr (Panuzio 1969), RPI1 (1985) estimated the
rate of fillet growth at ~550,000 cyfyr. These often-quoted rates were frequently
referenced as characteristic for all of Fire island.

Rates determined for Moriches !nlet have tended to be much lower than Fire Island Inlet,
ranging from 84,000 cy/yr (Kana 1995) to 350,000 cy/yr (Panuzio 1969). Kana's rate was
imputed from a regional sediment budget (RP1 1985) and surveyed volume changes
updrift and downdrift of Moriches Inlet during the time period 1955 to 1979. During this
period, profiles in Westhampton Beach indicated the groin field was a total littoral barrier.
Kana (1995) theorized that as the groin cells were filling, they captured sand from east
and west, producing a local drift reversal. Transport to the west resumed somewhere
along Cupsogue Beach and was necessarily low at Moriches Inlet.

The USACE (1999) has reevaluated the RPI (1985) and Kana (1295) sediment budgets
and believes that the net transport rate off the Westhampton groin field is zero, rather
than some net quantity to the east. By assuming zero at the groin field, the imputed rate
at Moriches Inlet rises to 194,000 cy/yr (westerly) for the 1955-1979 period. The Corps
used 1989 surveys to estimate the net rate at 143,300 cy/yr (westerly) for 1879-1989
(USACE 1999). The Corps has speculated that even these rates are low because of “an
apparent ongoing westerly drift at the Westhampton groins” (USACE 1998, p C-17).
Based on this unquantified observation, the Corps adopted (for planning purposes) the
USACE (1958) rate of 300,000 cy/yr (westerly) at Moriches Inlet for the period 1979 to
1998.

Longshore transport rates closer to the county park have been estimated to be ~84,000
cylyr (west) at a point ~14,000 ft east of the park pavilion (Kana 1995). Rosati et al
(1999) (also working on the reformulation project) estimate net longshore transport ~2
miles west of Moriches Inlet to be 183,000 cy/yr. At an equal distance west of the
pavilion, Kana (1995) estimated longshore transport at 287,000 cy/yr for the 1955-1979-
period. The large difference in the rates east and west of the pavilion reflects the large
net losses of sand along the park during the period. If the Corps’ (1999) higher transport
rate for Moriches Injet is assumed, longshore transport around Old Inlet would be greater
than 400,000 cy/yr. The long-term stability of central Fire Island suggests the net
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transport rate must be lower than this recent Corps estimate. CSE recommends the Kana
(1995) and Rosati et al (1999) rates as the most reliable range for planning purposes.

Littoral Boundaries and Closure Depth

Beach erosion is complicated by the fact that the shoreline erodes across a dynamic
houndary. While the most noticeable erosion occurs at the foredune, sand can be lost .
below low water as well. During storms, the upper part of the profile usually erodes while
the lower part gains sand and builds seaward. Rapid profile adjustment during storms is
generally followed by a slow recovery of sand along the visible beach. Thus, it is’
important to distinguish cyclical events (which may balance out and yield no net sand
volume Josses) from permanent [osses.

The active littoral zone is generally considered to extend from the foredune to the
seaward limit of measurable change in bottom elevation (ie, “closure depth”). From
day to day, the seaward limit of detectable change is close to shore in shallow water. But
over several years or decades, measurable sand movement can be seen much further
offshore. '

The profiles shown in Figures 3-5 provide an indication of the scale of the littoral zone.
The limit of detectable change for eastern Fire Isiand is considered to fall between 24 ft
and 30 ft. Researchers have assumed closure at 24 ft (eg, RPI 1985), 27 fi (eg, USACE
1999), and 30 ft (eg, Kana 1995} for purposes of computing profile changes and erosion
rates. Until a substantially larger profile database is available, all of these estimates are
reasonable but not precise. For purposes of the present study, CSE assumes that profile
closure is 27 ft. This means that the typical littoral boundaries of interest extend about
2,500 ft offshore and encompass a broad zone between the beach and the outer bar. [n
theory, surveys that encompass the entire littoral zone will account for nearly all sediment
moving into or out of the system.

The landward littoral boundary is also imprecise. Where a stable, high foredune exists
over time, it is reasonable to use the seaward face of the dune or the crest as a boundary.
Where dunes are low and frequently overtopped, the landward limit of sand movement
may be inland. Washover deposits define the landward limit. However, it is generally
recognized that once sediment is pushed by waves landward of the adjacent foredune,
it is “lost” from the active littoral zone. While washovers can be large in some settings,
they usually comprise only a small fraction of the littoral volume (RPI1 1985).

‘Similar to the exposed portions of icebergs, the visible beach makes up a small part of
the barrier island profile. Most of the sediment that forms the core of the barrier island
is below the mid-tide mark. To the extent that the underwater profile maintains a large
volume of sediment, the recreational beach and dune system will remain healthy.
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4.0 EROSION ANALYSIS METHODOLOGY

Analyses of coastal erosion are primarily dependent on the quality and extent of historical
data. Most erosion rate data are derived from historical maps, vertical aerial photographs,
and hautical charts. CSE has found these useful for depicting trends and developing esti-
mates of linear shoreline change rates, but unsuitable (or unreliable) for determining volu-
metric changes. Carefully surveyed profiles across the beach and inshore zone are gen-
erally considered much better measures of change because they depict a broader littoral
zone (CERC 1984). By repeatedly surveying profiles along the same lines, it is possible
to determine how much sediment is in the littoral zone compared to other beaches and
to calculate volumetric changes between surveys. Some very recent surveys provide the
equivalent of continuous profiles alongshore such that a three-dimensional picture of the
littoral zone is obtained. However, such density of coverage is generally unavailable for
more than one date at any site; therefore, they are of less use until comparative surveys
become available.

CSE used two forms of data for the present erosion analysis:

1) Historical shorelines (Source: NYS 2001) — Coastal View v.1.2 — Digitized “shore-
lines” along Fire Island from 1830 to 1995. This is believed to be the most up-to-date
interpretation of “shorelines” and is geo-referenced on planimetric maps. CSE estab-
lished a reference baseline and selected representative points for purposes of mea-
suring distances between the fixed baseline and a particular shoreline of interest.

2) Surveyed littoral profiles (Sources: USACE 1858, USACE (Strock) 1980, RPI 1985,
NYS 2001) - The USACE (1958} established and surveyed widely spaced profiles out
to ~30-ft depths along Fire Island and Westhampton Beach in 1933, 1940, and 1955.
Profiles along Fire Island are numbered 20-36. Closest profiles to the county park are
33 at Old Inlet and 34 near Pattersquash Isiand. The Corps (1980) commissioned
Strock & Associates to obtain a more closely spaced set of profiles in 1979, These
profiles are S-022 through S-032 along eastern Fire Island, with S-026 located close
to the park pavilion. RP1 (1985) (CSE’s predecessor company) merged the 1979 data
and 1933-1955 data to develop a sediment budget for Montauk Point to Fire [sland
Inlet. New York State (in coilaboration with the USACE) initiated a more frequent
shoreline monitoring program in 1995. A new set of profile lines was defined (F-series
along Fire Island and W-series along Westhampton Beach). The new lines were sur-
veyed up to eight times between spring 1995 and spring 2001. Profiles F64 to F84
span the area from around Old [nlet to Moriches Inlet.

Coastal Science & €ngingering 17 Smith Point County Park
[2081 - FINAL] SEPTEMBER 2002 Fire Island, New York



nErrod

i e

ﬂ"-"—.g

Forpurposes of the present study, CSE selected an 11.5-mile section of shoreline extend-
ing fom Cupsogue (Westhampton Beach) to Old inlet (Fig 7). The area chosen incorpo-
rates the western end of Westhampton Beach downdrift of the groin field, Moriches Inlet,
the witderness section of eastern Fire Island, the county park, and the Old Inlet area off
Beliport. The majority of the study area extends updrift from the park under the
assim ption that this area constitutes the primary sand supply to the park. Five analysis
reathes (0-4) were defined using available historical profiles as boundaries:

Reach 0 - Cupsogue — Westhampton Beach — A 9,850-ft reach between
profile WB (new Village of Westhampton Dunes) to profile F84 (west jetty of
Moriches Inlet). This reach is downdrift of the groin field. The updrift portion of
fhe reach was nourished in 1997 and 2001 as part of the court settlement between
he Village of Westhampton Dunes and the federal government in response fo
sxcess sand trapping by the groins. The reach also encompasses the area of the
1980 breach channel east of the jetties and portions of the Moriches Inlet ebb-tidal
delta.

Reach 1 — Moriches Inlet Bypass Zone — A 10,390-t reach between profiles
F84 and F79. This reach receives sand that “bypasses” across Moriches Inlet. [t
is directly influenced by the ebb-tidal delta and tends to receive sand episodically
as shoals break free of the delta and migrate onto the beach; hence, the term
‘shoal bypassing” (Sexton and Hayes 1983, Gaudiano and Kana 2001).

Reach 2 — Pattersquash Washover Zone — A 14,215-ft reach in the National
Seashore east of the park between profiles F79 and F74. In recent years, this
area has lost much of its protective foredune. Washover fans nearly reach
Moriches Bay, and near-breaches occurred during the storms of the early 1990s,

Reach 3 — Smith Point County Park — A 12,150-ft reach actually extending
several thousand feet updrift and downdrift of the park facilities between profiles
F74 and F70. The major facilities of the park are situated between F73 and F71.
A federal memorial site for victims of TWA Flight 800 is established about 150 ft
east of the pavilion.

Reach 4 - Old Inlet — A 13,885-ft reach between profiles F70 and F64. This
reach in the National Seashore wilderness area encompasses sites of historic
inlets off Bellport. During the December 1992 northeaster, the dune breached
near profile F68, producing a small washover, the first significant breach in the
grea in the past century.
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Each of the above-listed reaches contains several historic profile lines for which compara-
tive data exist. CSE selected F-series and W-series profiles having nearby comparative
data for 1979 and 1955. Raw profile data (post-1995) were downloaded from Coastal
View 1.2 and converted to CSE’s Beach Profile Analysis System (BPAS) format to create
unigue data sets for each line. Historical data sets from 1833 to 1979 were merged with
the posi-1995 data by juxtaposition following standard practice. To facilitate the
juxtaposition, CSE prepared a base map in AutoCAD™ format and downloaded a set of
spring 1995 rectified aerial images onto the state plane grid (NAD’83 coordinates) for
general reference (Fig 7). Published profile coordinates were converted o NAD'83 and
highlighted on the map. The relationship between historical control monuments for early
profiles and recent profiles was determined on the base map. Historical profiles were
then shifted to the recent profile lines, and their cross-shore distances were corrected to
match the orientation of recent data. This standard technique is performed by making the
profile shift parallel to the littoral contours. While not precise, this is the only method
which allows direct comparison of recent profiles from one peint with historical profiles
originating from a nearby point.

The profiles selected for analysis are given in Appendix [. Appendix I-A lists the profile
coordinates; Appendix |-B shows the general locations of available profiles; Appendix [-C
shows the geographic relationship between adjacent historical and recent profiles and the
applicable offset distances (cross-shore and alongshore); Appendix I-D contains F-series
and W-series profiles for representative survey dates. Table 2 shows the dates and sur-
veys, indicating which stations have coverage to ~30-ft depths (ie, long) or just to low-tide
wading depth (ie, short). For the present study, CSE favored data encompassing the
entire littoral zone fo the estimated depth of closure. As Table 2 indicates, the most
comprehensive data sets were obtained in June 1955, December 1979, April 1995, and
April 1998. Other sdrvey dates are missing lines or contain a mix of long and short
profiles.

CSE's BPAS software facilitates file preparation, data plotting, data correction and quality
control, calculations of distances to contours of interest, and calculation of profile
geometry (widths and slopes between contours, distance to closure depth, etc). Profile
cross-sections (“areas”) between selected contours or beach features are computed and
extrapolated over one unit shoreline length to yield “unit-width” volumes [typically
measured in cubic yards per linear foot (cy/ft) of beach]. Changes in “area” of a profile
between selected survey dates yield a volumetric measure of erosion. Appendix 11 {(CD-
ROM) contains profile data and output files used in the analysis.
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TABLE 2. Profile coverage for the present study area. L = long ranges fo approxihate]y -30 ft NGVD (unless
otherwise indicated). S = short ranges to approximate mean low water (MLW). *Dates with most comprehensive
coverage [S = spring {~ April} | F = fall {~ November)]. *Except 1855.

PROFILE SURVEY DATE
(quatity
of closure) Quality of Juxtaposition: (E) = excellent | (G)=good | {F)={air | (P)=poor
1933 | 1940 | 1955% | 1967 | 1978* 1 8-1995* | F-1995 | 8-1996 | F-1996 | 8-1997 | F-1997 |S-1998* | F-1998 | 8-2000 | 5-2001

FAP) ILEILE|ILEI - |LtE]| N S ) 8 8 L 8
66 (E) L (E) L L L L L | L L 5
67 (G [LPVILPYIL (P 1L (P — 8 8 ] 8 L 5
68 (F) ' L (P} L (F) L S S S 8 L | )
70 (E} L {E) L L L L L L L 8
71 (G) LE ] L 8 s 8 s L $
72 (G L (P) LE | L L L Lo|L L L L
“E |ILEILEGLE L (P) 5 8 S L L 8
76 (P) L (F) L (E) L 8 S S L L. 5
77 (E) L (E) L L L L L L L L
79 F - ILE|LEFE]LF L (E} L L L L L L L L
81 (E) L (E} L L L L L L L L
4P [LEILE|LE LE] L L s L L L [L (-18) L
W3 (P) LiL|LmmEan) s s 8 S L L L
5 (P) LE | L L L L L L L L
8 (P)* : L L (E) 8 L L L L L

For the present study, CSE divided the profiles into volume “lenses” of particular interest
(Fig 8). While the division is arbitrary, CSE has found certain divisions across the beach
to be usefu! for evaluating and interpreting the causes of erosion. Based on previous
experience at Fire Island, CSE selected the following lenses/boundaries for analysis:

Lens 1 — Foredunel/dry beach — Extends from the NY State (1995) baseline
along the crest of the foredune to the +2.5-ft NGVD contour (near approximate
mean high tide). This is the visible part of the beach of most concern for’
recreation and storm protection.

Lens 2 — Wet beach — Extends between the +2.5-ft and the -2.5-ft NGVD con-
tours. This is the primary zone of wave breaking each day between low water and
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high water. Its slope is an indicator of whether the beach has recently eroded or
accreted.

" Lens 3 — Inshore/bar — Extends from -2.5-ft to -18-ft NGVD contours, The
lower depth was selected based on the maximum depth of the trough between the
longshore bar and the beach. Most of the profile movement occurs above this
contour from the bar to the shore.

Lens 4 — Offshore — Extends from -18-ft to -27-ft NGVD contours. For the
present study, CSE assumes -27 ft as the closure depth based on previous
studies and examination of recent profiles. This is also consistent with USACE
(1999). This implies that Lens 4 captures the remainder of sand volume changes
in the time periods of interest and that negligible profile change has occurred
seaward of -27 ft.

The utility of profile volume analysis will be seen in the next section. FEMA (Dewberry
and Davis 1989) uses profile volumes above storm-surge elevations as a means of
assessing poststorm emergency protection (Fig 9). Kana and KrishnaMohan (1994)
evaluated barrier island volumes as a way of estimating the likelihood of breaches through
Fire Island (cf, Figs 3-5).

Typical Profile - Unit Volume Calculation Boundaries

25 & Baseline at ~ Dune Crest
E ——-~ Most Seaward Dune Crest

FOREDUNE/DRY BEACH

N WET BEACH ‘ g NGVD
‘ Outer Bar

Elevation {ft - NGVD)
: L]

TNSHORE/BAR

-153 o
= — -8t
-20-3 ;
I et R Res e OFFSHORE
.05 3 : T . . ) - . - ‘%
30— .
'35_5 i Refefenced Profi Ie Shown ls Siailon F?2 Apnl 1998
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200 @ 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

Distance (ft}

FIGURE 8. Schematic profile showing the calculation boundaries for four "lenses” representing key
portions of the littoral zone. The lens limifs are based on site-specific morphology and experience with
previous erosion surveys.
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5.0 EROSION ANALYSIS

5.1 LINEAR SHORELINE CHANGE TRENDS

CSE calculated linear shoreline changes for various periods between 1830 and 1995 us-
ing digital shorelines available from the Atlantic Coast of New York Monitoring Program
(NYS 2001). The distance from an arbitrary baseline to the digitized shoreline was deter-
mined electronically (using AutoCAD ™) at six representative stations (F70 to F79). The
available dates for comparison are 1830, 1870, 1933, 1938 (poststorm), 1962 (poststorm),
1979, 1983, 1988, and 1995. The results are shown in Table 3 and Figure 10.

The general trend for all stations is recession averaging ~1.9 ftfyr between 1830 and
1995. The highest “decadal” rate is ~10 ft/yr between 1938 and 1962, the period marked
by the 1938 hurricane of record and the March 1962 storm. Before 1938 and after 1862,
the average annual rates were consistently around -0.6 ft/yr according to the New York
State data.

The specific rates near the park pavilion (F71) were -0.2 ft/yr (1830-1838), -7.9 fifyr
(1938-1962), and - 0.4 ft/yr (1962-1995). The early rate reflects conditions when Moriches
Inlet was closed for most of the period. The latest rate reflects a period when the inlet
was open and stabilized, as well as a period when beach nourishment was performed.
The middle rate encompassing the two great storms was also a period when nourishment
was added to the beach. Kana (1995) reports a total of ~405,000 cy placed along the
county park between 1955 and 1960. About 400,000 cy were added between 1960 and
1974. These beach fills had the effect of lowering the observed rate of shoreline change
during the later two periods. However, it is not possible to determine the magnitude of
the effect from movement of one contour.

Station F79 (boundary between Reach 1 and Reach 2) shows the highest rate of change
overall (~3.6 ft/yr for 1830-1995) and the highest rate since 1979 (- 1.6 ft/yr). This station
is situated in the washover area where picking “shorelines” off vertical aerial photography
is problematic. As New York State officials advise, the digitized shoreline data in Coastal
View v.1.2 may have errors. However, as a first-cut approximation, they are useful for
illustrating trends.

Assuming what was digitized in NYS (2001) represents the upper limit of wave action
(typical base of foredune) or the seaward edge of vegetation (near crest of dune), the
results suggest:

« Long-term shoreline recession rates for the area are low (<2 ftfyr).

.+ Two major storms, particularly the March 1962 northeaster, account for most
of the shoreline recession.

+ The rate of change since 1962 has averaged <1 fi/yr.
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Table 3. Trends in linear shoreline change with respect to an arbitrary baseline parallel to the beach based on analysis
of “shorelines” digitized by New York State as part of the Atlantic Coast of New York Monitoring Program (SAIC 2001).
Rates for key time periods are highlighted.

Distance From Baseline {feet)

Station 1830 1870 1933 1938 1962 1979 1983 1988 1995
F70 606 456 526 551 316 371 270 304 383
F71 524 457 545 502 312 337 394 289 324
F72 479 462 572 508 306 299 296 274 266
F74 396 557 507 384 310 312 208 271 229
F77 667 652 582 464 207 223 114 81 80
F79 822 737 703 676 289 362 360 270 336

Mean 582 554 372 514 290 37 289 248 270

Average Annual Change (fi/year)

Rates 1830 1870 1933 1938 1962 1979 1983 1088 . 1995
1830 NI/A -0.72 -0.10 -0.63 -2.21 -1.78 -1.92 2.1 -1.89
1870 N/A 0.30 -0.58  -2.86 2,17 -2.34 -2.59 -2.27
1933 N/A -11.67 9.74 -5.55 -5.68 -5.90 -4,88
1938 N/A .0.34 -4.80 5.0 -5.32 -4.29
1962 N/A 1.61 -0.08 -1.61 -0.62
1979 N/A 747 -7.69 -2.98
1983 N/A -8.10 -1.58
1088 N/A 3.07
1995 N/A

Historical Shoreline Trends

300
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800 > |
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400 =
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0 T T T T T : T
1830 1870 1933 1938 1962 1979 1983 1988 1985

Year

FIGURE 10. Trend in shoreline position based on the data in Table 3. Station F71 is situated close fo
the park pavilion. Station F77 is situated in the washover section east of Pattersquash Island.
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The low rates during the past three decades possibly reflect the positive impact of
nourishment as well as emergency dune scraping along the park (which tends to maintain
a more constant line of vegetation along the dune).

5.2 VOLUMETRIC CHANGES

The profiles used in the present analysis are shown in Appendix |. These were analyzed
two ways. First, unit volumes for each of four lenses (see Fig 8) were computed. Then
volume changes by lens between selected dates were computed.

The first computation provides a measure of how much sediment volume exists at a sta-
tion. By comparing these quantities among stations, it is possible to identify areas that
have sand deficits relative to other sections of the beach. Also, by tracking unit volumes
at a station, or along a reach over time, developing trends can be spotted, even if erosion
along the visible beach is not apparent. In the following graphs, data are ordered from
updrift (Reach 0) to downdrift (Reach 4) in conformance with the net sediment transport
direction. Individual profiles, however, are numbered from west to east and are so listed
in certain data tables.

Profile Volumes

Unit volume data by lens are given in Appendix Ill. The graphs of Figure 11 (a-e) show
the results for individual stations along with the average for all 16 stations used in the
analysis. The graphs include intermittent data because many profiles do not extend
beyond low-tide wading depth. Each page of graphs shows results for the upper three
lenses (dry beach, wet beach, and inshore), with the fourth graph of each set
incorporating all four lenses. Results for individual stations and lenses tend to be highly
variable. However, when all four lenses are combined, much of the variation is eliminated
because the total volume in the profile tends to average out differences among discrete
lenses. :

It is useful to compare results for a particular station with the average for all 16 data sets
(line labeled “ali”). If an individual result falls below the average, it indicates there is less
sediment (or a deficit) in that particular profile (cf, Fig 11d). If the unit volumes are
consistently higher than the average, the station has more sediment (or a surplus) in the '
profile (cf, Fig 11c). Following are some trends illustrated by these graphs.

» Lenses 1 and 2 (foredune/dry beach and wet beach) each typically contain 50-
80 cy/ft seaward of the baseline (foredune crest).

» Lens 3 (inshore/bar) contains around 500 cy/ft.

+ Lenses 1-4 combined contain around 1,250 cy/ft.
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. Reach 0 (Fig 11a) shows a decline in Lenses 1 and 2 (dune to low water)
between 1979 and 1995. Then volumes rise suddenly, reflecting the impact of
nourishment along Westhampton Dunes in 1997.

« Reach 1 has much higher volumes than average, reflecting the accumulation
of sand in the inlet bypass zone downdrift of Moriches Inlet.

« Reach 2 has consistently lower volumes than average with marked declines in
the visible beach (Lens 1) seaward of the baseline.

» Reach 3 (county park) shows a precipitous drop in volumes for Lens 1 and
Lens 2 after 1995. :

» Reach 4 shows a precipitous drop in volume at station F66 after 1980 followed
by a partial recovery over the past six years.

Figure 12(a-c) averages the lens results by reach. (Averages include the boundary profile
in adjacent compartments.) These graphs are easier to track because some of the varia-
bility of individual profiles is eliminated. Trends shown by these graphs include the follow-

ing:

« Substantial decline in profile volumes along the county park reach in Lenses
1,2, and 3. The drop is particularly large for the dune-dry beach iens (Fig 12a,
upper). A similar, but smaller decline also occurred along the Pattersquash
reach.

+ The Moriches Inlet bypass zone has gained sand since 1955 and now has the
"healthiest” profile volumes in the study area.

« The Cupsogue reach experienced a dramatic loss of volume in Lenses 1 and
2 between 1979 and 1995. Since then, the reach has regained volume (via
nourishment) and is close to its condition of 1955.

+ Lens 4 (-18 ft to -27 it NGVD, Fig 12b, lower) typically shows the least
variation in profile volume. This suggests that the zone seaward of -18 ft
accounts for relatively little profile volume change. (Note: A perfect data set
in an area where profiles close shallower than -18 ft would show ne variation
for this lens. Small variations in the graph for Lens 4 also tend to reflect
imprecision of surveys, particularly older data collected by less accurate
methods.)

Of particular concern, the data in Figure 12 indicate that the dry-beach volume in the
park has declined to one-third of its 1979 volume. This means much less area is
available for recreation, and the degree of protection during storms is severely diminished.

Coastal Science & €nglnearing 12 . Smith Point County Park
[2081 - FINAL] SEPTEMBER 2002 Fire Island, New York
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FIGURE 12a. Average profile volumes for Lens 1 (upper) and Lens 2 (lower) by reach and date based on the results
for individual profiles (see Fig 11).
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FIGURE 12b. Average profile volumes for Lens 3 (upper) and Lens 4 {fower) by reach and date based on the results
for individual profiles (see Fig 11).
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FIGURE 12c. Average profile volumes for all lenses combined by reach and date based on the results for individual
profiles (see Fig 11).

The final unit-volume comparison is shown in Figures 13 and 14. These graphics
combine the results for Lenses 1, 2, and 3 (foredune to - 18 it NGVD) and average them
by reach for three primary survey dates: 1855, 1979, and 1988. The stacked graphs
(Fig 13) show the dry beach volume in yellow, the wet beach volume in red, and the
inshore volume in blue. The striking feature of these graphs is the dramatic decline in
profile volumes west of Moriches Inlet between 1955 and 1979. Since then, there has
been a lesser decline in total volumes for Reaches 2, 3, and 4, but a large drop in the
volume of the visible beach (Lens 1). This latter decline was worst in the county park
reach. In 1955, all five reaches had similar total volumes to -18 ft and relatively large
velumes in the foredune/visible beach, By 1979, volumes in the Cupsogue and Moriches
Iniet reaches increased by about 100 cy/ft, whereas volumes in the Pattersquash and
~ county park reaches dropped by 150-200 cy/ft.

The county park’s beach health is directly linked to the profile volumes beyond
wading depth. Its future health is also dependent on the condition of the
Pattersquash reach. Where sand deficits occur, there is a much higher probability
of storm damage to the foredune and oceanfront facilities. lf the updrift reach has
a deficit, there is less sand available to feed the park’s beach. Profile volumes
since 1955 confirm both of these negative trends.

Coastal Science & Engineering 15 Smith Point County Park
[2081 - FINAL] SEPTEMBER 2002 Fire Island, New York



Average Profile Volumes - 1955
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FIGURE 13. Profile volumes by reach for Lenses 1, 2, and 3 (foredune to ~18 ft NGVD) combined in 1955 (upper),
1979 (middle), and 1998 {lower). Note the precipitous decline in fotal volume and dry beach volume along the
Pattersquash and county park reaches.
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Based on examination of profiles in the study area, CSE believes profile volumes to -18
ft must be at least 575 cy/ft to provide for a healthy dry beach that can accommodate the
normal range of profile changes from year to year. All reaches met this criteria (on aver-
age) in 1955. By 1979, however, Reach 2 and Reach 3 dropped significantly below this
value.

Figure 14 shows the profile volumes (fo - 18 ft) by reach and year along with the average
deficit or surplus volume with respect to the target value of 575 cy/ft. 1t is apparent that
the surplus volumes in Cupsogue and Moriches Inlet reaches nearly equal the deficit
volumes along the Pattersquash, county park, and Old Inlet reaches.

Volumetric Erosion Rates

The slopes of the graphs shown in Figure 11 provide a measure of the rate of erosion (or
~accretion). Similar to the linear shoreline change rates (see Fig 10), there is a high
degree of variation in erosion rates, particularly over short time periods. For planning
purposes, it is generally more useful to establish a range of “decadal® change rates, which
are indicative of the “background” erosion volume. This provides a more realistic
measure of how much sediment is lost over time.

Short-term erosion rates during storms can be many times greater than the long-term ero-
sion rate. These larger scale, but temporary, changes provide a measure of how much
volume is needed to accommodate storms without damage to oceanfront development.

Based on the ava_ilable data, CSE selected two 20-year periods (1955-1979 and 1979-
1998) having the most comprehensive coverage and computed volumetric change rates
for each period. Rates given in Appendix Il are weighted averages by reach based on
extrapolating the results of individual profiles over the applicable shoreline length between
profiles using the average-end-area method. By this method, CSE calculated total volume
changes by reach and lens, then unitized them to obtain a weighted average. The com-
puted changes were annualized by dividing net rates by the applicable years in each
period. Rates computed by this method will differ slightly from rates derived by comparing
the unit volumes previously shown in Figures 11 and 12 because the latter are based on
linear averages. Minor differences also accrue because of missing data from 1955. For
example, there were no surveys at stations F70 and F71 (pavilion) in 1955. Therefore,
the results for 1955-1979 are based on interpolation of profiles from stations F68 and F72.

Coostal Science & Engineering a8 Smith Point County Park
[2081 ~ FINAL] SEPTEMBER 2002 Fire Island, New York



Figure 15 (a-c) shows the average annual erosion rates by reach, period, and lens. Rates
are given in cubic yards per foot (cy/ft) with negative values indicating erosion and
positive values indicating accretion. The following trends are indicated by the data.

» Along the dry beach (Lens 1), erosion rates generally increase from east to
west, and the rates are much higher for the 1979 to 1998 period compared to
1955-1979.

+ The change along the wet beach is relatively minor, indicating a general uni-
formity of that portion of the profile. (A value of zero means the wet beach is
not becoming flatter or steeper over time.)

« Highly variable rates for Lenses 3 and 4 with alternating periods of erosion and
accretion for most reaches. For example, erosion occurred along the county
park in Lenses 3 and 4 between 1955 and 1979, whereas accretion has been
the trend since 1979.

+ The overall average annual change (foredune to -27 ft NGVD) was erosion of
1.4 cy/fft/yr for 1955-1979 and a loss of 2.6 cy/ft/yr for 1979-1898.

Coostal Sdence & €ngineering 39 Smith Point County Park
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FIGURE 15a. Average annual volume changes by reach and lens for two primary time periods {1955 fo 1879 and 1979
to 1998).
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FIGURE 15¢. Average annual volume changes by reach and all lenses combined for two primary time periods (1955
to 1879 and 1979 to 1998). ‘

Figures 16a and 16b summarize the annual volume changes by reach based on the data
in Appendix Ill. The results for the period 1955 to 1979 (Fig 16a} show the striking accu-
mulation in Reaches 0 and 1, counterbalanced by large losses in Reaches 2, 3, and 4.
Approximately 75 percent of the net volume loss or gain occurred in Lens 3 (inshore zone
from MLW to -18 ft). Losses along the dry beach at the park represent only 10 percent
of the average annual loss for the reach. However, this low volume may reflect the
positive impact of nourishment during the period. By the 1980s and 1990s, losses aiong
the dry beach in the park increased dramatically (Fig 16b). Further, it appears that
erosion of Lens 1 between 1979 and 1998 in Reaches 2 and 3 accounts for much of the
buildup underwater in Lens 3 during the period. These data indicate that a total of
100,000-180,000 cy/yr have eroded from Reaches 2, 3, and 4 {combined) over the
past 45 years. This provides a measure of the quantities that must be replaced
each year to keep pace with erosion.

Coastal Science & Engineering 42 Smith Point County Park
[2081 - FINAL] SEPTEMBER 2002 Fire Island, New York



-~ (98d) ITVOS DIHAVHD
]
—" —" " " .@r

000'0L 000's 008’z O 000'G

¥

(SIAS"PT) 6L6T HOqUINI( 03 SS6T dunp
(33/49) sa3uey) swWINjo A [ENUUY

"6261 0} 5561 pousd au} o} (GADN Y 91~ 0}) sus| pue yoeas Aq ssBueyo swnjoa |enuue sbelsay B9, THNSIL

EQNQQ

2 1 1 u u. 1 1 ¥
gpr—— gL-0}
gl- 0} Py g fpp. 0Seivg- p aunpalo
o::ﬁEo“_ﬁ 000‘'68+ 00E‘LZ¥ 0S1's6 oos‘ee ﬁ . e
s|ejoL ,
] ¥ " 00 P.Mﬂn u OhOﬁ_mE
QI0YSY[ _ 059'€9+ H oov'TLH _ 00+*8L- H 05797 _
! fg- 05E‘E- u yaesq iap
LoEaq 12M d T _ oS+ _ 055'6- _ 005°E H
4z 5% LL* _ 00T'2- oszE- ™ F_J_*Mc yoraq A
yoeaq g ?sg.“wnwé anSosdny | suoz ssedAg oy sprow gbﬁﬂﬁﬁ:wﬁuﬁm ﬁmmgu | ﬂm—_&um unpeiod
faunpaiod o ypway L ey b G
. . _ y7oT |
m e 3} 1G'5 “ VIBEO} _ usIz _ q_.
oy — (=1 oD £~ D wy by m o baa)
S mwmmmmwm 22 8 B E K EEEEE £ £
&
bt |, | AREEE
.,i.d PICEE sreatil sourer! SPrCll Jb. g — T e ) .L.Q ) kr“&.
5 =m;w0 ) -5y ysenbsIonEd £~ ¢ 7 &
] 8|18t :
i 159 fog aueur@m\ - QHW@ o
%y n, My I_uv.w e 7 Lty
. W
ko)) LU
yomeas 140H
\ S3t5 Sy
ls @o& ¥y o@o&
vy .S.w.u




(1884) ITVIS DIHAVHO

o ™ ™

_ '8661 0 661 POLad 33 1o} (QADN 1) 81 - 1) sus] pue yaea: Aq safueyd swinjo lenuve abesoay gL JYNOIS
000°0} 000's 005z 0 000'G _
(s141°8T) 8661 1AV 03 6L6T JoquIaddQ
(33/45) soduey)) SWIN[OA [ENUTY ‘ |
2 29 2 ¢t 3w v | 2V
. 8- o3
gi-0} Pa— 5 — 009‘c.L- sunpaio
yunpelos H 0oo‘st- 00S‘}- H 058’22 0079+ -
s|ejoL L .
: ‘g~ alousuy
B ﬁ 05€'91- H 00L'S- _ 006 L+ H 009° L+ _ 0SE°91 p
d ‘ ‘1- 004'8- w Loeaq 1ok
Yoot 19p m 0o¥'9- H 05Z'¢- H 009'6- H 05€¢°1L: H J
¢ g 055°05- yoeeq AIQ
Py 2 0S1°8T
w50 A0 | quopduceigeonsy fosdng | oz ssuddi oput sy | oz saeneem usembsioried _ iy founpeied
felinpalo 0puay L youay 7 yprey b y,
_|I|I ¥ 1596 __ U 162'01 szl Y IRYEL '.III||M
2 22 B & E K E E 3
i
N
8
e Lt A

DA

9 =%Om ol a
_ 0 ‘81 10l4)

- A

-gj ysenbsianed

e
¥ 5 ] (08 P14z i
.__Q\\ §a& o@a& \.\.u VW@
U\ 4 .WVN,\
240D 240D
v&uauum_ e
/ M.WIU 83
Yo oy,
d S >\ ..KW D}\
3J .hew,u
i 4
AN \.




Estimated Impact of Nourishment

Table 4 summarizes the volume of beach fills placed within the study area since 1955.
The data regarding beach nourishment volumes are somewhat sketchy because many
early fills in the 1950s and 1960s consisted of marginal beach-quality material from dis-
posal projects. For example, bay channels in Moriches Inlet were dredged by the county
and others, with deposits made east and west of the inlet. Some of this material was un-
doubtediy very fine grained and unsuitable for nourishment in the littoral zone. Suffolk
County DPW (1985) compiled the dredge volumes and provided the New York Coastal
Partnership with estimates of what portion consisted of littoral sand and an approximation
of what portion of certain fills was placed in the various study reaches (J. Hunter, pers
comm, Aug 1994). The {otals in Table 4 take this into account, eliminating nonbeach-
quality material.

Since 1990, there have been several small beach fills along the county park using inland
sand and other sources. The estimate of 150,000 cy is based on communication with
county officials. The 1979-1998 estimate for Cupsogue assumes a pro-rata share
(approximately 500,000 cy) of nourishment was placed in the reach in connection with the
Westhampton Dunes beach fill of ~4 million-cubic-yards.

TABLE 4, Summary of beach nourishment volumes placed in the study area since 1955. Data Sources: USACE,
New York State, Suffolk County, RPI (1985), Kana (1995). [Note; Estimate for Cupsogue includes ~500,000 cy in
1997, Estimate for County Park includes ~150,000 in 1993-1998.}

Background Erosion Rate (cy/ftlyr)
1955-1979 (Foredune to -18 ft)

1855-1979 1978-1898
Average Unit Width Average  Unit Width
Annual  Avg Annual Annual  Avg Annual
Reach Length (ff)  Total (cy) (cylyr) {cylitlyr) Total {cy) (cylyr)  {eylftlyr)

Cupsogue 10,255 1,644,600 67,127 6.55 1,050,000 57,065 5.56
Moriches
‘Inlet 10,391 1,012,000 41,306 3.98 0 0 0.00
Pattersquash 13,875 712,700 29,080 2.08 0 0 0.00
County Park 12,152 804,200 32,824 2,70 150,000 8,152 0.87
Old Inlet 13,884 0 0 0.00 0 0 0.00
Totals 60,657 4,473,500 170,347 2.81 1,200,000 65,217 1.08

1979-1988 (Foredune fo -18 ft)

Nourishmen Surveyed  Without Surveyed  Without

Reach Length (ft) t Change  Nourish  Nourishment Change Nourish
Cupsogue 10,255 8.55 8.6 8.6 5.56 -4.7 -10.26
Moriches
Inlet 10,391 3.98 28 -1.38 0 -0.1 -0.1
Pattersquash 13,975 2.08 -6.8 -8.88 0 -1.6 -1.6
County Park 12,152 27 -2.8 -5.5 0.87 0.5 -0.17
Old Infet 13,884 0 -39 -3.9 0 -1.2 -1.2
Totals 60,657 2.81 -1.1 -3.91 1.08 -2.3 -3.38
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The effect of nourishment is to decrease the observed rate of erosion. Therefore, a more
realistic background erosion rate is obtained if the nourishment volumes are subtracted
from the surveyed volumes. Figure 17 shows the results. Although the fill quantities are
imprecise, the results indicate that nourishment has had a significant impact in the study
area;

» Cupsogue accumulated sand between 1955 and 1979 by way of natural accre-
tion (~2 cy/ft/yr) and nourishment (~8.5 cy/ft/yr) upcoast of the Moriches Inlet
jetty. Between 1979 and 1998, this reach lost a very large volume because of
sand trapping by the Westhampton groin field and the 1980 breach channel.
Nourishment reduced the rate of loss from about 10 cy/it/yr (background
erosion rate for the period) to ~5 cy/ft/yr.

+ The Moriches Inlet bypass zone would have had a background erosion rate of
~1.5 ey/fftiyr (1955-1979) without nourishment. Nourishment offset the natural
trend and accounts for a net gain of ~2.5 cy/ft/yr in the reach prior to 1980.
Since then, there has been little change.

* The Pattersquash reach sustained the most erosion of any reach in 1855-1979,
losing nearly 7 cy/ft/yr (with nourishment) and almost 9 cy/ft/yr without nourish-
ment. Erosion has continued during the past 20 years in this reach, but at a
much lower rate (~1.6 cy/ft/yr).

+ The county park reach eroded at ~3 cy/ft/yr (with nourishment) and ~5.5
cy/ft/yr without nourishment prior to 1980. Since then, the average annual
changes to - 18 ft have been very small. Remember that the change along the
visible beach (rapid erosion) has been offset by gains seaward of low water in
this reach.

« Qverall, the average rate of sand loss has been remarkably consistent between
the two periods analyzed. When nourishment is factored out, the average
annual erosion rate to —18 ft for all reaches is ~3.9 cy/ft/yr for 1955-1979 and
~3.4 cy/fi/yr for 1979-1998.

Based on the above-listed results, CSE concludes that the underlying rate of sand loss
for the entire study area is ~3.5 cy/ft/yr. The county park lost sand faster than this in the
1950s-1970s, but much lower than this rate in the 1980s and 1990s. For planning
purposes, CSE recommends adoption of a minimum 2.5 cy/ftlyr erosion rate along the
county park.
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Erosion Rates - 1955 to 1979
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FIGURE 17. Average annual erosion rates with and without nourishment by reach for two primary time periods (1955
to 1979 and 1979 to 1998).
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6.0

CAUSES OF EROSION

Based on the present analysis and review of prior studies of the area, CSE believes the
following factors constitute the primary causes of erosion along Smith Point County Park
during the past 50 years.

0

2)

The opening and stabilization of Moriches Inlet. Priorto 1931, Moriches Inlet had
been closed for nearly 100 years, The uninterrupted and relatively straight shoreline
from Westhampton Beach fo Fire Island allowed for a steady supply of sand and rela-
tively uniform profile volumes. With the opening of the new inlet, sand was captured,
drawing off a portion of the littoral volume. After inlet stabilization by jetties in 1955
through 1879, the updrift and downdrift reaches (0 and 1) accumulated over 4.1 million
cubic yards (Appendix lll, foredune to -27 ft NGVD). Approximately 60 percent of this
volume gain was by way of nourishment. A breach of Cupsogue spit near Moriches
Inlet in 1980 captured more sand, with upward of 750,000 ¢y lost from the beach into
the bay channels (Vogel and Kana 1985). This single event accounts for a large por-
tion of lost sand in Reach O for the period 1979 to 1998. Sand has bypassed
Moriches Inlet during the past 40 years, but much of it has been trapped and held in
Reach 1 within two miles of the inlet. For example, the dry beach and foredune area
in Reach 1 has gained over 400,000 cy since 1955. While a significant part of this
volume is the result of nourishment, natural accumulation in the shoal-bypass zone
is continuing, leaving less volume to propagate toward the park.

Sheltering effect of the Moriches inlet ebb-tidal defta. While related to the cpening
of Moriches Inlet, this is listed as a separate cause of erosion because the process
is common around tidal inlets. As the ebb-tidal delta grows, it creates a shadow zone
downcoast. The effect increases in relation to the size of the ebb-tidal delta. Vogel
and Kana (1985) reported significant growth of the Moriches Inlet ebb-tidal delta be-
tween 1955 and 1979. This is reconfirmed in the present study by sediment volume
results. [t is believed that some of the early growth of the Moriches Inlet delta can be
accounted for by erosion in the inshore zone of Reach 2 (Pattersquash). The
presence and growth of the ebb delta in essence matched with localized erosion

~downcoast, much like the accretion and erosion associated with groins, but on a much

larger scale. While the sheliering effect has lessened since 1979 (based on a lesser
volume loss in Reach 2), the effect is still apparent. Also contributing to the sheltering
effect are channel maintenance activities. When jettied inlets and their outer bars are
dredged, the discharge into the bay increases. A higher tidal prism through the
channel with each tide increases the potential size (and sheltering effect) of the ebb-
tidal delta (Walton and Adams 1976). Czerniak (1976) documented an increase in the
Moriches Bay tide between the 1950s and 1975.
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3)

4)

5)

Erosion of dunes and frequent overwash in Reach 2. Major loss of sand in'the
inshore zone {low water to the outer bar) due to reduced longshore transport inputs
and increased sheltering downcoast of Moriches Inlet left the beach and dunes
vulnerable to breaching. The beach narrowed to the point where there was insufficient
volume to sustain seasonal profile changes. Erosion rates increased locally and
caused complete breaches of the foredune. Once the profile goes into washover
mode, erosion rates accelerate in the vicinity, for the simple reason that a small part
of the littoral volume is removed from the active system with each overwash. In the
aggregate, washover volumes are small. However, in the Pattersquash reach, they
probably represent upward of 250,000 cy and account for ~1 cy/ft/yr erosion during
the past 30 years. This is roughly one third the average background erosion rate for
the study area. Significantly for Smith Point County Park, any loss of sand from the
active littoral zone immediately upcoast means that much less sand available. The
indirect result is cannibalization of the profile to accommodate losses to washovers.

_Beaches free of washovers with high dunes tend to recede at a lower rate. The

natural barrier created by the dune preserves the littoral sand supply along the beach.
Eroded dunes lose sand offshore. However, it remains in the active system and tends
to return to the beach or shift to downcoast areas.

Reduction in nourishment and dredge disposal projects since 1980. Kana and
KrishnaMohan (1994) reported that nourishment volumes along the south shore de-
clined by nearly 80 percent between the 1950s-1960s and the 1970s-1980s. Until the
Westhampton Dunes restoration in 1997, there was negligible nourishment in the
study area for about 20 years. As the erosion analyses show, nourishment has had
a major effect in reducing the background erosion rate. During the 1950s through the
1970s, nourishment reduced the average erosion rate for the study area by about 70
percent. Since 1980, nourishment has only reduced the rate by about 30 percent. In
the park, nourishment has reduced the rate by 50 percent.

Sand trapping by the Westhampton groin field. During 1964-1971, 15 large groins
were constructed 3-7 miles east of Moriches Inlet. They have had a proven impact
along Pikes Beach and the Cupsogue reach, acting as total littoral barriers for portio'ns
of the time periods 1955-1979 and 1979-1998 (RPI 1985, USACE 1999, Rosati et al
1999). The reduction in longshore transport led to downcoast erosion, loss of dunes,
and at least two complete breaches of the barrier (1980 and 1992). Each event re-
moved sand from the littoral system. The impact of the groin field on the county park
cannot be quantified. However, it has had at least an indirect impact of some magni-
tude because it dramatically reduced the supply of sand to Moriches Inlet, thus reduc-
ing the quantity available for bypassing. Higherlongshore transport rates at Moriches
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inlet would tend to “over-extend” the channel toward the west and lead to more
frequent shoal bypassing to Fire Island. The groin field has inhibited this process.

6) The 1938 and 1962 storms. Of all the storm events in the past two centuries, the
1938 hurricane and the 1962 northeaster had the most impact on erosion rates.
Historical shoreline changes for the 1938-1962 period account for the majority of the
observed change over the century. While dramatic in event, the impact of these two
storms is considered a lesser factor than the above-listed causes. Further, the evi-
dence suggests that the majority of south-shore storms have produced little net sand
losses. Fire Island beaches tend to recover efficiently in the succeeding weeks or

_months after each storm.

The above-listed erosion factors constitute what CSE believes to be the basic, underlying
causes of erosion along Smith Point County Park. CSE has targeted the factors that
account for major quantities at century time scales, purposely eliminating popular erosion
causes that involve small guantities (eg, sea-level rise, dune scraping, loss of dune

vegetation, vehicles on the beach, stc).

The next section discusses needs and alternatives for beach restoration along the park
as well as within the entire study area.
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7.0 BEACH RESTORATION ALTERNATIVES
The foregoing analysis of erosion along Smith Point County Park and adjacent reaches
indicates:

1) There is a major volume deficit in profiles along the park in comparison with a
minimum healthy beach and inshore zone. '

2) The park loses sand at an average rate of at least 2.5 cy/ftiyr.

3) The adjacent updrift reach (Pattersquash) alsoc has a substantial sand deficit, meaning
less sediment is available to feed the park reach.

4) The Moriches Inlet bypass reach has a large surplus of sand well above the minimum
volume of a healthy beach.

These trends in volume gains and losses have generally continued sinbe 1998 (Table B).

Profile data (see Fig 11 and Appendix 1) indicate Reaches 0 and 1 have 3-5 times more
sand on the dry beach than the park and nearly twice as much sand in the profile out to
_18 ft. Table 5 gives the average unit volumes by reach for Lenses 1, 2, and 3 for spring
1998 and spring 2001. Along the park, all lenses have deficits. In the past four years,
the park has lost another 30 cy/ft in the profile. Fortunately, because of moderate storm
conditions since 1998 and the addition of a small quantity of nourishment in connection
with construction of the steel seawall, profile volumes in the dry beach have increased by
~10 cy/ft. At the pavilion seawall (station F71), they have declined.

TABLE 5. Deficit volumes by reach/lens (cy/ft) with respect fo the recommended minimum profile volume for the study area.

Dry Beach Wet Beach Inshore Totals - Foredune to -18 FE NGVD
Target Volume 75 ' 50 450 575
Existing Volume| Apr'98  Apr'(1 Apr'as  Apr01 [ Apros  Apr'01 Apr'o8 Apro1
Cupsogue 72.6 79.5 58.8 54.3 587.0  580.2 7184 714.0
Moriches Inlet | 81.7 90.8 61.2 62.7 597.3 8029 740.2 756.4
Pattersquash 33.8 40.6 39.6 42,7 383.8 4044 457.2 487.7
Park 15.8 247 36.5 3.6 3728 3403 425.2 396.6
Old Inlet 28.2 45.9 411 36.9 411.3 ND 480.6 ND
Profile F72 29.4 350 47.3 28.2 4213 3403 498 403.5
Profile F71 24.6 9.7 49.3 18.5 412.7 ND 486.6 ND
Deficit , : . )
Cupsogue -2.4 4.5 8.8 4.3 137 130.2 143.4 139
Moriches Inlet 8.7 15.8 1.2 12.7 147.3  162.9 165.2 181.4
Pattersquash 412 -34.4 -10.4 7.3 862  -45.6 -117.8 -87.3
Park 592 -50.3 -13.5 -18.4 174 -109.7 -149.8 178.4
Old Inlet 468  -29.1 -8.9 -13.1 -38.7 ND -94.4 ND
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CSE evaluated heach restoration alternatives at several levels:

1) Complete restoration of the eastern Fire Island beach to 1955 conditions.
2) Restoration of the county park reach to 1955 levels.
3) Ongoing restoration by way of small scale but frequent nourishment.

CSE also reviewed the USACE (1999) interim plan for the park.

Regional Beach Restoration — Alternative 1

Using the profile deficits to -18 ft, CSE estimates that full restoration of Reaches 2, 3,
and 4 will require addition of ~5.7 million cubic yards (Fig 18). Restoration would include
the deficit volumes (90-150 cy/ft depending on the reach) and advance nourishment to
accommodate average annual erosion losses. in the scenario presented, CSE assumes
ten years' worth of advance nourishment (~25 cy/ft). Under this alternative, ~4 million
cubic yards would be placed along the Pattersquash and county park reaches. The bal-
ance would be placed along Reach 4.

Five potential sand sources are identified:

1) USACE offshore borrow area “3-L_ong Cove" situated between 2,500-1 0,000 ft offshore
(0SS 1983, USACE 1999).

2) Accreted shoals in Reach 1 (Moriches Inlet bypass zone).

3) Moriches Inlet channel maintenance (or stockpiled dredge spoil from such projects in
Reach 1).

4) Nearby bay maintenance dredging.

5) Inland sand pits via trucking to the park.

For quantities approaching 5 million cubic yards, the latter two sources can probably be
eliminated for economic and environmental reasons. Trucking from inland sources is gen-
erally much more costly than hourishment by dredging sources near the site. Bay
dredging of large quantities will introduce potential environmental concerns related to
excavations of organic-rich sediments as well as potential creation of deep holes where
water quality may become an issue. Of the remaining borrow sources, all could be used
for portions of the project, subject to appropriate confirmation of sediment quality.

The USACE offshore borrow area near Long Cove is situated about 5 miles west of the
park. If sufficient beach-compatible material is confirmed by the USACE, this area could
serve to restore Reach 4 and portions of Reach 3 (county park). Forthe remainder of the
park and Reach 2, Moriches Inlet or the bypass zone (Reach 1) would provide more eco-
nomic borrow areas, given their proximity. In general, nourishment pumping distances
become much more expensive after about 5 miles.
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The following summarizes the estimated costs, outcome and advantages of Alternative -
1.
Alternative 1 Summary

Volume: 5,700,000 cy

Length: 40,250 linear ft

Average Sections: ~140 cyfft

Average increase in beach width: ~220 ft

Estimated Longevity: >>10 years

Approximate cost. $30,000,000 (@ ~ $5.25/cy inclusive),

Advantages:  Restores deficit along adjacent reaches as well as along the park. Likely to
provide multi-decade erosion control and beach preservation given its length.
Eliminates need for frequent re-nourishment and construction acfivities on the
beach. Provides restored areas that can feed the park.

Disadvantages: Cost; scope goes well beyond park boundaries thereby requiring multiple
sponsors, particularly the National Seashore which may not be supportive of
beach restoration and shore protection. »

While Alternative 1 is not considered a viable alternative for Suffolk County because of
its length and cost, it is presented as a target plan. Nourishment of this magnitude would
feed the rest of Fire Island for many years and provide several decades of benefits.
Figure 18 implies itis a “10-year” plan. However, ten years simply applies to the advance
nourishment quantities. After a decade, most of the deficit volume would remain in the
system, leaving the beach in much better condition than at present. Benefits of a wider
beach therefore continue for many years longer. When considered over a 20-30 year
period, the cost per year for regional beach restoration becomes quite favorable.

County Park Beach Restoration — Alternative 2

CSE used the same profile deficits to develop Alternative 2 (beach restoration along the
county park). The primary beach facilities exist between stations F71 and F72 (an ~4,590
ft reach). Figure 19 shows the schematic plan. In this case, CSE assumes that the pri-
mary recreation area will be fully restored fo approximate 1955 conditions, and the
adjacent reaches will provide gradual tapers for transition to unnourished areas. Under
this alternative, 1,500,000 cy would be placed along the ~12,150-ft reach between
stations F70 and F74. Figure 20 shows the effect of nourishment at ~175 cy/fft along the
park. The upcoast and downcoast sections (~3,200 ft and ~4,350 ft, respectively) would
average about 85 cy/ft. Nourishment at this quantity would initially provide an ~200-ft
wider dry beach in the main recreation area. lis width would taper to existing conditions
outside Reach 3. Figure 20 (lower) shows the impact of ~150 cy/ft fill at station F71
(pavilion) compared with the April 1998 profile. There are no comparative data for 2001
beyond low-tide wading depth. CSE assumes the full nourishment section (~175 cy/ft)
would be required to make up for volume losses between 1998 and 2001.
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FIGURE 20. Projected fill sections along ihe county park under Alternatives 1 and 2, based on restoration of the

profile deficit and approximately ten years of advance nourishment.
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Alternative 2 would involve a much shorter project length and would leave adjacent
reaches unnourished. As a result, it would tend to erode much faster than Alternative 1.
The USACE (1995) provides a methodology for estimating the longevity of beach fills as
a function of their lengths. The recommended method is a modification of earlier work
by Dean and Yoo (1992). [For information on the methodology, the reader shouid consult
both references.] CSE applied the USACE method (based on EM Eq 4-9 in USACE,
1995) assuming a project length of 8,000 ft (same section volumes without tapers) and
an estimated closure depth of approximately -20 ft.

Table 6 lists the predicted percentage remaining near the center of the project. This
methodology only assumes diffusion of the fill at either end. In the presence of strong
longshore transport, the rate of spreading will increase. As Table 6 shows, the
approximate haif-life of the fill would be ~15 years. !n the first two years of the project
almost 25 percent would be lost to the unnourished reaches. Other methods (eg, Dean
and Yoo 1992) predict lower loss rates, but CSE does not recommend them over the more
conservative USACE (1995) method. Also, the loss rates beyond 20 years are not
reliable, given the general lack of data to verify diffusion rates over this length of time.
For planning purposes, CSE recommends assumption of a ten-year half-life to allow
for advection of the fill by longshore transport.

TABLE 6. Estimated longevity of a short nourishment project comparable in length and volume to Alternative 2.
(Based on method in USACE 1995, EM1410-2-3301 Eq4-9.) Diffusion rate excludes the effect of longshore advection.

Time % Remaining Time % Remaining
1 year 85 ~15 years ~50 (half-life)
2 years 78 20 years 45
5 years 85 . 30 years 40
10 years 57 50 years 30

Alternative 2 Summary

Volume: 1,500,000 cy
Length: 12,150 linear feet
Average Sections: 175 cy/ft along primary recreation area (~4,590 ft)

~87 cylft along adjacent taper sections (~7,560 ft)
Average Increase in Beach Width: ~200 ft along primary recreation area
~100 ft along taper sections
Estimated Longevity: ~10 years (~50 percent remaining)
Approximate Cost: $9,000,000 (at ~$6/cy - inclusive of engineering, permitting,
dredge mobilization, and pumping from USACE Long Cove
borrow area (labeled “A” on Fig 19).
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Note: Alternate borrow areas ‘B and “C" would involve longer pumping distances and would therefore be
more costly. However, if a federal project could provide a stockpile between stations F79 and F81, the
transportation distances to the park would be reduced to around 20,000 ft, making that a more economic
borrow source. CSE estimates the incremental cost for trucking from stockpiles in Reach 1 to the project area
would be ~$1.50/cy per mile (~$6.50-$8.25/cy). Trucking would likely become competitive with dredging if
the stockpile area were moved at least s far west as station F79 {ie, ~15,000-20,000 ft from the park).

Advantages:  Restores deficit along primary recreation area of the park. Likely to provide up-
ward of ten years of erosion relief; however, nearly 50 percent of the fill would
have eroded and spread to adjacent (unnourished) reaches in that time. Would
eliminate the need for frequent beach/dune scraping during the first 5-10 years.

Disadvantages: Does not provide an updrift feeder beach to maintain the profile over alonger time.
Has a limited longevity because of its relatively short length. Will require
renourishment sooner.

The cost of Alternative 2 is sensitive to the proximity of nourishment sources. CSE
assumes dredging of Narrow Bay will not provide sufficient beach-quality volumes (or
require much larger volumes to account for differences in grain sizes and stability to yield
comparable performance). [nour experience, bay sediments typically are finer and yield
overfill ratios (RAs — CERC 1984) that are >3. This means more than three times as
much material must be pumped from the bay to provide the performance of quality littoral
sediments. If a suitable sand source with low RAs could be found directly offshore of the
park, dredging costs could be reduced by upward of $2/cy, and the overall budget could
be brought down to approximately $6 million. This suggests additional borrow source

studies would be worthwhile.

Federal Interim Project — Alternative 3

The USACE (1999) recently formulated an “interim project” for Fire Isiand, which includes
a separate fill along the county park. The total interim project would involve ~7.75 million
cubic yards, nearly all of which are designated for western and central Fire island. The
county park reach (USACE 1999, Reach 4) calls for placement of 490,815 ¢y plus 15 per-
cent tolerance volume and a 50,000 cy stockpile volume along a 8,000-ft reach spanning

stations F71 to F72 (plus small tapers at either end).

A fill of this magnitude (excluding the stockpile volume) would provide an average of ~94
cy/ft along a 6,000-ft reach. This would widen the beach by ~110 ft. Applying similar fill
erosion methods as Alternative 2, an estimated 30 percent of the fill would be eroded
within two years, leaving the dry beach about 75 ft wider than prenourishment conditions
around the center of the project. The assumed borrow area is USACE area "A" shown

on Figure 19.
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The federal cost estimates for Alternative 3 is ~$5,077,000 (pumping cost via hopper
dredge at $8.26/cy) plus a pro-rata share of mobilization, engineering, and administration.
Because these numbers are difficult to back out of USACE (1999), CSE assumes 25 per-
cent based on experience, yielding a total cost of about $6,350,000. Because this would

" be a federal project, it will be cost-shared with local sponsors. Based on present cost-

share formulas, an estimated 65 percent would be paid by the federal government and
35 percent by the local sponsor (and possibly, the State of New York). The local share

under this scenario would be ~$2.25 million.

The unit pumping costs assumed by the Corps are considerably higher than CSE's esti-
mate for Alternatives 1 and 2. In our experience, locally funded projects involve less com-
plicated oversight and administration by engineering and dredging firms. Also, the time
for permitting and project review tends to be shorter with private projects. This is
reflected in the costs. CSE believes the unit cost estimates under Alternatives 1 and 2
are realistic based on recent pumping costs at Fire Island Iniet and Westhampton Beach
as well as comparable projects in North and South Carolina (Great Lakes Dredge & Dock
Co, Mr. D. Hussin, pers comm, May 2002). Presumably, reduced bid prices under
Alternative 3 would pass back savings to the local sponsors.

Alternative 3 Summary

Volume: ‘ 614,437 cy

Length: 6,000 it

Average Sections: ~04 cylft (+8 cy/ft stockpiled)
Average Increase in Beach Width:  ~1 10 feet (after fill adjustment)
Estimated Longevity: <5 years (~50 percent remaining)
Approximate Cost: $6,360,000 (~$10.30/cy inclusive)

(~Federal~$4,125,000)
, (State/Local~$2,225,000)

Advantages:  Provides partial restoration of the deficit and significant restoration of the recrea-
tional beach for an estimated ~5 years. Federal cost sharing covers ~85 percent.
Permitting is handied by the federal government. As a pubiic park with excellent
access, permitting and cost-share justification is usually easier.

Disadvantages: Does not fully restore the deficit or provide significant advance nourishment. De-
sign is controlled by the Corps of Engineers rather than the local sponsor. Time
line for federal projects is often long and subject to funding appropriations by
Congress. (This necessitates strong local sponsorship and political support.)

Alternative 3 is approximately 40 percent of the level of nourishment under Alternative 2.
Comparing the local cost-share in Alternative 3 (~$2.25 million) with a pro-rata equivalent
cost under Alternative 2 (~$3.6 million) indicates the federal project would be less costly
to the county, given the large subsidy. Alternative 3 would require renourishment sooner
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and would not provide as wide a recreational heach as the park may need to accommo-
date the number of daily users in the summer.

Based on informal communications between USACE officials and the GPI project team,
it now appears the interim project is unlikely to move forward (J Vietri, USACE-New York
District, pers comm, Aprii 2002). However, CSE includes it as an alternative herein
because it provides a federally sanctioned formulation for the park area. While the entire
interim project may be problematic, the portion addressing the park may remain viable.
There is now an apparent federal interest in maintaining and protecting the memorial to
the Fiight 800 victims, as well as maintaining public access to Fire Island. CSE
recommends that county officials use the formulation of the interim project as a targét
minimum solution to the erosion problem along the park.

Frequent Small-Scale Nourishment — Alternative 4

The fina! alternative considered would involve frequent, small-scale beach fills taking ad-
vantage of opportunities as they arise. Recently, for example, the federal government
has authorized bi-annual dredging of Moriches Inlet at a level of the order 200,000 cy/yr
(R. Grover, pers comm, April 2002). For the park to benefit from this, the spoil should be
placed in Reach 2 (Pattersquash) so that it will migrate to the park. If it is placed in
Reach 1 or stockpiled above the dunes, it will not provide a direct benefit over the next

decade.

As Figure 19 illustrates, the pumping distance from the inlet to the park is well beyond
economic range. Based on similar federal projects, it is unlikely that the Corps would be
authorized to pump over 30,000 ft to the park. However, they may be able to provide a
stockpile upward of 5,000-10,000 ft from the inlet. Such a scenario could provide a re-
newable source for the park that can be transferred by off-road vehicles along the beach.

Fills of the order 200,000 cy would provide ~33 cy/ft along a 6,000-ft reach in the prime
recreation area. This would have the effect of widening the beach by ~40 ft (Fig 21).
Assuming filis of this magnitude are repeated bi-annuaily with the Moriches Inlet dredging
cycle, the deficit along the park would be restored slowly over a period of about 15-20

years.

Aliernative 4 Summary

Volume: ~200,000 cy
Length: 6,000
Average Sections: ~33 cy/ft.
Average Increase in Beach Width: ~40 ft
Estimated Longevity: <2 years (~50 percent remaining)
Approximate Cost: $1.3-$1.65 million*
Coastal Sclence & Enginsering 50 Sralth Paint County Park
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Station F72 - County Park-East

T T
3 |

-« - - Apr8 |

T T
1 1 1
1 1
1

Dry Beach: O DR

——Fill-33

Elevation (ft - NGVD)

-100 0 100 200 300 400 500 600 700 800 900
Distance (ft) From Baseline

FIGURE 21. The anticipated impact of a 200,000 cy fill along 8,000 ft of park shorefine.

Advantages:  Partially restores the beach. Negligible mobilization costs (via trucking), relatively
easy to permit. Can be performed independently of inlet dredging schedule, fittle
lost time for weather during construction. Project scope and costs are easily

scaled to the budget availabie.

Disadvantages: Does not fully restore the profile. Has relatively short longevity. Many repeat
beach fills required to restore deficit and regain a wide recreational beach.
Dependent on continuing restoration of the stockpile by the federal government.

[*Costs assume borrow material is pumped (at no cost to the county) from Moriches Inlet to a stockpile area
within 4.3-5.5 mites of the park. The county would contract separately to truck material from the stockpile

areas to the park at a cost of approximately §1 5fcy per mile.]

Alternative 4 offers opportunities for efficient mobilization after storms and a “pay-as-you-
go” source of sand. A key requirement for the park is to place the stockpile as far west
as practicable so that transportation costs are reduced. CSE does not recommend
pumping via boosters from the inlet because of the distance. Further, it is unlikely that.
the dredging can be performed via ocean-certified hopper dredges and transferred via
hoppers to the park. Such hopper dredges generally require operational depths of at

least 25 ft.
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7.1 EROSION SCENARIO IF NO NOURISHMENT IS PERFORMED

Smith Point County Park will continue to erode over the next decade if no action is taken
to renourish the beach. The rate of erosion is likely to remain low relative to many
beaches around the world and will probably average less than 2.5 cy/ft/yr. CSE predicts

low rates because:

1) Park profiles have a large deficit compared to adjacent reaches. In simple
terms, when a site has less sand than its neighbors, it has less sand to lose

gach year.

2) The federal nourishment program along Reach 0 (Westhampton Beach) and
the anticipated Moriches Iniet dredging is likely to increase the volume of sand
in Reach 1. Some of this excess sand will migrate west.

3) The Pattersquash reach has a large profile deficit that must be restored before
the park reach experiences significant gains.

After a decade or two of nourishment along Westhampton Beach, profile volumes along
the park are likely to stabilize and begin to recover. However, over the next 10-20 years,
they will be insufficient to accommodate storms and provide a broad dry beach for recre-

ation.

No-Action Impacts
if no beach nourishment is performed, the foredune and beach will retreat by an

average of at [east 25 ft over the next ten years and 50 ft over the next 20 years.
Such chronic erosion will expose the steel bulkhead and produce additional localized
scour immediately adjacent to, and seaward of, the structure. Flanking erosicen eastand
west of the bulkhead will cause localized shoreline recession of up to 50 ft
landward (in addition to the average recession of 25 ft over fen years). Flanking
erosion will also diminish with distance away from the exposed structure, but will directly
affect upward of 1,000 ft of shoreline in either direction. Bulkhead exposure will also lead
to scour along its toe and a tendency for a trough to persist along the upper beach. The
dry beach will be replaced by a wet beach (or will be severely diminished), thus
inhibiting normal sunbathing and recreation immediately seaward of the pavilion.

A further consequence of no-action will be a possible violation of the park's bulkhead per-
mit from the state, which specifies that the structure be covered with sand. As erosion
progresses, the need for sand scraping to cover the structure will increase, while the
longevity of the covering-sand will decrease because of the narrower beach.

Coastal Scence & Engineering 62 Smith Point County Park
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Present conditions of the beach and foredune are inadequate to safeguard all facilities
during major storms. Chronic erosion will simply exacerbate this problem. Based on
previous storm experience, a 25-year to 50-year return-period storm (which has as
much chance of occurring next year as within ten years) will produce temporary
dune retreat of the order 50-100 ft. This will directly impact park facilities, damage
structures situated as much as 125 ft landward of the present foredune crest, and
deposit sand in the access tunnels. Because of the presence of the steel bulkhead and
other foundation structures around the pavilion and variable backshore elevations,
localized flanking erosion will modify the storm damage line, shifting it further landward
in some areas. The impact areas of chronic shoreline recession and major storm erosion
are illustrated in Figure 22. A catastrophic storm will also trigger inlet breaches along
narrow sections of Fire Island where dunes have been lost. [For a detailed description .
of the prerequisites and processes associated with inlet breaches along Fire Island, see
Kana and Mohan (1994) — Assessment of the Vulnerability of the Great South Bay
Shoreline to Tidal Flooding, preparéd for New York Coastal Partnership, Babylon, New

York.]
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Beach Scraping
Catastrophic storm erosion differs from chronic erosion because most of the eroded sand

remains nearby in the survey zone. Following major storms, the beach tends to gradually
rebuild itseif. The natural recovery after large storms can be accelerated by beach scrap-
ing. The success of beach scraping is directly related to the beach condition. Studies
have shown that it is highly cost-effective and environmentally benign if:

1) 1t is performed soon after storms where large quantities of sand have been
shifted from the dunes to the surf zone but not otherwise lost from the immedi-

ate vicinity.
2) The shoreline to be scraped has a relatively low background erosion rate.

3) The scraped beach does not protrude seaward of the adjacent beach strand.

and
4) The littoral profile does not have a major sand deficit compared to a healthy

profiie.

Where the above-listed criteria are met, beach scraping can jump-start recovery of the
dry beach and quickly reestablish a stable dune line. it may last for several years before
it has to be repeated. However, where these conditions are not met, scraping after
storms may provide protection for only a few weeks. Portions of Smith Point County Park
around the pavilion are considered least economic for scraping after storms because of
the sand deficit and presence of the bulkhead. As erosion continues, the longevity of
scraping along the pavilion will diminish each year. If no nourishment is performed, the
probability and severity of damages to structures will increase. Widening the beach via
nourishment decreases the chance and severity of damages. A complete analysis of
potential damages to park facilities if no action is taken is beyond the scope of the
present study. However, relevant economic analyses are available for Fire Island (cf,

URS 1985, Koppeiman 1695, USACE 1999).
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8.0 SUMMARY AND MAINTENANCE RECOMMENDATIONS

CSE has presented four alternatives for beach restoration along the county park, Alterna-
tives 1 and 2 restore the profile deficit and provide for the equivalent of about ten years
of advance nourishment. Alternative 1 encompasses 40,000 ft (Reaches 2, 3, 4)
extending well beyond the boundary of the park, whereas Alternative 2 would only provide
nourishment around the primary park facilities (Reach 3). Alternatives 3 and 4 provide
lesser nourishment quantities along an ~8,000-ft reach centered at the pavilion and
campground. Alternative 3 is the USACE (1999) “interim project,” representing about 40
percent of the nourishment volume of Alternative 2. Alternative 4 is the smallest
nourishment based on opportunities for obtaining sand after each channel maintenance
project at Moriches Inlet. The latter two alternatives would only partially restore the profile
deficit.

Potential borrow sources include a USACE designated offshore borrow area off Long
Cove about 4.5-5.5 miles from the park, an accretion zone in Reach 1 downcoast of
Moriches Inlet (which may also be the site for stockpiling inlet spoil), and Moriches Inlet
shoals {which are upward of 6 miles from the park). Given the distance of all borrow
sources (including trucking from inland deposits), CSE recommends additional offshore
investigations of borrow sources closer to the park. This could potentially reduce
the cost of Alternatives 2, 3, and 4 by 35 percent.

Table 7 summarizes the major parameters and costs of each.alternative. Costs have
been annualized and unitized without interest and amortization for illustrative purposes.

Based on the scale and estimated half-life of each scenario, Alternative 3 is the most
cost-effective for the county. This is not surprising, given the fact that it assumes a cost
share of 85 percent paid by the federal government under the Corps of Engineers’ present
funding formulas. The second lowest cost per year is Alternative 4 because of its small
scale. However, this alternative results in the highest cost per beach-foot or beach-acre
per year. Alternative 1 yields the lowest unit beach cost per year because of its long half-
life and other economies of scale.

Maintenance of the Project

Maintenance of beach nourishment projects is linked to the scale of the project and
frequency of damaging storms. To the extent that a project restores the profile deficit and
incorporates some quantity of sand that can be sacrificed each year, maintenance will be

significantly reduced.
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TABLE 7. Summary of Beach Restoration Alternatives Developed in the Present Study. [Alternative 3 - Source:
USACE (1999), Nofe: All costs are given without interest and amartization for illustration purposes. Costs for
Alternative 3* are the Local Share (excludes federal share ~ 65 percent).]

Nourishment | Average Avg Increase Beach Area | Estimated
Applicable Length Volume Fil Section Beach Width Added Half-Life
Alternative | Reaches (it icy) (cyift) @ Pavition {ft) (acres) {years}
1 2384 40,000 5,700,000 142.5 220 202 20
2 Park Facilities+ 12,150 1,500,000 123.5 200 37 10
3 Park Facilities 6,000 614,000 102.3 110 14 5
4 Park Facilities 6,000 200,000 333 a0 6 2
Avg Avg Unit Avg Unit Avg Unit Avg Unit Cost
Estimated Annual Cost Per Cost Per Cosf Per Per Beach
Local Cost Cost Beach Foot | Beach Acre AcrefYear Foot/Year
Alternative (%) (§lyear) ($It) {$lacre) {$lacrelyt) (§fttiyr)
1 $ 30,000,000 | $1,500,000 [ $ 750 $ 148,500 § 7425 3 38
2 $ 9,000,000 | § 900,000 | § 741 § 240437 $ 12022 $§ T4
3* $ 2250000 !'§ 450,000 1§ 375 $ 163,187 $ 8,158 $§ 75
4 $ 1,500,000 | $ 750,000 [ § 280 $ 272,250 $ 13613 $ 125

Alternates 1 and 2 are formulated at a level intended to restore the profile deficit and pro-
vide some advance nourishment. Both alternatives will provide a much wider recreational
beach that can adjust to seasonal changes in the profile with little adverse impact to the
foredune. The resulting dry beach will naturally feed the dunes. Dunes may be enhanced
and stabilized by sbraping (a rapid means of replacing missing dunes or raising the eleva-
tions of existing dunes above storm-surge levels) and by sand fencing or vegetation.

CSE recommends dune enhancement sufficient to provide at least 50-year storm-surge
protection. This means a sufficient volume of sand should be maintained in the foredune
above the 50-year surge level. Approximating FEMA criteria (Dewberry and Davis 1989; .
cf, Fig 9), there should be at least 15 cy/ft above the +10-ft NGVD contour. This criteria
is met at present along large pertions of the park and some portions of the Pattersquash
reach. Maintenance of dune volumes above surge elevations is critical for preserving the
littoral sand budget or minimizing the threat of breaches of the barrier. This is consistent
with recommendations of the Governor’s Coastal Erosion Task Force (NYDOS 1994),
which recommends immediate closure of breaches should they occur. Alternative 1 pro-
vides nourishment along the Pattersquash reach such that dune volumes can be main-
tained. Alternative 2 does not provide sufficient nourishment to fully restore the dunes

along the Pattersquash reach.

CSE anticipates that under Alternatives 1 and 2, minimal dune maintenance will be re-
quired during the first five years of the project. After five years, Alternative 2 will experi-
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ence a significant decline in profile volumes along the ends of the project. This will in-
crease the likelihood of dune scarping and backshore erosion in some sections. Small-
scale dune restoration should be performed using stockpiled sand quantities as needed.
Sand fencing and vegetation should be maintained along the foredune following state

guidelines.

Alternatives 3 and 4 are much smaller scale projects with shorter half-lifes. Maintenance
requirements will therefore be greater. The federa! (interim) project anticipates mainte-
nance in the form of renourishment at approximate five-year intervals. [Note: Because
it is an interim project, implicit in the plan is an assumption that a certain larger scale
nourishment would be implemented based on the reformulation study.] The scope and
cost of maintenance wouid be comparable to the initial cost of Alternative 3 (USACE
1999). This cost can be roughly approximated on an annual basis using Table 7.

Alternative 4 would have the shortest longevity and would have to be repeated on an
ongoing basis every 2-3 years to keep pace with erosion and restore a portion of the
deficit. While this gradual restoration takes place, the dunes/backshore area will remain
vulnerable to storm damage. This is likely to result in higher dune maintenance costs
during the first 10-15 years of the project under Alternative 4.

As the Governor's Coastal Erosion Task Force found (NYDOS 1994):

Beach erosion during severe storms is a recurting long-term problem for the south
shores of Long Isfand. it is a precursor of dune erosion, dune overwash, failure
of shoreline protection structures, and destruction of shoreline development. Dune
erosion . . . must be addressed by long-term public policy. In some areas, dune
overwash has been identified as a matter for immediate attention because of the
potential for breaches to be opened by subsequent . . . storm events. Overwash
sites in Fire Island National Seashore and Smith Point County Park are examples
of areas believed to be vulnerable to breaching. Critical erosion of this type must

be addressed. (Excerpted from pp 6-7)

CSE believes that the conditions described above have not fundamentally changed since
the task force made its finding in 1994.
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APPENDIX |

Historical and Recent Beach/Inshore
Profiles Used in the Present Analyses

Profile listing.

Map showing general profile locations.

Geographic relationship of profile stations with respect to a
shore-parallel baseline for purposes of juxtaposing historical
and recent data

Profiles for “F” and “W” series stations showing representative
dates. Table D-1 lists the applicable coverage for the present
study area. '




APPENDIX I-A. Profile listing with coordinates and benchmark elevations. Datum: US State Plane NAD

1983 Zone: New York — Long Island 3104

) Elevation
Station Northing Easting - @ BM /0 ft Distance
(ft NGVD)
USACE (1958) Series 143B-720+00 223654.743 1338166.503 NA
143B8-808+00 220679.623 1329876.446 NA
144B-38 220721.612 1328696.441 13.0
145A-35 216279.456 1318126.416 10.0
151A-34 211062.292 1306006.365 14.5
151A-33 204054.086 1289396.285 25.0
151B-32 200561.993 1281676.245 220
Strock (1979) Series 5-022 200662.995 1281856.246 27.5
8-023 202870.930 1286626.325 37.5
§-024 204460.097 1200286.290 32.0
8-025 206299.631 1294552.340 24.0
§-026 208031.775 1298610.636 28.0
S5-027 209826.252 1302776.350 23.5
5-028 212408.330 1308976.379 12.3
5-029 214156.996 1312945429 27.0
S-030 216603.468 1318846.419 24.5
S-031 218587.870 1323580.402 NA
8-032 220277.606 1328586.444 18.5
5-032A 221432.655 1332226.459 21.0
5-033 222733173 1335567.923 270
5-034 223692.744 1338266.504 23.0
NYDOS (F/W} Series F-64 200666.715 1281864.127 NA
F-86 202883.790 1286564.159 NA
F-67 203842.489 1288631.993 NA
F-68 204706.354 1290734.739 NA
F-70 206325.866 1294560.512 NA
F-71 208023.747 1298570.774 NA
F-72 209885.984 1302770.276 NA
F-74 211106.094 1305734.001 NA
F-76 212558.760 1308910.642 NA
F-77 214320.562 1312891.357 NA
F-79 216603.776 1318843.108 NA
F-81 218571.897 1323601.422 NA
F-84 220310.012 1328556.441 NA
W-3 221724.848 1332571.128 NA
W-5 222779.053 1335613.294 NA
W-6 223842740 1338181.859 NA
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APPENDIX Il

(under separate cover on CD-ROM)

Profile data, distances to selected contours
(“excursion”), and unit-width volumes for selected
lenses (“area”) for F- and W-series stations
(historical data juxtaposed)

Note: Profile data area given in x-y format using
the NY State (1995) benchmark as zero (“0")
starting point. These data sets were derived from
several sources as outlined in the report including
NY State, Department of State on CD-ROM
(Coastal View — Atlantic Coast of New York
Monitoring Program, Version 1.2).







APPENDIX Il

Profile Volumes and Volume Changes
for Selected Dates and Reaches
Developed for the Present Analysis
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