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EXECUTIVE SUMMARY

The US Army Corps of Engineers, New York District (CENAN), is conducting a comprehensive
feasibility-level reformulation of the shore protection and storm damage reduction project for the south
shore of Long Island, New York, from Fire Island Inlet to Montauk Point (FIMP). The Reformulation
Study is a multi-year and multi-task effort, involving project planning and engineering, economic analyses
and environmental studies. Numerous study tasks are involved in the planning of storm damage reduction
projects for the approximately 83-mile study area length. This project area includes sections of mainland
(58 km) and barrier island beaches (75 km) and three stabilized inlets.

The goal of the Inlet Modifications Study is to develop long-term solutions for Shinnecock Inlet,
Moriches Inlet, and Fire Island Inlet that provide reliable navigation through the Federal navigation
channels, maximize sand bypassing in order to restore, to the extent possible, natural sediment pathways,
and reduce adjacent and downdrift shoreline erosion.

Section 1 presents an introduction to the Reformulation Study in general and the Inlet Modifications
Study in particular. Also included in this section is a summary of the scope of this study, including an
outline of the specific tasks that were completed. Section 2 presents an overview of Shinnecock, Moriches
and Fire Island Inlet. The report describes the history of each inlet since its formation including all the
engineering activities that have taken place since its opening. A description of coastal processes and the
existing navigation conditions are also presented.

Section 3 presents the preliminary list of alternatives developed at the Coastal Technical Management
Group (CTMG) meeting held on 15 November 2001. A fatal flaw analysis was applied to the preliminary
list to limit the number of alternatives selected for further screening. The remaining alternatives were
further evaluated with a multiple criteria screening analysis. As a result of the fatal flaw and multiple
criteria screening analyses, a reduced number of alternatives were selected for detailed design and
analysis, the results of which are presented in Section 8.

Combined hydrodynamic, wave, sediment transport and morphological models for each inlet are
presented in Section 4. Existing data were used to calibrate the models to measured water levels, currents
and bathymetric changes. After successful calibration, the models were used to simulate the selected
alternatives from Section 3, as part of the detailed analysis of inlet alternatives presented in Section 8.

Section 5 presents an analysis of inlet dynamics, which provides a framework for understanding the
processes at work at each inlet and along adjacent shorelines. This section addresses each inlet in terms
of hydrodynamics, morphology, and sediment budget. The detailed analysis for each inlet includes:
analysis of bathymetric records, a volumetric change analysis, a hydraulic analysis including an inlet
stability analysis, wave climate and longshore sediment transport estimate and influence of relative sea
level rise, and a sediment budget analysis. At each inlet, the extent of natural bypassing that occurs under
existing conditions is an important conclusion used to develop the inlet modification alternatives.

Section 6 presents the development of a regional sediment budget for the shoreline from Fire Island Inlet
to Montauk Point. The sediment budget is of recent morphological changes and beach/inlet management
practices; results from the detailed inlet sediment budgets computed in Section 5 are also included. In
addition, the analysis is expanded to incorporate medium- to long-term (10-30 years) historic trends and
ongoing management practices and engineering activities to develop a regional sediment budget
representative of existing conditions.
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Section 7 presents an analysis of the navigation conditions of the inlets. A vessel transit analysis was
conducted for selected design vessels at each inlet.

Section 8 presents the detailed analysis of short-listed inlet alternatives and the final recommendation for
each inlet. The analysis of each alternative includes modeling results, an alternative sediment budget,
costs and pros and cons based on identified project needs, risk and uncertainty and environmental,
economic, recreational and engineering criteria. In the end, each recommended alternative effectively
addresses each of three prominent identified issues:

= Navigation reliability through the Federal navigation channels
=  Erosion of the beach immediately downdrift of the inlets

=  Erosion of the beach west of the ebb-shoal reattachment

In addition, the recommended plans are as flexible as possible to allow for future changes as new data is
collected and conditions change or prove to be different than presently understood.

Recommended Plans

At Shinnecock Inlet, the recommendation is for a navigation channel as described under the Authorized
Project (200 feet wide, -10 feet MLW) and an optimized deposition basin, relative to the Authorized
Project (800 feet wide, -16 feet MLW). The channel and deposition basin should be maintained by
dredging on a two year interval. Erosion of the beach immediately downdrift (west) of the inlet will be
mitigated through the placement of the sand dredged from the deposition basin. In addition, sand will be
dredged from the ebb shoal and placed downdrift of the ebb shoal reattachment to restore natural
sediment pathways and offset downdrift erosion. Dredging of the ebb shoal would also be on a two year
cycle, to coincide and be contracted with navigation dredging. This alternative is slightly less costly than
Existing Practice and provides a greater level of flood protection downdrift of the inlet.

At Moriches Inlet, it is recommended that navigation conditions be maintained as authorized with annual
dredging in the navigation channel (200 feet wide, -10 feet ML W) and deposition basin (800 feet wide, -
14 feet MLW). Maintaining the Authorized Project dimensions will improve navigation conditions at the
inlet by providing reliable access through the inlet that it is not presently available because of infrequent
dredging. Sand dredged from the deposition basin will be placed downdrift of the ebb shoal attachment
point to offset the longshore sediment transport deficit. Erosion of the beach immediately downdrift of
Moriches Inlet is not an issue currently; however, should monitoring surveys indicate the need for beach
fill, dredged material may be placed there too. It is further recommended that the ebb shoal be dredged
and the material be placed farther downdrift than the ebb shoal reattachment point in order to restore
natural sediment pathways, offset erosion to the west and to reduce flooding risk. This alternative is more
costly than Existing Practice because of the increased dredging frequency (under Existing Practice the
channel is not regularly maintained), but provides fore more reliable navigation, and a greater level of
flood protection downdrift.

At Fire Island Inlet, the recommendation is for a navigation channel as described under the Authorized
Project (450 feet, -10 feet MLW) and for an optimized deposition basin (variable width, -14 feet MLW)
that extends farther east in the vicinity of the sand spit west of Democratic Point. The purpose of the
optimized deposition basin is to provide a buffer from the rapid shoaling that encroaches on the
navigation channel from the east. The material dredged from the deposition basin and navigation channel
(on a 2 year cycle as current practice is) will continue to be placed both downdrift (Gilgo Beach) and
updrift (Robert Moses State Park) beaches. In order to prevent continued growth of the ebb shoal and
offset the resulting sediment deficit it is also recommended that sand be dredged from the ebb shoal
coinciding with navigation dredging and placed downdrift along Gilgo Beach. In the long run this
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alternative will be less costly than Existing Practice and will provide a greater level of flood protection
downdrift.

Since the recommended alternative at all three inlets involves dredging the ebb shoal, monitoring of ebb
shoal recovery and evolution of downdrift beaches will be a critical element of this plan.

Finally, as the recommended plan at each inlet occurs on a two year (or shorter) dredging cycle, it is

further recommended that maintenance dredging activities be contracted together so as to reduce
mobilization and demobilization costs and provide a further cost savings.
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1. INTRODUCTION

The US Army Corps of Engineers, New York District (CENAN), is conducting a comprehensive
feasibility-level reformulation of the shore protection and storm damage reduction project for the south
shore of Long Island, New York, from Fire Island Inlet to Montauk Point (FIMP). The Reformulation
Study is a multi-year and multi-task effort, involving project planning and engineering, economic analyses
and environmental studies. Numerous study tasks are involved in the planning of storm damage reduction
projects for the approximately 83-mile (133 kilometer) study area length.

The project area is located entirely in Suffolk County, Long Island, New York, along the Atlantic and bay
shores of the towns of Babylon, Islip, Brookhaven, Southampton and East Hampton. The study area
includes three estuarial bays, including, from west to east, Great South, Moriches and Shinnecock Bays.
These estuaries are respectively connected to the Atlantic Ocean through Fire Island, Moriches and
Shinnecock Inlets, all of which are Federal navigation projects (Figure 1-1). The project area includes the
ocean and bay shorelines, Fire Island, Moriches and Shinnecock Inlets, barrier island beaches, the mainland,
as well as suitable borrow areas for beach construction and replenishment.

1.1 Purpose

The purpose of this Reformulation Study is to determine and evaluate long term solutions for storm
damage reduction along the south shore of Long Island from Fire Island Inlet to Montauk Point.
Formulating a long-term solution to this problem will identify alternatives that can optimize benefits by
reducing economic loss to the mainland and barrier beaches, while preserving important human and
ecological habitats. Furthermore, the Reformulation Study will reevaluate the Authorized Plan (House
Document 1960) based on existing study area conditions and in accordance with current Corps of
Engineers’ policies and study criteria.

It is unlikely, however, that the objectives of the study can be met by providing a classical coastal
engineering solution involving the placement of a conventional beach fill template over the length of the
study area. Such an approach is costly, requires a large amount of sand over the life of the project, and is
not desired by all stakeholders. On the other hand, there are opportunities to: (1) provide economical
flood damage protection that would be of great benefit to a large number of residents, (2) provide benefits
to the environment by restoring elements of the coastal ecosystem, and (3) preserve/improve investments
in navigation infrastructure.

An alternative approach with considerable merit would be to implement a Regional Sediment
Management (RSM) program including long-term sediment bypassing (and possibly back-passing) at
each of the inlets which would provide economical flood damage protection while restoring a key element
of the coastal ecosystem. Sand-bypassing is nearly always a positive step inasmuch as it serves to
facilitate and/or restore the natural movement of sand through the littoral system. To the extent that
anthropogenic actions have retarded the movement through an inlet, sand-bypassing can compensate.
Bypassed sand is normally placed along the receiving shoreline at one or more locations, but, it is difficult
to fully emulate the natural sediment pathways. Inefficiencies can result in some loss of material.
Furthermore, sand bypassing is a somewhat passive form of coastal protection compared to beachfills and
coastal structures. It acts to reduce and/or eliminate long-term shoreline recession, but it seldom provides
a sufficient volume of sand to prevent dune erosion and overwash during severe storms. On the other
hand, it is clear that sand bypassing will significantly improve the health of the littoral system on a
decadal scale and will act to reduce shoreline maintenance.

Aside from the need for improved regional sediment management, three prominent issues have been
identified at for Fire Island, Moriches and Shinnecock Inlets:
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= Navigation reliability through the Federal navigation channels
= Erosion of the beach immediately downdrift of the inlets
= Erosion of the beach west of the ebb-shoal reattachment

Note that sand bypassing at the inlets and overall regional sediment management improvements will
reduce erosion, particularly west of the ebb-shoal reattachment. The effort in this Inlet Modifications
Study is to develop alternatives that will satisfactorily address each of the issues in the context of FIMP.

1.2 Scope

Due to the complexity of the inlets, the sediment transport paths, the inlets’ relationship with the adjacent
shorelines, and the great range of possible solutions, a phased approached was used to efficiently analyze
the range of alternatives. The range of alternatives includes structural modifications of the jetties,
changes in the navigation channel design, and changes in channel maintenance practices. A concept
range of alternatives was developed and screened based on engineering, economic, institutional, and
environmental criteria.  Full-scale development (including numerical modeling) was conducted for
selected alternatives. Specific scope tasks included:

Sediment Budget Updates and Improved Conditions

Update Inlet Dynamics Study

Evaluation of Navigation Issues

Morphological Modeling of Inlets

Inlet Modification Alternatives

Final Optimization and Recommendations for Inlet Modifications
Report Preparation and Coordination.

NookrwdE
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2. OVERVIEW OF EACH INLET

The following sections present a summary of the history of each inlet and the most relevant inlet-related
coastal processes that affect the shoreline along the FIMP study area.

2.1 Shinnecock Inlet

Shinnecock Inlet is located along the Atlantic Coast, Long Island, New York, approximately 96 miles, by
water, east of The Battery in New York City and 16 miles east of Moriches Inlet (see Figure 1-1).
Shinnecock Inlet connects waters of the Atlantic Ocean with Shinnecock Bay. The inlet is generally
aligned along a north-south direction as depicted in Figure 2-1 and Figure 2-2.

2.1.1 History

The present Shinnecock Inlet was formed during a hurricane on 21 September 1938. Prior to the break-
through of the Inlet, the barrier beach between the bay and the ocean was continuous and a paved road
crossed the present Inlet site. A shoal area in Shinnecock Bay 1 to 2 feet deep and about 3,000 feet wide
extended parallel to the beach except for a narrow channel, which connected deep water in the Bay with
an indentation in the barrier beach. The indentation possibly indicated the previous existence of a
temporary inlet at this location, and, perhaps expectedly, the 1938 break-through occurred at this point.

Shinnecock Inlet was about 700-feet wide in 1939 and local interests constructed a 1,470-foot long jetty-
type structure on the west side of the inlet to prevent its westward migration. The original structure was
comprised of a timber piling bulkhead, 20 spur dikes normal to the bulkhead and a revetment fronting the
bulkhead. By 1941, the inlet had widened to about 1,000 feet, and an inner and outer sand bar had
formed. Maximum depths in the channel exceeded 20 feet, however, the navigable depth was merely 4
feet. The western jetty structure was repaired and a 130-foot long stone groin was added to its northerly
end in 1947 due to prior storm damages.

New stone jetties were constructed on both sides of the inlet by local interests during the period from
1952 to 1953 and the west jetty was extended in 1954. After completion of the jetties, the width of the
inlet was fixed at 800 feet. The inlet opening also rotated to conform to the jetties, which were
constructed in a north-south direction. Inlet dimensions just prior to jetty construction were a depth from
3 to 6 feet and a width of about 500 feet. Two channels connected the inlet with deeper waters in the Bay.
One of these channels, dredged at the request of the US Navy in 1943 to a depth of 6 feet and width of
100 feet, connected Shinnecock Inlet to the Intracoastal Waterway (ICW) near Ponquogue Bridge and had
shoaled to a controlling depth of about 5 feet. The second channel, located on the east side of the inner
sand bar had natural depths of about 8 to 9 feet.

Local interests constructed a bay channel 10 feet deep and 200 feet wide from a point inside the inlet to
the ICW in 1958, and widened it to 300 feet in 1963, with maintenance dredging operations during 1973
and 1978. In 1966, local interests dredged through a shoal area northwest of the inlet and again in 1969
between the inlet and the ICW. The storm of 6 to 8 March 1962 caused widespread damages along the
south shore of Long Island. At Shinnecock Inlet, the 1962 storm caused bank erosion and jetty damage
(stone displacement) on the east jetty. The south end of the east jetty suffered damage and a jetty light
was destroyed. The pile crib revetment at the north end of the west jetty was replaced by a rubble mound
jetty in 1982.

Emergency dredging of Shinnecock Inlet was performed by the Corps of Engineers in April 1984, despite
the absence of a Federal navigation project. Dredging was performed as a result of increased shoaling of
the inlet, and included removal of approximately 162,000 cubic yards (cy) of material within and seaward
of the Inlet.
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USACE-NAN (1988) describes a plan for improvements to Shinnecock Inlet which consist of (1) an inner
channel within Shinnecock Bay with a width of 100 feet and a low water depth of 6 feet, (2) an outer
channel with a width of 200 feet and low water depth of 10 feet accompanied by an 800 foot wide by 20
foot deep deposition basin, (3) rehabilitation of the east and west jetties, and construction of a 1000 foot
revetment facing the Bay on the eastern shoulder of the inlet. Construction of these improvements was
initiated in late 1990 and completed in mid-1993. Initial construction of the navigation channel was
performed from 1 October to 23 October 1990 with dredging of a total of 668,000 cy. Of this dredge
volume, 138,000 cy was placed immediately west of the west jetty, 77,000 cy was used to fill a scour hole
which had formed near the southern end of the west jetty, 193,000 cy was stockpiled on the east side of
Shinnecock Inlet for use as fill behind the bayside revetment, and 260,000 cy was placed at Ponquogue
Beach. Subsequent dredging of the deposition basin was conducted from 29 January to 14 May 1993
with removal of 475,000 cy. This material was placed in the scour hole (104,000 cy) and west of the west
jetty (371,000 cy from 30 April to 14 May 1993). The last time the deposition basin was dredged was in
March 2004, when 303,000 cy were removed.

The history of Shinnecock Inlet is presented in Table 2-1, which shows engineering and dredging records.
It is evident that Shinnecock Inlet has been subject to less dredging prior to initiation of Federal
involvement in the early 1990’s than have either Moriches or Fire Island Inlets (see sections below).
Throughout its history the Inlet itself has been subject to minor maintenance dredging, whereas the
channels connecting to the ICW have required frequent excavation.

Table 2-1: Shinnecock Inlet Engineering Activities

Date Activity Description
Sep 1938 Inlet opens Storm opens Inlet at its present location
1939 Jetty (western bank) Inlet stabilization
1943 Channel dredging Inlet to ICW (west channel)
1947 Jetty repair Storm damage
1952 t0 1953 | Stone jetties (east & west) Inlet stabilization
1954 West jetty extension
1958 Channel dredging Inlet to ICW (west channel deepened)
1963 Channel dredging Inlet to ICW (west channel widened)
1966 Maintenance dredging Inlet to ICW
1969 Maintenance dredging Inlet to ICW
1973 Maintenance dredging Inlet to ICW
1978 Maintenance dredging Inlet to ICW
1984 Inlet dredging Maintenance dredging 162,000 cubic yards
Oct 1990 Inlet dredging Dredging of 668,000 cubic yards
Jan-May 1993 | Deposition basin Dredging of 475,000 cubic yards
1990 to 1993 | Jetty rehabilitation
Feb-Mar 1997 | Maintenance dredging East Cut dredging 250,000 cubic yards
Sep 1998 Channel & deposition basin | Maintenance dredging 440,000 cubic yards
Mar 2004 Channel & deposition basin | Maintenance dredging 302,590 cubic yards
Apr 2004 Western jetty rehabilitation
Sources: USACE-NAN (1988), USACE-NAN (1998), CENAN Records (1998-2002)

2.1.2 Coastal Processes Overview

The presence and continued evolution of Shinnecock Inlet has strongly influenced adjacent shoreline
conditions, particularly west of the inlet. Historic interruption of westerly-directed sediment transport has
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created a large offset in the shoreline position across the inlet from east to west. Beach material is
distributed throughout the inlet and is generally confined to three primary locations: (1) east of the east jetty
in a large accretional fillet, (2) ebb-tidal shoal, including updrift and downdrift lobes or bars, (3) flood-tidal
shoal. Nevertheless, Shinnecock Inlet has, albeit intermittently, permitted natural bypassing that serves to
re-establish littoral transport to the downdrift shoreline. This effect is apparent in the shoreline near
Ponguogue where a bulge in the shoreline points to the location where ebb shoal materials are bypassed to
shore.

Previous Studies

Previous sediment budget estimates (Gravens et al., 1999) suggest a long-shore sediment transport rate of
approximately 130,000 m*/yr (170,000 cy/yr) entering the inlet from the east under Existing (circa 1999)
conditions. In addition, USACE-NAN (1998) estimated Existing bypassing efficiency at approximately
56%, i.e., approximately 73,000 m%yr (95,000 cy/yr) are transported past the inlet and immediately
adjacent beaches. The rest of this material, approximately 57,000 m*/yr (75,000 cy/yr), is accumulated in
the ebb shoal. According to Existing sediment budget results presented in Gravens et al. (1999), this
inefficiency, an increase in sediment transport potential, and sea level rise result in erosion of the
shoreline along Hampton and Tiana Beaches at a rate of 72,000 m*/yr (94,000 cy/yr).

Updated Results

Recent (1995 to date) inlet maintenance practices (deposition basin dredging) yield approximately 65,000
m*/yr (85,000 cy/yr), which is placed on the beach immediately west of the west jetty and east of the
Ponguogue Point ebb-shoal re-attachment (approximately 3,000 feet). In addition, the east flood shoal
channel has been dredged once in recent years to renourish the west beach resulting in an annualized
placement rate of 37,000 m*/yr (48,000 cy/yr). Volumetric and shoreline changes computed as part of
this study (see Section 5) suggest that this beach has eroded at a rate higher than the combined placement
rate (130,000 m*yr or 170,000 cy/yr). This situation, however, is not likely to be sustainable and a
relative balance between placement and erosion is likely to be the case under Existing conditions. Studies
to date and model results as part of this study suggest that most of this sand flows east and back into the
channel and deposition basin where it is most likely redirected to the deposition basin and adjacent ebb
shoal lobes.

Finally, analysis of recent bathymetric changes presented in Section 5 suggests that the ebb shoal may be
accumulating material at a smaller rate than previously assumed (18,000 m*/yr vs. 57,000 m%/yr). The
revised Existing (c. 2001) condition sediment budget for Shinnnecock Inlet suggest that approximately
79% of the net updrift westerly transport bypasses the inlet system, which includes the channels,
deposition basin, shoals and west beach. The remaining 21% accumulates within the inlet shoals.

2.1.3 Navigation Conditions Overview

Shinnecock Inlet serves a fleet of 30-35 commercial fishing vessels docked in the maritime center
immediately to the west of the inlet. The average annual catch exceeds ten million pounds with a value to
the local community of $7-10 million (Steadman, 1999). The US Coast Guard (USCG) reports that
navigation conditions at Shinnecock Inlet are generally good. While the outer channel authorized depth
of -10 feet MLW appears to be too shallow for safe navigation of the typical commercial fishing boat,
thanks to the presence of the 800-foot wide, 20-foot deep deposition basin, commercial vessels have little
difficulty navigating the existing channel. Maintaining the depth of the entrance channel is important to
the local fishing industry. The maintenance of the beach immediately west of the inlet is also important
to the maritime center since the beach protects the road connecting the docks to the mainland. This road
has experienced flooding during several recent storms (Steadman, 1999).
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Additional details on navigation channel requirements and details on the vessels utilizing the inlet can be
found in Section 7.

2.1.4 Needs and Opportunities

In recent years Shinnecock Inlet appears to have evolved to a new, more stable, morphological condition
dictated by ongoing channel and deposition basin maintenance practices. Recent bathymetric surveys, as
well as a thorough reanalysis of previously available information, suggests that the ebb shoal is not
growing at the rates that have been hypothesized in recent studies although it may still be accumulating
sediment. Although this finding is subject to some uncertainty due to the lack of comprehensive, 100%
reliable, survey coverage, it certainly alters the previous perception of needs at this inlet, particularly as
regards bypassing, and in the end will affect the development of modification alternatives at this inlet.

In any case, there is still a need for more effective bypassing at the inlet, and, more importantly, shoreline
stabilization along the beach immediately west of the inlet which fronts the maritime center and access
road. Note, however, that erosion of the shoreline west of the west jetty is not necessarily related
inefficient inlet bypassing and that a shoreline stabilization feature appears to be a required component of
any Shinnecock Inlet modification plan regardless of changes (if any) to bypassing practices.

Inlet cross-sectional area has remained fairly constant and continued stability is anticipated with slight
increases and decreases as a result of dredging operations and sand transport into the inlet, respectively.
The inlet (and Shinnecock Canal to the north) provides for significant water exchange between
Shinnecock Bay and the Ocean, which results in acceptable water quality conditions in Bay and supports
significant estuarine natural resources. Preservation and enhancement of these resources are important
opportunities that should be addressed in any considered inlet modifications plans.

2.2 Moriches Inlet

Moriches Inlet is located along the Atlantic Coast in the Town of Brookhaven, Long Island, New York,
approximately 80 miles, by water, east of The Battery in New York City and 30 miles east of Fire Island
Inlet (see Figure 1-1). Moriches Inlet connects the Atlantic Ocean with Moriches Bay through a narrow
barrier island opening generally characterized by a northeasterly-southwesterly orientation (Figure 2-3).

2.2.1 History

Available maps and records indicate that numerous inlets to Moriches Bay have existed during the last
several centuries. There is no record of any inlets to Moriches Bay during the period 1839 to 1931. The
present Moriches Inlet was opened during a storm on 4 March 1931. The inlet migrated about 3,500 feet
west from 1931 to 1947 at which time its migration was halted when local interests constructed a long
stone revetment on its western bank in an effort to stabilize the Inlet.

Initial surveys of Moriches Inlet in 1931 indicate an 800-foot wide channel with water depths reaching 18
feet. Inlet length at this time was approximately 1,500 feet. During inlet formation and its subsequent
migration, large quantities of sand were deposited in the bay in the form of a flood tide delta. Initial inlet
migration was characterized by an increasing inlet width, as deposition along the inlet eastern bank lagged
behind erosion of the west bank. A hurricane in September 1938 caused extensive deposition of material
in Moriches Bay adjacent to the inlet. Erosion of the banks of Moriches Inlet during this event was severe
(i.e., approximately 250 and 1,000 feet of the western and eastern banks, respectively). In addition two
breaches formed immediately west of the inlet. These breaches were closed artificially in May 1939. To
preclude further westerly migration of the inlet, the rubble-mound revetment was constructed on the
western inlet bank from 1947 to early-1948.
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While the revetment was somewhat successful in maintaining the inlet, the continued growth of the
Cupsogue Spit (to the east) caused the inlet channel to narrow. In November 1950, a storm caused large
guantities of sand to wash over the barrier to the east depositing in the bay-connected inlet channel. This
resulted in a reduction in the hydraulic efficiency of the inlet with associated shoaling. This condition led
to the eventual closure of Moriches Inlet during a storm on 15 May 1951. Local interests constructed
jetties on both sides of the inlet from 1952 to 1953 and the inlet was reopened during construction by a
storm on 18 September 1953. Following stabilization of the inlet, its length (approximately 2,000 feet)
and width (approximately 800 feet) were essentially fixed. The original channel was oriented slightly east
of north entering the inlet. From a point approximately 800 feet from the inlet entrance, the main channel
bifurcated to connect the east and west basins of Moriches Bay with the inlet. Local interests extended
the jetties in 1954. A channel connecting Moriches Inlet to the ICW was dredged to a depth of 10 feet
and width of 200 feet in 1958. This channel was widened to 300 feet in 1963.

Table 2-2 presents a summary of the known dredging and construction activities at Moriches Inlet since
opening in March 1931. Total dredging quantities are near 3.5 million cubic yards, although the
excavation quantities are unknown for several operations. Dredged material has typically been placed on
the beaches or within nearshore areas east and west of Moriches.

In January 1980 a breach formed about 1000 feet east of the eastern jetty at Moriches Inlet as a result of a
northeaster from 14 to 16 January 1980. Breach formation stemmed from the scouring of the eastern
barrier’s bay shoreline. The pre-breach vulnerability of the barrier is evident in available aerial
photographs from December 1979 which preceded the 1980 breach by about 1.5 months. During the
January 1980 northeaster, a breach occurred at the narrowest barrier section east of Moriches Inlet.

When first observed, the breach was estimated to be about 300 feet wide and 2 feet deep, however, by 20
January, the inlet had grown to a width of 700 feet with a depth of approximately 4.5 feet NGVD. By
June 1980, the breach had a width of about 2,500 feet. Construction of the breach closure began in
October 1980 and was completed in March 1981.

Improvements to Moriches Inlet since 1982 are described in USACE (1983) and consist of: (1) a 100-foot
wide by 6-foot deep inner channel extending from the ICW to Moriches Inlet, (2) an outer channel
extending from the ocean to the inner channel with a width of 200 feet, a low water depth of 10 feet and
an advanced maintenance deposition basin. Construction activities were completed by 1986.
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Table 2-2: Moriches Inlet Engineering Activities

Date Activity Description
March 1931 Inlet opens Storm opens Inlet 3,500 feet east of its location
1943 Channel dredging Dredging of channel from Inlet to ICW
1947 West revetment Inlet stabilization

construction
1951 Storm closure
1952 t0 1953 | Jetty construction
1953 Storm opening Storm opens Inlet at present location
1953 Channel dredging Dredging of 747,000 cubic yards
1954 Jetties extended
1957 Channel dredging Maintenance dredging 37,000 cubic yards
1958 Channel dredging Dredging of 366,000 cubic yards from Inlet to ICW
1959 Channel dredging Maintenance dredging 100,000 cubic yards
1963 Channel dredging Channel widened
1964 Channel dredging Maintenance dredging 59,000 cubic yards
1966 Channel dredging Dredging of 678,000 cubic yards
1969 Channel dredging Maintenance dredging 151,000 cubic yards
1973 Dredging Maintenance dredging 138,000 cubic yards
1977 Dredging Maintenance dredging 59,000 cubic yards
1978 Dredging Maintenance dredging 218,000 cubic yards
1985 Dredging Dredging of 355,000 cubic yards
1986 Dredging Maintenance dredging 41,000 cubic yards
1996 Dredging Maintenance dredging 256,600 cubic yards
Oct 1998 Dredging Maintenance dredging 186,200 cubic yards
Feb 2004 Dredging Maintenance dredging 250,250 cubic yards
Sources: USACE-NAN (1998), USACE-NAN (1983), CENAN Records (1998-2002)

2.2.2 Coastal Processes Overview

A notable offset in the shoreline progressing east to west across Moriches Inlet reflects shoreline impacts
associated with the westerly-directed littoral drift. Nonetheless, shoreline conditions west of Moriches
Inlet are generally characterized by a relatively robust barrier system with wide beaches and high dunes.
Beach widths increase notably approximately 4,000 feet west of inlet, and reflect dredged material
placement and natural bypassing of Moriches Inlet. It should also be noted that historic updrift sediment
accumulation (fillet) east of Moriches Inlet appears to be less than at Shinnecock Inlet.

East of Moriches Inlet the barrier landmass is narrow. This condition persists despite the formation of an
accretional fillet immediately adjacent to the east Moriches jetty. It is further noted that apparent sand
volumes within this fillet are notably less than present at Fire Island and Shinnecock Inlets. This
condition is judged to have arisen due to four primary factors, namely: (1) the Westhampton groin field
reduces transport reaching Moriches Inlet, (2) historical migration of Moriches Inlet left a narrow barrier
segment, (3) tidal currents have scoured the bayside shoreline, (4) a shorter updrift (east) jetty.

Moriches Inlet differs from other inlets in the study area given its proximity to the Westhampton groin
field. Inasmuch as tidal inlet behavior is related to littoral drift conditions, the groin field may modify the
impact of Moriches Inlet on barrier shorelines.
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Previous Studies

Previous sediment budget estimates (Gravens et al., 1999) suggest a long-shore sediment transport rate of
approximately 184,000 m®/yr (240,000 cy/yr) entering the inlet from the east under Existing (circa 1999)
conditions. USACE-NAN (1998) estimated Existing bypassing efficiency at approximately 29%, i.e.,
approximately 69,000 m3yr (90,000 cy /yr) are transported past the inlet and immediately adjacent
beaches. The rest of this material, accumulates in the deposition basin (approximately 46,000 m*/yr or
60,000 cy /yr) and in the ebb shoal (approximately 69,000 m*/yr or 90,000 cy/yr). Note that this budget is
based on underlying historical changes from 1979 to 1995 and assumed Existing coastal processes that
take into consideration the effects of the Westhampton Interim Project and the present conditions of the
inlet and shoals. According to sediment budget results presented in Gravens et al. (1999), this
inefficiency, an increase in sediment transport potential, and sea level rise, result in erosion of the
shoreline along Smith Point County Park and the Wilderness Area at a rate of 145,000 m*/yr (190,000

cylyr).

Updated Results

Recent (1995 to date) inlet maintenance practices (deposition basin dredging) yield approximately 56,000
m3yr (73,000 cy/yr), which is placed on the downdrift beach. Volumetric and shoreline changes
computed as part of this study (see Section 5) as well as a recent analysis by Allen et al. (2002) suggest
that the ebb shoal is relatively stable feature and that inlet bypassing is occurring more naturally and
efficiently than it had in the past. Approximately 89% of the net westerly transport under Existing (c.
2001) Conditions bypasses the inlet system, which includes the channel, deposition basin, shoals and west
beach. The other 11% accumulates within the ebb and flood shoals.

2.2.3 Navigation Conditions

Navigational charts (NOS 12352) list Moriches Inlet as officially closed to navigation “due to rapidly
changing shoaling conditions.” Notes advise mariners, “it is considered unsafe for Mariners to attempt
to navigate this inlet at any time.” Nonetheless, recreational boaters use the inlet on a regular basis. The
Coast Guard reports an average of 200 boats use the inlet on a typical weekend. Since no navigation
buoys are maintained at the inlet, boats navigate through the ebb shoal by aiming for the gaps in the
breaking waves. Depths over the ebb shoal can be as shallow as -2 feet MLW. In addition, Coast Guard
personnel consider the navigation conditions of the inlet and the inner channels to be poor.

2.2.4 Needs and Opportunities

Under existing conditions, Moriches Inlet appears to effectively bypass a large percentage of the
westerly-directed net long shore transport. In addition, the inlet cross-section has remained fairly stable
and continued stability of the inlet is anticipated. Moreover, the inlet provides for adequate water
exchange between Moriches Bay and the Ocean, which results in acceptable water quality conditions in
Bay and supports significant estuarine natural resources.

Navigation, however, is extremely dangerous through the inlet. Although navigational charts and the
Coast Guard consider Moriches Inlet unsafe for navigation boaters continue using it. Therefore, the
principal need (and opportunity) with regards to modifications at Moriches Inlet is for improved
navigation. Other needs (opportunities) include continued sand bypassing, maintenance of stable
shorelines and associated storm protection in areas adjacent to the inlet, preservation and enhancement of
water quality and existing natural resources.

2.3 Fire Island Inlet

Fire Island Inlet is located along the Atlantic Coast of Long Island, New York, approximately 50 miles,
by water, east of The Battery in New York City (Figure 1-1). Fire Island Inlet connects the Atlantic
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Ocean with Great South Bay through a generally east-west aligned channel between Oak Beach on the
north and the western end of Fire Island on the south (see Figure 2-5). Total inlet length is about 3.5
miles with a width of approximately 3,500 feet. Recent conditions at Fire Island Inlet are depicted in
Figure 2-6.

2.3.1 History

Available records indicate that only Fire Island Inlet has existed continuously since the early 1700’s. The
position of the inlet, however, has varied significantly over time and has migrated a total distance of about
5 miles from a point east of its present position between 1825 and 1940. Federal jetty construction at
Democrat Point in 1941 halted this westward migration. Continued dredging of the inlet has been
performed to maintain a navigable channel. Sand dredged from Fire Island Inlet has been placed to the
west and north of the inlet to offset the marked downdrift erosion in those areas arising from the
interruption of the predominate mode of westerly-directed littoral transport.

Data cited in Saville (1960) indicate that erosion at Oak Beach prior to stabilization measures at Fire
Island Inlet was a problem from 1930 to 1960. Construction activities began in earnest adjacent to Fire
Island Inlet in 1927 with the placement of 40 million cubic yards of sand to create eighteen miles of beach
from Jones Inlet to Captree State Park. Material was excavated from adjacent bays and lagoons. Fire
Island Inlet migration was halted in 1941 by the construction of the Federal jetty on the eastern shoulder
of the inlet. While the jetty was successful in checking inlet drift for the next decade or so, it did not
provide an adequately stabilized navigation channel.

Modification of the Federal project to provide a channel through the inlet 10 feet deep and 250 feet wide
and possible extension of the jetty was recommended in 1948. The modification authorized in 1950
provided only for initial and maintenance dredging of the navigation channel with extension of the jetty
pending experience that maintenance dredging proved too costly. As maintenance of the channel was
anticipated as difficult and based on experience at East Rockaway Inlet, no definite channel alignment
was selected. A storm in 1953 created a channel approximating authorized dimensions along an
alignment extending southwest from a gorge fronting Oak Beach and generally followed the alignment of
the existing jetty. Maintenance dredging procedures were initiated in 1954 to preclude shifting of the
channel to the north. Nearly annual maintenance dredging of the channel was performed following 1954
to the authorized channel dimensions, as shown in Table 2-3.

Although continued maintenance dredging provided an adequate navigation channel, shoaling of the inlet
and erosion of the Oak Beach shore were of concern. This shoaling resulted in a tendency for the inlet
channel to relocate north; causing marked erosion of the Oak Beach area to the north and west of the inlet.
This behavior also resulted in the reduction of the inlet width to approximately 1,200 feet in 1956 relative
to a width of nearly 2,000 feet in 1941.

The conditions described led to authorization and subsequent modification of the Federal project at Fire
Island Inlet to include restoration and shore protection of the shore from Fire Island Inlet to Jones Inlet.
Project construction took place throughout the 1950’s. Measures undertaken included: (1) a navigation
channel 250 feet wide with a mean low water depth of 10 feet from that depth in the ocean to that depth in
the bay through the dredged area adjacent to the Democrat Point jetty; (2) dredging of an area within the
inlet to affect a southward shift of the navigation channel and to provide fill material for the feeder beach
located about two miles west of Democrat Point and Oak Beach, including dredging to a mean low water
depth of 18 feet for a length of 6,800 feet and width varying from 600 to 1,200 feet; and (3) construction
of a one-half mile sand dike across the inlet gorge extending southeast from Oak Beach. These measures,
completed by 1959, attempted to stabilize the navigation channel and to minimize erosion on the north
and west shores of the inlet.
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While the sand dike was moderately successful in maintaining channel position and limiting erosion on
the western shore, the inlet continued to experience shoaling in amounts sufficient to require frequent
dredging. Continued growth of the shoal west and north of the jetty shifted the channel requiring further
dredging of the channel within Fire Island Inlet. Based on this experience, modification of the Federal
project was authorized in 1971 to provide for a sand bypassing system at Fire Island Inlet. The proposed
plan consisted primarily of a littoral reservoir (akin to a deposition basin) in the inlet entrance and
sediment-rehandling basin in the inlet interior. Provision was made for additional structures pending
future needs, including jetty extension and a revetted sand dike. In summary, the final authorized project,
as modified, included: (1) littoral reservoir, (2) navigation channel, (3) rehandling basin, (4) feeder beach,
(5) land reclamation, (6) revetted sand dike, (7) jetty extension and (8) deflector dike. Actions since 1971
have included maintenance of the navigation channel, sporadic dredging of the littoral reservoir
immediately adjacent to the jetty, land reclamation and feeder beach sand placement. The rehandling
basin, revetted sand dike, jetty extension and deflector dike were not constructed.

Historic engineering activities of significance at Fire Island Inlet, including jetty construction,
maintenance dredging, adjacent shore protection operations, and other pertinent activities are summarized
in Table 2-3. This table summarizes Fire Island Inlet historic dredging activities that show that from 1954
to 1994 nearly 21 million cubic yards (cy) of sediment was dredged from the inlet channel and shoal
areas. Records of these dredging operations indicate that much of these materials were placed west of the
Inlet along the barrier island shore from Fire Island to Jones Inlet. Placement records for numerous
operations are not available. A single operation placed approximately 200,000 cy at Democrat Point in
1994, and another consisted of 600,000 cy dredged from the flood shoal in 1993 with placement in front
of the traffic circle at Robert Moses State Park. Other recent dredging operations are listed in Table 2-3.

Table 2-3: Fire Island Inlet Engineering Activities
Date Location Activity Description
1927 Inlet to Jones Ocean 40 million cubic yards of embankment fill
Inlet Parkway
1941 Eastern Bank Jetty 5,000-ft stone jetty to halt Inlet migration
1946 Inlet and Oak Dredging & Channel dredged to 15 feet deep and 200 feet
Beach Beachfill wide; 400,000 cubic yards from channel placed
on 4,000-ft segment of Oak Beach
1946 to 1955 | Oak Beach Beachfill Nourishment averaged 150,000 cy/year
1950 Inlet Design Authorized channel dimensions modified to 10
feet deep & 250 feet wide
1953 Inlet Storm Storm results in new channel dimensions as
modified in 1950
1954 Inlet Dredging Maintenance dredging 75,000 cubic yards
1954 Inlet Channel Dredging Maintenance dredging 43,000 cubic yards
1955 Inlet Dredging Advanced dredging to preclude northward
channel shift
1955 to 1959 | Gilgo & Tobay | Beachfill 1,000,000 cubic yards along eastern segment of
Beaches Fire Island to Jones Inlet reach
1956 Inlet Channel Dredging Maintenance dredging 40,000 cubic yards
1957 Inlet Channel Dredging Maintenance dredging 40,000 cubic yards
1958 Inlet Channel Dredging Maintenance dredging 127,000 cubic yards
1959 Inlet Channel Dredging Maintenance dredging 83,000 cubic yards
1959 Feeder Beach Dredging & 2,000,000 cubic yards placed on feeder beach
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Table 2-3: Fire Island Inlet Engineering Activities
Beachfill west of Inlet as obtained from dredging of Inlet
ebb shoal
1959 Oak Beach Dredging & 1,100,000 cubic yards dredged from ebb shoal
Dike to construct one-half mile closure dike across
channel along Oak Beach; referred to as the
Thumb; later fortified with riprap
1960 Inlet Channel Dredging Maintenance dredging 54,000 cubic yards
1961 Inlet Channel Dredging Maintenance dredging 238,000 cubic yards
1961 Gilgo and Dredging & 2,200,000 cubic yards dredged from Bay to
Tobay Beaches | Beachfill protect Ocean Parkway
1963 Inlet Channel Dredging Maintenance dredging 103,000 cubic yards
1964 Inlet Channel Dredging Maintenance dredging 11,000 cubic yards
1964 Feeder Beach Dredging & 1,925,000 cubic yards dredged from ebb shoal
Beachfill
1965 Inlet Channel Dredging Maintenance dredging 477,000 cubic yards
1966 Inlet Channel Dredging Maintenance dredging 109,000 cubic yards
1967 Inlet Channel Dredging Maintenance dredging 47,000 cubic yards
1967 Inlet & Thumb | Dredging Material excavated to bolster revetted sand dike
1968 Inlet Channel Dredging Maintenance dredging 194,000 cubic yards
placed at Cedar Beach
1968 to 1969 | Gilgo Dredging & Dredged from north of Gilgo Beach and placed
Beachfill on beach east of Gilgo Pavilion
1969 Inlet Channel Dredging Maintenance dredging 727,000 cubic yards
placed at Gilgo Beach
1969 Inlet Channel Dredging Maintenance dredging 147,000 cubic yards
1970 Inlet Channel Dredging Maintenance dredging 284,000 cubic yards
1971 Inlet Channel Dredging Maintenance dredging 79,000 cubic yards
1972 Inlet Channel Dredging Maintenance dredging 51,000 cubic yards
1972 Inlet Channel Dredging Maintenance dredging 150,000 cubic yards
1972 Inlet Channel Dredging Maintenance dredging 221,000 cubic yards
1973 Inlet Channel Dredging Maintenance dredging 64,000 cubic yards
1973 Inlet Channel Dredging Maintenance dredging 247,000 cubic yards
1974 Inlet Channel Dredging Maintenance dredging 1,069,000 cubic yards
1975 Inlet Channel Dredging Maintenance dredging 931,000 cubic yards
1976 Inlet Channel Dredging Maintenance dredging 2,271,000 cubic yards
1985 Inlet Channel Dredging Maintenance dredging 374,000 cubic yards
1986 Inlet Channel Dredging Maintenance dredging 355,000 cubic yards
1987 Inlet Channel Dredging Maintenance dredging 422,000 cubic yards
1988 Inlet Channel Dredging Maintenance dredging 1,000,000 cubic yards
placed at Gilgo Beach
1990 Inlet Channel Dredging Maintenance dredging 798,000 cubic yards
placed at Gilgo Beach
1992 Inlet Channel Dredging Maintenance dredging 1,200,000 cubic yards
placed at Gilgo Beach
1993 Inlet Channel Dredging Maintenance dredging 1,400,000 cubic yards
placed at Gilgo Beach
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Table 2-3: Fire Island Inlet Engineering Activities
1993 Flood Shoal Dredging & Placement fronting traffic circle at Robert
Beachfill Moses

1994 Inlet Channel Dredging Maintenance dredging 1,300,000 cubic yards
placed at Gilgo Beach

1994 Inlet Channel Dredging Dredging 200,000 cubic yards placed Democrat
Point

1997 Inlet Channel Dredging Dredging 1,081,861 cubic yards: 718,923
placed at Gilgo Beach and 362,938 at Robert
Moses SP

1999 to 2000 | Inlet Channel Dredging Dredging 1,107,718 cubic yards: 972,337
placed at Gilgo Beach and 135,381 at Robert
Moses SP

Dec 2001 to | Inlet Channel Dredging Dredging 1,490,784 cubic yards: 1,325,990

Mar 2002 placed at Gilgo Beach and 164,794 at Robert
Moses SP

2003 to 2004 | Inlet Channel Dredging Dredging 1,082,246 cubic yards: 953,263
placed at Gilgo Beach and 135,983 at Robert
Moses SP

Sources: USACE-NAN (1998), USACE-NAN (1985), CENAN Records (1998-2002)

2.3.2 Coastal Processes Overview

Prior to stabilization, Fire Island Inlet constituted a significant barrier to westerly-directed transport. This
trapping resulted in westerly migration of the inlet, which was later arrested by construction of the jetty at
Democrat Point in 1941. Erosion of the shorelines west of and in the lee of the inlet generally paralleled
the migratory path of the inlet throat. Following jetty construction, increased shoreline erosion occurred
at Oak and Gilgo Beaches. In concert with sand bypassing, construction of the “Thumb” has been
relatively successful in stabilizing shoreline positions within and immediately west of the inlet entrance.
Currently, significant annual dredging operations are required to maintain the channel.

Previous Studies

Previous sediment budget estimates (Gravens et al., 1999) suggest a long-shore sediment transport rate of
approximately 188,000 m®/yr (245,000 cy/yr) entering the inlet from the east and under existing (circa
1999) conditions. USACE-NAN (1998) suggest a that the inlet entrance at Fire Island Inlet experiences a
net accumulation of 535,000 m%yr (700,000 cy/yr), despite the fact that approximately 306,000 m*/yr
(400,000 cy /yr) are dredged every year. This material is placed within the beaches adjacent to the inlet:
Gilgo State Park (most of it) and Robert Moses State Park. Finally, USACE-NAN (1998) suggest an
additional 466,000 m*/yr (609,000 cy /yr) entering the inlet from the west (Gilgo Beach) in order to
balance the inlet budget.

Updated Results

Recent (1995 to date) maintenance dredging operations have yielded approximately 279,000 m%/yr
(365,000 cylyr), which were placed at Gilgo Beach (80%) and Robert Moses State Park (20%).
Volumetric and shoreline analyses performed as part of this study (see Section 5) suggest that the ebb
shoal is accumulating sediment at significantly smaller rate than previously assumed: 68,000 m%/yr
(89,000 cy/yr). Moreover, the revised sediment budget does not require easterly-directed transport
entering the inlet from Gilgo Beach in order to be balanced.

DRAFT FINAL REPORT 14 May 2007



Fire Island Inlet to Montauk Point Reformulation Study Inlet Modifications

2.3.3 Navigation Conditions

Fire Island Inlet is used by a combination of commercial charter fishing boats, head boats, and
recreational traffic. Most of the inlet’s commercial fleet operates out of Captree Basin on the east end of
Jones Island (Steadman, 1999). The inlet is subject to rapid shoaling conditions. As a result, the
navigation channel has been realigned several times in the last 30 years. Navigation buoys placed
immediately after maintenance dredging in approximately 17 feet of water will shoal to six feet of water
within two years. The Coast Guard moves the buoys about once a year to mark the deepest part of the
channel and avoid the shoals.

While the number of navigation aids is considered sufficient, navigation during the night can be
challenging, as the aids are not illuminated. Due to shoaling, the light at the end of the Federal jetty has
been discontinued. The light is now in the middle of Democrat Point shoal and is more of a hazard than
an aid to navigation.

Breaking waves have been observed up to the edge of the marked channel. Typical currents in the inlet
are strong: on the order of 3 knots. Overall, navigation conditions of Fire Island Inlet are considered fair.

2.3.4 Needs and Opportunities

Although an Existing sediment budget has been formulated as part of this study (see Section 5), its
reliability is fairly limited due to the lack of comprehensive surveys of the inlet, particularly the large ebb
shoal features located southwest of the outer channel. Nonetheless, recent data suggests that the ebb shoal
may not be accumulating as much material as previously estimated. In addition, the beaches west of the
inlet along Jones Island appear to be in fairly good condition as a result of historic bypassing and perhaps
a wave climate and shoreline alignment more conducive to shoreline stability.

An inlet stability analysis (see Section 5.3), however, suggests that the inlet is only marginally stable with
a tendency to shoal. In other words, the inlet may close if events cause significant accumulation of
sediment and decreased cross-sectional area. In fact, in spite of numerous studies over the last 60 years
leading to various recommendations and implementation of an optimum channel alignment and a
deposition basin, the channel continues to shoal at significant rates requiring frequent dredging and
relocation of navigation aids. Moreover, although the Coast Guard considers navigation conditions fair,
they can be challenging at times due to rapidly changing morphology along the channel, particularly in
the vicinity of the sand spit. Therefore, improved inlet stability and navigation conditions (i.e., reduced
channel maintenance) are principal needs at Fire Island Inlet.

As in Shinnecock and Moriches Inlets other needs (opportunities) include continued sand bypassing,

maintenance of stable shorelines and associated storm protection in areas adjacent to the inlet preservation
and enhancement of water quality and existing natural resources.
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3. INLET MODIFICATION ALTERNATIVES AND INITIAL
SCREENING

3.1 Approach

The purpose of this study is to develop inlet modification alternatives that provide reliable navigation
through the Federal navigation channels and maximize sand bypassing in order to restore, to the extent
possible, natural sediment pathways and reduce adjacent shoreline erosion. Alternatives may consist of
engineering modifications (e.g., navigation channel, inlet structures, etc.) and/or management
modifications (e.g., optimize dredging, etc.). The selected alternatives will be combined with other
optimized structural and non-structural features into a comprehensive plan for Fire Island to Montauk
Point.

The design of inlet modification alternatives is being conducted in a phased approach which includes
development of a concept list of alternatives, preliminary screening analysis of a range of alternatives
selected based on a fatal-flaw analysis, detailed level design of a selected group of alternatives, and final
screening and recommendations.

A screening methodology was specifically developed for this study. Given the relatively large number of
alternative plans originally developed, a phased screening approach was proposed. First, a fatal flaw
analysis was conducted to eliminate any alternatives that are clearly inadvisable or include negative
effects that cannot be offset by any degree of benefits from other factors. Remaining alternatives were
further evaluated based on several criteria initially developed by the CTMG and USACE-NAN. The
results of this analysis were used to select a smaller group of alternative inlet modification plans that will
be developed to a feasibility level of detail, to include detailed numerical modeling. Finally, a single
optimized alternative per inlet will be developed and recommended. The screening process is
summarized in Table 3-1. The idea behind the first two phases of the screening task is to develop a
reduced list of plans that address the project needs, are generally feasible, and by and large meet the
requirements of the sponsors as well as other stakeholders.

Table 3-1: Alternative Development and Screening Methodology

1. Develop Concept List of Alternative Plans

2. Fatal Flaw Analysis

3. Initial Multicriteria Screening Analysis

4. Feasibility Level Design

5. Detailed Modeling

6. Final Screening Optimization and Recommendation

3.2 Concept List of Alternatives

A Coastal Technical Management Group (CTMG) meeting was held on November 15, 2001 to, among
other things, brainstorm an initial concept list of inlet modifications alternatives and screening criteria
(USACE/NAN, 2002). Alternatives presented at the meeting were recorded regardless of consistency with
USACE policies/authorization or the policies of any of the other agencies/sponsors represented in the
meeting. More importantly, some of the alternatives discussed at this meeting do not qualify as complete
inlet modification plans to the extent that they do not necessarily address all of the project needs as listed
in Section 1.1. Therefore, the following discussion differentiates between alternative inlet modification
plans and components. Inlet modification components are measures intended to address one or more
specific issues such as bypassing, localized erosion, inlet stability, navigation reliability, regional
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sediment management, recreation, etc. Note that some of these issues may not directly correspond to the
stated project needs (e.g., recreation). Inlet modification plans are combinations of components that
together address (to varying degrees) the stated needs for the inlets (e.g., mechanical bypassing with a
semi-fixed plant plus maintenance of navigation channel). Subsequent to the meeting, all of the presented
alternative components were reorganized according to their intended function (i.e., improved bypassing,
direct shoreline stabilization, or reduced channel maintenance/improved efficiency) and combined into set
of complete alternative plans. Plans for Shinnecock, Moriches and Fire Island inlets are presented in
Tables, 3-1, 3-2, and 3-3, respectively.

A subsequent CTMG meeting was held on January 30, 2003 to present preliminary study findings with
regards to the sediment budget work and a preliminary alternative screening analysis (USACE/NAN,
2003). During this meeting CTMG members made suggestions with regards to the initial concept list of
alternative inlet modification plans, the screening criteria, and screening methodology. The following
tables include alternatives presented at this meeting. In addition, the screening process summarized in
sections below incorporates comments and suggestions made at the meeting and in subsequent
correspondence.

Table 3-2: Conceptual Alternatives — Shinnecock Inlet

Existing Practice (Dredging of Channel & Deposition Basin as Required)
Do Nothing
Channel & Deposition Basin Realignment
Deposition Basin (Not Channel) Realignment
Reduced Dimensions of Deposition Basin
Dredging the Ebb Shoal
Dredging the Flood Shoal
Offshore Dredging (for West Beach)
Spur Structure at West Jetty
Nearshore Structures along West Beach
Shortening the East Jetty
Sand Trapping and Bypassing System Updrift
Jetty Opening and Nearshore Breakwater
Weir Jetty and Sediment Trap
Offshore Breakwater
Modification of the Ponquogue Ebb Shoal Attachment
Relocation of the Maritime Center within Shinnecock Bay
Relocation of the Maritime Center to Smith Point
Reduce Authorized Channel Depth
Ebb Shoal Nourishment
Non-Floating Dredging & Bypassing Systems
Backpassing
Realignment of Complete Inlet System
Removal of the Jetties
Inlet Closure
Move the Inlet to a New Location
Closing the Inlet to Navigation
Extend the Westhampton Groin Field
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Table 3-3: Conceptual Alternatives — Moriches Inlet

Existing Practice (Infrequent Dredging of Channel & Deposition Basin)

Do Nothing

Authorized Project

Channel & Deposition Basin Realignment

Deposition Basin (Not Channel) Realignment

Increased Dimensions of Deposition Basin

Dredging the Ebb Shoal

Dredging the Flood Shoal

Non-Floating Dredging & Bypassing Systems

Extension of the East Jetty

Sand Trapping and Bypassing System Updrift
Jetty Opening and Nearshore Breakwater
Weir Jetty and Sediment Trap
Offshore Breakwater

Limit Navigation

Backpassing

Realignment of Complete Inlet System

Removal of the Jetties

Inlet Closure

Move the Inlet to a new Location

Closing the Inlet to Navigation

Table 3-4: Conceptual Alternatives — Fire Island Inlet

Existing Practice (Dredging of Channel & Deposition Basin as Required)
Do Nothing
Bypass farther West
Optimize Existing Channel & Deposition Basin Configuration
Eastern Realignment of Channel and Deposition Basin
Western Realignment of Channel and Deposition Basin
Dredging the Ebb Shoal
Dredging the Flood Shoal
Non-Floating Dredging & Bypassing Systems
Reconfiguration of the Sore Thumb and Channel Realignment
Flow Training Structure(s)
Sand Trapping and Bypassing System Updrift

Jetty Opening and Nearshore Breakwater

Weir Jetty and Sediment Trap

Offshore Breakwater
Limit Navigation
Backpassing
Realignment of Complete Inlet System
Removal of the East Jetty
Move the Inlet to the Old Inlet Area
Closing the Inlet to Navigation
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3.3 Fatal Flaw Analysis

A fatal flaw analysis was conducted to eliminate any alternatives that are clearly inadvisable or include
negative effects that cannot be offset by any degree of benefits from other factors. This analysis also
reduces the number of alternatives that were subject to detailed screening. Fatal flaws include:

» Not meeting all of the stated needs

= Exacerbating shoreline erosion

= Increasing barrier island breaching potential

= Significant uncertainty at a high cost

= Jeopardizing endangered species

= Significant inconsistency with applicable laws and regulations
= A similar, more effective option, is available

The following paragraphs identify alternatives that were dropped out from the concept list presented in
Section 3.2 and provide a rationale for doing so.

Existing Practice

Although existing inlet management practices do not appear to fully address both navigation and
bypassing needs, it may be that all other alternatives are less desirable overall than existing practices.
This may be the case, for example, at Fire Island Inlet, where although improvements are required, the
associated costs and impacts may be too high. On the other hand, although navigation conditions are
adequate at Shinnecock Inlet, bypassing, at least on a relatively frequent basis, may be a problem, and
certainly the beach immediately west of the inlet suffers chronic erosion. Navigation reliability at
Moriches inlet also needs to be improved. Therefore, continuation of existing inlet management practices
is only considered an alternative worth additional consideration at Fire Island Inlet.

Do Nothing

To do nothing, although always an option, would not be consistent with the stated needs, particularly
navigation. Specifically, if nothing (no channel maintenance dredging in particular) was done at the three
inlets, it is very likely that within a few months to a couple of years, depending on storm activity, all three
inlets would be closed to navigation due to hazardous conditions. Existing conditions at Moriches Inlet
provide good insight into the impacts to navigation that could be expected under a do nothing scenario.
Therefore, it is recommended that this alternative be eliminated from further consideration.

Ebb Shoal Nourishment to Force the Inlet to Reach Maturity

This alternative is based on the concept of forcing the ebb shoal to reach “maturity”. In other words, to
place sand on the ebb shoal in hopes of reaching some estimated equilibrium value. The hypothetical
benefit associated with this option is that a “mature” ebb shoal would no longer capture sediment that
would otherwise be available for natural and/or mechanical bypassing.

Ebb shoal capacity is typically estimated using of an empirical relationship developed by Walton and
Adams (1976). Table 3-5 summarizes existing and estimated equilibrium ebb shoal volumes using this
relationship. The table also presets an estimate of High and Low equilibrium volume estimates based on
5% and 95% percentile error ranges obtained from a cursory analysis of the original data set used by
Walton and Adams. The original dataset and equation fit are also shown in Figure 3-1 in log-log and
“normal” scales.
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Table 3-5: Existing and Theoretical Equilibrium Ebb Shoal Volumes (m® x 10°)
Inlet Existin Equilibrium .
VolumcgaJ quIume Uncertainty
Low Eqg. Vol. | High Eq. Vol.
Shinnecock 6.7 11.5 3.8 46
Moriches 3.1 6.9 2.3 19
Fire Island 31.3 374 10.7 151

The values presented in Table 3-5 and the lack of strong correlation shown in Figure 3-1 suggest that even
though all three inlet ebb shoal volumes seem to be smaller than the theoretical value, uncertainty with
regards to the final equilibrium volume is too large. In other words, even if 5 million m*® of sand were
placed at the Shinnecock Inlet ebb shoal, there is a significant probability that the ebb shoal would either
continue to grow and trap sediment, albeit at perhaps a smaller rate, or that the resulting total ebb shoal
volume would in fact be larger than the real “equilibrium” value. Moreover, recent surveys suggests that
the ebb shoal at Shinnecock Inlet may in fact be growing at rates significantly lower than previously
reported, or not growing at all (see Section 5.1).

Ebb shoal nourishment seems even less suitable at Moriches and Fire Island Inlet, where existing volumes
appear to be closer to the estimated “equilibrium” values.

Finally, it should also be noted that ebb shoal nourishment would involve using relatively large quantities
(up to 5 million m® at Shinnecock Inlet) from sand resources that would otherwise be available for
conventional beach fill.  Therefore, ebb shoal renourishment is not recommended for further
consideration as a bypassing alternative at any of the three inlets.

“Non-floating” Dredging and Bypassing Systems

Williams et al (1998) evaluated several “floating” and “non-floating” dredging and sand bypassing
systems at Shinnecock Inlet in a study contracted by the US Army Corps of Engineers, New York
District. Alternatives considered in that study included:

Floating plant (dredge):

= Trailing suction hopper dredge (the study notes that other floating plants may be feasible)
Non-floating plants:

=  Semi-fixed Plant (crawler crane and jet pump)

» Land-based Mobile Plant (Crawldog)

= Submerged Mobile Plant (Puninase)

= Mechanical Fillet Mining (scraper/dragline or bucket system)

Williams et al compared the alternatives on the basis of experience, navigation impacts, environmental
impacts, aesthetics, sand source flexibility, placement flexibility, bypassing continuity, mechanical
reliability, and ownership/ operational responsibility. The study concluded that a floating plant (hopper
dredge), on either a 2- or 3- year cycle, would be the most desirable bypassing system for Shinnecock
Inlet. Alternatively, if a more continuous bypassing system is preferred, Williams et al concluded that a
semi-fixed system would be most desirable. It is important to note that deciding factors in that study were
flexibility and experience with the system in United States and not only cost. In fact, a floating plant is
more costly on an annual basis than a semi-fixed plant, according to the study.

Other systems ranked lower mainly because of lack of experience in the United States and the relatively
large costs. This is particularly true of the Crawldog system, which has not been used in a similar project
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yet, and is relatively expensive. The submerged mobile plant system (Puninase), although in concept a
very flexible system and with some experience in Europe, may still have some of the typical drawbacks of
submerged pump systems, namely: (1) unknown performance in actual bypassing operations, (2) difficult
deployment during storms, (3) relatively complicated system, and (4) pump seals susceptible to damage
(USACE, 1991).

One additional advantage associated with floating plants, which Williams et al did not directly account
for, is that the source of material for bypassing is generally along the navigation channel (deposition
basins in Moriches and Shinnecock inlets) or immediately adjacent to it (Fire Island Inlet). Therefore,
plant operation (dredging) assists both in bypassing and channel maintenance. On the other hand, a semi-
fixed plant or any other alternative that does not directly dredge along the channel is likely to also require
periodic channel maintenance with floating plant, albeit on a longer cycle and at reduced cost as
compared to the Existing Practice.

Nonetheless, based on the results of the study by Williams et al, only the floating plant, and semi-fixed
plant options will be further considered in the screening process. Other non-floating plants will be
eliminated. In addition, a truck or trailer mounted jet pump system will also be considered at Shinnecock
and Moriches inlets, an alternative not considered by Williams et al. Although this type of system is
typically a feasible choice only for projects with small transfer rates and relatively short discharge
distances (USACE, 1991) it offers the advantage of being able to use it at more than one location (e.g.,
Moriches and Shinnecock Inlet), and it might be effective in combination with other measures (e.g.,
channel maintenance with floating plant plus bypassing with truck system).

Backpassing

Backpassing at the inlets would entail transferring sediment from somewhere in the inlet system (e.g., ebb
shoal, flood shoal, deposition basin, updrift fillet, etc.) to updrift beaches. Backpassing has in fact been a
common practice historically at Fire Island Inlet where in recent years approximately 20% of the material
dredged within the channel and deposition basin has been placed along Robert Moses State Park east of
the inlet. Backpassing has also taken place on number of dredging events at Moriches Inlet to alleviate
chronic erosion of Cupsogue Beach to the east associated with the Westhampton groin field. Clearly,
however, backpassing cannot be the “only” selected sand management alternative at these two inlets,
given that the net longshore sediment transport direction is from east to west. Nevertheless, backpassing
may continue to be part of the optimal plan at both inlets, and in particular at Fire Island Inlet, where
shoreline erosion appears to be a larger problem East than West of the Inlet.

Backpassing has not been a common practice at Shinnecock Inlet, mainly because beaches east of the
Inlet are relatively stable and existing beach conditions provide for sufficient storm protection. Moreover,
chronic erosion has typically required that most of the available sand be placed along the beaches west of
the inlet. Therefore, backpassing is eliminated as a stand-alone alternative, although it may be
implemented as a component of an overall bypassing plan at Fire Island Inlet.

Realignment of Complete Inlet System at its Existing Location

The basis for this alternative is that a realigned inlet system may result in improved navigation and
perhaps even more efficient bypassing. Note that this discussion assumes that the realignment would
include not only the jetties but also the inlet throat and associated revetments and possibly the seaward
end of the inner bay channels (i.e., the “complete” inlet system).

At Shinnecock, the inlet throat is approximately 800 feet wide and 2,250 feet long from the inner bay
channel bend to the seaward tip of the east jetty (Figure 2-1). The jetties and navigation channel are
aligned slightly west of a north-south alignment. The channel alignment tends to migrate to a more
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northeast to southwest alignment between dredging events. The shift is due to the effects of the net
westerly longshore sediment transport, the offset in the existing jetties (the west jetty is approximately
500 feet shorter than the east jetty), and coastal tidal currents during ebb flow conditions. Moriches is
approximately 800 feet wide at the throat and approximately 2,000 feet long from the bayside bend to the
seaward tip of the east jetty (Figure 2-3). The authorized channel alignment bends at the seaward end of
the west jetty; changing from a northeast to southwest alignment along the inlet throat, to a north-south
alignment seaward of the jetties. Similarly to Shinnecock Inlet, however, the seaward alignment tends to
shift naturally to a northeast to southwest alignment. In recent surveys, this tendency is more evident at
Moriches than at Shinnecock because of reduced deposition basin dimensions and less frequent dredging.

Theoretically, complete inlet realignment at Shinnecock and Moriches inlets could involve reconfiguring
the inlet throat, jetties and channels to a more northeast to southwest orientation. As stated above, a
realigned inlet may result in more efficient bypassing and improved navigation. One additional benefit
may be reduced scour at the seaward tip of the west jetty. This alternative, however, is likely to incur
significant construction costs with limited and very uncertain benefits in return, particularly with regards
to sand bypassing. For example, a realigned inlet may be more hydraulically efficient, thus increasing the
potential for ebb shoal sand accumulation and requiring an alternative means for providing bypassing.
Another possible unintended consequence, which would be difficult to predict and account for in the
design of the project, may be exacerbated west beach erosion. More importantly, similar benefits as those
presumably provided by this alternative may be obtained through realignment of only the seaward end of
the jetties and/or the navigation channel.

Fire Island Inlet is very different than Shinnecock or Moriches inlets. The inlet throat is significantly
longer as result of unconstrained natural migration for years. The existing channel follows an east to west
alignment along the inlet throat and then wraps around the western Fire Inland, which ends in a large sand
spit that has grown as a result of sediment being transported past the existing east jetty (Figure 2-5). The
existing channel alignment follows the shortest path to deep water from the inlet throat. Complete
realignment at Fire Island Inlet was eliminated as an alternative because it was considered that
realignment would in essence require relocation. Therefore, a different inlet alignment and overall
characteristics will be considered in the context of a relocation alternative.

Removal of the Jetties

Clearly, completely removing the jetties would not meet all of the stated needs. Navigation reliability
would be significantly compromised because of the highly variable and unpredictable conditions
associated with a “natural” inlet. In addition, the lack of jetties would allow for unconstrained alongshore
inlet migration, with the associated impacts on existing roads, buildings and other infrastructure. A
migrating inlet also has the potential of accumulating increased volumes of sand in the form of relict
flood shoal deposits, this sand would lost from the active littoral system. For all these reasons, it is
recommended that this alternative be eliminated from further consideration.

Closure of Moriches or Shinnecock Inlet

Closing one of the inlets would only meet one of the stated project needs, sand bypassing. Clearly, it
does not meet the navigation needs. Additionally, closing either Moriches or Shinnecock would increase
the potential for breaching at random locations along the barrier island fronting Moriches and Shinnecock
Bay during future storm events. Finally, closing one of the inlets may significantly impact water quality
in the corresponding bay and have unintended impacts on the existing environment. Therefore it is not
recommended that this alternative be further considered.
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Moving the Inlets to a New Location

Moving the inlet only appears to have some benefits at Fire Island Inlet (see Complete Inlet System
Realignment above). At Moriches and Shinnecock Inlet, however, there are no apparent reasons to
consider this option. Negative impacts, on the other hand, would be numerous and hard to predict and/or
quantify. Therefore, it is recommended that only moving Fire Island Inlet be further investigated.

Closing Inlets to Navigation

Clearly this option would not fulfill the stated navigation needs. In addition, closing the inlet to
navigation and discontinuing all channel dredging operations may improve bypassing and average
shoreline conditions along the project shoreline, but it may not be sufficient to stabilize the beach
immediately west of Shinnecock. Finally, closing the inlets to navigation and eliminating channel
maintenance will make Fire Island Inlet even less hydraulically efficient, increasing the possibility of
breaching and permanent inlet formation during severe storms at other locations along Fire Island.
Therefore, it is also recommended that this alternative be eliminated at the three inlets.

Close and Reopen Fire Island Inlet at Old Inlet

Opening a new inlet at the historic lighthouse location would accomplish similar objectives (i.e.,
improved efficiency) with less risk and uncertainty regarding inlet stability and shoreline impacts. In
addition, impacts on existing natural resources and existing infrastructure are likely to be much greater at
the Old Inlet location. Therefore, it is recommended that only the option of opening a new inlet in the
vicinity of the lighthouse be given further consideration.

Open one Additional Inlet to Great South Bay

Previous analyses (USACE-NAN, 1996) have shown that if one additional inlet were to open (either
naturally or artificially) at a new location in Great South Bay, Fire Island Inlet would shoal very rapidly
and tend to close. It would be very difficult to maintain both inlets through dredging, and therefore this
alternative is also dropped.

Relocation of Shinnecock Inlet Marine Center to Smith Point

Relocation of the Shinnecock Inlet maritime facilities and fleet to Smith Point would have a significant
economic impact on the fleet as well as significant impacts on the social and historic character of the
existing area at Shinnecock Inlet. In addition, other relocation options to an area much closer to the
existing facilities may be available. Finally, the relocation to Smith Point would require that the
Intracoastal Waterway be reauthorized and maintained a greater depth for the existing fleet to access these
facilities from either Moriches or Shinnecock Inlet. Therefore, this alternative is also dropped from
further analysis.

Reduce Authorized Channel Depth at Shinnecock and Fire Island Inlets

At Shinnecock Inlet this alternative is intended to increase natural bypassing around the inlet by reducing
the authorized channel depth (currently authorized at -10 feet MLW) and/or eliminating the authorized
deposition basin. This plan would result in a situation very similar to that prior to 1990, when the
federally authorized project was constructed. Specifically, before dredging of the new channel and
deposition basin in 1990 the inlet was extremely dangerous to navigate because of the location and depth
of the ebb shoal delta and bypassing bar. This bar was as shallow as 6 feet below MLW and aligned
approximately northeast to southwest directly across the inlet mouth. This condition is very similar to the
present situation at Moriches Inlet. Vessels had the option (as in Moriches today) of navigating along a
meandering natural channel that placed vessels at a dangerous angle to incoming waves, or attempt to
navigate over the shallow sand bar. Arguably, however, this ebb shoal and bypassing bar configuration
allowed for increased natural bypassing, as westerly longshore sediment transport was carried along the
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bar, over the shallow ebb shoal formation on the west side of the inlet, and onto the west shoreline. It is
unlikely that this alternative will significantly alleviate the chronic erosion problem along the shoreline
immediately west of the inlet.

A similar alternative at Fire Island Inlet would also theoretically increase natural bypassing around the
inlet by reducing the authorized channel depth (currently authorized at -10 feet MLW) and/or eliminating
the authorized deposition basin. However, there is large fleet that uses Fire Island Inlet, and a reduction
in the authorized channel depth would have a very significant negative effect on this fleet. More
importantly, a shallower channel might not deter vessels from trying to navigate the inlet, which will
result in increased life and property losses.

In addition, unchecked growth of the sand spit will have a significant impact on the already marginal
hydraulic stability of the inlet, possibly accelerating shoaling at the inlet mouth and providing an
opportunity for any breaches that might occur on Fire Island during an extreme storm to evolve into new
inlets.

Extend Westhampton Groin Field

This alternative does not meet the stated needs of improved navigation reliability and bypassing at
Moriches inlet. Arguably, it would provide for increased shoreline stability between the inlet and the
western end of the existing groin field at Pikes Beach. Therefore, although this alternative could be
considered as part of overall FIMP Reformulation Study, it will not be further considered as an inlet
modification alternative.

3.4 Description of Alternatives Selected for Further Screening

The following paragraphs describe each alternative selected for further screening in detail. Note that the
descriptions focus on the extent to which the alternatives meet the stated project needs of (1) navigation
reliability, (2) stability of the West Beach, and (3) sediment bypassing (see Section 1.1). Additional
discussion on each selected alternative with regards to other impacts and screening criteria is presented in
Sections 8.2, 8.3 and 8.4.

In addition to the alternative plans described below, other components that have been proposed and could
be added to any of these alternatives are:

»  Surfing reefs
= Inlet tolls (inlet taxing districts)

*  Optimized dredging

These additional components will be analyzed in more detail during final optimization of the selected
alternatives.

Note that because of the similitude among the alternatives presented for Moriches and Fire Island Inlets
and those for Shinnecock Inlet, only conceptual sketches for the latest are presented. Conceptual sketches

for the selected alternatives for all three inlets are presented in Section 8.

3.4.1 Shinnecock Inlet

Existing Conditions and Design Considerations

A regional sediment budget prepared by Gravens et al. (1999), principally based on shoreline changes
from 1979 to 1995, suggests a net westerly directed sediment transport entering the inlet from the east
under Existing (circa 1999) conditions of approximately 130,000 m’/yr (170,000 cy/yr). Analysis of
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recent surveys (see Section 5.1) suggest that this value might be slightly higher, 168,000 m*/yr (220,000
cy/yr). Williams et al. (1998), based on a previous inlet sediment budget prepared by Moffatt & Nichol
Engineers (USACE-NAN, DRAFT, 1998), suggested a target bypass rate of around 100,000 m’/yr
(131,000 cy/yr) with capabilities to transport up to 115,000-134,000 m*/yr (150,000-175,000 cy/yr). The
recommendation from Williams et al. seems slightly low as compared to recent findings. Nonetheless, it
is considered an adequate estimate for screening purposes.

The design capacity of the existing deposition basin (Figure 2-1) is approximately 350,000 m’, and the
anticipated dredging interval is 1.5 years (USACE-NAN, 1988). These design characteristics were based
on an anticipated gross sediment transport rate of approximately 300,000 m*/yr. Since 1990, however,
the deposition basin has only been dredged three times, in 1993, 1998, and 2004 and as of January 2006
the deposition basin appeared to have accumulated enough material to be dredged again. This equates to
a dredging interval of just over 4 years, instead of the design interval of 1.5 years. Rapid shoaling
between March 2004 and January 2006 may owe to less dredging in 2004', significant storms in the fall
of 2003, and/or the fact that approximately 555,000 m*of fill were placed immediately west of the inlet as
part of the WOSI project in 2004/05.

In addition, these recent dredging events amount to approximately 80,000 m’/yr since 1990, although
recent conditions (since 1995) suggest a slightly lower rate of approximately 65,000 m*/yr (see Figure
5-20). To date, most of the material excavated from the channel and deposition basin has been placed
along the shoreline immediately west of the inlet (West Beach), between the west jetty and the
Ponquogue ebb shoal reattachment point, a shoreline reach that suffers from chronic erosion. Only during
the initial construction project in 1990, was sand placed farther west at Ponquogue beach (approximately
200,000 m®). Surveys and numerical model results suggest that a large percentage of this material returns
to the inlet instead being transported farther west. As such, Existing Practice, although successful in
maintaining a minimum level of protection at West Beach, is not very efficient in terms of preventing
large shoreline fluctuations or providing hydraulic bypassing farther downdrift, although recent surveys
arguably suggest that this system results in relatively efficient natural bypassing of the net longshore
sediment transport balance (see Section 5.1). In other words, the chronic erosion at West Beach is not
necessarily related to a lack of overall bypassing but instead may be due to the geometric configuration of
the inlet system and local wave and current conditions.

It is also evident that the Existing Practice has been very successful in providing for continuous reliable
navigation (see Section 7.2) without a need for the emergency dredging projects which were typical of
historic channel maintenance practices prior to project implementation in 1990. This success is due to the
straight channel alignment and greater than required depths, both maintained because of the deposition
basin.

Existing Practice dredging operations to date have taken place in the fall or spring. Arguably, spring
would be the preferred time to bypass if using an intermittent system (i.e., floating plant) such as Existing
Practice for two reasons: (1) the material would not be initially exposed to strong westerly transport
typical of the winter months, and (2) the channel would be ready for the busy summer and fall boating
seasons. On the other hand, environmental window constraints may prevent material placement from
April 1 to August 31 (Piping Plover, Least Tern and Black Skimmer nesting season).

Semi-fixed and mobile (truck mounted) systems capable of continuous bypassing may be operated from
September 1 to April 1. This schedule avoids both the nesting season and the recreational summer season
and includes the months during which most of the westerly transport takes place.

! The dredge volume in 2004 was somewhat smaller than in 1993 and 1998 because 2/3 of the deposition basin was
dredged to -19 ft. MLW vs. -20 ft.
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With these conditions and constraints in mind, the following paragraphs present a detailed description of
alternatives considered for further screening at Shinnecock Inlet.

1. Existing Practice plus Offshore Dredging (for West Beach)

During the most recent channel maintenance project, March 2004, material dredged from the deposition
basin was placed west of the Ponquogue reattachment point. In addition, the West Beach was restored
using sand from an offshore sand source instead of from the inlet as part of the West of Shinnecock Inlet
Interim Storm Damage Reduction Project (USACE-NAN, 1999). This approach could be implemented
as a long term inlet management alternative. In concept, it provides for improved bypassing since all of
the material dredged from the channel and deposition basin would be placed west of the Ponguogue
attachment point where it would be transported westward. In addition, it would maintain a minimum
level of protection along the West Beach through periodic offshore dredging and renourishment. It would
also continue to provide for reliable navigation conditions.

The influx of offshore sediments into the inlet system would presumably increase shoaling rates within
the deposition basin, perhaps increasing the frequency of required maintenance. This would also
represent an “improvement” in terms bypassing, as more frequent dredging would better mimic a
continuous natural bypassing system. However, this alternative, unlike any other investigated in this
study, meets the stated project needs by using an source of sediment arguably exterior to the natural
littoral system (i.e., the offshore borrow area), not by directly improving the bypassing efficiency of the
inlet system or by reducing erosion along West Beach. As such, this alternative might not be sustainable
in the long term.

2. Existing Practice plus Dredging the Flood Shoal

Alternatively, the flood shoal could be used as a source of sediment for periodic renourishment of the
West Beach (Figure 3-2). There is already a precedent for this type action at Shinnecock Inlet; in 1997,
NY State dredged approximately 190,000 m* from the East Cut and placed it on the West Beach. In
general, material could also be removed from a relatively large area of compatible material along the
south edge of the flood shoal. The amount compatible material within this area is between 700,000 and
1,450,000 m°, depending on the depth and area of the cut (OCTI, 1999; Militello and Kraus, 2001).
Bypassing and channel reliability conditions would be similar to Existing Practice (see above), although
depending on the amount dredged from the flood shoal, some limited impacts to navigation might occur
due to slight increases in current velocities (Militello and Kraus, 2001). More importantly, the volumes
dredged from the flood shoal would be restored over time, possibly at the expense of natural and
maintenance related inlet bypassing volumes. Dredging the flood shoal would reduce encroachment of
this morphological feature into the East and West Cut, thereby improving navigation reliability and
reducing maintenance requirements along those two inner channels.

3. Channel & Deposition Basin Realignment along the ““Natural’” Channel Thalweg

This alternative continues the Existing Practice of channel and deposition basin maintenance but on an
alignment closer to the “natural” channel thalweg alignment (northeast to southwest) (see Figure 3-3).
This alignment corresponds to the location of the ebb jet, which in turn is dictated by ambient nearshore
tidal currents, the geometry of the inlet and the jetties, and the net westerly longshore transport. It is
unclear whether or not the modified alignment would reduce existing sediment losses (if any) to the ebb
shoal during ebb tidal flow conditions by slightly reducing hydraulic efficiency. Hydrodynamic model
simulations performed by Millitelo and Kraus (2001) show areas of current speed reduction and increase
of very similar extent, with no apparent net impact on ebb shoal growth. If hydraulic efficiency and
current velocities are reduced, the deposition basin could accrete at faster rate which would increase
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maintenance dredging and bypassing frequency. Additional sediment transport and morphological
modeling would be required to further explore this alternative.

A northeast to southwest alignment may also possibly reduce storm impacts on the West Beach by
allowing the updrift ebb shoal lobe to extend farther west thus providing some of the protection that was
lost after construction of a straight north to south channel and deposition basin.

Navigation would likely continue to be reliable if the deposition basin dimensions do not change,
although some minor impacts should be expected given that vessels would be slightly more exposed to
side waves.

4. Relocation of the Deposition Basin (Not Channel)

This alternative continues the existing practice of channel and deposition basin maintenance but the
deposition basin is relocated. One possibility would be to place the deposition basin adjacent to the
navigation channel on the east (updrift) side of the channel (Figure 3-4). The intent of this alternative
would be to reduce the hydraulic efficiency of the inlet thus reducing the amount of sediment currently
lost to the deeper reaches of the ebb shoal (if any) and more importantly, to increase sediment interception
within the deposition basin. As with the previous alternative, this may also increase dredging frequency
and net hydraulic bypassing. Although a deposition basin on the east side of the channel would prevent
sediments from encroaching on the channel from the east, easterly transport around the west jetty during
transport reversals, albeit smaller, may result in significant channel shoaling possibly requiring
emergency dredging to allow for continued navigation. Therefore, a variant of this alternative might be to
also construct a smaller deposition basin (e.g., 300 feet wide at -12 feet MLW instead 800 feet at -20 feet
MLW) over the existing channel alignment.

5. Reduced Dimensions of Deposition Basin

This alternative continues existing practice but reduces the dimensions of the deposition basin (Figure
3-5). As described above, the design capacity of the existing basin is approximately 350,000 m?, and the
anticipated dredging interval was 1.5 years. These design characteristics were based on a gross sediment
transport rate of approximately 300,000 m*/yr (USACE-NAN, 1988). Since 1990, however, the
deposition basin has only been dredged three times, in 1993, 1998, and 2004. This equates to dredging
interval of just over 4 years, instead of the design interval of 1.5 years. A smaller deposition basin would
possibly reduce the dredging interval and perhaps even increase natural bypassing, since tidal velocities
along the channel thalweg would likely be smaller. More frequent bypassing, albeit at a similar
annualized rate, may lead to a more stable shoreline (i.e., less shoreline fluctuation) downdrift. It is
uncertain, however, whether a smaller basin would provide enough material to stabilize the West Beach
and meet the overall bypassing requirements.

6. Existing Practice plus Dredging the Ebb Shoal (outside limits of Deposition Basin) with a Floating
Plant

One alternative to dredging within the deposition basin is to dredge the required amount of sediment to
meet the design bypass rate from other areas of the ebb shoal such as the updrift lobe or around the
seaward slope of the shoal (Figure 3-6). This action may be easily implemented using a traditional
floating plant on contract. In addition, dredging from these relatively large areas will provide a
guaranteed source of sediment that conforms to a design bypass schedule and quantity, as opposed to
dredging from a deposition basin, which, as already experienced, does not accumulate sediment at the
same rate every year. A more frequent bypassing operation will reduce shoreline fluctuations along West
Beach. In addition, sufficient material may be available in these areas of the ebb shoal to provide a
source of sediment to both West Beach and areas farther downdrift. On the other hand this alternative
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may have some adverse effects on ebb shoal morphology, natural bypassing, and adjacent shorelines if
the amount of material dredged from the ebb shoal is too large.

Ebb shoal dredging might also have to be supplemented with Existing Practice or a modified version of it
(e.g., reduced deposition basin dimensions) to provide adequate navigation reliability. The dredging
contract could be structured to include ebb shoal dredging on a regular cycle (e.g., every 2 years), while
the channel and deposition basin would be dredged on as needed but coinciding with dredging of the ebb
shoal.

7. Semi-fixed Bypass System

Williams et al (1998) considered a semi-fixed bypass plant for Shinnecock Inlet based on the Indian River
Inlet system. Specifically, the system includes the use of crawler crane to position a jet pump (eductor)
near MLW on the updrift fillet (Figure 3-7). The pump is supplied with clear water from the inlet and it
discharges slurry that is piped across the inlet and discharged along West Beach with the help of two
booster pumps. Alternatively, a boom on a trestle type of operation could be used to excavate the updrift
fillet. The crane-based system at Indian River Inlet has been fairly successful, bypassing 76,500 m*/yr
(100,000 cylyr) since its commission in 1990. The eductor pump in this system has a rated capacity of
200 cy/hr, and it typically operates from Labor Day to Memorial Day, although nesting piping plovers
may impact operation between April 1 and August 31.

Increased bypassing rates can be achieved with additional pumps mounted on a trestle. For example, the
Nerang system in Australia, which includes jet 10 pumps, has bypassed approximately 500,000 m*/yr
(650,000 cy/yr) since 1986. A similar system went into operation at Tweeds River, Australia in March
2001. This system has a design capacity of approximately 400,000 m*/yr (524,000 cy/yr) using 11 jet
pumps (only 5 working at the same time) mounted along a shore perpendicular trestle. However, since
operations started in March 2001, the system has bypassed 800,000 m®yr (1,005,000 cy/yr), a
significantly larger rate.

At Shinnecock Inlet, a crane mounted pump would provide for greater flexibility in reaching different
areas of the updrift fillet. In addition, the crane and jet pump can be moved and protected during storms.
System components could be serviced and repaired as needed off-site. Nonetheless, the system might
have to be supplemented with periodic channel (and deposition basin) dredging in order to meet the
required bypass rate and to provide for adequate navigation conditions. Note that increasing the capacity
of the system with additional pumps or a bigger one would not necessarily eliminate the need for channel
maintenance. Longshore sediment transport reversals and westerly transport beyond the reach of the
semi-fixed system will continue to shoal the channel, albeit at a smaller rate. For example, at Tweeds
River, even though the system has bypassed double the design rate since construction, dredging along the
navigation channel is still required; 240,000 m*yr (314,000 cy/yr) were dredged between June 2002 to
June 2003.

Material dredged with this system could be bypassed to the West Beach versus farther west (thus reducing
power needs), while material dredged with a conventional floating plant from the channel and deposition
basin could be placed west of the ebb shoal attachment area. Similarly to Indian River Inlet, a flexible
pipeline could be shortened or extended to provide discharge at any point along the West Beach
(approximately 3,000 feet).

8. Truck/Trailer Mounted System

In concept, a truck/trailer mounted jet eductor pump may be able to provide some of the benefits of semi-
fixed and mobile systems without some of the disadvantages. Specifically, this type of system could be
mobilized quickly and inexpensively, the system would be easily transported so that it could be used at

DRAFT FINAL REPORT 34 May 2007



Fire Island Inlet to Montauk Point Reformulation Study Inlet Modifications

more than one location (e.g., Shinnecock and Moriches inlets), it would not require permanent facilities,
and unlike floating plants it could be used continuously to better mimic natural bypassing processes.
Similarly to the semi-fixed crawler crane system, the truck mounted pump is very flexible in terms of
reaching available sediment sources. Finally, the system could be quickly demobilized during extreme
storms. Road access to the source (i.e., updrift fillet), a key requirement of this type of system, is also
available at Shinnecock Inlet through Dune Road and Shinnecock East (Suffolk) County Park.

On the other hand, this type system is only feasible for projects that require relatively small bypassing
rates and discharge distances. Effective production rates for reasonably sized system are on the order of
60 to 100 cy/hr (Roberge, 2003), which is less than half of the rated capacity of the Indian River System
(approximately 200 cy/hr). Therefore, this system might be more appropriate in combination with other
actions, such as Existing Practice. Similarly to the crawler crane system, booster pumps would also be
required to achieve the required discharge distances.

9. Existing Practice plus Spur Jetty (West)

An alternative to continued renourishment of the West Beach is to provide for increased shoreline
stability by means of structural modification to the west jetty. Field observations, surveys and numerical
model results suggest that a significant amount of the material placed along the West Beach may be
transported back into the channel and deposition basin, particularly when waves originate for the south
and southwest sectors. Moreover, it does not appear that the West Beach receives a significant supply of
sediment from the west during these periods of potential easterly transport. It has also been argued (Baird
& Associates, 1999) that this chronic shoreline instability is directly related to Existing Practice in that the
relatively deep deposition basin allows SE and SSE waves to propagate over this opening in the ebb shoal
unimpeded and focus on the West Beach. The result is that this shoreline is not in equilibrium with the
waves and thus the ongoing erosion. One possible approach to alleviating this condition is to extend the
existing west jetty with a “spur” that would induce a new stable shoreline that would provide for a wider
beach in this area. The configuration that Baird proposed consists of a 135 m (440 feet) long spur
extending from the seaward tip of the existing jetty structure (Figure 3-8). The structure is oriented 132
degrees counterclockwise from the west jetty.

According Baird’s study, the spur would result in an acceptable (i.e., sufficiently wide) stable beach
planform for the design scenario they tested (large storm waves from the SE). In addition, the study
concludes that the spur will also reduce the amount of sediment that is lost to the channel and deposition
basin during periods of south waves. One added benefit also suggested in the study is the reduction in
scour potential at the new tip of the jetty, which would be located in deeper water, and presumably subject
to lower tidal current velocities. With regards to navigation, Baird concludes that the wave climate over
the existing channel would be very similar with and without the spur, thus no impacts on navigation are
expected. Note, however, that Baird’s report does not present a detailed analysis of changes in tidal
velocities along the channel, which preliminary modeling results conducted as part of this study suggest
would increase. More importantly, the effects of the spur on inlet morphology and bypassing were not
investigated in detail either. Increased training of the ebb jet as a result of spur construction could
possibly lead to seaward growth of the ebb shoal and/or reduced bypassing.

If this alternative is carried forward to additional detailed design, other alternative spur configurations
(e.g., a spur perpendicular to the existing west jetty), or simply extending the west jetty, may also be
investigated with the idea of reducing the effects on ebb tidal velocities and ebb shoal growth.

10. Existing Practice plus Shortening the East Jetty

This alternative would continue the Existing Practice (channel and deposition basin maintenance) and it
would also include shortening of the east jetty (Figure 3-9). This structure extends approximately 1,500
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feet in an approximate North to South alignment that connects with a bay-side revetment that runs along
the North side of the barrier island for an additional 1,500 feet, approximately. The seaward most 200 to
500 feet (depending on the position of the eastern shoreline) is typically exposed on both sides. The
concept behind this alternative is that by shortening the structure, additional sediment would travel into
the inlet and deposition basin during periods of westerly transport. Therefore, this plan may result in
improved bypassing, as this additional volume of sediment would either by bypassed naturally, or
collected in the deposition basin and available for dredging and bypassing. Therefore, it is likely that this
alternative would increase the maintenance dredging requirements, perhaps to a level closer to the design
volume of approximately 230,000 m%yr (USACE-NAN, 1988), and reduce the interval between dredging
projects. ldeally, shortening the jetty would not affect navigation reliability, although the issue would
need to be carefully investigated before implementing such an alternative.

11. Change Distance between Inlet Jetties

This alternative is intended to improve natural bypassing and sedimentation within the deposition basin
by modifying the existing inlet geometry and specifically the distance between the two jetties.
Hypothetically, the distance between the two structures (and perhaps the length and orientation) could be
optimized to reduce or reverse ebb shoal growth and increase natural bypassing. The modified jetties
could also increase sedimentation within the deposition basin, therefore allowing for more frequent
hydraulic bypassing. This alternative, however, may have significant unintended adverse effects on
existing sediment pathways and inlet morphology. Attendant impacts on navigation would also be very
hard to predict.

12. Existing Practice plus Nearshore Structures along West Beach

An alternative West Beach stabilization approach, also considered in the West of Shinnecock Inlet Interim
Storm Damage Reduction Project (USACE-NAN, 1999), is to stabilize the West Beach with a
combination of beach restoration and a series of nearshore structures such as shore-parallel breakwaters or
T-Groins (Figure 3-10). The effect of these structures would be to directly protect the shoreline from
wave impacts and to induce the accumulation of sediment behind the structures. In addition, the T-Groins
would prevent westerly transport of sediments into the channel and deposition basin. The Interim study
concluded that although these structures would provide the necessary reduction in storm damages and
long-term erosion, construction would not be reversible and therefore it was not further considered for
interim protection. The report, however, recommended the alternative be considered further in the
Reformulation Study.

This type of alternative, if constructed sufficiently nearshore between the west jetty and the Pongquogue
ebb shoal attachment point, would have no impacts on navigation and possibly only a minimal impact on
natural bypassing conditions. Maintenance dredging frequency may also be reduced since sediment
would no longer be transported from the West Beach and into the channel and deposition basin. On the
other hand, this alternative will greatly reduce or even eliminate the need for further renourishment.
Therefore, all the sediment dredged from the deposition basin would be available for placement farther
downdrift.

13. Sand Trapping and Bypassing System Updrift

Existing management practice at Shinnecock Inlet relies on the interception and storage of incoming
sediment within the deposition basin, which is periodically dredged and placed on the West Beach. For
reasons possibly related to both wave climate conditions and increased hydraulic efficiency of the inlet,
the deposition basin has not captured sediment at the rate it was originally designed for and expected. At
this point it is uncertain whether or not a larger amount of sediment is actually being transported westerly
from the east shoreline and around the tip of the east jetty and whether this additional sediment, which is
not being captured in the deposition basin, is being lost to the ebb shoal (i.e., the continued growth
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hypothesis) or is being naturally bypassed to the west. Although recent bathymetric surveys do not
suggest continued ebb shoal growth, and thus the latter hypothesis appears more accurate (see Section 5).

An alternative to Existing Practice of interception and storage within the deposition basin is to intercept,
collect, and bypass sediment from the subaerial and subaqueous littoral material accumulated at the
updrift fillet adjacent to the east jetty. This could be accomplished by means of a conventional cutter-
suction pipeline dredge, although protection for the dredge, which would have to work in the highly
turbulent nearshore zone, would need to be provided.

Dredging of the fillet and protection could be accomplished in one of three ways:

A. Jetty Opening and Nearshore Breakwater: A small opening or “door” approximately 150 feet
wide would be built through the east jetty (Figure 3-11). The opening would allow a small
pipeline dredge to gain access to remove a portion of the subaerial accretion fillet which
accumulates next to the jetty. The opening would be protected against scour by steel sheet pile
cutoff walls. In addition, ocean side protection for the opening would be afforded by a
rubblemound breakwater section attached to the jetty truck which would curve and open toward
the existing beach. The opening between the breakwater and the jetty trunk would be sealed with
steel sheet piles. During bypassing operations this steel sheet pile section would be removed to
allow the dredge to excavate a channel to the fillet. The dredge would then excavate an area
contained between the jetty structures and a protective nearshore breakwater. This breakwater
would serve a double purpose, since it would also induce increased accumulation of sediment in
the lee of the structure which would be available for dredging and bypassing. Material would be
pumped through a fixed pipeline across the inlet and along the west beach past the Ponquogue
reattachment point, a booster pump station on the west side of the inlet would also be required.
After removal of a predetermined amount of material, the dredge would retreat to the jetty
opening. The dredge would fill in a portion of the access channel in the vicinity of the jetty door
so that the steel sheet pile cutoff wall could be replaced. A relatively small dredge could be
locally owned and operated. However, this system does not completely eliminate the need for
continued channel dredging, perhaps with a different, large oceangoing dredge. In fact, a
deposition basin, albeit probably smaller, would still be required in order to maintain adequate
navigation reliability between maintenance dredging projects.

Note that to remove approximately 230,000 m*/yr (300,000 cy/yr), which is the design capacity
of the existing deposition basin, and assuming the fillet is dredged once a year, the area available
for dredging would have to be approximately 12 acres and it would have to be excavated to an
approximate depth of -10 feet NGVD. On the other hand, to remove 134,000 m*/yr (175,000
cy/yr), which is the upper range of design rates considered by Williams et al., 7 acres (a 500 x
500-foot square area) would be sufficient.

B. Weir Jetty and Sediment Trap: A weir jetty structure and sediment trap could also be built at the
east jetty and adjacent fillet area instead (Figure 3-12). Weir jetties are in operation at several
inlets on the East coast (e.g., Rudee Inlet, VA and Hillsboro Inlet, FL), with varying degrees of
success. The design of these systems, however, is difficult and full of uncertainty, as the amount
of sediment flowing over the weir and into the sediment trap is very sensitive to the dimensions
of the weir. Nonetheless, this type of bypassing alternative allows for a very flexible operation.
As in the case of the jetty opening approach, a relatively small dredge could be locally owned and
operated. Also, as with the jetty opening alternative, channel and deposition basin dredging
would still be required, perhaps with a separate, large oceangoing dredge. This has historically
been the case at Rudee Inlet, VA.
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C. Offshore Breakwater: Another approach to excavating the updrift fillet with a floating plant
would be to dredge it from the nearshore with a large oceangoing dredge (Figure 3-13). An
offshore breakwater would be required to provide the necessary protection to this dredge during
operations. This breakwater would be significantly larger and more expensive to build than the
nearshore structure for the jetty opening scheme described above because the structure would be
sitting in deeper water. This would allow, however, a relatively deep draft oceangoing dredge to
navigate into the lee of the breakwater and dredge from there. The breakwater also needs to be
sufficiently far offshore so as to prevent excessive shoaling in its lee, which would prevent the
dredge from sailing behind it. The advantage of this alternative is that the same plant could be
used to dredge the updrift fillet and the channel/deposition basin.

14. Existing Practice plus Dredging the Ponquogue Ebb Shoal Attachment

As stated above, it does not appear that the West Beach receives a significant supply of sediment from the
west during periods of S and SW waves and related easterly transport. This lack of sediment supply from
the east might be associated with the local morphology, and more specifically the area where the ebb
shoal bypassing bar attaches to the west shoreline at Ponquogue. This attachment feature may act as a
“groin” during periods of easterly transport. Therefore, one of the alternatives being considered is to
remove or “shave-off” this attachment feature (Figure 3-14). The removed sediment could be used to
restore the West Beach and also placed west of the attachment point. The feature would rebuild in time as
sediment would tend to accumulate in this area again. The effects of this scheme on overall ebb shoal
morphology and more importantly natural bypassing are very uncertain, even if extensive modeling is
performed. For example, removing this feature might increase the amount of sediment that is transported
west and out of the West Beach during SE and SSE storm conditions. On the other hand, the plan would
be completely reversible, so if monitoring suggests it is not working or it is making the conditions worse,
a different alternative could be implemented. Navigation conditions would not be affected. However,
shoaling within the deposition basin may increase if additional sediment is available for transport from
the West Beach around the west jetty and into the inlet, which may require more frequent dredging.

15. Existing Practice plus Relocation of the Maritime Center within Shinnecock Bay.

This alternative would continue the existing inlet management practice as described above (channel and
deposition basin maintenance) and it would also include relocating the maritime center located
immediately west of the inlet to a new location within Shinnecock Bay. Therefore, this alternative would
maintain the status quo with regards to navigation reliability, bypassing, and erosion of the west shoreline
immediately adjacent to the inlet. On the other hand, it would reduce the risks of damages and loss of life
during extreme storm events, since the new facilities would presumably be relocated to a less exposed
area of Shinnecock Bay. It should be noted, however, that facility relocation will most likely require
increasing the authorized channel depth for the inner Shinnecock Bay Channel (existing authorized depth
is 6 feet) in order to provide access to the relocated facilities to the deeper draft vessels that currently use
it (approximately 10 feet draft). It is also unlikely that relocation alone would completely eliminate the
need to renourish and protect the West Beach. The area would still be subject to chronic erosion and if
the existing cross-section is reduced to the point where breaching occurs during an extreme event,
damages to inlet structures and increased flooding are likely to be significant.

3.4.2 Moriches Inlet

Existing Conditions and Design Considerations

Previous sediment budget estimates (Gravens et al., 1999), principally based on shoreline changes from
1979 to 1995, suggest a long-shore sediment transport rate of approximately 184,000 m’/yr (240,000
cy/yr) entering the inlet from the east under Existing (circa 1999) conditions. Analysis of recent surveys
(see Section 5.2) suggest that this value might be significantly higher from 1995 to 2001, 238,000 m’/yr
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(312,000 cy/yr). This increase is at least partly due to recent fill placement east of the inlet as part of the
Westhampton Interim Project (666,000 m*/yr or 873,000 cy/yr between 1995 and 2001). The volume of
sediment placed in future years along the Westhampton shoreline should be reduced to maintenance
levels (approximately 250,000 m*/yr or 328,000 cy/yr), which would result in approximately 167,000
m’/yr (219,000 cy/yr) of net westerly transport at the inlet (see Section 5.2).

Note that the recent transport rate is significantly higher than at Shinnecock Inlet. This may explain why,
aside from the differences in inlet geometry and deposition basin dimensions, the channel and deposition
basin at Moriches Inlet shoals noticeably faster than at Shinnecock Inlet.

Existing inlet management practice consists of infrequent (at least relative to the existing need) channel
and deposition basin dredging (Figure 2-3). Recent (1996 and 1998) dredging events have yielded
approximately 56,000 m*/yr (73,000 cy/yr). Most of this material was placed within 2,000 feet of the
west jetty, that is, still within the area fronted by the ebb shoal. Similarly to Shinnecock Inlet, it is
unlikely that this material is subsequently transported by waves farther west past the ebb shoal attachment
area. Nonetheless, and although a small amount of sand accumulates immediately updrift of the inlet, the
inlet appears to effectively naturally bypass the balance of the net longshore transport along a pathway
that follows a very shallow bypassing bar extending right across the navigation channel in a NE to SW
alignment and a large, slightly deeper ebb shoal platform that connects this bar with the shoreline
downdrift (see Section 5.2). Dredging events “cut” the NE to SW sand bar in two pieces, the western
piece appears to be rapidly moved west and onto the downdrift shoreline, while the eastern bar remnant
grows rapidly encroaching the channel again within a few months. Specifically, recent condition surveys
(Appendix A) suggest that on July 2000, which was less than two years after the October 1998 dredging
event, the leading edge of the shallow ebb shoal feature was encroaching into the channel. By April
2001, this feature had grown across the channel, and navigation conditions had been significantly
deteriorated. Between 1996 and 1998, shoaling occurred more rapidly due to a more active wave climate
during that period (see Section 5), channel depths were reduced from more than -20 feet MLW in certain
areas (apparently the deposition basin was significantly overdredged in 1996) to less than -10 feet MLW
in less than two years.

Efficient bypassing is also suggested by ebb shoal volumetric changes computed as part of this study (see
Section 5) as well as a recent analysis by Allen et al. (2002) which hint that the ebb shoal is a relatively
stable feature.

Navigation, however, is extremely dangerous through the inlet. The entrance channel and deposition
basin were last dredged in 2004 (to -14 feet MLW) at the same time as Shinnecock Inlet. Unlike
Shinnecock Inlet, however, the deposition basin and channel at Moriches Inlet have shoaled at a very
rapid rate. This may be due to several factors, including the smaller size of the deposition basin and
perhaps a greater influx of sediment into Moriches Inlet (see above).

1. Authorized Project

Authorized channel dimensions (200 feet wide at -10 feet MLW) are adequate for navigation under
normal wave conditions at the inlet. In addition, the authorized deposition basin (300 feet wide at -14
MLW) provides for reliable navigation in all but the very highest wave conditions (see Section 7.3).
Therefore, if dredging took place as needed to maintain the project, navigation through the inlet would be
reliable most of the time.

The shoaling data presented above would suggest that the channel and deposition basin, as authorized,
needs to be dredged more frequently than it has in recent years. In fact, the selected plan described in the
Moriches Inlet General Design Memorandum (USACE-NAN, 1982) calls for a “seasonal” maintenance
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schedule which amounts to annual dredging (75,000 m*/yr or 98,000 cy/yr) and the assumption that the
channel and deposition basin will shoal to a depth of less than -10 MLW approximately 7 months after
dredging operations. The GDM suggests that dredging take place in the spring, so that depths of less than
-10 feet MLW would only occur during the winter months when traffic through the inlet is minimal.
Bathymetric changes observed after the 1996 and 1998 dredging events seem to confirm the expected
shoaling rates as described in the GDM.

Although this dredging schedule seems to meet the average dredging requirements, waves and longshore
transport processes do not always follow the average, and it is anticipated that some years shoaling will
occur at a rate higher than the average during spring and summer, which may result in significant impacts
to navigation. On the other hand, a continuous shallow sand bar across the channel during the winter
months would allow for improved natural bypassing. Other years transport will be relatively small and
not enough material will be available within the deposition basin to justify the high mobilization costs of
a dredge. Material dredged from the channel and deposition basin would be placed westward of the ebb
shoal downdrift attachment area (i.e., at least 8,000 feet from the west jetty).

This alternative also includes rehabilitation of the outer end of the west jetty, as authorized. The 1982
GDM called for repair of the east and west jetties at Moriches Inlet. Subsequent construction, however,
did not include this feature. Presently, the west jetty is in significant disrepair. Other features of this
alternative, also included in the authorized plan, are maintenance of both jetties and the bayside revetment
at Pikes Beach (constructed after the breach in January 1980) and maintenance dredging of the inner bay
channel to a depth of -6 feet MLW and a width of 100 feet. All alternatives considered below also
include these authorized features.

2. Authorized Project plus Dredging the Flood Shoal.

The flood shoal at Moriches Inlet could also be used as an additional source of sand to supplement
bypassing from the authorized deposition basin. Recent surveys, however, suggest that presently
Moriches Inlet effectively bypasses most of the westerly net long shore transport. Therefore, an
additional source of sand might only be required after extreme events that cause localized erosion in areas
adjacent to the inlet. If so, the flood shoal could be dredged in conjunction with the deposition basin and
the inner channels, which also require periodic maintenance dredging. Periodic dredging of the
southeastern edge of the shoal will prevent encroachment of this feature into the inner navigation channel,
which is currently much shallower than the authorized -6 feet MLW depth along its authorized alignment.
Note that this area of the flood shoal was dredged once as a source of sand for the closure of the breach
that opened adjacent to the east jetty in January 1980. Approximately 460,000 m’ (600,000 cy) were
removed (Sorensen and Schmeltz, 1982). Since then the shoal has apparently recovered to its condition
prior to dredging.

3. Channel & Deposition Basin Realignment.

Similar to Shinnecock Inlet, the unconstrained channel thalweg at Moriches Inlet follows a NE to SW
alignment. This alternative includes channel and deposition basin maintenance as needed but on a more
NE to SW alignment. As distinct from Shinnecock Inlet, where the purpose of the realignment would be
to allow for improved natural bypassing by possibly reducing the amount of sediment lost to the ebb
shoal, the realigned channel at Moriches Inlet may also reduce shoaling along the channel and attendant
periods of unreliable navigation at the end of each dredging cycle. Aside from this, navigation conditions
would be similar to those expected for the authorized plan, although some minor impacts should be
expected given that vessels would be slightly more exposed to beam waves.
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4. Relocation of the Deposition Basin (Not Channel)

Similar to the Authorized Project, this alternative would include periodic dredging but with a
realigned/relocated deposition basin. One option would be to relocate the basin adjacent to the navigation
channel on the east (updrift) side of the channel. The intent of this alternative would be to prevent
sediments from encroaching on the channel from the east, thereby eliminating periods of unreliable
navigation at the end of each dredging cycle. Under this scenario, however, the channel might be more
susceptible to shoaling during periods of easterly transport.

5. Increased Dimensions of Deposition Basin

As described above, the authorized Moriches Inlet project calls for “seasonal” dredging once a year,
which, if implemented, would result in unreliable navigation for approximately 5 months a year. In
reality, however, the inlet has been dredged less frequently, which has had significant impacts on
navigation reliability. An alternative would be to increase the dimensions of the deposition basin so as to
increase the period between required dredging operations to a more practical schedule. For example, a
deposition basin that allows for dredging every two years would be easier to maintain, particularly if
modifications at Shinnecock Inlet reduce the dredging cycle at that inlet from the existing 4 years (or
more) to 2 years. This would allow for multiyear contracts combining both inlets, which would
significantly reduce the cost of both projects. In fact, this is how the 1998 and 2004 Moriches and
Shinnecock Inlets maintenance dredging contract were bid and contracted.

Note, however, that a larger deposition basin may have some negative effects on existing natural
bypassing conditions, although these effects could possibly be offset by the expected increase in
maintenance dredging and bypassing.

6. Dredging the Ebb Shoal (outside limits of Deposition Basin) with a Floating Plant

Similarly to Shinnecock Inlet, an alternative to dredging the updrift fillet is to dredge the required bypass
volume from other areas of the ebb shoal such as the updrift lobe or around the seaward slope of the
shoal. This action may be easily implemented using a traditional floating plant on contract in
combination with regular maintenance of the authorized channel and deposition basin. Note, however,
that there appears to be less need to supplement existing bypassing at Moriches Inlet than at Shinnecock
Inlet. Accordingly, this action may only be warranted if monitoring surveys subsequent to regular
maintenance of the authorized project indicate that the ebb shoal is growing. In that case, a floating
dredge could “shave-off” the seaward slope of the shoal in conjunction with a regular maintenance
dredging operation.

7. Semi-fixed Bypass System

A semi-fixed bypass system similar to that proposed at Shinnecock Inlet and consisting of a jet eductor
pump mounted on crawler crane could also be implemented at Moriches Inlet. System elements and
operation would be very similar (crane, jet eductor pump, booster pumps, and discharge pipeline). There
are, however, some key differences that might make this system less attractive at Moriches Inlet.

As explained above, the net westerly transport at Moriches Inlet in recent years (231,000 m’/yr or
303,000 cy/yr) has increased significantly from previously reported rates (184,000 m’/yr or 240,000
cy/yr) although this rate is expected to decline to approximately 167,000 m*/yr (219,000 cy/yr). In any
case, any of these amounts is significantly higher than the design capacity for the system in operation at
Indian River Inlet in Delaware (at least 50% higher). In fact, Watson et al (1993) suggest that this type of
system is only suitable for sites where the maximum bypass rate is less than 150,000 m3/yr (197,000
cy/yr). Nonetheless, the authors also indicate that bypassing efficiency could be improved by capturing
more of the net drift; the system apparently operates only 40% of available days owing to limitations of
the amount of littoral material transported and trapped within reach of the crane boom (Watson et al,
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1993). Alternatively, the system could be operated in combination with channel and deposition basin
maintenance operations.

8. Truck/Trailer Mounted System

The truck/trailer mounted bypassing system described above for Shinnecock Inlet could be shared with
Moriches Inlet. However, road access to the updrift fillet may be more difficult at Moriches Inlet since
the last one mile of road is not paved. Given the relatively large design bypass rate that would be
required at Moriches Inlet, the system would have to be supplemented by maintenance of the authorized
channel and deposition basin with a floating plant. Note also that the limited capacity of this system
would have to be shared between Shinnecock and Moriches Inlet unless two separate systems were used.
On the other hand, the system might be used to offset the relatively small capacity of the authorized
deposition basin, thus allowing for an annual channel dredging cycle with limited impacts to navigation
reliability between dredging operations.

9. Authorized Project plus Extension the West Jetty

Extending the west jetty would arguably improve navigation conditions at Moriches Inlet by forcing the
ebb tidal jet and channel thalweg into a more north to south alignment that would parallel the existing
authorized channel and deposition basin. Pushing the tip of the west jetty into deeper water may also
reduce scour. Finally, the jetty extension may, at least initially, reduce sediment transport from the
downdrift beach into the inlet. On the other hand, redirection of the ebb jet might make the inlet more
hydraulically efficient, reducing the sediment trapping efficiency of the deposition basin and possibly
forcing the ebb shoal to grow farther seaward.

10. Sand Trapping and Bypassing System Updrift

Similar to Shinnecock Inlet, an alternative bypassing approach that could be used in combination with
channel and deposition basin maintenance dredging is to intercept, collect, and bypass sediment from the
subaerial and subaqueous littoral material accumulated at the updrift fillet adjacent to the east jetty. As in
Shinnecock Inlet, this could be accomplished by means of a conventional cutter-suction pipeline dredge
and one of three sediment collection/dredge protection features: (1) jetty opening & nearshore breakwater,
(2) weir jetty and sediment trap, or (3) offshore breakwater. Note, however, that the east jetty length and
updrift fillet area available for this type of operation at Moriches Inlet are considerable smaller than at
Shinnecock Inlet, thus it might be more difficult and/or costly to implement this alternative.

11. Reduce Authorized Channel Depth

This alternative is similar to Existing Practice, since presently the channels at Moriches Inlet are not
regularly maintained at the authorized depth. Nonetheless, this alternative is being considered in the
present study because only recreational vessels and the U.S. Coast Guard typically use the channel. It
would, however, require reauthorization of the Moriches Inlet navigation project.

Based on the design dimensions typical of the recreational vessels that use the inlet, the minimum
required depth in the channel, absent waves, is -7 feet MLW (see Section 7.3). In the presence of waves,
a minimum channel depth of -11 feet MLW is required to maintain safe navigation 90% of the time at
MLW (Figure 7-5). Unfortunately, small reductions in channel depth translate in significant increases in
“downtime.” For example, if the channel were reauthorized to a depth of -9 feet MLW, safe navigation
would be maintained less than 30% of the time, although this percentage would be greater during the
summer and fall recreational boating season. Further reductions in authorized channel depth would be
moot because boaters would probably choose to navigate along the natural channel thalweg and the
deeper gaps along the southwest edge of the ebb shoal.

DRAFT FINAL REPORT 42 May 2007



Fire Island Inlet to Montauk Point Reformulation Study Inlet Modifications

3.4.3 Fire Island Inlet

Existing Conditions and Design Considerations

Previous sediment budget estimates (Gravens et al., 1999), principally based on shoreline changes from
1979 to 1995, suggest a long-shore sediment transport rate of approximately 188,000 m’/yr (245,000
cy/yr) entering the inlet from the east and under existing (circa 1999) conditions. However, recent
shoreline and volumetric changes (1995 to date) suggest that the net westerly transport at Fire Island Inlet
might be significantly higher, 295,000 m*/yr (386,000 cy/yr). This amount is consistent with recent
(1997, 1999 and 2001) maintenance dredging operations which have yielded approximately 279,000
m’/yr (365,000 cy/yr). More recently, the inlet was also dredged in 2003-04 and the next maintenance
dredging project is under re-evaluation to be scheduled for the Fall of 2007.

1. Existing Practice (Dredging of Deposition Basin & Channel)

This alternative consists of continuing the Existing Practice of channel and deposition basin dredging
approximately every two years (Figure 2-5). This practice has recently (1995 to 2001) resulted in
dredging of approximately 279,000 m*/yr (365,000 cy/yr), 80% of which are placed at downdrift at Gilgo
Beach and 20% (depending on the need) are placed updrift within Robert Moses State Park. Although
there are only a few surveys of the ebb shoal available and most have a very limited coverage, the data
suggest that the ebb shoal is still accumulating sediment at a rate of approximately 68,000 m*/yr (89,000
cy/yr). This may be because part of the material bypassed to Gilgo Beach returns to the ebb shoal, which
means that the net bypassing rate at the inlet is on the order of 125,000 m*/yr (169,000 cy/yr). In other
words, even though Existing Practice appears to bypass a significant percentage of the net westerly
transport immediately updrift of the inlet, there might still be an opportunity to improve bypassing
efficiency.

The shoreline east of the inlet along Robert Moses State Park still suffers from significant fluctuations
which may endanger existing park facilities, thus the need for regular backpassing of sediment from the
inlet.

Navigation conditions are less than optimal at the inlet under Existing Practice. The dredged channel and
deposition basin shoal rapidly after maintenance dredging operations which typically requires the Coast
Guard to move the channel buoys about twice a year as the channel is encroached by the westerly moving
shallow sand spit that extends from the east jetty. This despite the fact that the channel and deposition
basin are typically dredged significantly deeper in areas adjacent to the eastern tip of the shoal than the
authorized depth (see figures in Appendix A).

Finally, the relatively long inlet thalweg combined with the continued growth of the eastern sand spit
have made the inlet hydraulically inefficient, a condition which, if not addressed, may lead to worsening
navigation conditions as well increasing risk of significant breaching and unchecked inlet growth at other
locations in Great South Bay during extreme storm events.

2. Existing Practice plus Discharge farther West

In concept, if the sediment bypassed to Gilgo Beach is placed farther west, the amount of sediment
flowing back towards the ebb shoal might be reduced, which will improve overall bypassing efficiency
and arrest ebb shoal growth. The maintenance dredging project completed in 2003-2004 called for
placement starting approximately 7,000 feet farther west than the previous project in 2001. This
modification in placement location is also included by default in most of the alternatives discussed below.
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3. Optimize Existing Channel and Deposition Basin Configurations

This alternative consists of optimizing the alignment and dimensions of the existing deposition basin to
reduce channel shoaling and possibly to improve navigation. For example, shifting the channel alignment
farther north and west to adjacent areas of naturally deeper water may accomplish these two goals (Figure
3-14). Note, however, that also shifting the deposition basin farther west and allowing the sand spit to
grow to the eastern edge of this new alignment would only delay the problem for a couple of years. The
deposition basin would need to be located where it is or even farther east to allow for sediment trapping
and dredging prior to shoaling of the channel itself (Figure 3-14). In addition, a wider basin configuration
excavated to a deeper depth and limited to the leading edge of the sand spit may be more efficient that the
existing basin which is relatively narrow, long and parallel to the channel alignment. Sediment does not
appear to accumulate in significant quantities within the outer, trapezoidally shaped, portion of the
existing deposition basin. The optimized deposition basin could be designed so as to minimize wave
impacts on navigation along the east to west section of the channel and Oak Beach. Alternatively, if a
significant portion of the sand spit were removed, a training dike/breakwater could be built in the area
where the tip of the spit is presently located. This dike could provide protection to navigation, dredging
operations and Oak Beach.

In theory, this alternative should allow for continuation of existing bypassing rates. Bypassing efficiency
would also be improved by placing the material farther west along Gilgo Beach.

4. Eastern Realignment of Channel and Deposition Basin

This alternative is similar to the previous one in that it aims at reducing channel shoaling and attendant
impacts on navigation by realigning the channel and reconfiguring the deposition basin. The difference is
that the channel and basin would be shifted eastward toward the east jetty (Figure 3-15). This would
require dredging of all or most of the existing sand spit. As in the previous alternative, the deposition
basin would be designed so as to prevent encroaching of the spit (which would tend to grow again) into
the channel by enlarging the basin in the areas subject to the most deposition and reducing its footprint (or
eliminating it) in areas farther seaward, where it does not appear to serve a significant purpose.

One added benefit of this alternative is that it would improve inlet hydraulic efficiency as compared to the
Existing Practice. As in the previous alterative, eastern realignment of the channel and deposition basin
should allow for continuation of existing bypassing rates. Bypassing efficiency would also be improved
by placing the material farther west along Gilgo Beach.

On the other hand, this alternative requires dredging of valuable environmental habitat. In addition, the
spit provides protection to the Oak Beach shoreline from S to SW waves, although a protection structure
could also be built to mitigate this effect. These and other impacts are further discussed in Section 3.6
below.

5. Existing Practice plus Dredging the Flood Shoal

The flood shoal at Fire Island Inlet, which is defined here as the shallow areas that extend from the
thumb, east along Oak Beach past the Robert Moses State Park causeway and into the areas adjacent to
the eastern tip of Jones Island, contains a large volume of sediment that has been carried to those areas as
the Inlet migrated west. Limited dredging of these areas (assuming that the material is compatible with
beach sand) may be a way of supplementing existing bypassing practices in order to achieve 100%
bypassing of the net westerly transport arriving at Fire Island Inlet. In addition, dredging some of these
shallow shoal areas may improve inlet hydraulic efficiency which would reduce shoaling at the mouth.
Dredging within the inlet would also be less susceptible to downtime due to weather and less costly
overall than dredging areas of the ebb shoal.
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On the other hand, this alternative might have issues with sediment compatibility, and using the flood
shoal to increase bypassing does not improve bypassing efficiency or navigation conditions.

6. Dredging the Ebb Shoal (outside limits of Deposition Basin) with a Floating Plant

Similarly to Shinnecock Inlet and Moriches Inlet, one alternative to increase bypassing is to remove
sediment from other areas of the ebb shoal such as the seaward slope. Ebb shoal dredging may be easily
implemented using a traditional floating plant on contract in combination with the regular maintenance of
the authorized channel and deposition basin. This alternative would offset the continued growth of the
ebb shoal which is now estimated at 68,000 m*/yr (89,000 cy/yr). However, a program to survey the ebb
shoal on a regular basis would need to be implemented before moving forward with this approach.

7. Semi-fixed Bypass System

A semi-fixed bypass system could also be implemented at Fire Island Inlet. However, estimated net
westerly transport rates are significantly higher at Fire Island Inlet than at Shinnecock or Moriches.
Therefore, if a crane-mounted jet system is selected, the system will only provide for dredging and
bypassing of approximately 50% of the net littoral drift, the rest would have to be supplemented by
channel and deposition basin maintenance operations similar to existing practice, albeit in a longer
dredging cycle. Alternatively, a system of several pumps on a trestle (with or without a boom that would
increase reach and mobility) could be designed to provide for a design bypass rate closer to the net
westerly drift. As explained above, however, regardless of system capacity, it is very unlikely that
channel maintenance could be completely eliminated.

8. Existing Practice plus Extension of the East Jetty

This alterative calls for extension of the east jetty, which in fact was part of the Federal project authorized
in 1971, although this recommendation was never implemented (Figure 3-16). Although extending the
jetty would initially reduce the amount of sediment that flows past the tip of the structure, along the sand
spit and into the deposition basin and channel, this effect would only be temporary. Therefore, the
extended jetty would not significantly reduce dredging needs at the inlet in the long term. The extension,
however, may mitigate the need for backpassing (and this continuous rehandling) to RMSP, although
historically material has been placed a significant distance away from the jetty, and the effects of jetty
lengthening on this area might not be felt for years. In theory, the jetty extension could be designed to
initially allow for about 80% of the existing westerly transport at the jetty to pass around. This is the
amount that is eventually bypassed via dredging to Gilgo Beach. With time more of the net westerly
littoral transport would bypass the jetty and eventually present levels of bypassing would be reached. The
main difference then would be that all of the material dredged from the inlet could be bypassed to Jones
Island with no further need for backpassing to RMSP.

A feature that could be added to this alternative would be to “prefill” the updrift shoreline to the expected
alignment with the extended jetty in place using sediment from the seaward edge of the ebb shoal. This
would reduce the temporary impacts on sediment bypassing that the extended jetty might have prior to the
shoreline reaching a new equilibrium position.

Needless to say, the performance and effects of this type of alternative are very sensitive to our
understanding of average annual longshore sediment transport quantities, which to date, are not accurately
determined.

9. Reconfiguration of the Sore Thumb (and Channel Realignment)

The “thumb” was originally built in the 1959 to force a southward shift of the navigation channel to
prevent continued erosion of the north shoreline of the inlet (i.e., Oak Beach). To that end the thumb has
been reasonably successful. In theory, the thumb could be reconfigured (or even eliminated) to address
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existing conditions and possibly improve inlet hydraulic efficiency. Although removing the thumb will
release a significant amount of sediment presently “trapped” immediately west of the thumb and make it
available to the downdrift littoral system along Jones Island, other effects on bypassing, shoreline stability
and navigation are likely to be negative. The inlet thalweg is likely to shift north possibly impacting
Gilgo Beach and Oak Beach. The channel thalweg may also become longer and less hydraulically
efficient. Finally, it will be more difficult to maintain the footprint of the existing sand spit, which will
tend to grow west faster as the natural channel moves northward and westward.

10. Sand Trapping and Bypassing System Updrift

As in Shinnecock and Moriches Inlet, intercepting, collecting, and bypassing sediment from the subaerial
and subaqueous littoral material accumulated at the updrift fillet adjacent to the east jetty is an alternative
bypassing approach that could be used in combination with channel (and deposition basin) maintenance.
As in those two inlets, this could be accomplished by means of a conventional cutter-suction pipeline
dredge and one of three sediment collection/dredge protection features: (1) jetty opening & nearshore
breakwater, (2) weir jetty and sediment trap or (3) offshore breakwater. Unlike Moriches Inlet and
similar to Shinnecock Inlet, Fire Island Inlet has a large area available to implement this type alternative.
In fact, the existing sand spit may be incorporated into the design as the area where sediment is dredged
from.

11. Groins East of the Inlet

Similarly to the east jetty extension, but much more effectively, a series of groins along the eastern end of
Robert Moses State Park could be designed to reduce renourishment needs along this area without
significantly affecting net westerly transport (which is about 80% of existing dredging rates at the inlet).
The groins would have to be pre-filled to the anticipated stable shoreline configuration (Figure 3-17). As
with the extension of the east jetty, this type of alternative is very sensitive to miscalculations regarding
the existing littoral sand transport conditions. Other impacts are also discussed in sections below.

12. Move the Inlet back to the Lighthouse Location

A more drastic approach to addressing the needs at Fire Island Inlet would be to move the inlet eastward
to one of its historic locations between its present one and the Fire Island Lighthouse, where it was
located in the early 19" century. In theory, ebb and flood shoals associated with the new inlet could be
pre-filled (at least partially with material excavated from the construction of the new inlet) to prevent
impacts on adjacent shorelines. A bypassing system would have to be implemented too. Finally the inlet
would have to be designed so as to minimize detrimental impacts on the hydraulic and water quality
conditions of Great South Bay. Clearly, however, the new inlet would be more hydraulically efficient than
the existing one assuming both had similar inlet throat widths.

The volume of sediment accumulated in the existing ebb shoal, over 30 million m® (41 million cy), would
become a natural source of material to the downdrift shoreline that could last for over 100 years assuming
existing net westerly transport rates. Navigation reliability could be significantly improved if the new
channel, which would be better aligned to incoming waves than the existing one, was adequately
maintained.

Obviously, this type of modification has other significant economic, environmental, and social impacts
that are addressed in more detail in Section 3.6 below.

3.5 Initial Multiple Criteria Screening Analysis

To screen the remaining inlet modification alternatives and develop a limited set of alternatives that will
be subject to detailed modeling and design, a screening analysis was applied. The selection of
alternatives for each of the three inlets requires the careful balancing of multiple, sometimes conflicting,
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factors. Consideration of the different choices becomes a Multiple Criteria Decision Analysis (MCDA).
MCDA, “an umbrella term used to describe a number of formal approaches that seek to take explicit
account of multiple criteria in helping individuals or groups explore decisions that matter” (Belton and
Stewart, 2002), has developed rapidly over the last 25 years and a number of different methods with
different degrees of complexity have emerged. Note, however, that none of these methods will provide
the decision makers with the “right” answer, nor an “objective” analysis that will relieve the decision
makers of the responsibility of making difficult judgments. On the other hand, MCDA is an “aid” to
decision making that will make subjectivity explicit and help manage it. In other words, MCDA does not
eliminate subjectivity (e.g., relative “weight” given to specific criteria), but it makes subjective judgments
explicit and the process by which they are taken into account transparent to the decision makers and
stakeholders. Above all, MCDA facilitates learning about and understanding of the problems, goals,
constraints and preferred course of action. It forces hard thinking about the generation of alternatives,
anticipation of future contingencies, examination of secondary effects, illuminates controversy, and may
facilitate compromise (Keeney and Raiffa, 1972).

Belton and Stewart (2002) further emphasize the usefulness of MCDA methods as follows:

= MCDA seeks to take explicit account of multiple, conflicting criteria in aiding decision making;

= The MCDA process helps to structure the problem;

= MCDA provides a focus and a language for discussion;

= The principle aim is to help decision makers learn about the problem situation, about their own
and others values and judgments, and through organization, synthesis and appropriate
presentation of information to guide them in identifying, often through extensive discussion, a
preferred course of action;

= The analysis serves to complement and to challenge intuition, acting as a sounding-board against
which ideas can be tested. It does not seek to replace intuitive judgment or experience;

= The process leads to better considered, justifiable and explainable decisions. The analysis
provides an audit trail for a decision.

There are a number of MCDA models which can be classified into three broad categories (Belton and
Stewart, 2002), namely:

1. Value measurement models in which numerical scores are constructed in order to represent the
degree to which one decision option may be preferred to another. Such scores are developed
initially for each individual criterion, and are then synthesized.

2. Goal, aspiration, or reference models in which satisfactory levels of achievement are established
for each of the criteria. The process then seeks to discover options which are in some sense
closest to achieving the desirable goals and aspirations.

3. Outranking models in which alternative courses of action are compared pair wise, initially on
terms of each criterion, in order to identify to which extent a preference for one over the other can
be asserted. Preference information is then aggregated across all criteria therefore establishing
the strength of preference of one alterative over another.

A value measurement method was used in this study for further screening of the bypassing alternatives
that passed the fatal flaw analysis. The simplest value measurement method is the “additive” model:

V(@ Y v (@)
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where:

V(a) is the overall value or score of alterative a
v; (@) is the value score reflecting alternative a’s performance on criterion i

W, is the weight assigned to reflect the importance of criterion i

Individual criterion scores, criterion weights, and values or score results for each alternative are typically
summarized numerically in the form of matrix or visually in the form of bar graphs or “thermometer”
scales. However, it should be stressed that the learning and understanding which results from engaging in
the screening process is generally far more important than the numerical results.

For this study, a modified version of the standard “additive” model was implemented in the form of an
alternative selection decision matrix. As in the standard method, the matrix evaluates each of the
alternatives based on their performance with regards to several criteria. In addition, the proposed method
weights the resulting overall values according to how well each alternative performs with regards to the
stated project needs. In summary, an overall value or score for each alternative is computed based on the
following two basic scores:

(1) Performance Score: How well does the alternative meet the stated needs (accounting for risk &
uncertainty inherent to each alterative and their expected performance), and

(2) Total Criteria Score: How beneficial (or adverse) is each alternative with regards to a specific set
of criteria.

Each score is computed using the additive model. Raw Performance scores are normalized to a scale
from 0 to 10 (0 for not meeting any needs, 10 for meeting them 100%), and raw Total Criteria scores to
scale from 0 to 100 (from a very adverse to a very beneficial alternative with regards to the selected set of
criteria). The Final Score for each alternative is computed by multiplying the Performance Score times
the Total Criteria Score. Therefore, the maximum possible score is 1000. As such, the proposed value
measurement model gives more weight to meeting the stated needs than meeting any specific criteria.
This is important because an alternative may be very beneficial with respect to the selected criteria, but it
might not meet the stated needs, which would make its implementation moot. Other relevant
characteristics of the proposed screening approach are explained in the following paragraphs.

Five general Criteria Categories were defined: Environmental, Economical, Recreational, Engineering,
and Cultural/Social, each including specific individual criteria (see below). A single weighted average
score for each Criteria Category is computed for each alternative based on the raw scores for each specific
criteria (e.g., cost). Scores for each criteria category are normalized to scale from 0 to 20. The scores for
each Criteria Category are then added up to compute the Total Criteria Score. This approach avoids
unfairly weighting a specific category (say Engineering) just because more specific criteria were
identified for that category as compared to others. In other words, the maximum score for any Criteria
Category is the same and is added to compute the Total Criteria Score as follows:

Criteria Category % of Total

Score
Environmental 20
Economic 20
Recreational 20
Engineering 20
Cultural and Social 20
Total 100
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The scoring process was based on a “qualitative value scale” method, which assesses the performance of
alternatives by reference to descriptive pointers (i.e., word descriptions) to which appropriate values are
assigned®. The following table shows the descriptive pointers and related grades (on a scale of 1 to 5)
used in this analysis. Note that all criteria were assigned the same weight within each general Criteria
Category.

Grade/Value Description
Very Beneficial
Beneficial
Neutral

Adverse
Severely Adverse

PN W,A~O

Therefore, if an individual alterative was considered “Neutral” with regards to all of the selected criteria,
the score for each General Criteria Category would be 12 (i.e., 3 normalized to a 0-20 scale) and the
Total Criteria Score would be 60 (out of a maximum of 100).

The Performance Score is computed based on how well each alternative meets the stated needs (on a
scale of 0 to 10 as described above) and how much risk & uncertainty is associated with the alternative
with regards to those needs (measured in terms of percentage). For example, one alternative may
theoretically meet the stated needs (score of 10), but if this type of alternative has never been
implemented before either at the inlet in question or anywhere else with similar conditions and it also
deviates significantly from existing practice, the risk & uncertainty would be relatively high (e.g., 40%
uncertainty), the Performance Score would be reduced to 6 (i.e., 60% x 10).

A conceptual example of a screening matrix, only showing a “rolled up” Total Criteria Score, is provided
in the following table:

Table 3-6: Example Preliminary Screening Matrix
Project Needs 2T | =D Total FINAL
Score Sz § S | Criteria | SCORE
(Max.10) |58 | = 3 Score (Max.
z|lr| m 03 é‘ £ g8 | (Max. 100) | 1,000)
Y o < o
< |8|%8 |73 ©
«Q —_— 7] E D w
QD wn pm (@]
= (M = o8 )
S| 8 |e | &5 @
6. N—r <
>
“Beneficial” 1 45 | g | g | 5 | g2 80 659
Alternative
“Neutral”
Alternative 10| 8 | 8 20 6.9 50 347
“Adverse”
Alternative 4 | 2 | 2 50 1.3 30 40

2 Other alternative scoring systems are “quantitative value functions” (performance is scored in terms of a
measurable attribute reflecting the criterion of interest, this approach is generally to difficult to implement for most
typical criteria) or “direct rating” (performance is scored based on an arbitrary analog scale with no specific
definition of performance characteristics)
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3.6  Screening Criteria and Alternative Scoring

The next step in the analysis was to develop a comprehensive list of screening criteria, using Multiple
Criteria Decision Analysis (MCDA). The process of developing these criteria and specific descriptions
for each one are provided in the following paragraphs. An attempt was made to reduce the number of
criteria to a reasonable amount that would adequately describe the pros and cons of each alternative by
reflecting its impacts on the most relevant environmental, economic, recreational, engineering, social, and
cultural conditions in the study area. At this level of this screening process, a concise but representative
list of criteria allows for a more objective grading of the different alternatives because it does not unfairly
weight very specific issues that happen to be included in the analysis while others (maybe as important)
were forgotten or intentionally left out. It also minimizes the possibility of “double counting” the effects
on certain issues that might otherwise be included under several different criteria.

One other important consideration in developing this list of criteria was to ensure that screening process
would account for relevant New York State Coastal Management Program (CMP) Policies (NYSDOS,
2002). A summary of these policies is provided in Appendix D. Table 3-7 at the end of this section
summarizes the correlation between the selected criteria and these policies.

The following paragraphs provide a description of the selected criteria as well as a general description of
how the alternatives presented above were scored. Scores and screening results are shown in Tables 3-8,
3-9 and 3-10 in Section 3.7.

3.6.1 Environmental Criteria

1. Fish and Wildlife

This criterion reflects impacts of alternative modifications to fish, wildlife, and plants within the study
area. It also includes consideration of the possible impacts to several NYDOS-designated significant
coastal fish and wildlife habitats within the inlet modifications study area, which include: Southampton
Beach, Tiana Beach, Shinnecock Bay, Dune Road Marsh, Moriches Bay, Great South Bay (West), Great
South Bay (East) and the Sore Thumb. This criterion reflects any potential impacts to these habitats.
Accordingly, this criterion is consistent with the intent of CMP Fish and Wildlife Policies (7 to 10). Note
that specific impacts to rare and endangered species are accounted for in the next criterion.

The study area includes several habitats (i.e., offshore, nearshore, barrier island, and back bay) and a
number of benthic (crustacean and molluscan shellfish and other invertebrates), finfish, mammals,
reptiles, shorebirds, waterfowl, and vegetation species. Examples of relevant species that may be
impacted by inlet modifications are surf clams, bay scallops, winter and summer flounder, striped bass,
cord grass, and eelgrass (i.e., Submerged Aquatic Vegetation, SAV).

In general, most of the alternatives considered in this analysis will have a relatively small impact on fish
and wildlife resources and habitats. For example, finfish are highly mobile, and would be able to avoid
construction areas. Nonetheless, some bottom fish may be entrained in the intake of a dredge, and
increased turbidity during construction will affect the gills of finfish. Benthic organisms offshore and
nearshore may also be affected by direct removal from borrow sites or burial in fill placement areas. On
the other hand, dredging of areas of the ebb shoal for example might expose food sources that were
previously unavailable. In addition, recolonization of these areas would begin almost immediately and
new benthic communities would be established in 12 to 18 months (USACE, 1999). Therefore, most
alternatives were considered “Neutral” or “Adverse” with regards to Fish and Wildlife, depending on the
location and dimensions of the sources of material and placement areas. Alternatives that might induce
slightly larger impacts are those that include dredging of flood shoal areas, which may impact existing
SAV beds and a number of species (e.g., scallops or hard clams) that depend on eel grass beds for
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survival. Therefore these alternatives are considered “Severely Adverse” relative to others. Dredging the
flood shoals may also, at least indirectly, impact a number of wading and shorebird species. For example,
dredging the sand spit at Fire Island would also be considered “Severely Adverse”.

Alternatives that directly impact existing significant habitats by, for example, reducing their total area are
also considered, in relative terms, “Severely Adverse”. These include removing the Sore Thumb at Fire
Island Inlet, or constructing relatively large updrift sediment collection and bypass facilities.

Note that these grades are not meant to provide a detailed assessment of the environmental impacts
associated with any of these alternatives in absolute terms. They are only supposed to provide an
assessment of the relative differences between alternatives for the purposes of screening. Therefore,
“Severely Adverse” grades for this and other criteria should not be interpreted literally, but in the context
of this analysis.

2. Rare and Endangered Species

This criterion refers to potential impacts to rare and endangered species that may be found within the
study area; examples include several species of sea turtles, piping plovers and other rare/endangered
shorebirds, and endangered and rare plant species (e.g., seabeach amaranth). The criterion is also
consistent with CMP Policy 7, Significant Habitats, which also includes consideration for rare and
endangered species.

Piping plovers and other rare and endangered shorebird species are found in the vicinity of all three inlets.
Other special status species, however, are relatively rare or non-existing in the vicinity of the inlets during
the expected operation periods: e.g., whales, porpoises and turtles. This is not to say they should not be
considered, but it is more likely that plovers and other rare/endangered shorebirds are more sensitive to
impacts from the various inlet modification alternatives. Therefore, the scoring of alternatives was
generally controlled by the impacts of the alternative on endangered or threatened shorebirds, unless
others were specifically impacted (e.g., seabeach amaranth). In general, all of the alternatives will have to
incorporate environmental windows into their design and operation that are meant to protect plovers and
other shorebird species. For example, fill placement (and thus dredging) cannot take place between April
1 and August 31. Note that the engineering and economical impact of the environmental windows is not
accounted for in this criterion but in others below. Therefore, scoring for this criterion is intended to
reflect the possible reductions (or increases) in shorebird habitat rather than the direct impacts, assuming
that environmental windows would effectively prevent those direct impacts.

Alternatives that significantly reduce existing shorebird habitat (e.g., dredging of the sand spit at Fire
Island Inlet or fixed updrift bypass facilities that reduce the size of the updrift fillet) are considered
“Severely Adverse” with regards this criterion, others that might slightly reduce available habitat on the
updrift side of the inlet by reducing the width of the updrift fillet but might increase the dry beach area on
the downdrift, were considered “Neutral”. Alternatives that may actually increase the net available
habitat area, such as increased downdrift fill placement from sources such as the ebb shoal, or offshore
were considered “Beneficial” relative to others.

Alternatives that eliminate the sand spit at Fire Island will also be considered “Severely Adverse” because
of potential impacts on rare and endangered seabeach plants such as the seabeach amaranth or seabeach
knotweed, which depend on this type of dynamic shoreface environment. Similarly, alternatives that
prevent breach formation with structural stabilization are also considered “Severely Adverse” with
regards to this criterion.
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The potential for impacts on other rare or endangered species such the various species of sea turtles, the
diamond back terrapin, or whales is relatively low and similar for the all the considered alternatives.
Therefore, the effects with regards to these species were not specifically considered in the scoring for this
criterion.

3. Water Quality

This criterion reflects inlet modification effects on water quality conditions within Shinnecock, Moriches
and Great South Bay. This criterion also considers relevant CMP Water and Air Resources Polices (30 to
44) such as Policy 30, State and National Water Standards and Policy 35, Dredging and Disposal.
Although it is noted that most of these policies are intended for things like sanitary waste water, solid
waste, industrial discharges, hazardous materials, etc, which are not features of any of the alternative
plans considered in this study. Policy 44 Tidal and Freshwater Wetlands is considered in this study as a
specific evaluation criterion (see next).

In general, increased hydraulic efficiency at the inlets will lead to improved water quality. Therefore,
alternatives that significantly improve this efficiency are considered “Highly Beneficial” (e.g., relocation
of Fire Island Inlet). None of the remaining alternatives are expected to significantly reduce efficiency,
although some of them might reduce it slightly in order to reduce theoretical sediment losses to the ebb
shoal and to increase the trapping efficiency of the deposition basin (e.g., reduced dimension of the
deposition basin at Shinnecock Inlet). These alternatives are considered “Adverse” as compared to
others. Finally, alternatives that are expected to maintain similar hydraulic efficiency are considered
“Neutral.”

Water quality impacts related to dredging and placement may include turbidity, sedimentation of fine
sediments, and release of fines high in organics are only moderately adverse and short-term. In addition,
it is not expected that dredging would affect dissolved oxygen conditions. In other words dredging
related to inlet maintenance and bypassing does not produce a long-term significant adverse impact to
water quality. Therefore, whether or not an alternative included dredging (almost all do), or the relative
size of the dredging project, was not considered in the development of water quality scores.

4. Tidal and Freshwater Wetlands

According to NYS definitions and policies, wetland areas include the following ecological zones: coastal
fresh marsh; intertidal marsh; coastal shoals, bars and flats; littoral zone; high marsh or salt meadow; and
formerly connected tidal wetlands. The study region contains numerous areas officially delineated as
tidal wetlands in New York State Department of Environmental Conservation's (NYSDEC) Tidal
Wetlands Inventory Map, mostly as coastal shoals, bars and flats. This criterion accounts for any impacts
to these areas and as such it is consistent with the intent of CMP Policy 44, Tidal and Freshwater
Wetlands, which is to preserve and protect the wetlands as well as the benefits derived from them.

In general, most of the alternatives considered will have a very limited effect on these wetlands, with the
exception of alternatives that directly impact some of these resources such as Fire Island Inlet relocation,
dredging of flood shoals or sand spits, and significant updrift fillet mining, which are considered
“Severely Adverse” relative to others. The rest of the alternatives considered in this study are considered
relatively “Neutral.”

5. Sediment Pathways

This criterion includes a relative broad range of issues related to sediment transport processes within the
study area. Specifically, it reflects the degree to which an alternative may or may not restore a natural
longshore sediment pathway around the inlet (i.e., natural bypassing). It also considers whether or not an
alternative will reduce the amount of sediment that might be lost from the longshore sediment transport
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system to adjacent areas such as ebb and flood shoals or the extent to which an alternative might reduce
or increase erosion in adjacent shorelines or impact natural protective features such as dunes.

On the surface, this criterion seems very similar to the stated project need of reduced erosion (local and
farther downdrift). However, note that the intent of this criterion is to reward alternatives that reduce or
eliminate erosion by means of restoring natural processes (i.e., natural sediment transport around the
inlet), not by using external sand sources (e.g., offshore dredging), stabilization structures, or even
dredging. Finally, the criterion also considers whether alternatives will impact natural cross-shore
sediment transport processes generally associated to storm events (i.e., overwash and breaching) and
related barrier island migration processes. The criterion therefore reflects the intent of CMP Policies 12
and 15.

Alternatives that maximized natural bypassing around the inlets by means of reducing the authorized
channel depth and/or deposition basin dimensions (e.g., reduced channel depth at Moriches Inlet or
reduced deposition basin at Shinnecock Inlet) were considered “Highly Beneficial.” Alternatives that
increased natural bypassing by reducing inlet hydraulic efficiency or optimizing the size and location of
the channel and deposition basin (e.g., channel and deposition basin relocation at Shinnecock Inlet) were
considered “Beneficial.” Existing condition practices were considered “Beneficial”, “Neutral” or
“Adverse” at Moriches, Fire Island, and Shinnecock inlets, respectively. Actions that achieve a
significant percentage of the total design bypassing rate by means of updrift “non-floating” plants or
dredging of the deposition basin or other areas of the ebb shoal were considered “Neutral” because
although they replace the natural bypass system, they do not restore it. Note that these type of
alternatives, however, are generally much more effective than others (e.g., optimization of channel and
deposition basin to increase natural bypassing), although these benefits are accounted for under separate
criteria. Actions including “external” sources of sediment such as offshore dredging were considered
“Severely Adverse”, and actions involving the use of flood shoal sediments were considered “Adverse.”

6. Non-Structural Components

This criterion reflects the extent to which the project needs are addressed by non-structural means such as
changes in management or maintenance practices versus structural measures such as expansion of
existing inlet structures or construction of new ones. Therefore this policy is consistent with the intent of
CMP Policy 17, Non-structural Control Measures.

In general, alternatives including only small changes to existing dredging practices (e.g., realignment of
the channel and deposition basin, redesign of the deposition basin) or reductions in the footprint of
existing structures (e.g., shorten the east jetty at Shinnecock Inlet) were considered “Highly Beneficial”
with regards to this criterion and thus received a score of 5. Others including modifications or small
extensions of existing structures (e.g., spur jetty at Shinnecock Inlet) and/or soft solutions to the localized
erosion problem (e.g., flood shoal dredging) were considered “Neutral”. Finally, alternatives that
included significant structural increases in order to meet the project needs (e.g., groins along the West
Beach at Shinnecock Inlet or east jetty extension at Fire Island) were considered “Adverse” or “Severely
Adverse.”

3.6.2 Economic Criteria

7. Lifecycle Costs

This criterion considers the cost over the life of the project including the initial construction costs as well
as the present value of future maintenance and operation costs. Consideration of lifecycle costs is
consistent with CMP General Policy 18, which safeguards, among others, the economic interests of the
State of New York as a local cost sharing sponsor.
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Note that the annualized cost of each alternative is weighted similarly to other criteria.

Alternatives that include relatively infrequent dredging and rely mostly on optimized natural bypassing
(at the expense of reduced efficiency or impacts on navigation reliability) are considered to be the least
expensive options. This is the case, for example, of existing (or similar to) bypassing practices at
Shinnecock and Moriches Inlets. Therefore, these types of alternatives will be considered “Highly
Beneficial” in terms of lifecycle costs.

As far as the relative costs difference between floating plant alternatives (e.g., some combination of
channel, deposition basin and ebb shoal dredging) and semi-fixed bypass alternatives (crane or truck
mounted dredging of the updrift fillet), the relative scoring was based on order of magnitude costs
estimates found in the literature and more detailed estimates found in previous studies. According to
Bruun (1993), annualized costs for fixed and semi-fixed bypassing plants range from $5 to $12 per m*/yr
and $3 to $7 per m*/yr for floating plants. Of course, these costs depend on a multitude of project specific
variables. Nonetheless, this range of numbers confirms the general knowledge that fixed bypassing
system installations are generally less effective and cost more to run than floating systems. Although
modern systems such as the crane mounted jet pump at Indian River, Delaware ($6/m3/yr), or the new
fixed jet pump systems at Nerang, Australia ($3/m°/yr), appear to be much more effective than older
systems.

However, the estimates for fixed and semi-fixed systems do not typically include maintenance of adjacent
channels, and this additional cost may be as high as or higher than the cost of bypassing. For example,
Williams et al. (1998) analyzed several sand bypass options at Shinnecock Inlet and concluded that the
cost of a floating plant (hopper dredge) alternative operation on a 2 year cycle and discharging onshore
west of the ebb shoal attachment would cost $1.2 million per year (or approximately $12 per m®). This
cost is higher than the range of costs presented by Bruun (1993) because of the relatively small annual
bypass rate (100,000 m®) required at Shinnecock Inlet. On the other hand, Williams el al. suggest that the
annualized cost of the crane mounted pump system would be approximately $800,000 per year
(approximately $8/m°yr). However, their cost analysis does not include the additional cost of
maintaining, albeit less frequently, the navigation channel, which would have to be maintained with a
floating plant. This additional cost may be on the order an additional $600,000 per year ($6/m>/yr), which
would make a semi-fixed system slightly more expensive than a floating system. Therefore, for the
purposes of this initial screening analysis, floating plant systems were considered “Beneficial”, while
semi-fixed systems where considered “Neutral” in terms of lifecycle cost.

Alternatives that require significant first costs to construct relatively large new structures or significant
modifications to existing ones are considered to be more costly than others, and therefore “Adverse” or
“Severely Adverse,” depending on the type, number, and size of the structures. Relocation of existing
maritime facilities at Shinnecock Inlet was considered “Severely Adverse”. Fire Island Inlet relocation
was also considered “Severely Adverse.”

8. Flooding Risk

The Flooding Risk criterion accounts for the possibility of increased or reduced mainland flooding risks
due to changes in tidal range, or changes in the way ocean storm surge propagates through the inlets
during extreme storm events. Therefore, this criterion partially reflects the intent of CMP Policy 14, No
Flooding or Erosion Increases, (note that consideration of erosion increases is included in Criterion No. 6
and the overall project needs).
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All the alternatives included in this analysis (excluding the ones that were eliminated in the fatal flaw
analysis) are intended to increase bypassing and reduce erosion. Therefore, all of them have a
“Beneficial” impact on flooding risk. In addition, some of the alternatives, particularly at Shinnecock
Inlet, may significantly reduce the likelihood of a breach and associated increase in bay flooding along
the shoreline immediately downdrift of the inlet. These alternatives, which include stabilization
structures and fill placement from offshore, are considered “Highly Beneficial”. Note that alternatives that
rely on various forms of bypassing from either the ebb shoal or the updrift fillet are “only” considered
beneficial because of the possibility that the amount of material bypass by these methods may not be
enough to meet the needs of both the West Beach and areas farther downdrift. Dredging the flood shoal
at Shinnecock Inlet was considered neutral because although it may increase inlet hydraulic efficiency, it
provided a source of material to maintain West Beach and prevent breaching. At Fire Island Inlet it was
also considered neutral because a slight increase in hydraulic efficiency might be compensated by a
reduced risk of breaching elsewhere. However, dredging the flood shoal at Moriches it was considered
“Adverse” because it would increase surge propagation through the inlet with no other beneficial effects.

Alternatives that increase the tidal prism in the bay are considered “Adverse”, or “Severely Adverse”,
depending on the estimated impact. For example, relocation of Fire Island Inlet is considered “Severely
Adverse”, whereas increasing the size of the deposition basin at Moriches Inlet and maintaining the basin
and channel more frequently is considered “Adverse.”

9. Commercial Fisheries

This criterion reflects the potential effects of inlet modification plans on commercial finfish and shellfish
resources. Therefore, the criterion is consistent with the intent of CMP Policy 10, Commercial Fisheries.

In general, it is not expected that any of the alternatives considered in this analysis will have a significant
impact on commercial fishery resources (see Fish and Wildlife criterion above). Dredging and beach fill
construction activities typically related to bypass and channel maintenance would only affect a small area
of the total fishing grounds available at the three inlets. Although commercially valuable surf clams may
also be affected by dredging and bypassing activities, significant impacts to the population are not
expected. Offshore dredging alternatives, however, may have a more significant impact on this resource
and thus were considered “Adverse”.

Eelgrass meadows support commercially important species such as bay scallops, hard clams, and winter
flounder. Therefore, alternatives that include direct impacts to eelgrass (i.e., removal by dredging) are
considered “Adverse,” at least relative to other alternatives considered herein. These include dredging of
flood shoal areas in Shinnecock, Moriches or Great South Bay. Relocating Fire Island Inlet is also
considered to have an “Adverse” impact because of the potential destruction of existing eelgrass meadows
in the vicinity of the new inlet, even though new ones may form at the existing inlet location, if closed.
Note that these alternatives are not considered “Severely Adverse” because they would also increase
water quality in the bays which would have a beneficial effect on these fisheries and because the dredging
footprint could be optimized to minimize direct impacts.

10. Waterfront Development and Commercial Fishing Facilities

Considers the potential effects of inlet modification plans on existing waterfront areas, including small
harbors, and specifically commercial fishing facilities. This criterion is particularly relevant in the
analysis of alternative plans that include relocation of an inlet and/or associated waterfront development
(e.g., relocation of the commercial fishing port at Shinnecock Inlet, or relocation of Fire Island Inlet). It
also considers whether relocation will take place within or near areas that, based on their physical,
environmental and infrastructure conditions, are suitable for the type of facility that is to be relocated. As
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such, the criterion reflects the intent of CMP Development Policies 1 to 6, where relevant, and CMP
Policy 10, Commercial Fisheries, which also considers effects on commercial fishing facilities.

Alternatives that directly impact existing waterfront development and particularly commercial fishing
facilities are considered “Severely Adverse” (e.g., relocation of the Shinnecock Inlet maritime center).
Alternatives that provide for protection of the West Beach and the Shinnecock Inlet commercial fishing
facilities by means of increased bypassing or sand placement are considered “Neutral.” Alternatives that
provide more reliable protection to these facilities (e.g., nearshore structures along West Beach at
Shinnecock Inlet) are considered “Highly Beneficial”. Note that this alternative also reduces the need for
dredging, which may reduce impacts on commercial fisheries too.

Alternatives that may promote improvement of existing or development of new facilities at other
maritime centers in Moriches Bay (Center and East Moriches Maritime centers) are also considered
“Beneficial,” these include all alternatives that improve navigation at Moriches Inlet.  Similarly,
alternatives that improve navigation reliability at Fire Island Inlet, which serves a number of maritime
centers in Great South Bay, are also considered “Beneficial.”

11. Land Use and Ownership

Reflects the degree to which a proposed alternative will affect existing land uses and/or will require
ownership changes. Generally, alternatives requiring new development in open areas or continuous use
of these areas are considered “Adverse” (e.g., semi-fixed bypass plants or updrift sediment trapping and
bypass systems), or “Neutral” (e.g., nearshore structures along West Beach). Alternatives that maintain
existing use and ownership are considered “Beneficial.” Alternatives that require significant ownership
and/or land use changes such relocation of the Shinnecock Inlet maritime center or Fire Island Inlet are
considered “Severely Adverse”.

3.6.3 Recreational Criteria

12. Recreational Fish and Wildlife Resources

This criterion accounts for the effects of project alternatives on the access to existing consumptive and
non-consumptive recreational use of fish and wildlife resources as well as impacts on the quantity of these
resources. It also includes a consideration for alternatives that might result in the development of new
resources. The criterion reflects the intent of CMP Policy 9, Recreational Resources.

In general, alternatives that improve navigation will have a “Beneficial” effect on the access to
recreational fish resources. On the other hand, alternatives that reduce navigation reliability are
considered “Adverse”. These grades are further weighted according to any direct impacts an alternative
might have on these resources.

13. Water and Foreshore Related Recreation Resources

This criterion pertains to the protection, maintenance, and improvement of water and foreshore related
recreational resources such as surfing, boating, fishing, swimming, sunbathing, sightseeing, bird
watching, etc. It also refers to any effects a project alternative might have on public access to these
resources and particularly to any publicly-owned lands within the study area. As such, this criterion is
consistent with CMP Public Access and Recreation Policies 19 to 22.

Increased bypassing would mitigate existing downdrift erosion and it would maintain or extend the beach
frontage in the vicinity of all three inlets. Increased bypassing and reduced erosion would also maintain
barrier island integrity and existing access roads such as Dune Road. Note that all of the alternatives
assume that operations would take place between Labor Day and Memorial Day, therefore impacts on
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foreshore related recreation during the summer season would be minimal. Therefore, most of the
considered alternatives will have positive effects on recreational resources and are considered
“Beneficial.”

Exceptions are alternatives including offshore and flood shoal sediment sources which were rated
“Neutral” because slight differences in sediment grain size might affect nearshore beach profile
morphology and recreational value. Also, alternatives that include semi-fixed equipment or facilities are
considered “Adverse” and alternatives that include nearshore structures were considered “Severely
Adverse,” relative to others.

In terms of surfing, since there are number of surf breaks in the vicinity of the three inlets, alternatives
that included significant modifications to the inlet structures or adjacent shoals were considered
“Adverse” or “Severely Adverse” depending on the other considerations listed above. However, it should
be noted that sand and structure placement strategies meant to improve surfing conditions could be
considered as part of the detailed design of these alternatives.

3.6.4 Engineering Criteria

14. Capacity

Capacity reflects the degree to which a bypassing system will be capable of meeting the design bypass
volume requirements. It also accounts for whether the design capacity of the system is at the upper limit
of the specific type of system or well within its range of capabilities.

Floating plant alternatives are considered “Highly Beneficial” in terms of capacity. Semi-fixed systems
are considered “Neutral” and Truck-mounted pump systems are considered “Severely Adverse”. If either
of the two latter systems is complemented with a floating plant, the system is considered “Beneficial” or
“Neutral”, respectively.

Scoring for this criterion is particularly sensitive at Fire Island Inlet where depending on the bypass
scheme, dredging required volume within the available environmental window might be difficult or
impossible, particularly if having to bypass farther downdrift.

15. Source Flexibility

Source flexibility is defined as the ability to remove sand from a relatively large source area without
being limited to predefined boundaries imposed by operational and/or technical constraints. This criterion
also addresses the ability of land based systems to operate in nearshore areas and areas adjacent to
existing structures such as jetties, etc.

Existing deposition basin configurations at Moriches and Fire Island Inlets are considered “Beneficial”
because there appears to always be sufficient sediment with the deposition basin to meet design bypass
rates. At Shinnecock, however, the deposition basin does not appear to provide sufficient material and it
may be considered “Neutral” or “Adverse” depending on the configuration. Non-floating systems are
considered “Adverse” because they can only access a limited amount of sediment within their reach on
the updrift fillet. Alternatives that include flood shoal and offshore borrow areas are also considered
“Adverse” because of the limited resources within those areas. Finally, alternatives that include dredging
of the ebb shoal outside the limits of the deposition basin with a floating plant are considered to be the
most flexible (i.e., “Highly Beneficial”).
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16. Placement Flexibility

Placement flexibility is defined as the ease with which the bypassing equipment can reach various
locations such as the nearshore and onshore areas immediately downdrift of the inlet, or areas farther
downdrift. It also reflects the ability to cover a relatively long area.

Floating plant options are considered to be “Beneficial” in terms of placement flexibility, non-floating
systems and updrift sand trapping alternatives are considered to be “Adverse” or “Neutral” depending on
whether or not their operation is supplemented by a floating plant.

17. Continuity

This criterion reflects the ability of the bypassing system to provide continuous bypassing in a manner
similar to natural longshore drift. It also accounts for the flexibility of the system with regards to
changing conditions, either regulatory (e.g., environmental windows) or physical (e.g., extended periods
of reduced or increased longshore transport), while still meeting the design bypass requirements.

Alternatives that include a relatively large percentage of natural bypassing are considered “Highly
Beneficial” in terms of longshore drift continuity. Non-floating systems and updrift sand trapping
systems are considered “Beneficial”. Floating plant dredging on a short cycle (e.g., 1 year) is considered
“Neutral,” whereas medium (2 years) and long (4 years or more) cycles are considered “Adverse” and
“Severely Adverse,” respectively.

18. Performance

The performance criterion reflects the expected equipment performance based on past experience,
expected mechanical reliability, ease of operation, and system availability.

Floating plants are considered highly reliable and available. Their performance, however, might be
limited by wave action impacts, particularly if the window of operation is short relative to the volume of
sediment to be dredged. Therefore, alternatives that include dredging of the channel, deposition basin,
and/or ebb shoal in Moriches and Shinnecock inlets are considered “Highly Beneficial,” but the same at
Fire Island are considered “Beneficial” or “Neutral” depending on the volume of material and exposure to
waves.

The use of semi-fixed systems has been limited to few locations, albeit with some success in recent
applications such as Indian River Inlet in Delaware. Therefore this system is considered “Adverse” in
terms of performance. Truck-mounted systems are not a proven technology in this type of application
and thus they are considered “Severely Adverse”, unless they are supplemented by floating plant
dredging, which would make it “Adverse”.

19. Reversibility

This criterion considers to degree to which an inlet modification alternative relies on significant
modifications to existing practice that might be difficult to change or reverse if unsuccessful. It also
rewards the ability to implement a full range of alternatives at the end of the project life. Therefore, non-
structural alternatives and alternatives based on the restoration of existing natural sediment pathways as
opposed to alternatives that dictate a future course of action that will be difficult to change are considered
“Highly Beneficial”. These include, for example, reducing the navigation depth at Moriches Inlet or
modifying the deposition basin at Shinnecock Inlet so as to increase natural bypassing. Other alternatives
involving various channel and deposition basin configurations are considered “Beneficial” because they
would be easy to change.
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On the other hand, alternatives that include substantial modifications to exiting facilities and structures, or
construction of large new structures, are considered “Severely Adverse”. For example updrift collection
and bypass systems, which require a number of new structures, or relocation of the inlet, which obviously
would be hard to reverse. Non-floating bypass systems are considered “Adverse” because of the initial
investment required.

3.6.5 Cultural and Social Criteria

20. Historic, Cultural, and Scenic Resources

This criterion reflects impacts on existing historic, archaeological, cultural, and coastal scenic resources.
As such, this criterion is consistent with CMP policies 23 to 25, Historic and Scenic Resources Policies.

There are no known archeological sites in the immediate vicinity of the three inlets. Although additional
investigations may be required for alternatives that include significant dredging in areas that could contain
archeological or cultural resources, such as areas of the ebb shoal that have not been previously
investigated or dredged, or the area in the vicinity of the Fire Island Lighthouse where the FI Inlet could
be relocated. Remote sensing of the borrow area for the West of Shinnecock project has identified two
targets that should be avoided during dredging operations (USACE, 1999).

More importantly, the Shinnecock Inlet Maritime center is considered by NY State to be a significant
cultural and maritime resource, and in general existing cultural and scenic resources such us commercial
fishing, recreational activities, and parks should be maintained at all three inlets. Alternatives that require
relocation of this center were considered “Severely Adverse.” Alternatives that provide for increased
protection of the center as compared to others were considered “Highly Beneficial” (e.g., nearshore
structures). Other alternatives were rated in between depending on the level of protection that they
provide.

In addition, alternatives that impact existing barrier parks or scenic resources were considered “Severely
Adverse” or “Adverse”, depending on the relative impact level. All other alternatives were considered
“Neutral” with regards to this criterion.

Note that although the Fire Island Light Station, situated approximately five miles east of the western end
of Fire Island, is included in the National Register of Historic Resources, none of the alternatives are
expected to have an impact on this resource. Inlet relocation in particular would be designed so as to
avoid any impacts.

21. Local Concerns and Public Relations

This criterion reflects the degree to which an alternative takes into account specific local concerns (if
any), or whether the alternative may have an effect on a specific local issue not addressed by any other
criteria above. It also considers the potential impacts on the relation between project sponsors and the
general public.

In general alternatives that include significant modifications (i.e., inlet relocation, Shinnecock Inlet
Marine Center relocation, elimination of the “Shore Thumb”) are expected to generate local concerns and
opposition (i.e., “Severely Adverse”). In addition, alternatives that do not clearly address some of the
local concerns (e.g., navigation at Moriches Inlet, wave impacts at Oak Beach, local shoreline
stabilization at West of Shinnecock) are not expected to generate local public support even if they provide
for significant bypass increases and as such are considered “Adverse”. Finally, some alternatives address
these local concerns with a more direct approach that might be more apparent to the public and thus might
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generate support (e.g., stabilization of the West Beach at Shinnecock Inlet and alternatives that improve
navigation conditions at Moriches Inlet).

Most other alternatives are considered relatively “Neutral”. For example, an updrift non-floating
bypassing system might generate local support as very visible means to achieve improved bypassing. On
the other hand, other locals might oppose it for aesthetic and recreational reasons. Similar pro and con
arguments could be made with regards to dredging the flood shoals.
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Table 3-7: Correlation between Screening Criteria & CMP Policies
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Development Policies

1: Waterfront Revitalization

2: Water-Dependent Uses

3: Major Ports

4: Small Harbors

5: Public Services

6: Permit Procedures

Fish & Wildlife Policies

7: Significant Habitats

8: Pollutants

9: Recreational Resources

10: Commercial Fisheries

Flooding and Erosion Hazards Policies

11: Siting Structures

12: Natural Protective Features

13: 30-Year Erosion Control Structures

14: No Flooding or Erosion Increases

15: Natural Coastal Processes

16: Use of Public Funds

17: Non-structural Control Measures

General Policies

18: Safeguard the Vital Interests

Public Access Policies

19: Water-Related Recreation Resources

20: Public Foreshore

Recreation Policies

21: Water-Dependent/Enhanced Recreation

22: Multiple-Use Development

Historic and Scenic Resources Policies

23: Historic Preservation

24: Statewide Scenic Resources

25: Local Scenic Resources

Agricultural Lands Policies

26: Conserve & Protect Agricultural Lands

Energy and Ice Management Policies

27: Energy Facility Siting and Construction

28: Ice Management Practices

29: Energy Resources Development

Water and Air Resources Policies

30: State & National Water Quality Standards

31: LWRP Policies and Constraints

32: Innovative Sanitary Waste Systems

33: Stormwater Runoff/ Combined Sewers

34: Vessel Discharges

35: Dredging and Disposal

36: Hazardous Material Spills

37: Non-point Pollution Discharges

38: Surface & Ground Industrial Discharges

39: Solid Waste Management

40: Industrial Discharges

sy

41: State & National Air Quality Standards

42: Clean Air Act — Reclassifications

43: Acid Rain

44: Tidal and Freshwater Wetlands
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3.7 Screening Matrices

The foregoing discussion provides a description of the selected criteria as well as a general description of
how the alternatives were scored. Scores and screening results are shown in Tables 3-8, 3-9 and 3-10.
Note that criteria scores to date reflect the A/E’s recent findings with regards to coastal processes at the
inlets (e.g., ebb shoal growth) and the sediment budgets. The resulting ranking may be somewhat
different under different assumptions.

Finally, note that although the resulting ranking depends on a relatively subjective assessment (as is
always the case in this type of analysis), the exercise of developing criteria and assigning scores does
bring to focus each alterative and the associated pros and cons. More importantly, the results of this
screening will only be used to identify alternatives that should be eliminated from further consideration,
and also to identify the top alternatives that should be carried forward for more detailed investigations.
The screening will not be used to select only the top ranked alternative at each inlet.

3.8 Alternatives Selected for Detailed Design and Analysis

Based on the initial screening, the following alternatives were selected for detailed design and analysis for
each inlet and renumbered accordingly. Each of these alternatives would achieve the goals of providing
reliable navigation through the Federal navigation channel, restoring natural sediment pathways, and
reducing adjacent shoreline erosion, albeit to varying degrees and at different costs. The performance and
pros and cons of each alternative will be assessed in Section 8.

3.8.1 Shinnecock Inlet
Alt. 1: Authorized Project (AP) + Dredging the Ebb Shoal

Alt. 2: AP + Nearshore Structures

Alt. 3: AP + Offshore Dredging

Alt. 4: AP + Semi-fixed Bypass System

Alt. 5: AP with Reduced Dimensions of Deposition Basin
Alt. 6: AP + Dredging the Flood Shoal

Alt. 7: AP + Shortening the East Jetty

Alt. 8: AP + West Jetty Spur

3.8.2  Moriches Inlet
Alt. 1: Authorized Project (AP)
Alt. 2: AP + Dredging the Ebb Shoal
Alt. 3: AP + Semi-fixed Bypass System
Alt. 4: AP + Dredging the Flood Shoal

3.8.3 Fire lIsland Inlet

Alt. 1: Existing Practice/ Authorized Project (AP)
Alt. 2: AP + Dredging the Ebb Shoal

Alt. 3: AP + Optimized Deposition Basin

Alt. 4: AP + Dredging the Flood Shoal
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Table 3-8 Shinnecock Inlet - Initial Screeening
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= [~ g 3 3 ¢ & = z 5§ @ 8§ 2 »
k=) z 5 & a g 2 g =
g g g e 3 2
3 = g 2
= rmD » g
1 Existing Practice plus Offshore Dredging (for West Beach) 429 | 3 |10 7 7 20 64 (672 4 3 3 1 4 11(3 5 2 4 4 14| 3 12 |5 4 15 3 13|4 4 16
2 Existing Practice plus Dredging the Flood Shoal 342 | 8 |10 6 7 30 54|64 2 5 2 10 2 4 14( 3 12 |5 2 15 3 13 14
3 Channel & Deposition Basin Realignment 290 |[15|8 5 8 40 42(69(3 3 2 3 3 4 12(4 4 3 3 4 14| 2 4 12|52 4 2 5 4 15(4 4 16
4 Relocation of the Deposition Basin (Not Channel) 358 | 6 |8 6 8 30 51703 3 2 3 3 4 12(4 4 3 3 4 14 2 4 12|5 3 4 2 5 4 15(4 4 16
5 Reduced Dimensions of Deposition Basin 378 | 5|8 7 8 30 54(70|4 3 2 3 3 4 13(4 4 3 3 4 14 2 4 12|53 4 2 5 4 15(4 4 16
6 Existing Practice plus Dredging the Ebb Shoal 512 1(10 8 9 20 72|71|2 4 3 3 2 4 12|4 4 3 3 4 14| 2 4 12|55 4 2 5 4 174 4 16
7 Semi-fixed Bypass System (plus "reduced" Existing Practice) 385| 4|9 8 9 20 69|55|2 2 3 2 11 2 13| 3 2 10|4 2 4 3 21212 3 10
8 Truck/Trailer Mounted System (plus "reduced" Existing Practice) 328 (11| 9 9 30 61542 2 4 1 2 13| 3 10 |3 2 4 2212 3 10
9 Existing Practice plus Spur Jetty (West) 306 |13 |10 7 5 30 51(60(3 3 4 3 2 3 12(4 3 3 3 4 14 3 2 10|52 4 1 5 1 123 3 12
10 Existing Practice plus Shortening the East Jetty 333 | 9|8 7 8 20 61(54|2 2 2 2 3 5 114 4 3 3 3 14 2 2 8 |53 435 1142 2 8
11 Change Distance between Inlet Jetties 189 |17(8 6 7 50 35|54|3 3 2 2 3 4 1|1 4 3 3 3 1|3 2 10|53 4 2 5 1 13|3 1 8
12 Existing Practice plus Nearshore Structures along West Beach 440 | 2 |10 10 8 10 84 (522 1 3 2 2 2 8|2 5 3 53 143 2 10|52 4 15 112(2 2 8
13 Sand Trapping & Bypassing System Updrift (plus Existing Practice)
A. Jetty Opening and Nearshore Breakwater 253 |16 |10 9 9 40 56(45|1 1 3 1 3 2 7.3(1 342 11| 3 1 8 |54 342 113|1 2 6
B. Weir Jetty and Sediment Trap 301 {1410 9 9 30 65(46|1 1 3 1 3 73(2 4 3 4 2 12 1 8 |5 3 3 4 1 13|11 2 6
C. Offshore Breakwater 332 |10|10 8 8 20 69 (482 2 3 2 3 2 93(1 4 3 4 2 11| 3 1 8 3 4 1 13|11 2 6
14 Existing Practice plus Dredging the Ponquogue Attachment 346 | 7 |10 8 8 30 61(57|2 1 5 2 2 5 114 4 3 3 4 14 3 2 10|4 4 4 1 3 4 13[2 2 8
15 Existing Practice plus Relocation of the Maritime Center 323 |12|10 8 8 10 78|41 |3 5 3 3 2 3 13(1 1 2 1 148/ 3 1 8|52 4 15 1121 1 4
Other Alternatives Eliminated due to Fatal Flaws Fatal Flaw (s)

Existing Practice

Do Nothing

Ebb Shoal Nourishment

Other Non-Floating Bypassing Systems
Backpassing

Realignment of Complete Inlet System
Removal of the Jetties

Inlet Closure

Move the Inlet to a new Location
Relocation of the Maritime Center to Smith Point
Reduce Authorized Channel Depth
Closing the Inlet to Navigation

Continued Local erosion at West Beach

Impacts to navigation and Shinnecock Inlet Maritime Center
Uncertainty with regards to required volumes. Lack of sand resources
Cost and performance

No need

Risk and uncertainty, other alternatives available

Navigation, shoreline impacts, breaching, flooding risk, impacts to Shinnecock Inlet Maritime Center
Navigation, WQ, increased breaching and flooding risk, impacts to Shinnecock Inlet Maritime Center

No benefit. Other alternatives available

Impacts on existing fleet. Navigation. Deeper inner channel requirements

Impacts to navigation and Shinnecock Inlet Maritime Center
Impacts to navigation and Shinnecock Inlet Maritime Center

Shinnecock Screening DRAFT 9-21-03.xIs




Shinnecock Inlet Screening

FINAL RANKING
Alternative Plan Description SCORE (Max| (out of

1,000) 17)
6 Existing Practice plus Dredging the Ebb Shoal 512 1
12 |Existing Practice plus Nearshore Structures along West Beach 440 2
1 Existing Practice plus Offshore Dredging (for West Beach) 429 3
7 |Semi-fixed Bypass System (plus "reduced" Existing Practice) 385 4
5 |Reduced Dimensions of Deposition Basin 378 5
4 Relocation of the Deposition Basin (Not Channel) 358 6
14 |Existing Practice plus Dredging the Ponquogue Attachment 346 7
2 Existing Practice plus Dredging the Flood Shoal 342 8
10 |Existing Practice plus Shortening the East Jetty 333 9
13 |C. Offshore Breakwater 332 10
8 |Truck/Trailer Mounted System (plus "reduced" Existing Practice) 328 11
15 |Existing Practice plus Relocation of the Maritime Center 323 12
9 |Existing Practice plus Spur Jetty (West) 306 13
13 |B. Weir Jetty and Sediment Trap 301 14
3 |Channel & Deposition Basin Realignment 290 15
13 |A. Jetty Opening and Nearshore Breakwater 253 16
11 |Change Distance between Inlet Jetties 189 17




Table 3-9 Moriches Inlet - Initial Screeening

Moriches Inlet Screening Project Screening Criteria
Needs Environmental Economic Recreational Engineering C',lg’::;rizll &
m £ £ 23 gld|oheroe nIN®O 328 & PlRasIss TSNP
— =8 = = - = - T s 40 =z 2 :,—h mn oo h 8 B B ] b B B B ¢ < 3 | : =
:z>§‘3‘3233:~33m<ag§r3”fS"’EOE”fr
<. o =1 = @ = o S, = @ = [ = 9 ] 2 g L =
g 8 2 m £ a2 =2 a5 3 2 ul 2
9 oggiggj@;éagg&%g;%;ggi%g §§<§5’§’§§§
- _ = = o0 [ (2] = @ = =
Scores are from 1 to 5. Higher scores are better! ) 2% s|8|1°¢ 335938 i€os|2 ¢ 3| &% S8 2 o
. = = = o o = —_ = = | 2

The FINAL SCORE is computed as the = 2% 3 5|3 g "% 3 833 *|s 3 E E: =215 3 §
"p woom . . ” = 9., s g = = x (%) g o o s & B [} x K 2 o
erformance Score” x "Total Criteria Score 5 > e 2 z 3|2 ] 2 2 X T3 Sl 2 4 v |8 & B
X |w - g g 3 5 7 g %3 = S(g 5 8
a |z 2 3 3 ¢ & = g 5 2 g 2 5
- s =2 g n 3 ez £

(=] ~ § < Q@ 2 3 =

2 g & 2
1 Authorized Project 384 |10 8 8 8 30 56|69|3 3 3 3 3 5 134 4 3 4 4 15 12 |5 3 4 3 5 4 16|13 3 12
2 Authorized Project plus Dredging the Flood Shoal 401 ( 6 (8 9 10 30 63|64 |1 5 1 11(5 2 2 4 4 14 12 (5 4 3 3 15 3 12
3 Channel & Deposition Basin Realignment 404 ( 5 (7 9 9 30 58(69|3 3 2 3 3 5 13|4 4 3 4 4 15 3 4 14 (5 2 4 3 5 4 153 3 12
4 Relocation of the Deposition Basin (Not Channel) 408 ( 4 (8 8 9 30 58(70|3 3 2 3 3 5 13|4 4 3 4 4 15 3 4 14 (5 3 4 3 5 4 16|3 3 12
5 Increased Dimensions of Deposition Basin 408 | 3 (10 7 7 30 56|73(4 3 2 3 3 5 13|4 2 3 4 4 14| 4 4 16 |5 4 4 2 5 4 16| 3 4 14
6 Authorized Project plus Dredging the Ebb Shoal 532 | 1|9 9 10 20 75|71|2 4 3 3 2 5 134 4 3 4 4 15| 3 4 14 |5 5 4 3 5 4 173 3 12
7 Semi-fixed Bypass System (plus Authorized Practice) 449 ( 2 (9 9 10 20 75602 3 2 11(3 4 3 4 2 13| 4 2 12|4 2 3 4 2 12 4 12
8 Truck/Trailer Mounted System (plus Authorized Practice) 384 | 9 (9 9 10 30 65(59(2 2 3 2 3 5 113 4 3 4 2 13| 4 2 123 2 3 4 2 2 11|2 4 12
9 Authorized Project plus Extension of the West Jetty 274 (139 8 5 40 44(62|3 3 4 3 2 2 1|3 3 3 4 4 14| 4 2 125 3 4 2 5 1 13|3 3 12
10 Sand Trapping and Bypassing System Updrift (plus Authorized Project)
A. Jetty Opening and Nearshore Breakwater 285 (12 (10 9 10 40 58(49|1 1 3 1 3 2 73|1 4 3 4 2 11| 4 1 10|5 342 113(1 3 8
B. Weir Jetty and Sediment Trap 338 | 11|10 9 10 30 68501 1 3 1 3 2 73(2 4 3 4 2 12| 4 1 105 3 3 4 3 1 13|1 3 8
C. Offshore Breakwater 387 | 8 |10 9 9 20 75|52|2 2 3 2 3 2931 4 3 4 2 11| 4 1 10|14 4 3 4 4 1 13|1 3 8
11 Reduced Authorized Channel Depth 399 | 7|5 9 9 10 69583 5 3 3 2 5 14(2 4 3 1 4 11| 2 1 6 [5 4455 5193 1 8
Other Alternatives Eliminated due to Fatal Flaws Fatal Flaw (s)

Existing Practice

Do Nothing

Ebb Shoal Nourishment

Other Non-Floating Bypassing Systems
Backpassing

Realignment of Complete Inlet System
Removal of the Jetties

Inlet Closure

Move the Inlet to a new Location
Closing the Inlet to Navigation

Lack of Navigation Reliability

Lack of Navigation Reliability

Uncertainty with regards to required volumes. Lack of sand resources. No apparent need at Moriches

Cost and performance

No need

Risk and uncertainty, other alternatives available

Navigation, shoreline impacts, breaching, flooding risk, impacts to existing marine centers

Navigation, WQ, increased breaching and flooding risk, impacts to existing marine centers

No benefit. Other alternatives available

Impacts to navigation and Shinnecock Inlet Maritime Center

Moriches Screening DRAFT 9-21-03.xls




Moriches Inlet Screening

Scores are from 1 to 5. Higher scores are better! The

FINAL

FINAL SCORE is computed as the "Performance SCORE (Max 2‘3:‘;":;

Score" x "Total Criteria Score” 1,000)
6 |Authorized Project plus Dredging the Ebb Shoal 532 1
7 |Semi-fixed Bypass System (plus Authorized Practice) 449 2
5 |Increased Dimensions of Deposition Basin 408 3
4 Relocation of the Deposition Basin (Not Channel) 408 4
3 |Channel & Deposition Basin Realignment 404 5
2 |Authorized Project plus Dredging the Flood Shoal 401 6
11 |Reduced Authorized Channel Depth 399 7
10 | C. Offshore Breakwater 387 8
8 |Truck/Trailer Mounted System (plus Authorized Practice) 384 9
1 Authorized Project 384 10
10 |B. Weir Jetty and Sediment Trap 338 11
10 |A. Jetty Opening and Nearshore Breakwater 285 12
9 |Authorized Project plus Extension of the West Jetty 274 13




Table 3-10 Fire Island Inlet - Initial Screeening

Fire Inlet Screening Project Screening Criteria
Needs Environmental Economic Recreational Engineering C',lg’::;rizll &
m g £ 23 Fldzoherore BIN®O 320 & F|IRoasdise PSR PQ
— = = = -~ = - moxm E =4 0 =z 2 :,—h mn oo o B 8 B S 9‘ B S S B ¢ S a S B =
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<. o =1 ® = @ = o S, = @ = [ = 9 ] 2 g L =
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Scores are from 1 to 5. Higher scores are better! 2 ) g 3 i z E - 3 § g % g § 2 = 7 s ° g g |8 g g
The FINAL SCORE is computed as the e 22 3 5|5 g 8 g = 832 |8 3 E g 5% 2 s
” " " : s " = 9.‘ @ g - i x n g o) a9 S 2 o x x|a P 2
Performance Score” x "Total Criteria Score 5 > e 2 z 3|2 3 2 2 X T3 Sl 2 4 (g & B
x | & » 2 s s 3 8 o E & = 2|5 5 X
a | = 2 3 3 ¢ & = g 5 2 g 2 5
& S I ES 2 e F o
S 2 3 8 3 g 3 g
S < By s 2 E
~ =] = 3 E]
2 g & 2
1 Existing Practice 413 ( 4 (6 8 7 10 63(66|3 3 3 3 3 4 13|3 4 3 4 14| 3 3 12 (4 4 4 2 5 4 15|13 3 12
2 Existing Practice plus Discharge Farther West 397 | 5|6 8 8 20 59|68]|3 3 3 4 4 13(3 33 414 3 4 14 (3 4 4 2 15 3 12
3 Optimize Existing Channel & Deposition Basin Configurations 419 ( 3 (9 8 8 30 58(72|3 3 3 3 4 4 13|4 4 3 4 4 15 4 4 16 (4 5 4 1 5 4 153 3 12
4 Eastern Realignment of Channel and Deposition Basin 429 ( 2 (9 8 8 20 67(64|1 3 4 1 4 4 11|4 3 3 4 4 14| 4 4 164 5 4 1 5 3 153 1 8
5 Existing Practice plus Dredging the Flood Shoal 347 | 7 |7 8 9 30 56(|62|1 2 4 1 2 493(3 3 2 3 4 12| 3 4 14|3 5 4 2 5 3 15(3 3 12
6 Existing Practice plus Dredging the Ebb Shoal 483 ( 1 (6 10 10 20 69(70|2 4 3 3 4 4 13|3 4 3 3 4 14| 3 4 14 (3 5 4 2 5 3 15|3 4 14
7 Semi-fixed Bypass System (plus "reduced" Existing Practice) 378 | 6 |7 8 8 10 69|55(2 2 3 2 4 4 1|3 4 3 4 2 13| 3 2 10|2 2 3 4 3 2 11|2 3 10
8 Existing Practice plus Extension of the East Jetty 34| 9|6 9 7 30 51|61|2 4 3 3 2 2 114 4 3 4 4 15| 3 3 12|4 4 4 2 5 1 13[3 2 10
9 Reconfiguration of the Sore Thumb (and Channel Realignment) 208 (147 6 9 40 44(47|1 1 4 1 513 2 3 4 2 11 3 1 8|4 4 4 251131 1 4
10 Sand Trapping and Bypassing System Updrift (plus Existing Practice)
A. Jetty Opening and Nearshore Breakwater 233|138 8 9 40 50471 1 3 1 4 2 8|1 4 3 4 2 1M 4 1 10]3 3421111 2 6
B. Weir Jetty and Sediment Trap 276 (11 (8 8 9 30 58 (47|11 3 1 4 2 8|2 4 3 4 2 12| 4 1 10|13 3 3 4 3 1 111 2 6
C. Offshore Breakwater 328 | 8 |8 8 9 20 67492 2 3 2 4 2 10(1 4 3 4 2 11| 4 1 10|12 4 3 4 4 1 121 2 6
11 Groins East of the Inlet (plus Existing Practice) 301 |10|8 10 8 30 61502 3 3 3 1 187(3 4 3 3 4 14| 3 1 81444 251132 1 6
12 Move the Inlet Back to the Lighthouse 245 (1210 8 8 40 52(47|3 3 5 3 3 2 13|11 2 4 1 72| 4 1 10|14 4 4 2 5 1 13|1 1 4
Other Alternatives Eliminated due to Fatal Flaws Fatal Flaw (s)

Do Nothing

Ebb Shoal Nourishment

Other Non-Floating Bypassing Systems
Removal of the Jetties

Inlet Closure

Relocation of the Maritime Center to Smith Point
Reduce Authorized Channel Depth

Closing the Inlet to Navigation

Impacts to navigation and increased breaching and flooding risk

Uncertainty with regards to required volumes. Lack of sand resources. No apparent need.

Cost and performance

Navigation, shoreline impacts, breaching, flooding risk.

Navigation, WQ, increased breaching and flooding risk, impacts to several marine centers

Impacts on existing fleet. Navigation. Deeper inner channel requirements

Impacts to navigation and marine centers

Impacts to navigation and marine centers. Increased breaching/flooding risk if inlet not maintained
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Fire Inlet Screening

Scores are from 1 to 5. Higher scores are better! The

FINAL

FINAL SCORE is computed as the "Performance SCORE (Max 2‘3:‘;":;

Score" x "Total Criteria Score” 1,000)
6 |Existing Practice plus Dredging the Ebb Shoal 483 1
4 |Eastern Realignment of Channel and Deposition Basin 429 2
3 |Optimize Existing Channel & Deposition Basin Configurations 419 3
1 Existing Practice 413 4
2 |Existing Practice plus Discharge Farther West 397 5
7 |Semi-fixed Bypass System (plus "reduced" Existing Practice) 378 6
5 |Existing Practice plus Dredging the Flood Shoal 347 7
10 | C. Offshore Breakwater 328 8
8 |Existing Practice plus Extension of the East Jetty 314 9
11 |Groins East of the Inlet (plus Existing Practice) 301 10
10 |B. Weir Jetty and Sediment Trap 276 11
12 |Move the Inlet Back to the Lighthouse 245 12
10 |A. Jetty Opening and Nearshore Breakwater 233 13
9 Reconfiguration of the Sore Thumb (and Channel Realignment) 208 14
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4. INLET MODELING

To assess the efficacy of any proposed inlet modification alternatives, the changes in seabed morphology
induced by the alternatives must be estimated. That is, will the proposed modification meet the stated
goals of navigation and improved bypassing, without exacerbating existing problems or creating new
ones? The most efficient method of calculating effects on sediment transport is using numerical models.

Until recently, the most common modeling approach used to investigate potential morphological changes
consisted of inferring possible inlet behavior based on modeled hydrodynamic and wave condition
changes or at most extrapolating the values of initial representative short-term sediment transport
computations. The latter approach, although an improvement over simple hydrodynamics computations,
may result in erroneous change predictions if the initial rates change significantly over time. Moreover,
short-term sedimentation models typically exhibit a very scattered pattern of initial sedimentation/erosion
patterns that would be “smoothed” over time in a morphological simulation. This approach also cannot
account for climate variability and episodic events. Short-term sediment models therefore offer only limited
insight into the impacts of any proposed inlet modifications.

Detailed modeling over large space and time scales may provide a reasonable estimate of the expected
morphological changes near an inlet under different conditions. However, modeling of all hydrodynamic
and wave events along with concomitant morphological changes requires excessively long simulation
times. As a result, much of the research on morphological evolution of sandy and muddy coastlines has
recently focused on how to make predictions with microscale (process based) models using input and
process filtering (reduction) techniques (DeVriend et al., 1993; Whitehouse and Roberts, 1999;
EMPHASYS Consortium, 2000). This approach reduces computational intensity by selecting a limited
number of representative hydrodynamic and sediment transport conditions to use as input to a microscale
process-based model. One example of input filtering is the use of a representative “morphological tide”
where the sediment transport and bed evolution is driven by the average tide that would move the same
amount of material per cycle as the full tidal time series. Simulation of the hydrodynamics is only
required over one tide cycle rather than over a weeks- or months-long simulation.

A similar approach can be used for schematizing the influence of waves in morphological models. These
techniques offer the advantage of reduced model run times provided their accuracy has been tested. Even
so, state-of-the-art, microscale, sediment transport models cannot explicitly incorporate all of the physical
processes that drive morphological evolution. Input and process filtering, in fact, only represent an
additional simplification of simplifications already inherent in the formulation of the sediment transport
equations.

Representative tidal variation and wave climate forcing may be applied to represent a seasonal wave
climate until the morphological changes are so significant that the hydrodynamic conditions have to be
recalculated. In this way transport and bottom computations are repeated a number of times, until bottom
changes are sufficiently large that a full hydrodynamics computation is required, thereby reducing the
number of hydrodynamic runs, the most computationally demanding element of the morphological
process.

Morphological evolution is a very difficult process to model given the inherent uncertainties.
Nevertheless, if model results are acceptable, the model is a good tool to compare different alternatives
and study the differences that each one causes in certain hydrodynamic or morphological variables. The
remainder of Section 4 presents methods and results of morphological modeling of the three inlets
comprising FIMP. Both morphological methods discussed above, detailed modeling of all processes and
input filtering, are tested to develop an effective diagnostic tool.
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4.1 DELFT Modeling System

Morphological models of Shinnecock, Moriches and Fire Island Inlets were developed using the
morphological model of the general Delft3D modeling system. This model (Delft3D-MOR) fully
integrates the effects of waves, currents and sediment transport on morphological evolution. Delft3D-
MOR includes the following components:

=  Waves (Waves module): The HISWA model (Holthuijsen et al, 1989) solves refraction and
dissipation of directionally spread random waves. Several computations through a tidal cycle are
carried out in one call. Model formulation is similar to STWAVE.

= Hydrodynamics (Flow Module): Delft3D Flow is a multidimensional (2D or 3D) hydrodynamic
(and transport) simulation program which calculates non-steady flow and transport phenomena
that result from tidal and meteorological forcing on a curvilinear, boundary-fitted grid. In 3D
simulations, the vertical grid is defined following the sigma coordinate approach. The model
solves the Navier-Stokes equations for incompressible fluid under the shallow water and the
Boussinesq assumptions. In the vertical momentum equation, the vertical accelerations are
neglected, resulting in the hydrostatic pressure equation.

= Sediment transport (Sand or Silt Module): This model applies the time dependent results obtained
from the Waves and Flow modules to calculate the sediment transport in the curvilinear flow grid.
In the case of non-cohesive sediment, the model can either calculate the total transport or account
separately for bed-load and suspended sediment transport. A special version of this model may
be used to calculate the sediment transport for cohesive material. The implemented sediment
transport formulas are: Engelund-Hansen, Meyer-Peter-Muller, Swanby (Ackers-White), General
Formula based on Meyer-Peter-Muller, Bijker with Waves, Van Rijn, and Ribberink — Van Rijn.

= Bottom changes (Bottom Module): Computes the bed level variation induced by the sediment
transport module by solving the bed level continuity equation.

Each component of the model is developed and calibrated separately, then combined to simulate bed
morphology. The model allows the simulation of time scales from days to years. The morphological
process is built up from morphological time steps, which consist of a simulation of wave-current
interaction over a period of time, followed by the computation of the average sediment transport over that
period, and the bottom update.

The general processing sequence within Delft3D-MOR is as follows. A morphological time step starts by
running the Wave Module using the hydrodynamics and the bathymetry from the previous step. Then, the
hydrodynamics are calculated including the wave-current interaction effects. Hydrodynamic results
(water surface elevations and currents) are subsequently used to simulate sediment transport over the
same period of time. Sediment transport calculated for this period is used to compute bottom changes.
The calculated bottom changes determine the bathymetry at the end of the period, which is then used in
the subsequent period. Separate processes are coupled via a bottom evolution model based on sediment
conservation. The frequency and length for each module run within Delft3D-MOR can be specified
separately. This allows for great flexibility in the optimization of total model run times. Delft3D-MOR
also permits the specification of dredging scenarios during the morphodynamic simulation.

To improve efficiency, the model can apply the continuity correction method, used to adjust the flow field
solution due to small changes in bathymetry. The flow pattern is assumed relatively constant for small
bottom changes. Sediment transport is recomputed after adjusting the average flow velocity and wave-
induced orbital velocity, which allows the interval between full hydrodynamic simulations to be
increased.
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The application and calibration of Delft3D-MOR to Shinnecock, Moriches and Fire Island Inlets is
presented in the following sections. The mechanics of the modeling system are discussed in detail only
for Shinnecock Inlet, but are applicable to all three inlets.

4.2 Shinnecock Inlet
4.2.1 Hydrodynamics
Model Grid

The Shinnecock Inlet Model (SIM) computational grid extents from the east end of the Quogue Canal at
the west, to Southampton Beach at the east (~9.1 miles) to approximately 3.2 miles offshore of the inlet’s
mouth, including Shinnecock Bay and Tiana Bay (see Figure 4-1). The offshore boundaries
(hydrodynamic, wave and sediment transport boundaries) are located far enough from the inlet that
changes in bathymetry and hydrodynamics near the inlet will not influence the boundary conditions.

SIM is built on a curvilinear computational grid. The offshore boundary is nearly parallel to the shore
and the two lateral boundaries located at Quogue Canal and at Southampton Beach are perpendicular to
the coast. The grid resolution is variable throughout the model domain. The highest resolution is found at
the inlet throat: 13 m grid spacing along the axis of the inlet and 20 m spacing across the throat. Figure
4.2 shows a detail view of the grid at the vicinity of the inlet throat. Along the coast on either side of the
inlet the grid size is on the order of 10-20 m. The grid size in the longshore direction increases with
distance from the inlet, reaching values of up to 210 m. The grid size also increases incrementally from
the coast to the offshore boundary up to maximum spacing of 630 m. The flexibility of the curvilinear
grid allows high resolution in the areas of interest, especially at the inlet, the updrift/downdrift beaches,
and at the ebb and flood shoals. Computational efficiency is improved by the use of larger grids in other
areas. In Shinnecock Bay, the model is defined using a coarser grid except at the Ponquogue Bridge and
at the flood shoal areas. Overall, SIM has 11,700 computational points.

Figure 4-1 shows the SIM computational grid. The grid has been constructed following the criteria of
orthogonality, and smoothness in both x and y-directions as defined by Delft Hydraulics (Delft
Hydraulics, 1999) in order to minimize errors in the finite difference approximation.

Model Bathymetry

The model bathymetry has been constructed using data available from the sources presented in Table 4-1.
Data for the offshore part of the model is available from the Geophysical Data System (GEODAS)
developed by the National Geophysical Data Center. GEODAS is an interactive database management
system for use in the assimilation, storage and retrieval of geophysical data. The GEODAS database
contains information from surveys conducted between 1930 and 1980.

Table 4-1: Bathymetric Data Sources for the Shinnecock Inlet Model

Data Source Description
GEODAS Geophysical data System develogggtggl the National Geophysical Data
SUNY traditional Traditional boat survey conducted in 1998 by
Survey State University of New York at Stony Brook

Dense Bathymetry data collected by the Scanning Hydrographic

SHOALS survey Operational Airborne Lidar System (1994-2001)
ACOUS“CI\? :\E)(USACE Bathymetric data obtained from an acoustic survey (4-6 — March-1998)
Beach Profiles Collected for the Atlantic Coast of New York Monitoring Program
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Table 4-2 shows the GEODAS hydrographic surveys that cover totally or in part the Shinnecock Inlet
area and the survey year.

The general bathymetry of the interior bay has been constructed using hydrographic surveys from the
1930’s. The State University of New York at Stony Brook conducted a more recent traditional boat
survey in March 1998 which covers portions of the bay. This survey has been used to improve and
complement the old hydrographic survey.

High-density SHOALS (Scanning Hydrographic Operational Airborne Lidar System) data are available
for the years: 1994, 1996, 1997, 1998, 2000 and 2001. The data cover most of the ebb shoal and part of
the downdrift and updrift beaches for each year and a large part of the flood shoal for the last 4 years.
Available SHOALS data for Shinnecock inlet are presented in Section 5. The bathymetry of the near
shore area obtained from the SHOALS data has been complemented using beach profiles from the
Atlantic Coast of New York Monitoring Program.

Table 4-2: GEODAS Hydrographic Surveys for Shinnecock Inlet Area
Data Source Year Area Specific

H09550 1975 Fire Island (general area description)
H09551 1975 South Shore Shinnecock Inlet to East Hampton
H06328 1938 Southampton to vicinity of Bellport
H06329 1938 Montauk Point to vicinity of Southampton
H06331 1938 Apps. to New York Harbor South of Block Island to Long Island
H05323 1933 Shinnecock and Quantuck Bays
H05324 1933 Southampton to West Hampton
H05325 1933 Montauk to Southampton
HO05379 1933 Great Peconic Bay

All these data sources are integrated within the Delft3D modeling system by interpolating the values into
the SIM grid using triangular interpolation. Figure 4-3 presents the SIM model bathymetry derived from
the May 1998 SHOALS survey.

Hydrodynamic Data

NOAA'’s National Ocean Service (NOS) operated three water level gauges in the area of Shinnecock
inlet: Shinnecock Bay (from 09/77 to 04/79), Ponquogue Point (from 07/89 to 06/90) and Shinnecock
Inlet (from 06/78 to 05/79). As shown in Figure 4-4, two of the stations (Shinnecock Bay and Ponquogue
Point) are located in Shinnecock and Tiana Bays, while the third one is located at the ocean side of
Shinnecock Inlet. The deployment period was long enough in order to have sufficient data for tidal datum
calculation. The mean tide range decreases from 3.33 feet at the inlet to 2.44 feet in Tiana Bay.

Metocean data (which comprises observed measurements of current, wave, sea level and meteorological
data) has been extensively collected at the Shinnecock inlet area since 1998. LISHORE provides
information on sea and shoreline conditions for Long Island, New York (USACE, 2001). LISHORE
began in 1998 as the Shinnecock Inlet Field Monitoring Project. From this initial focus on Shinnecock
Inlet and Shinnecock Bay, LISHORE has expanded along the South Shore of Long Island. LISHORE is a
database of meteorological/hydrological data, historical data, images, and written information generated
by the U.S. Army Corps of Engineers or received from other official sources. The location of the
LISHORE stations and other available metocean data in the Shinnecock inlet area are shown in Figure
4-4. The period of record of all Shinnecock hydrodynamic data sources is displayed in Figure 4-5.
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Tidal datums computed over the period of record for the LISHORE gauges within Shinnecock Bay are
presented in Table 4-3.

Table 4-3: Tidal Datums (ft) for Shinnecock Tide Gauges
Datum Ocean Gauge P1 Town Dock P2 | Shinnecock Canal P3 | Quogue Canal P4
(04/98 — 05/01) (04/98 — 12/01) (04/98 — 08/99) (04/98 — 08/99)

MHHW 3.86 3.49 3.31 2.92
MHW 3.61 3.26 3.08 2.71

MTL 1.88 1.70 1.60 1.40
MLW 0.15 0.14 0.12 0.09
MLLW 0.00 0.00 0.00 0.00

With the exception of P4, where the tidal range is practically identical, tidal ranges calculated from this
longer data set are on the order of 0.10 feet larger than those presented in Militello and Kraus, (2001),
which were based on only two months of data.

Current velocity data is available from gauges C4 and C2. C4 is a side-looking current profiler set to
record the horizontal current in 4-m bins and mounted on the east jetty at mid-depth (approximately 10ft
below MTL). The meter has a range of up to 160 m across the inlet. C2 is a side-looking acoustic current
meter with a pressure sensor located at the North edge of Ponquogue Bridge. The location of both gauges
is shown in Figure 4-4.

Velocity and discharge were measured in transects across the inlet using a boat-mounted Acoustic
Doppler Profiler (ADCP) during a number of days in 1997, 1998 and 1999. This measurement program is
detailed in Pratt and Stauble (2001). Tidal discharge was computed by multiplying the average velocity in
each bin by the bin area, then summing the bin discharges vertically over the water column and then
horizontally across the channel. Time series of measured discharges for 4 December 1997 and 22 July
1998 have been obtained from Militello and Kraus (2001).

Boundary Conditions

SIM is forced from the three open offshore boundary conditions (east, west, south). The boundaries are
defined as time series of water surface elevations constructed from nine major tidal constituents extracted
from the high-resolution ADCIRC EastCoast 2001, finite-element tidal model (Luettich, et al, 1995).
Table 4-4 lists the amplitude and phase for each constituent at two points along the boundary: the eastern
edge and the western edge. Linear interpolation between points is applied along the offshore boundary,
while the water surface has no slope on the east and west boundaries.

Note that the model treats the Quogue and Shinnecock canals as closed boundaries, with no flow through
them. Although previous studies (Militello and Kraus, 2001) have shown that the inflow through
Shinnecock Canal increases the peak ebb discharge by 4 percent, the model was successfully calibrated
without including the canal inflow as detailed below.
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Table 4-4: Boundary Tide Constituents - Shinnecock Model
Eastern BC Western BC

Constituents A(‘nT)p ?Qgg; A(\rr:)p Tgsg)e
01 0.0509 178.3 0.0497 180.8
K1 0.0854 166.5 0.0838 166.8
N2 0.1116 329.8 0.1074 330.8
M2 0.4808 342.3 0.4603 342.9

S2 0.0985 35 0.0950 43
K2 0.0220 15.0 0.0212 16.0
Q1 0.0099 170.4 0.0100 172.2
M4 0.0122 352.0 0.0150 347.4
M6 0.0134 211.6 0.0130 205.9

Constituents extracted from EastCoast 2001 model (Luettich, et al, 1995)

Calibration

The hydrodynamic model was calibrated for the period 5 November 1998 to 30 November 1998. This
period had the greatest number of simultaneously operating measurement stations (see Figure 4-5). Near-
field bathymetry used for this period was based on the SHOALS from May 1998 and the SUNY survey of
Shinnecock Bay as described in previous sections. The bathymetry did not consider the dredging works
of September 1998 (see Table 2-1). In order to study the sensitivity of the hydrodynamic model
calibration to this change in bathymetry, an additional model run was performed where the deposition
basin was dredged to 22ft. Comparison of simulations with and without the deepening of the deposition

basin showed very similar results at all the calibration locations.

Model skill was assessed using the following three error estimates: correlation coefficient, root mean
square (RMS) error and percent error.

= Correlation Coefficient: Uses the Pearson product moment correlation coefficient, r, (a dimensionless
index that ranges from -1.0 to 1.0 inclusive) that reflects the extent of a linear relationship between
two data sets. This parameter indicates how closely the modeled data is in phase with the calibration
data. An index of 1.0 indicates the two data sets are linearly perfectly in phase, an index of —1.0
indicates the data are 180 degrees out of phase.
= Root Mean Square (RMS) Error: The square root of the average square of the difference (error)

between the data points.

avts - |2 )

n

Where i=1..n

DRAFT FINAL REPORT

88

May 2007



Fire Island Inlet to Montauk Point Reformulation Study Inlet Modifications

= RMS Error Percentage: Computes the RMS Error as a percentage of the range of the
predicted/measured data. This gives perspective on the magnitude of the RMS error. Elevation error
is computed based on mean range, current error is computed based on the mean peak flood/ebb speed.

The calibrated model results were compared to the water level and current measurements at the data
station locations. The data has been analyzed to extract the same nine tidal constituents that comprise the
boundary condition. A time series constructed from the data-derived constituents is compared to the
model output. Results of calibration are shown in Table 4-5. Time series of model output compared to
harmonic tides and observed water levels and currents are presented from Figure 4-6 to Figure 4-11.

Table 4-5: Model Calibration Statistics - SIM output vs. harmonic time series
Water level data Correlation RMS Error (m) Percent Error
P1 0.994 0.04 3.6
P2 0.997 0.03 3.2
P3 0.996 0.04 4.1
P4 0.943 0.12 13.0
Cl 0.993 0.06 5.8
C2 0.996 0.05 4.3
Current data Correlation RMS Error (m/s) Percent Error
C2 0.913 0.22 14.9
C4 0.960 0.28 15.0

Note: current statistics are based on measured currents, not harmonics

In general, modeled water levels are in very good agreement with the data. The highest error is observed
at P4 and it is probably associated to several factors among which the most important could be
considering Quogue Canal as a closed boundary in the model and more importantly the lack of recent
bathymetric data for west Shinnecock Bay.

Simulated currents were compared to observations at two stations C2 and C4. Modeled current velocity at
station C2 very accurately predicts the current phase but slightly overpredicts the peaks in speed In order
to compare model results with data available at station C4, the average of the velocity at the eastern most
20 bins was computed and compared with the average of the simulated velocities at the same area. This
part of the inlet cross-section presents the highest currents. The model predicts quite accurately the flood
current, though slightly overestimates the ebb current. Table 4-5 presents the results of the calibration for
station C4. Time series of observed and simulated currents are presented in Figure 4-12.

The model was run for two additional periods corresponding to the dates when ADCP discharge
measurements were taken at the inlet: 2-4 December 1997 and 21-23 July 1998. Figure 4-13 shows a
comparison of model output to measured discharge. Only graphical comparison of the discharge is made
due to the intermittent data collection method. Agreement with measured flows is nonetheless excellent.

4.2.2 Waves

The stationary wave model HISWA (Holthuijsen et al. 1989) is a second generation wave model that
computes wave propagation, wave generation by wind, non-linear wave-wave interactions and dissipation
for a given bottom topography and stationary wind, water level and current field in waters of deep,
intermediate and finite depth. The model accounts for the following physics: Wave refraction over a
bottom of variable depth and/or spatially varying ambient currents; depth and current induced shoaling;
wave generation by wind; dissipation by depth-induced breaking and/or bottom friction; and wave

DRAFT FINAL REPORT 89 May 2007



Fire Island Inlet to Montauk Point Reformulation Study Inlet Modifications

blocking by strong counter currents. Since the model does not account for pure diffraction effects the
wave field computed will generally not be accurate in the immediate vicinity of obstacles and in harbors.

HISWA is based on the action balance equation and wave propagation is based on linear wave theory
(including the effect of currents). HISWA wave computations are carried out on a rectangular grid. The
results obtained in this rectangular grid are automatically transferred to the hydrodynamic module, which
simulates the flow on a curvilinear grid. Nonstationary conditions are simulated with HISWA as quasi-
stationary with repeated model runs, i.e. as the flow model progresses in time a stationary wave
computation is performed at intermediate time steps. All the wave models presented in this report have
been created using the wave model HISWA.

Local Wave Models within Morphological Model

The wave model domain is defined on a number of grids in a common Cartesian coordinate system. The
Shinnecock wave model uses three nested wave grids (see Figure 4-14). The first grid (offshore grid) is
the coarsest and has a resolution of 50 m in the direction of the wave propagation (x-direction) and 200 m
in the direction perpendicular to the wave propagation (y-direction). Because of the limitation on the
incoming wave direction that can be resolved with one grid, and in order to cover all the recorded wave
directions with the model, three offshore wave grids have been built. The upwave boundary condition is
perpendicular to the 165°, 155° and 145° azimuth directions of the three offshore grids. The offshore
grids propagate the incoming waves from the upwave boundary condition, located at a depth of
approximately 25 meters (82 feet) to the finer grids, thereby providing boundary conditions for the next
grid.

The second level of grid resolution (nearshore grid) has a resolution of 25 m in the x-direction and 100 m
in the y-direction. This grid propagates waves from the offshore grid and transforms the waves to the
nearshore zone. The orientation of the nearshore grid is perpendicular to the 158° azimuth direction.

A third grid (inlet grid) provides even higher resolution in the inlet vicinity. The inlet grid has a
resolution of 5 m in the x-direction and 20 m in the y-direction. The orientation of the inlet grid is
perpendicular to the 173° azimuth direction. The finer grid permits the calculation of wave breaking and
shoaling in the inlet entrance.

Wave Data

Data from four directional wave gauges are available. The location of the data gauges is shown in Figure
4-15. The station farthest offshore is National Data Buoy Center (NDBC) buoy 44025 in approximately
40 m of water. Three nearshore gauges are located at depths of approximately 12 m (gauge ADV1-
Shinnecock inlet entrance), 6 m (ADV2-West of the west jetty) and at 9.5 m at the Westhampton beach
(NY001). The NDBC 44025 buoy has been recording standard meteorological data during the periods
1975-1981 and 1991 to the present. In addition, this buoy has been recording additional spectral wave
data since 1996. The NY001 gauge has been recording data since 1994, and the two LISHORE data
gauges (ADV1/ADV?2) data are available from 1998 to the present. Figure 4-5 shows the period of record
for all data sources.

Boundary Conditions (Regional Wave Model)

Wave boundary conditions for the morphological model boundaries at a depth of 25 m have been
generated from two different data sources: NY0OL at a depth of 9.5 m and buoy 44025 at 40m. The
transformation to 25 m was carried out using a regional wave transformation model. The model covers
the area from Montauk Point at the East to West of Jones Inlet. This model contains two grids parallel to
the coast, with different resolution. The first grid propagates the wave from the offshore boundary
located at a depth of approximately 45 m to the second finer grid which simulates the wave
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transformation in the nearshore. Figure 4-15 presents the extent and bathymetry of the regional wave
model.

Model Skill Assessment
Regional Wave Model

Model output at the location of NY001 was compared to observations in order to test the skill of the
regional wave model. Input to the model was based on measured wave conditions at NOAA 44025. The
period selected for calibration was February 1999. Comparison of wave height and direction between
model output and observations at NY0O1 are presented in Figure 4-16. Gaps in the data and model
correspond to periods during which waves are directed offshore. Overall, model results appear to
compare very well with observations. Wave heights are very accurately reproduced, even for storm
events. Wave direction is also well predicted, varying by about 5 degrees for very oblique incident wave
directions.

Local Wave Models within Morphological Model

Figure 4-17 presents comparison of observed and modeled wave parameters at ADV1 based on wave
conditions at NY0O01 estimated by back-propagating NY001 measurements to 25 m using the results from
the regional model. The local wave models reproduce the wave height at ADV1 reasonably well. Wave
direction at ADV1 shows good agreement for the South and Southeast waves but it seems to predict
Southwest waves too much towards the south. This is probably because the high ebb and flood currents
at the inlet mouth where ADV1 is located are not included in these wave model runs and therefore any
wave current interaction has been neglected. In addition, it has to be mentioned that the measurement
error for both ADV1 and NYO001 data were not considered in this assessment. Differences between
measurement error for ADV1 and NYO0O01 also contribute to the discrepancies between simulated and
observed values of ADV1.

4.2.3 Sediment Transport & Morphology

Model Set-up

The hydrodynamic and wave models have been described and calibrated in previous sections. The sediment
transport formulation used in the morphological model of Shinnecock inlet is based on the well-known
Bijker sediment transport formulation (Bijker, 1971), which accounts for the effect of waves. The model
calculates separately suspended and bed load transports. For this application, a constant grain size
distribution was applied throughout the domain: D50 =0.430 mm and D90=0.690 mm, which represents the
average for the Shinnecock inlet area. These values are based on studies presented by Pratt and Stauble
(2001) and McCormick (1971). The grain settling velocity is 0.063 m/s and the porosity 0.4. Selected sand
density was 2,650 kg/m3.

Boundary conditions are only required at the open boundaries. Separate boundary conditions are required
for suspended and bed load transport. For the suspended sediment transport, the boundary condition during
inflow is defined as a concentration equal to equilibrium concentration, and during outflow it is equal to
upstream concentration. For the bed load transport, a bed level condition is imposed where the bed level
remains constant at the boundary segment.

Two approaches to model calibration were tested:
1. Detailed Time-series Modeling. In order to optimize model calibration, and given that a significant

amount of bathymetric, sediment, hydrodynamic and wave data is available at Shinnecock Inlet, the
model was initially set-up to simulate morphological changes based on a detailed time series of
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measured waves and predicted tides. Specifically, a period between two recent SHOALS surveys (13
August 1997 to 28 May 1998) was selected.

2. Input Filtering. A second approach was also used to calculate the morphological changes for this
period. This approach is based on and input filtering approach that forces the model with a set of
representative tidal and wave conditions which generate morphological changes similar to those
generated with the complete, detailed time series of waves and predicted water levels.

The following sections describe each approach and provide detailed results.

Model Calibration through Detailed Time-Series Modeling

The detailed model uses a morphological step of 1 hour. During this period the wave conditions are
constant. Before the start of the process, the wave direction and initial bathymetry are defined. As
explained in Section 4.2.2, the wave model uses three offshore wave grids, the active grid is a function of
the incident wave direction. Each morphological step is a morphological model in itself. The bathymetry is
created from the end of the previous step. After each step, a restart file is saved and used to initialize the
next step with the latest bathymetry. This process provides a smooth transition between morphological
steps.

Each morphological step contains the following model runs:

1. Steady wave conditions are calculated using the water level and current fields from the last time step of
the previous 1-hour period.

2. The hydrodynamic model is then run for a 1-hour period using the wave radiation stresses computed
from the wave model.

3. The sediment transport model computes the average sediment transport for the 1-hour period.

4. Using the average sediment transport calculated in the previous step, the bottom changes for 1-hour
are computed and the bathymetry is updated.

Figure 4-18 and Figure 4-19 show morphological changes from 13 August 1997 to 28 May 1998 as
measured with the SHOALS system and as simulated with the morphological model, respectively. The
model does an adequate job reproducing the observed morphological changes, given the general
shortcomings of state-of-the-art sediment transport models and the complexity of the inlet system,
particularly with regard to some of the most important features such as the east lobe, the outer channel, and
the deposition basin. The model accurately simulates the N/S to NE/SW shift in channel alignment as well
as the accumulation in the deposition basin. Areas where the model may require additional improvement
are the bypassing bar on the west side of the channel and the channel throat. Overall, results suggest that the
model may be used to investigate short- and long-term impacts of any proposed inlet modifications.

Model Calibration through Input Filtering

The second approach used to simulate the morphological changes at Shinnecock Inlet was based on input
filtering techniques. Instead of the real tidal variability at the boundaries, this technique applies a
representative tide that generates the same morphological changes that will take place if the full tidal
variability is applied. In addition the wave climate for the simulation period is described by a discrete
number of wave conditions which are applied for a specific time. The idea is to reproduce the same net
transport as observed in a morphological simulation using the full tidal variability and wave climate but at
a much smaller computational cost. Another important advantage is that for each morphological time step
the transport and bottom computations could be repeated a number of times using the “continuity
correction” method, until bottom changes are so large that a full hydrodynamics computation is required.
The continuity correction method is based on the assumption that the velocity patterns are not
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significantly influenced by small bed level changes. The continuity correction is applied as follows.
Before the new hydrodynamic and wave fields are calculated, the depth at every grid point is stored.
Then, sediment transport is calculated, the bathymetry updated, and the difference in depth is computed at
every grid point. If either the maximum difference (the threshold is specified in absolute value) or if the
relative change (the threshold is specified in percentage of change) throughout the domain remains below
certain threshold the continuity correction method is applied. Note that only one of the two methods
(absolute or relative) can be used in the same model run. A new depth is computed by recalculating the
sediment transport with the adapted velocity and orbital velocity fields. If this threshold has not been met
after a number of applications of the continuity correction, the full hydrodynamic and wave computations
will be performed using the latest computed bathymetry. The model used a relative depth change of 10%
and a maximum number of 6 consecutive “continuity correction” applications. Figure 4-20 presents an
example of the morphological model process tree.

The following sections described the calculation of the representative tide and the representative wave
conditions.

Representative Tide

One representative spring/neap cycle has been selected from a longer time series (see top panel of Figure
4-21). This cycle contains 27 double tide intervals as shown in the center panel of Figure 4-21. The results
from the morphological model run for each cycle have been compared to the morphological results of the
complete spring/neap cycle. The same initial bathymetry is used in all these morphological runs. The
parameters to be compared among the different morphological runs are:

= Correlation between the bottom changes in all grid points for each double-tide period and for the
spring-neap period. This parameter indicates if the overall pattern is represented correctly.

= The slope of the linear regression between the bottom changes at all points over the spring-neap
period and those over the selected period. This can be seen as a time-scale factor, i.e. it provides an
indication of the relation between the magnitude of the changes obtained from each tide and the total
changes in the spring-neap cycle.

= The weighted standard deviation, which is an indication of the magnitude of the bottom changes.

The correlation and slope of the linear regression between the morphological changes obtained for each
cycle run and the full spring-neap run are presented in the bottom panel of Figure 4-21. It can be
observed that the highest correlation was obtained for the transition tides from spring to neap and also
from neap to spring. The lowest correlation was obtained for the neap tide cases. In addition, it is also
observed in the bottom panel of Figure 4-21 that the tides during spring tide will overpredict
morphological changes in the order of 2.5 times larger than those expected with the spring/neap cycle. On
the other hand for cycles within neap tide will underestimate the total changes by up to 50 %. The tidal
cycle with the higher correlation (9, 10 and 16) will overpredict significantly the changes, therefore, a
cycle with a still high correlation (0.927) but at the same time a slope very close to one (0.997) has been
selected. The selected cycle (TIDE 8) is shown in Figure 4-21. The values for correlation, slope and
standard deviation for each cycle are presented in Table 4-6.
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Table 4-6: Comparison of modeled transport from a
spring/neap cycle and the individual cycles
TIDE # Correlation Slope Standard Weighted

Deviation STD
TIDE 1 0.908 1.039 0.037 0.038
TIDE 2 0.894 1.111 0.034 0.038
TIDE 3 0.881 1.226 0.030 0.037
TIDE 4 0.870 1.372 0.027 0.037
TIDE 5 0.862 1.508 0.024 0.036
TIDE 6 0.867 1.505 0.024 0.036
TIDE 7 0.894 1.301 0.029 0.038
TIDE 8 0.928 0.997 0.039 0.039
TIDE 9 0.949 0.726 0.055 0.040
TIDE 10 0.950 0.535 0.075 0.040
TIDE 11 0.937 0.419 0.094 0.039
TIDE 12 0.922 0.359 0.108 0.039
TIDE 13 0.916 0.342 0.113 0.039
TIDE 14 0.923 0.366 0.106 0.039
TIDE 15 0.936 0.435 0.091 0.039
TIDE 16 0.946 0.567 0.070 0.040
TIDE 17 0.942 0.785 0.050 0.040
TIDE 18 0.915 1.121 0.034 0.038
TIDE 19 0.883 1.532 0.024 0.037
TIDE 20 0.851 1.792 0.020 0.036
TIDE 21 0.839 1.729 0.020 0.035
TIDE 22 0.846 1.505 0.024 0.036
TIDE 23 0.868 1.296 0.028 0.037
TIDE 24 0.888 1.142 0.033 0.037
TIDE 25 0.906 1.032 0.037 0.038
TIDE 26 0.919 0.959 0.040 0.039
TIDE 27 0.929 0.905 0.043 0.039

Representative Waves

The wave schematization method applied in this section is based on van Duin (2002) and consists of two
steps: (1) division of the given wave climate in a number of sectors, and (2) calculation of the required
simulation time of the schematized waves in order to obtain the same overall net sediment transport as
would be obtained using the real data. The following calculation uses wave data at the Shinnecock inlet
wave model boundary (approximately at 25 meters of depth) that has been transformed using the regional
wave model forced with NDBC 44025 wave data at the offshore boundary. The selected period coincides
with the period between the two recent SHOALS surveys (May 28, 1997 to August 13, 1998).

A directional sector from 90° to 220° was initially divided into equal sectors of 10°. A number of 10°
sectors were then combined, obtaining 4 sectors with percentage of occurrence between 20 and 30 %. The
frequency distributions for each 10°-sector and for the four multidirectional sectors are presented in Table
4-7 considering 11 wave height cases.
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Table 4-7: Frequency distribution of wave direction versus wave height.
Shinnecock Inlet (1997-98 period)

<90 |<100(<110|<120|<130|<140(<150|<160|<170|<180|<190<200|<210|<220(>220( TOT
11.3

<05 ]0.19]1045(2.05]2.16|1.64]11.06 (1.12|0.93|0.3210.17 {0.09|0.17|0.13|0.15 | 0.76

<10 J0.63|0.93]|4.79]6.25|3.65]3.08(2.80|265|157]11.79|125]|1.32(1.40|1.49]2.50 ]36.10
<15 1097|058 [147]3.73]|280]1218(2.03|261|177]1.36(1.01|0.97]|0.73|1.08|1.90J25.19
<20 ]1.19|0.80)|048]1.12|0.67]0.63|0.67|101]0.95]0.88|0.78|0.69(0.39|0.24|0.76 ]J11.28
<25 1052|158]|0.82]0.71]0.78§0.47[0.52]0.73|0.67]10.39]|0.35|0.32|0.13]|0.21 | 0.41]8.61
<30 10.09|0.80[0.56]0.39]0.50]0.21 0.45|0.41]0.28]0.04 |0.04|0.07]0.11|0.06 [0.13]4.14
<35 ]10.00]0.21]|0.71)0.41]0.21]0.06 | 0.07]0.30 | 0.11]0.00 | 0.00 | 0.02 | 0.00 | 0.06 | 0.07 | 2.22
<40 10.00|0.00|0.32]0.26 | 0.07]0.00 | 0.04 | 0.07 | 0.04 ] 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.02 ] 0.82
<45 10.00|0.00|0.06 ] 0.00|0.02]0.06 |0.00]0.04|0.00]0.00|0.02|0.02|0.00|0.000.00]0.21
<5.0 ]0.00|0.00 | 0.00]0.04]0.00]0.00|0.00|0.00]0.00}0.00|0.00|0.00]0.00|0.00(0.00]0.04
>5.0 10.00|0.00 | 0.00]0.00|0.00]0.00|0.00]0.00]0.00]0.00|0.00]0.00]|0.00|0.00|0.00]0.00

TOT |3.60 | 5.35 |11.26{15.07|10.35] 7.74 | 7.70 | 8.75 [ 5.71] 4.62 | 3.54 | 3.58 | 2.89 | 3.28 | 6.56
20.21% 25.41% 27.89% 24.48%

For each directional sector a wave direction and two wave heights are chosen. The selected wave heights
correspond to an average and a high wave height.

To calculate the required simulation time for each schematized wave the sediment transport is computed
for each of the selected combinations and for each of the wave/height combination of Table 4-7. The
sediment transport has been calculated using Delft3D, as the total cross-shore sediment transport
(suspended and bed load) that the wave/height combination generates on a typical profile measured at
Southampton beach in Long Island. The net sediment transport for each directional sector, Sp(i) is
calculated using the expression:

S () = X N xP() xS(i)
where:

Snet(i) — Total net transport per directional sector “i”
S(j) —Transport of wave height/direction combination “j” per unit time
P(j) — Probability of occurrence of wave height/direction combination “j”

N — Total number of time units of the complete study period

The weighted transport for each of the 8 selected combinations is calculated using the following
expressions.

SY(i)=S (i){l}
i P (i) + Py (i)

or

S1() =S -(i){L}
TR )+ P ()
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where:

S".(i) — Weighted transport of average wave height/direction combination “i”” per unit time
S"hi(i) — Weighted transport of average high height/direction combination “i”” per unit time
Sa(i) — Transport of average wave height/direction combination “i” per unit time

Shi(i) — Transport of high wave height/direction combination “i”” per unit time

P.v(i) — Probability of occurrence of average wave height/direction combination “i”

Pri(i) — Probability of occurrence of high wave height/direction combination “i”
The total representative transport for each of the four directional sectors is calculated as the sum of the

weighted transports for the average and high wave height/direction combinations times the total time for
the sector.

Siey (i) =[S () + S (0) ]t s ()
where:

Srep(i) — Weighted representative transport per directional sector
tow(i) — Old simulation time per directional sector

The ratio, R(i), between the total transport per directional sector and the weighted representative
transport.

() - S0

The new simulation time per directional sector is calculated using:
tnew (I) = R(I) X toId (I)

The time per directional sector has to be distributed between the average and high combinations using the
probability of occurrence of each of them

te, (i) =t (i){—P""V“) }
new new Pav (l) + Phi (l)

or

th (i):t.(i){—Phi(i’ }
e LR, () + Py ()

Table 4-8 presents the values of the different variables for the eight selected combinations including the
number of days that each condition has to be simulated in order to obtain the same total net transport for

the simulation period. The new net transport per sector using the representative wave conditions can be
computed by:

SEE\tN (I) = ti\éw (I)Sav(l) + tzlew(l)sm (I) ~ Snet (I)
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Table 4-8: Shinnecock Inlet Representative Wave Calculation Variables
Combination 1 | 2 3 | 4 5 | 6 7 | 8
Sector 1 2 3 4
Height (m) 1 | 35 1 | 35 TEE 1 | 25
Direction(°) 105 115 145 210
Period (5) 9 | 10 9 | 10 9 | 10 9 | 10
Srer (M%) 59,911 57,254 20,113 33,870
Sav or Shi (M/s) 0.0045 0.1152 0.0043 0.1059 0.0019 0.0342 0.0044 0.0509
Pav or Pri (%) 4.79 0.71 6.25 0.41 2.80 0.45 1.4 0.13
S¥av or i (Ms) 0.0040 0.0148 0.0040 0.0065 0.0016 0.0047 0.0040 0.0043
Srep (M°) 95,900 67,453 44,572 51,498
R 0.62 0.85 0.45 0.66
tog (day) 59.0 74.2 81.4 71.5
thew (day) 36.9 63.0 36.8 47.0
Proowortmew(day) | 321 | 47 590 | 39 3.7 | 51 430 | 40

The simulation of the morphological process consists of running one wave condition after another for the
period of time calculated for each of them. The order in which the wave conditions were simulated was
1-3-5-7-2-4-6-8, which is starting from east to west and from the average conditions to the extreme wave
conditions. Sensitivity tests showed that although some differences could be observed when a different
order was used, the final results were not very sensitive to the selected order of the wave conditions.

Figure 4-22 shows the morphological changes from 28 May 1997 to 13 August 1998 simulated with the
input filtering morphological model. Comparison with Figure 4-18 shows that the results are very similar to
those obtained with the full description of tides and wave climate. Moreover, comparison with Figure 4-19
indicates that the model does an adequate job reproducing the observed morphological changes. Since the
simulation using the input filtering techniques requires significantly less computational effort, and given the
results from both cases are very similar, long-term morphological simulations (longer than one year) will
use this technique. Short-term simulations during storm conditions (in the order of days) will use the
detailed time-series methodology.

4.2.4  Existing Conditions

The following paragraphs describe the observed patterns in the model results as regards hydrodynamics,
waves, sediment transport, and morphology at Shinnecock Inlet. Results are based on the calibrated
models described earlier in Section 4. Measured rates of sediment transport and morphology changes in
the field are presented in Section 5.

Hydrodynamics

Figure 4-23 illustrates the modeled current speed and vectors during a typical peak flood tide at
Shinnecock Inlet. Current speeds are relatively low over the ebb shoal (0.3-0.7 m/s) and do not increase
significantly until the immediate vicinity of the jetties. In the throat of the inlet currents are strong (over 2
m/s). Currents remain high over the flood shoal (1.0 m/s) and into the channel past the commercial
fishing docks and Ponguogue Bridge (0.9 — 1.0 m/s). Because of the relatively shallow bay inside the
inlet, the deeper channels attract more flow and consequently have higher currents. Velocities remain
lower outside the inlet because flow is drawn from all directions over relatively constant depths. Flow
accelerates through the constriction caused by the inlet and the fixed jetties.

Figure 4-24 shows modeled flow patterns during a typical ebb tide. Flow is drawn from the interior of
Shinnecock Bay and ejected through the inlet. Flow speeds in the interior channels are similar to flood
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tide conditions (0.9 — 1.0 m/s). Flow is constricted from the bay into the throat of the inlet. Velocities in
the throat are again high (over 2 m/s), but now the flow velocity is maintained out over the ebb shoal as a
jet. The values of the ebb velocities are smaller than those during flood. This corresponds to the definition
of Shinnecock Inlet as a flood dominated inlet (Militello and Kraus, 2001). The alignment of the jet
principally follows the alignment of the deposition basin, skewed a bit to the west, probably due to the
offset of the western jetty. Morphological modeling results show that the channel tends to align with the
flow, relocating to the west in a more NE-SW alignment, between maintenance dredging projects.

Waves and Sediment Transport Potential

Figure 4-25 to Figure 4-28 display wave shoaling/refraction coefficients and initial sediment transport
rates for the four wave sectors delineated for the morphological model input filtering (see Section 4.2.3).
For Shinnecock Inlet, the four schematized wave directions are 105°, 115°, 145°, and 210° clockwise
from north (Nautical convention) at a depth of 25 m. Each plot shows, in the lower frame, wave
refraction/shoaling coefficients (KrKs) for a 1-meter, 9-second offshore wave (the wave used as the
average morphological wave condition for each principal direction). The top frame of each plot shows
the resulting tidally-averaged sediment transport rates. These rates were computed by combining the
bottom stresses resulting from currents averaged over the representative tide, wave orbital velocity, and
radiation stress-induced currents. The sediment transport rates represent the initial potentials at the
beginning of the morphological modeling. Note that in a conventional sediment transport modeling
effort, these rates would be extrapolated over time to compute the bed change. In the morphological
analysis the rates are altered to account for the bed evolution and its effects on waves and currents.

Figure 4-25 plots the wave patterns and sediment transport patterns resulting from a wave with an
offshore direction of 105 degrees. This wave condition occurs approximately 20% of the time. The waves
are traveling obliquely to the shoreline. The wave direction vectors in the lower panel of the figure show
the nearshore waves are oriented toward the northwest. The plot shows waves breaking along the
shoreline east of the inlet and on the eastern jetty. Waves shoal up on the eastern side of the deposition
basin, over the east lobe of the ebb shoal. Waves focus on and shoal over the west lobe of the ebb shoal
and break on the shoreline west of the inlet. Wave heights are greatly reduced in the throat of the inlet
due to sheltering of the eastern jetty and the fast currents in the throat.

The upper panel of Figure 4-25 shows the results of the sediment transport potential due to this wave
condition. Longshore transport of sand is very strong on the eastern shoreline due to wave breaking. The
oblique angle of incidence of the waves increases the strength of the westward flow. Transport at the
eastern jetty is also strong, showing transport into the inlet entrance and the deposition basin. There is
strong transport potential over the west lobe of the ebb shoal. Transport vectors are directed along the
shoal toward where the ebb shoal welds to the shoreline. On the west side coastline, there is a moderate
longshore transport toward the west, from the fillet on the western jetty toward the ebb shoal and from
ebb shoal west toward Westhampton Beach. There is also significant transport potential in the throat of
the inlet and in the entrance channel/deposition basin and around the west jetty. These potentials are
mainly due to the tidal currents. Wave heights in these areas are not great and the water depths are typical
large (>15 feet). The depth averaged tidal currents, however, are strong (Figure 4-23 and Figure 4-24).
Tidal average transport potentials in the channel are directed outward south of the west jetty and inward
north of the jetty. The strength of the potentials lessens away from the throat of the inlet. It is expected
that some deposition may occur in these areas along the gradient of the potential.

Figure 4-26 shows modeled wave patterns and transport potentials for waves arriving from 115° (ESE).

Wave patterns are similar to those from Figure 4-25. A notable difference is that waves from this angle
strike the coastline west of the inlet more perpendicularly. The resulting longshore transport is weaker
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westward from the inlet. Transport potential between the deposition basin and the west lobe of the ebb
shoal is stronger.

Figure 4-27 reports modeled wave patterns and transport potentials for a wave direction of 145° (SE).
Waves arrive nearly perpendicular to the offshore contours. Wave coefficients are greater, since waves
largely do not refract. Because of the normal approach, the longshore transport travels both east and west
along the coastline. Nodal points develop on either side of the inlet, coinciding to the points where the
ebb shoal meets the shoreline. Outward of the nodal points, longshore transport is away from the inlet.
Inside the nodal points, transport is toward the inlet.

Figure 4-28 shows modeled wave patterns and sediment transport potentials for waves from 210° (SW).
Waves point at an eastward angle to the coast in this orientation. Strong eastward longshore transport
occurs on the shoreline on both sides of the inlet. Transport on the west lobe of the ebb shoal occurs
closer to shore and is directed more toward the inlet. Transport along the bottom of the deposition basin
is strong from the east jetty to the west side of the basin, before decreasing in intensity. Sediments
transported away from the jetty are expected to deposit on east side of the deposition basin.

4.3 Moriches Inlet
4.3.1 Hydrodynamics
Model Grid

The Moriches Inlet Model (MIM) extends from Smith Point to the Quantuck canal at Westhampton
beach. The model covers approximately 13 miles west to east. From the inlet mouth, the model extends
about 3.3 miles offshore.

MIM was constructed similarly to SIM, using a curvilinear grid and variable grid resolution throughout
the model domain. As with SIM, the highest resolution is found at the inlet throat: 12 m grid spacing
along the axis of the inlet and 17 m spacing across the throat. Along the coast on either side of the inlet
the grid size is on the order of 10-20 m. The grid size in the alongshore direction increases with distance
from the inlet, reaching values of up to 355 m. The grid size also increases incrementally from the coast
to the offshore boundary up to maximum spacing of 560 m. In total, MIM has a total of 8,703 grid cells.
Figure 4-29 shows the MIM computational grid and Figure 4-30 shows a detail view of the model grid at
the vicinity of the inlet.

Model Bathymetry

Two sources of data were used to construct the bathymetry for the Moriches Model. GEODAS data, as
explained in section 4.2.1, was used to construct the entire model domain excluding the inlet where more
recent SHOALS data was used. Table 4-9 shows the data block and the area where it was applied. Figure
4-31 shows the bathymetry of MIM.
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Table 4-9: Bathymetric Data Sources for the Moriches Inlet Model
Data Source Year Area Specific
SHOALS 1996 Inlet
H05324 1933 Eastern part of the Moriches Back Bay — From the inlet
to Westhampton Beach
H05322 1933 Western part of the Moriches Bay — from Smith Point
Bridge to the Inlet
H06328 1938 Off-Shore area
ACNYMP 1998 Westhampton and Fire Island Beach profiles were used
to generate more accurate bathymetry for the near shore
areas.

Hydrodynamic Data

LISHORE stations P6 (Moriches Coast Guard Station) and P7 (Smith Point Bridge) were primarily used
for the hydrodynamic model calibration for MIM. Water level time series data were available
commencing from April 2000.

Tidal datums have been computed over the period of record for the LISHORE gauges for these two stations,
P6 and P7. The results of the analysis are presented in Table 4-10.

Table 4-10: Tidal Datums (ft) for Moriches Tide Gauges
Datum Coast Guard P6 Smith Point P7
(04/00 — 11/01) (04/00 — 11/01)
MHHW 2.61 1.48
MHW 2.39 1.33
MTL 1.24 0.71
MLW 0.10 0.09
MLLW 0.00 0.00

However, for calibration purposes, the tidal harmonic constituents were extracted for the data at P6 and
P7 and new time series were re-generated based on 9 constituents. These 9 constituents are the same as
those used to define the boundary of the model and are explained in more detail in the following section.
The tidal constituents are presented in Table 4-11.

The locations of the hydrodynamic data stations for Moriches Bay are shown in Figure 4-32.

Boundary Conditions

MIM is forced by water surface elevation from the three open boundary conditions located offshore. The
boundary is based on a time series of water surface elevations constructed from 9 major tidal constituents
extracted from the high-resolution ADCIRC EastCoast 2001, finite-element tidal model (Luettich, et al,
1995). Table 4-12 lists the amplitude and phase for each constituent at two points along the boundary: the
eastern edge, and the western edge. Linear interpolation between points is applied along the offshore
boundary, while the water surface is non-sloping on the east and west. These boundaries are used for the
model calibration as well as for the long-term morphological and the calculation of the representative
tidal boundary.
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Table 4-11: Calibration Station Tide Constituents — Moriches Model
P6 — Moriches Coast Guard | P7 — Smith Point Bridge
Constituents A(‘m)p Fgg:s; A(\m)p Fgg:s;
o1 0.0375 201.84 0.0268 239.81
K1 0.0642 193.57 0.0447 234.59
N2 0.0625 9.75 0.0292 56.80
M2 0.3071 25.23 0.1591 74.76
S2 0.0499 57.60 0.0239 104.02
K2 0.0134 54.23 0.0064 112.13
Q1 0.0065 216.04 0.0028 239.98
M4 0.0097 2.16 0.0081 40.76
M6 0.0072 118.64 0.0025 143.63
Table 4-12: Boundary Tide Constituents - Moriches Model
Eastern BC Western BC

Constituents /?rrnn)p Izg:;; A(\m)p FEQ:;?
o1 0.0516 177 46 0.0538 175.08
K1 0.086 166.47 0.0881 166.47
N2 0.1135 329 63 0.1195 329.12
M2 0.4895 34216 0.5177 341.89

) 0.1001 342 0.1052 311

K2 0.0224 14.79 0.0236 14.18
Q1 0.0099 169.75 0.01 167.71

M4 0011 353.03 0.0077 3.63
M6 0.0134 21473 0.0132 227.14

Constituents extracted from EastCoast 2001 model (Luettich, et al, 1995)

Calibration

The hydrodynamic model was calibrated for the period 20 April 2000 to 15 May 2000. The calibration
result plots are shown in Figure 4-33 to Figure 4-34. Comparisons to current and discharge were not
possible as there were no measurements in this model area. Simulated discharge and currents are
presented in Figure 4-35.
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Model skill is assessed using the following three error calculations: correlation coefficient, root mean
square (RMS) error and percent error. For a full description of the statistical parameters, see Section
4.2.1. The three statistics for calibration at P6 and P7 are presented in Table 4-13.

Table 4-13: Calibration Statistics for Moriches Model
Station Correlation RMS Error (m) Percent Error
Moriches Coast Guard — P6 0.99 0.04 4.9
Smith Point Bridge — P7 0.96 0.05 11.5

In general, model predicted water levels in the two available measurement locations are in very good
agreement with the data.

4.3.2 Waves

The Moriches wave model has been built using the HISWA model (See Section 4.2.2 for a description of
this model).

Local Wave Models within Morphological Model

Similarly to the Shinnecock wave model, the Moriches wave model uses three nested wave grids (see
Figure 4-36). The first grid (offshore grid) is the coarsest and has a resolution of 50 m. in the direction of
the wave propagation (x-direction) and 200 m. in the direction perpendicular to the wave propagation (y-
direction). Only one offshore wave grid has been used in this case, since this grid is able to resolve all the
incoming representative wave direction calculated from the input filtering technique. The grid orientation
in this case is perpendicular to the 155° azimuth direction. The offshore grid propagates the incoming
waves from the upwave boundary condition, located at a depth of approximately 25 meters (82 feet) to the
finer grids, thereby providing boundary conditions for the next grid.

The second level of grid resolution (nearshore grid) has a resolution of 25 m in the x-direction and 100 m
in the y-direction. This grid propagates boundary conditions obtained from the offshore grid and
calculates the wave conditions in the nearshore zone. The orientation of the nearshore grid is
perpendicular to the 159° azimuth direction.

A third grid (inlet grid) provides even higher resolution at the inlet area. The inlet grid has a resolution of
5 m in the x-direction and 20 m in the y-direction. The upwave boundary condition of the inlet grid is
perpendicular to the 167° azimuth direction. The finer grid permits the calculation of wave breaking and
shoaling in the inlet entrance.

Wave Data

No wave data were available near Moriches Inlet. The two wave gauges already described for
Shinnecock inlet were used: the National Data Buoy Center (NDBC) buoy 44025 at a water depth of
approximately 40 meters and the Westhampton beach gauge (NYO001) at a depth of 9.5 meters. The
location of the data gauges is shown in Figure 4-15.

Boundary Conditions

The model boundaries at a depth of 25 m have been generated from the output of the regional wave
transformation model using NDBC 44025 data and based on an analysis similar to that used for the
Shinnecock Inlet Model.
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4.3.3 Sediment Transport & Morphology

Model Set-up
The sediment characteristics applied in SIM were also used for MIM

Model Calibration through Input Filtering

Morphological changes at Moriches Inlet were simulated using input filtering techniques similar to those
described for Shinnecock Inlet. Specifically, the same procedure that was applied to calculate the
representative tide and waves at Shinnecock Inlet has been used here.

The selected calibration period was October 1998 (post-dredge conditions) to July 2000. Representative
waves were computed for this period according to the same procedure applied at Shinnecock Inlet.
Specifically, the frequency distributions for each 10°-sector and for the four selected multidirectional
sectors are presented in Table 4-14.

Table 4-14: Frequency distribution of wave direction versus wave height.
Moriches Inlet (1998-00 period)

<90 [<100|<110|<120|<130|<140|<150|<160|<170|<180|<190|<200|<210|<220|>220| TOT

<05 ]0.37 |0.28 |1.11 J2.19 |2.09 |1.65 [1.53 |1.05 |0.74 ]0.26 |0.21 |0.34 [0.22 |0.11 (0.20 J12.35
<10 J1.71 |1.36 [3.32 J4.55 |4.18 |3.59 (3.04 |2.82 |2.68 |3.29 (3.17 |2.56 |2.19 |1.44 [1.61 J41.51
<15 J1.79 |1.45 |1.54 J2.32 |1.91 J1.61 [1.92 |1.75 |1.96 |2.81 |2.51 |1.93 [1.73 |1.23 |[1.35 |27.80
<20 ]0.44 [0.63 |0.43 ]0.83 |0.41 ]J0.73 [0.82 |0.74 |1.01 J1.02 [0.75 [0.65 |0.80 ]0.36 |0.67 J10.29
<25 |0.23 0.47 |0.49 10.33 |0.36 J0.32 |0.64 [0.58 [0.25 ]0.32 ]0.32 |0.32 |0.15 [0.20 |0.32 }5.28
<3.0 |0.04 0.42 [0.34 10.18 |0.08 J0.04 |0.23 [0.23 |0.04 |0.04 0.07 [0.07 |0.04 (0.04 |0.14 J2.00
<35 |0.00 0.02 ]0.08 ]0.02 [0.03 J0.01 |0.09 |0.12 (0.02 I0.0l 0.04 10.00 |0.00 [0.03 [0.04 ]0.49
<4.0 I0.00 0.00 (0.00 J0.00 |0.00 J0.00 |0.04 [0.04 |0.04 |0.02 0.01 (0.01 |0.00 (0.00 |0.00 |0.14
<45 I0.00 0.00 |0.00 ]0.00 [0.01 J0.02 |0.01 |0.02 |0.03 I0.0l 0.00 |0.00 |0.00 [0.00 [0.00 |0.09
<5.0 I0.00 0.00 (0.00 J0.00 |0.00 J0.00 |0.00 (0.01 {0.01 I0.00 0.00 (0.00 |0.00 (0.00 |0.00 I0.02
>50 [0.00 [0.00 [0.00 Jo.00 |0.00 Jo.00 [0.00 |0.02 |0.01 Jo.00 |0.00 |0.00 0.00 0.00 ]0.00 Jo.03

TOT |4.57 |4.62 |7.32 J10.43|9.07 |7.97 |8.31 [7.36 |6.77 |7.78 |7.07 [5.88 |5.13 |3.40 |4.34
26.94% 25.34% 21.90% 25.81%

Table 4-15 presents the values of the different variables for the eight selected combinations including the
number of days that each condition has to be simulated in order to obtain the same total net transport for
the simulation period.
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Table 4-15: Moriches Inlet Representative Wave Calculation Variables
Combination 1 | 2 3 | 4 5 | 6 7 | 8
Sector 1 2 3 4
Height (m) 1 | 3 1 | 3 1 | 3 1 | 25
Direction(°) 110 135 165 210
Period (s) 9o | 10 9 | 10 9 | 10 9 | 10
Snet (M°) 83,733 56,626 14,516 75,212
Savor Shi (M°/5) 0.0045 0.0787 0.0028 0.0516 0.0009 0.0179 0.0044 0.0509
Pay or Pri (%) 3.32 0.34 3.59 0.04 2.68 0.04 2.19 0.15
S%av or S"hi (M) 0.0040 0.0074 0.0028 0.0006 0.0009 0.0003 0.0041 0.0032
Srep (M) 177,121 50,804 15,192 109,476
R 0.47 1.11 0.96 0.69
toi (day) 180.5 169.8 146.7 172.9
thew (day) 85.3 189.3 140.2 118.8
Poewort new(day) | 774 | 8 1870 | 23 1380 | 23 112 | 76

As described for Shinnecock Inlet, the simulation of the Moriches Inlet morphological process consists of
running one wave condition after another for the period of time calculated for each of them. The order in
which the wave conditions were simulated was 1-3-5-7-2-4-6-8, which is, starting from east to west and
from the average conditions to the extreme wave conditions. Figure 4-37 and Figure 4-38 show
morphological changes from October 1998 to May 2000 as measured with the available surveys and
SHOALS data and simulated with the morphological model, respectively.

The morphological model is able to reproduce most of the most important morphological changes observed
in Figure 4-37. Deposition on the navigation channel and on the east and offshore areas of the ebb shoal is
well reproduced by the model. The model also reproduces the displacement westwards of the shoal located
west of the channel. Areas were the model that may require additional improvement are the deposition
basin, where the model seems to accumulate less material than observed and the channel throat. Overall,
results suggest that the model may be used to investigate short- and long-term impacts of any proposed inlet
modifications.

4.3.4 Existing Conditions

The following paragraphs describe the observed patterns in the model results as regards hydrodynamics,
waves, sediment transport, and morphology at Moriches Inlet. Results are based on the calibrated models
described earlier in Section 4. Measured rates of sediment transport and morphology changes in the field
are presented in Section 5.

Hydrodynamics

Figure 4-39 and Figure 4-40 present current patterns and velocities for the peak flood and peak ebb tide,
respectively, during the representative morphological tide. Hydrodynamic patterns are similar to those of
Shinnecock inlet. The inlet throat experiences high currents (1.0 — 2.0 m/s) on both flood and ebb tide.
Similarly to Shinnecock inlet, maximum flood velocities are larger than maximum ebb. The velocities in
the interior channels are higher during ebb tide, while during flood the incoming flow spreads out over the
flood shoal at about 1.0 m/s. Currents over the ebb shoal on the flood tide are lower (0.5 m/s) than during
the ebb tide jet (0.9 — 1.3 m/s).
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Waves and Sediment Transport Potential

Figure 4-41 to Figure 4-44 show wave and sediment transport patterns for waves arriving from ESE to
SW. Patterns are generally similar to those for Shinnecock Inlet, with strong westward longshore
transport east and west of the inlet for waves arriving from 110° and 135°. Node points in longshore

transport form for waves arriving from 165°, and longshore transport shifts to the east for waves arriving
from the SW.

Waves break over the west lobe of the ebb shoal from all wave directions. Transport potentials over the
shoal are active, with several areas of high potential and large gradients. Transport vectors along the edge
of the deposition basin are generally southward for all wave directions, further westward vectors are in
towards shore and along the crest of the shoal, and vectors are directed offshore and westward nearer to
the shore.

An interesting feature of Moriches Inlet is that the shoreline between west jetty and the point where the
west lobe of the ebb shoal attaches to the shore is oriented normal to waves arriving from the SE. The
longshore transport in this area is low for SE waves, and the shoreline is likely in equilibrium with the
predominant wave direction.

For SW waves, the refracted wave vectors are oriented parallel with the deposition basin. Waves
breaking over the east lobe of the ebb shoal direct sediment transport toward the east side of the inlet,
reversing the direction of transport predominant from the SE and S waves.

Transport potential in the inlet is driven mainly by the average tidal currents. In contrast with Shinnecock
where transport inside the jetties is directed inward and outside directed outward, transport at Moriches is
directed inward on the western side of the throat and outward on the eastern side.

4.4  Fire Island Inlet
4.4.1 Hydrodynamics
Model Grid

The Fire Island Inlet Model (FIIM) extends from the Great Island in the west of the Great South Bay to
Smith Point in the east. The model covers approximately 35 miles west to east in the back bay and about
18 miles offshore. From the inlet mouth, the model extends about 8.5 miles offshore.

FIIM was constructed similarly to SIM and MIM, using a curvilinear grid and variable grid resolution
throughout the model domain. The highest resolution is found at the inlet throat: 35 m grid spacing along
the axis of the inlet and 40 m spacing across the throat. Along the coast on either side of the inlet the grid
size is on the order of 50-60 m. The grid size in the alongshore direction increases with distance from the
inlet, reaching values of up to 800 m. The grid size also increases incrementally from the coast to the
offshore boundary up to maximum spacing of 500 m. In total, FIIM has a total of 14,816 grid cells.
Figure 4-45 shows the overall computational grid for Great South Bay, Figure 4-46 shows the resolution
of the model at Fire Island Inlet.

Model Bathymetry

A number of sources of data were used to construct the bathymetry for the Fire Island Model. GEODAS
data, as explained in Section 4.2.1, was used to construct the entire model domain excluding the inlet
where more recent data were used. Table 4-16 shows the data sources and the extent of the coverage.
Figure 4-47 shows the bathymetry of the Great South Bay model used for the hydrodynamic calibration
and the morphological model. This bathymetry, representative of the beginning of 2001, was constructed
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using the 2001 condition survey, SUNY survey 2001-2002, Spring 2001 profiles from the Atlantic Coast
of New York Monitoring Program and GEODAS data.

Table 4-16: Bathymetric Data Sources for the Fire Island Inlet Model
Data Source Year Area Specific
Condition Survey | March-2001 Inlet Throat
SHOALS 1996 Inlet Periphery
GEODAS 1933-1938 Great South Bay — from great Island to Smith Point
GEODAS 1933-1938 Off-Shore area
Atlantic Coast of | Spring 2001 |Profiles were used to generate more accurate bathymetry
New York for the near shore areas.
Monitoring
Program
Dec 2001 - Inlet Throat and Ebb shoal
SUNY survey March 2002

Hydrodynamic Data

LISHORE station P8 (Fire Island Coast Guard Station) was primarily used for the hydrodynamic model
calibration of FIIM. Water level time series data were available commencing from January 2000.

Tidal datums have been computed over the period of record for the P8 LIShore gauge. The results of the
analysis are presented in Table 4-17.

Table 4-17: Tidal Datums (ft) for Fire Island Tide Gauges
Datum Coast Guard P6 WES TG6
(01/00 - 11/01)
MHHW 2.30 0.98
MHW 2.14 0.87
MSL 1.15 0.46
MTL 1.11 0.46
MLW 0.09 0.05
MLLW 0.00 0.00
Table 4-18: Calibration Station Tide Constituents — Fire Island Inlet Model
P8 — Fire Island Coast Guard WES - TG6
. Amp Phase Amp Phase
Constituents
(m) (deg) (m) (deg)
01 0.0300 194.3 0.02133 174.7
K1 0.0560 190.4 0.03657 169.2
N2 0.0632 341.2 0.02438 290.7
M2 0.2859 4.8 0.1250 3119
S2 0.0502 27.2 0.00610 12.7
K2 0.0156 23.3 0.01219 80.1
Q1 0.0079 177.8 - -
M4 0.0062 235.8 - -
M6 0.0028 1775 - -
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For calibration purposes, the tidal harmonic constituents were extracted for the data P8 and new time
series were re-generated based on 9 constituents. These 9 constituents are the same as those used to
define the boundary of the model and are explained in more detail in the following section. A second
station, TG6, was used to assess the model calibration in Great South Bay. The time series for TG6 was
constructed from tidal constituents calculated by WES based on measurements at the TG6 location. The
tidal constituents for both stations are presented in Table 4-18.

The locations of the hydrodynamic data stations for Great South Bay are shown in Figure 4-48.

Boundary Conditions

FIIM is forced by water surface elevation from the semicircular open boundary conditions located
offshore. The boundary is based on a time series of water surface elevations constructed from 9 major
tidal constituents extracted from the high-resolution ADCIRC EastCoast 2001, finite-element tidal model
(Luettich, et al, 1995). Table 4-19 lists the amplitude and phase for each constituent at three points along
the boundary: the eastern edge, south-edge, and the western edge. Linear interpolation between points is
applied on the boundaries.

Open boundary conditions are specified at the east (Smith Point) and west (Great Beach) limits of the
model. At the east, the model has been forced with the tide generated from constituents computed from
LISHORE P7 data. The western boundary has been forced with tides generated for the WES TG4 station.
Table 4-20 lists the amplitude and phase for each constituent at these two Great South Bay boundaries.

Table 4-19: Offshore Boundary Tide Constituents — Fire Island Inlet Model
] East BC South BC West BC

Constituents Amp Phase Amp Phase Amp Phase
(m) (deg) (m) (deg) (m) (deg)
01 0.0574 173.4 0.0599 174.06 0.0607 172.86
K1 0.091 167.18 | 0.0921 | 168.26 | 0.0935 | 168.16
N2 0.1284 329.76 0.1321 331.08 0.1368 330.94
M2 0.5584 342.75 0.5751 344.18 0.5966 344.01
S2 0.1131 4.01 0.1163 5.47 0.1207 5.36
K2 0.0256 14.72 0.0265 16.02 0.0275 15.64
Q1 0.0101 165.63 0.0104 164.97 0.0103 164.49
M4 0.0033 44.23 0.0023 111.14 0.0044 139.58
M6 0.0116 255.63 0.0094 280.01 0.0109 302.92

These boundaries are used for the model calibration as well as for the long-term morphological and the
calculation of the representative tidal boundary.
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Table 4-20: Great South Bay Boundary Tide Constituents
Fire Island Model
Eastern Boundary at Smith | Western Boundary at
Point (P7) Great Beach (TG4)
Constituents A(‘nT)p ?Qgg; A(\rr:)p TS:;;E
01 0.0268 239.8 0.03353 123.6
K1 0.0447 234.6 0.08839 119.1
N2 0.0292 56.8 0.08229 228.1
M2 0.1591 74.8 0.4143 242.2
S2 0.0239 104.0 0.0213 308.8
K2 0.0064 112.1 0.05486 12.8
Q1 0.0028 240.0 - -
M4 0.0081 40.8 - -
M6 0.0025 143.6 - -

Constituents extracted from EastCoast 2001 model (Luettich, et al, 1995)

Calibration

The hydrodynamic model was calibrated for the period 20 April 2000 to 15 May 2000. The calibration
result plots are shown in Figure 4-49 and Figure 4-50. As there are no current and discharge
measurements in this model area, comparisons between modeled and observed currents were not possible.
Simulated discharge and currents are presented in Figure 4-51.

Model skill is assessed using the following three error calculations: correlation coefficient, root mean
square (RMS) error and percent root mean square error (rms). For a full description of the statistical
parameters, see Section 4.2.1. The three statistics for simulation results at P8 and WES TG6 are presented
in Table 4-21.

Table 4-21: Simulation Statistics for Fire Island Inlet Model
Station Correlation RMS Error (m) Percent Error
Fire Island Coast Guard — P8 0.99 0.035 4.98
WES: TG6 0.97 0.025 8.42

Results presented in Table 4-21 show that the model predicts correctly the water levels at the available
observations points, and it can therefore be assumed that it is able to accurately reproduce the tidal
variability at Fire Island inlet and Great South Bay.

442 Waves
The Fire Island Inlet wave model has been built using the HISWA model (see Section 4.2.2).
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Local Wave Models within Morphological Model

The Fire Island wave model uses three nested wave grids into an offshore grid (see Figure 4-52). The
offshore grid is the coarsest and has a resolution of 50 m in the direction of the wave propagation (x-
direction) and 200 m in the direction perpendicular to the wave propagation (y-direction). Only one
offshore wave grid has been used in this case, since this grid is able to resolve all the incoming
representative wave direction calculated from the input filtering technique. The grid orientation in this
case is perpendicular to the 165° azimuth direction. The offshore grid is used to propagate the incoming
waves from the upwave boundary condition, located at a depth of approximately 25 meters (82 feet) to the
finer grids, thereby providing boundary conditions for the next grid.

The second level of grid resolution includes two nearshore grids and an inlet grid, all with a resolution of
25 m in the x-direction and 50 m in the y-direction. This grid propagates boundary conditions obtained
from the offshore grid and calculates the wave conditions in the nearshore zone and at the inlet throat.
The wave boundary condition is perpendicular to the 165° and 162° azimuth direction for the east and
west nearshore grids respectively. The inlet grid has enough resolution to resolve the bathymetric features
that are represented in that area in the hydrodynamic model. The orientation of the inlet grid is
perpendicular to the 177° azimuth direction.

Wave Data

At this time, no wave data were available in the vicinity of Fire Island Inlet. Only the National Data Buoy
Center (NDBC) buoy 44025 at a water depth of approximately 40 meters, already described for SIM. The
location of the data gauge is shown in Figure 4-15.

Boundary Conditions

The model boundaries at a depth of 25 m have been generated from the output of the regional wave
transformation model using NDBC 44025 data and based on an analysis similar to that used for the
Shinnecock Inlet Model.

4.4.3 Sediment Transport & Morphology

Model Set-up
Sediment characteristics applied in SIM and MIM were used for FIIM.

Model Calibration through Input Filtering

Morphological changes at Fire Island Inlet were simulated using input filtering techniques similar to those
described for Shinnecock Inlet. Representative tide and waves were used to predict long-term
morphological changes.

The selected calibration period was March 2001 to December 2001. Representative waves were
computed for this period according to the same procedure applied at Shinnecock Inlet. Specifically, the
frequency distribution for each 10°-sector and for the four selected multidirectional sectors are presented
in Table 4-22.
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Table 4-22: Frequency distribution of wave direction versus wave height.
Fire Island Inlet (2001 period)

<90

<100

<110

<120

<130

<140

<150

<160

<170

<180

<190

<200

<210

<220

>220

TOT

<0.5

0.38

0.36

0.76

1.60

2.02

1.76

0.60

0.58

0.25

0.15

0.31

0.25

0.18

0.15

0.29

9.66

<1.0

1.22

1.09

3.78

5.04

5.24

5.44

4.44

3.80

2.06

1.95

2.16

2.78

3.06

2.27

1.78

46.11

<15

1.71

1.33

1.60

5.29

4.98

1.47

0.76

1.98

1.76

1.26

1.47

1.62

1.58

1.02

1.71

29.56

<2.0

J0.49

1.07

0.51

1.22

1.07

0.24

0.02

0.31

0.78

Jo.93

1.00

0.58

0.38

0.60

0.95

10.15

<25

lo.a

0.42

0.20

0.11

0.13

0.02

0.02

0.05

0.16

lo.02

0.11

0.29

0.11

0.09

0.82

2.66

<3.0

Jo.00

0.07

0.24

0.20

0.09

0.04

0.00

0.00

0.09

Jo.00

0.00

0.04

0.02

0.02

0.13

Jo.o3

<35

Jo.00

0.04

0.22

0.09

0.05

0.13

0.00

0.00

0.05

Jo.04

0.00

0.02

0.00

0.00

0.02

lo.65

<4.0

Jo.00

0.00

0.00

0.00

0.02

0.05

0.04

0.00

0.00
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0.00

0.00

0.00
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<45

Jo.00

0.00
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0.02

0.00
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0.00

0.00

fo.00
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0.00
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0.00
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Jo.00
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0.00
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0.02
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0.00

Jo.00

0.00

0.00

0.00

0.00

0.00

Jo.o5

>5.0
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0.00

0.00

0.00

0.00

0.00

0.02

0.00

0.00

lo.00

0.00

0.00

0.00

0.00

0.00

lo.o2

TOT

3.91

4.38

7.31

13.59

13.60

9.17

5.98

6.73

5.17

4.35

5.06

5.58

5.33

4.15

5.69

29.19%

22.77%

22.23%

25.81%

Table 4-23 presents the values of the different variables for the eight selected combinations including the
number of days that each condition has to be simulated in order to obtain the same total net transport for
the simulation period.

Table 4-23: Fire Island Inlet Representative Wave Calculation Variables

Combination T 3 | 4 5 | 6 7 | s
Sector 1 2 3 4
Height (m) 1 | 3 1 | 25 1 | 25 T
Direction(°) 110 130 160 210
Period (s) 9 | o9 9 | o 9 | o9 9 | o9
Spet (M°) 40,702 22,687 837 30,546
Savor Shi (M/s) 0.0045 | 0.0787 | 00033 | 0.0378 | 00002 | 00267 | 00044 | 0.0291
Pav or Pri (%) 3.78 0.24 5.24 0.13 3.8 0.05 3.06 0.38
S¥worS"i(m¥s) | 00041 | 0.0045 | 00032 | 00009 | 0.0002 | 00001 | 0.0039 | 0.0032
Srep (M) 63,517 23,480 1,316 46,139
R 0.64 0.97 0.64 0.66
toig (day) 84.9 66.3 64.7 75.1
toew (day) 54.4 64.0 41.2 49.7
Poeworew(day) | 512 | 32 625 | 15 406 | 06 42 | 55

As it was already described for Shinnecock and Moriches inlets, the simulation of the Fire Island inlet
morphological process consists of running one wave condition after another for the period of time
calculated for each of them. The order in which the wave conditions were simulated was 1-3-5-7-2-4-6-8,
which is, starting from east to west and from the average conditions to the extreme wave conditions.
Figure 4-53 shows morphological changes between the condition survey of March 2001 and the SUNY
survey of December 2001- February 2002. A limited number of bathymetric data sets were available at Fire
Island inlet, as shown in Table 4-16 compared with Shinnecock and Moriches inlets. The morphological
changes for the aforementioned period were only calculated for the extent of the March 2001 which has a
much smaller extent that the SUNY survey. Figure 4-53 shows small changes throughout the channel and
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the deposition basin, with the exception of the area located northwest of the navigation channel where
significant accretion is observed. Areas of significant erosion along the navigation channel are the
consequence of the dredging events that took place while the SUNY survey was being conducted. Figure
4-54 presents the morphological changes simulated with the model corresponding to the same period.

Comparison of Figure 4-53 and Figure 4-54 show that model does a good job in representing the main
morphological features that can be observed in the data: small changes in general possibly indicating ebb
shoal maturity and significant deposition north-west of the navigation channel. Note that the aforementioned
dredging event observed in the measurements was not included in the model.

4.4.4 Existing Conditions

The following paragraphs describe the observed patterns in the model results as regards hydrodynamics,
waves, sediment transport, and morphology at Fire Island Inlet. Results are based on the calibrated
models described earlier in Section 4. Measured rates of sediment transport and morphology changes in
the field are presented in Section 5.

Hydrodynamics

Figure 4-55 and Figure 4-56 present current patterns and velocities for the peak flood and peak ebb tide,
respectively, during the representative morphological tide. The character of Fire Island Inlet is very
different from the other two inlets. Fire Island is much older than Moriches or Shinnecock. The inlet is
oriented east-west instead of north-south. Velocities are higher through the throat and interior channel
during flood tide than during ebb tide. Because the throat of the inlet is wider than either Moriches of
Shinnecock, peak velocities are lower (1.5 m/s). Velocities over the ebb shoal are higher during ebb than
flood, but the velocity vectors fan out over the shoal more than in the other inlets because the deposition
basin is not oriented with the ebb flow.

Waves and Sediment Transport Potential

Figure 4-57 to Figure 4-60 show wave and sediment transport patterns for waves arriving from ESE to
SW. Waves and sediment transport along the shoreline east of the inlet behaves similarly to the other two
inlets. For waves from ESE to S, longshore sediment transport is directed eastward. For SW waves
longshore transport is eastward.

In the mouth of the inlet and west of the inlet, the transport patterns are different from the other inlets.
From the tip of the Federal jetty to the end of Democrat Point, longshore transport at the shoreline is
always directed into the inlet. Waves from all directions breaking on this segment of shore direct
transport inward; this is reinforced by the direction of the tidal current during flood tide. This segment of
shore is protected from tidal currents during ebb tide. This may explain the rapid shoaling in the
deposition basin and the growth of Democrat Point.

In the throat of the inlet, transport potentials are negligible. This is due to the lower average velocities in
the throat. This indicates that there is likely little sediment exchange through the inlet.

West of the inlet, there is little longshore transport except during SW waves when there is a moderate
transport potential toward the inlet. Between the point where the west side of the ebb shoal welds to
shore and the northern jetty, there is a mild longshore return transport toward the jetty. These results
indicate that the shoreline of Fire Island west of the inlet appears to be in equilibrium with the
predominant wave direction. The transport potentials over the ebb shoal are much milder than in the
other two inlets and follow generally the orientation of the average tidal currents regardless of wave
direction. This would seem to indicate a slow outward growth of the ebb shoal, but that the shoal is more
or less in equilibrium with the wave climate.
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5. INLET DYNAMICS

An analysis of tidal inlet dynamics provides a framework for understanding the processes at work at the
inlet and adjacent shorelines. This portion of the report addresses each inlet in terms of hydrodynamics,
morphology, and sediment budget. Existing conditions as determined from available hydrographic data
and modeling results are presented as well as estimates of future without project and future improved
conditions based on extrapolation of existing conditions and modeling results for specific inlet
modification scenarios.

5.1 Shinnecock Inlet
5.1.1 Existing Condition

Shinnecock Inlet has been the focus of numerous study programs in recent years, and as a result data
availability and quality at the inlet are relatively good. This section describes recent bathymetric surveys
and changes in inlet morphology from survey to survey. Hydraulic parameters are examined to determine
theoretical cross-sectional area and ebb shoal capacity. Escoffier’s (1940) method is applied to analyze
the stability of Shinnecock Inlet.

Bathymetric Records

At Shinnecock Inlet, a comprehensive monitoring program has included frequent Scanning Hydrographic
Operational Airborne Lidar Survey (SHOALS) surveys. Recent records include surveys dated July 1994,
May 1996, August 1997, May 1998, July 2000, and July 2001 and are shown in Appendix A. Additional
relevant survey data obtained using traditional hydrographic survey methods is available for 1933, June
1984, June 1989, August 1991, December 1992, August 1994, August 1998, September 1998, April 2000,
and April 2001. Figures showing these additional surveys are included in Appendix A.

Hydraulic Analysis

Well-known relationships between tidal inlet prism and morphology are applied to Shinnecock Inlet. The
analysis is designed to identify the theoretical equilibrium state of the inlet in terms of minimum cross-
sectional area and volume of the ebb shoal. Current measured conditions at the inlet can then be
compared with the theoretical equilibrium values to qualitatively assess probable future conditions.

Measured Conditions

Recent minimum cross-sectional areas, approximate average depths and estimated ebb shoal volumes are
presented in Table 5-1. Minimum cross-sectional areas are measured using the surveys presented in
Appendix A. The SHOALS 1994 survey is omitted from this analysis and further quantitative assessment
due to questions about the vertical datum resolution (Morang, personal communication, June 2002).
Average channel depth is estimated by dividing the cross-sectional area by the stabilized inlet channel
width of 800 feet. Ebb shoal volume is estimated using cumulative measured changes in bathymetric
survey data.
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Table 5-1: Shinnecock Inlet Existing Hydraulic Characteristics

Measured Minimum Cross- Average Depth Estimated Ebb
Date Sectional Area (gft) P Shoal Volume!
(sq. ft) (cy x 10°
1996 15,170 19.0 3.7
1997 15,750 19.7 7.7
1998 14,670 18.4 8.8

Dredging, June — September 1998, 440,000 cy removed from Deposition Basin

2000 17,750 22.2 6.8
2001 17,510 21.9 5.8

*Ebb shoal volume estimated by comparisons of bathymetric data with bathymetry surveyed in 1933, before
Shinnecock Inlet opened. Comparisons necessarily include all oceanside inlet effects on bathymetry; some
surveys may cover more of the shoal than other surveys. The 1996 survey has the least coverage. See Appendix
A for inlet survey coverage. 1998, 2000 and 2001 have similar coverage..

Tidal Prism - Theoretical Conditions

Theoretical equilibrium conditions for the existing tidal prism at Shinnecock Inlet are calculated as
described below based on the most recent data available.

Existing tidal prism is estimated using the bay tidal amplitude as:

P=2a,A; Equation 5-1
where
a, = tidal amplitude in the bay, and

A =area of the bay.

Bay tidal amplitude at Shinnecock Inlet is based on an analysis of data collected as part of the Long
Island Shore (LISHORE) monitoring program. Data has been collected at three pressure tide gauges in
Shinnecock Bay (see Figure 4-4 for gauge locations). Table 5-2 lists tidal datums computed using these
data sets; based on this analysis, tide range in the bay averages 2.9 feet. Shinnecock Bay surface area is
apgrozimately 14.5 square miles. These values and Equation 5-1 yield an estimated tidal prism of 1,170 x
10° ft°.
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Table 5-2: Tidal Datums for Shinnecock Inlet and Bay Tide Gauges®

. P1° p2° P3* P4°
Tidal Datum (ft) Ocean Town Dock Shinnecock Canal Quogue Canal
MHHW 3.86 3.49 3.31 2.92
MHW 3.61 3.26 3.08 2.71
MSL 1.86 1.66 1.56 1.31
MTL 1.88 1.70 1.60 1.40
MLW 0.15 0.14 0.12 0.09
MLLW 0.00 0.00 0.00 0.00

! Monitoring at stations P3 and P4 ended in August 1999; monitoring at P1 and P2 ended on May 2001 and January
2002.

?Based on observations from April 1998 - May 2001.

®Based on observations from April 1998 - December 2001.

“Based on observations from April 1998 — August 1999.

®Based on observations from May 1998 — August 1999.

Theoretical equilibrium cross-sectional area is calculated for an Atlantic Coast Inlet as (Jarrett, 1976):

A, =T7.75x10°P*® Equation 5-2
where
A. = minimum cross-sectional area (square feet), and

P = tidal prism (cubic feet).

The estimated existing tidal prism of 1,170 x 10° ft* and Equation 5-2 result in a theoretical minimum
cross-sectional area of 25,800 ft* at Shinnecock Inlet.

Ebb shoal capacity is estimated for a moderately exposed Atlantic Coast inlet (Walton and Adams, 1976)
as:
V =10.5x10"° P Equation 5-3
where
V = volume of sand stored in the ebb shoal (cubic yards), and
P = tidal prism (cubic feet).

Equation 5-3 applied using the estimated existing tidal prism of 1,170 x 10° ft* gives a theoretical ebb
shoal capacity of 15 x 10° cubic yards. Therefore, this analysis would suggest that the ebb shoal volume
is only 40-60% of the estimated equilibrium volume. However, as explained in Section 3.3, there is a
significant level of uncertainty associated with this estimate and the actual equilibrium volume could be
much smaller or even larger. Therefore, one must be very careful not to rely too much in this type of
analysis when formulating inlet management alternatives. Additional analysis of historic Shinnecock
Inlet ebb shoal growth is presented in the following paragraphs.

Is the Shinnecock Inlet Ebb Shoal Accreting?

Previous work (USACE-NAN, 1998; Militello and Kraus 2001) has suggested that the ebb shoal at
Shinnecock Inlet is still growing and has yet to reach a dynamic equilibrium. Volumetric change
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comparisons completed as part of the current study, however, indicate that the ebb shoal may not be
accumulating a significant amount of sediment and might actually be closer to equilibrium than
previously thought.

Morang (2001) conducted a detailed analysis of the changes in the ebb shoal at Shinnecock Inlet. His
study compared regional bathymetric data collected by the United States Coast and Geodetic Survey
(USCGS) in 1933, before the inlet opened, to more recent data sets from 1949, 1984, 1994, 1996, 1997,
and 1998. Morang delineated a series of reference squares, each measuring 1000 feet by 1000 feet square
and aligned with the NAD 1983 State Plane Long Island grid. Each survey was compared with the
baseline USCGS 1933 survey. Cut and fill volumes were determined in each square using terrain
modeling software and summed. The results are presented in Table 5-3.

Table 5-3: Change in Shinnecock Ebb Shoal Volume (after Morang 2001)
Survey Date Cut (yd®) Fill (yd®) Total (yd®)

Jul-Aug 1949 17,500 1,043,000 1,025,000

June 1984 747,000 5,245,000 4,498,000

May 1996 856,000 8,446,000 7,590,000

Aug 1997 712,000 8,544,000 7,832,000

May 1998 933,000 9,385,000 8,453,000

Morang’s table seems to indicate that the ebb shoal is continuing to grow and that it gained substantial
material from 1984 to 1998. However, in his report, Morang notes that “the fact that measured volume
was greater in 1998 than 1997 or 1996 may be due to slightly greater survey coverage.” After an
uncertainty assessment Morang states that ““the volumes computed for 1996, 1997, and 1998 cannot be
considered statistically different, and no inferences should be made regarding ebb shoal growth from
these three data points.”

In order to examine the changes in the ebb shoal from 1984 to 1998, the reference squares from Morang
(2001) were reproduced in a GIS software package. The 1984 and 1998 surveys were directly compared
within the bounds of the boxes to determine the changes from survey to survey. The 1933 to 1984 and
1933 to 1998 survey comparisons were reproduced as well. Volumetric comparisons are presented in
Table 5-4. Figure 5-1, Figure 5-2 and Figure 5-3 show the patterns of erosion and accretion.

Table 5-4: Change in Shinnecock Ebb Shoal VVolume from 1984 to 1998
Overlapping

S[l; rvey Coverage Cut (cy) Fill (cy) Total (cy)

ates

Area (Acres)

1933 to 1984 480 1,162,000 6,308,000 5,147,000

1933 to 1998 780 1,232,000 10,031,000 8,798,000

1984 to 1998 480 1,290,000 1,710,000 420,000
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If the 1933 to 1984 and 1933 to 1998 ebb shoal volume estimates are compared, it would appear that the
ebb shoal grew 3.7 million cy from 1984 to 1998, or roughly 260,000 cy/yr. However, as Morang (2001)
commented in his report, the relative extents of each survey can skew the results significantly. As shown
in Table 5-4 the 1993-1998 overlapping coverage area is approximately 63% larger than the 1993-1984
overlapping coverage area. A direct comparison of the 1984 and 1998 surveys (i.e., based on overlapping
survey coverage) yields a significantly smaller increase of 420,000 cubic yards from 1984 to 1998, or
30,000 cylyr.

These results suggest that the ebb shoal may now be closer to equilibrium than previously thought. In
fact, the ebb shoal volume estimates presented in Table 5-1, computed using the same methodology as
Morang (2001), do not suggest substantial accumulation. These results lead us to hypothesize that the
ebb shoal at Shinnecock Inlet may not be accumulating as much sediment as previously thought. Detailed
survey comparisons and volumetric changes are summarized in the following sections.

Inlet Stability Analysis

As a complement to the discussion above, Escoffier’s method for assessing inlet stability (Escoffier 1940)
is applied to existing and historic conditions at Shinnecock Inlet. The Escoffier method requires
information about inlet geometry (cross-sectional area, length and width), ocean tidal amplitude, bay
surface area, and friction coefficient. Inlet cross-sectional areas are shown in Table 5-1. Shinnecock Bay
surface area of 14.5 square miles and ocean tidal amplitude of 1.75 feet as measured at LISHORE station
P1 (see Table 5-2) are employed for Shinnecock Inlet. A friction coefficient of 0.0035 is selected, and the
physical inlet length is approximated as 2,500 feet.

Tidal amplitude is assumed constant over the 1996 to 2001 time period. Results of the inlet stability
evaluation for existing and recent cross-section at Shinnecock Inlet are presented in Figure 5-4. Measured
cross-section data are superimposed on the curve. The equilibrium flow velocity shown is approximately
3.3 ft/sec, a value suggested by Bruun (1978), Van de Kreeke (1984) and others as appropriate for most
inlets.

The closure curve for Shinnecock Inlet summarizes the stability of the inlet in recent years. Shinnecock
Inlet cross-sectional area remained fairly stable from 1996 to 1998 before dredging (dredging occurred in
September 1998 after the May 1998 SHOALS survey). The most recent surveys (2000 and 2001) show
that the inlet appears to be maintaining an increased cross-sectional area. The position of these cross-
sections on the stability curve indicates that Shinnecock Inlet is stable with relatively high velocities for
the given ocean tidal range and inlet and bay geometry. Theoretically inlet cross-sectional area has the
potential to continue to increase; stable cross-section values are on the order of 30,000 ft2, [This value is
slightly larger than the estimate of equilibrium cross section using Equation 5-2, 25,800 ft%] If inlet
cross-sectional area increases, velocities would be expected to decrease. Since the width of the inlet is
fixed at about 800 feet by the position of the jetties, channel depth may increase to an average of 38 feet.
As visible in the figures included in Appendix A, parts of the channel near the northeast corner of the east
jetty and east of the west jetty already exceed this depth. With the current alignment of the channel,
increased inlet scouring could deepen these areas.

Recent Volume Changes (1995 to 2001)

To track morphological changes in areas surrounding Shinnecock Inlet and to develop an inlet sediment
budget, the inlet area was divided into nine cells. These cells, shown in Figure 5-5, were delineated
following distinct morphological features of the inlet complex. The Updrift Beach (UBCH) extends from
600 meters east of the inlet to 3,200 meters east of the inlet and corresponds to the Shinnecock East (SE)
cell in the previous sediment budget work done at CHL (Gravens et al, 1999). The Updrift Lobe (UL)
extends from the east jetty to 600 meters east of the inlet and offshore to approximately the -12 m (40
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feet) contour. The Deposition Basin (DB) is as defined by the USACE for maintenance of the navigation
channel. The Channel Throat (CT) extends through the mouth of the inlet and is bound by the jetties on
either side. The Near Field Flood Shoal (NFFS) is a potential source of sand for mining operations, and
was therefore tracked as a feature separate from the Flood Shoal (FS). The West Beach (WB) extends
from the west jetty about 900 meters to the west and corresponds to CHL stationing W23.9 km to W24.8
km. The Downdrift Lobe (DL) extends from 900 m west of the inlet an additional 1,500 meters west and
corresponds to CHL stationing W22.4 km to W23.9 km. The DL follows the bypassing bar from seaward
of the deposition basin to the Ponquogue attachment point. The Downdrift Beach (DBCH) corresponds
to CHL stationing W21.6 km to W22.4 km, extending about 800 meters west of the DL.

Recent bathymetry changes at Shinnecock Inlet are relatively well documented through a number of
recent surveys. Appendix A shows plots of the surveys used in this study and Appendix B details the data
sources for all data used in the inlet sediment budget formulation. To calculate volume changes in the
sediment budget cells over the largest possible spatial extent, a series of “synthetic” topography and
bathymetry grids were created for Shinnecock Inlet. Each grid had 10-foot (3.3 meter) spacing and was
referenced to the New York State Plane Long Island NAD 83 coordinate system and NGVD 1929 vertical
datum. The data sources used for each of the grids is detailed in Table 5-5. Plots of each of the synthetic
topography/bathymetry grids are shown in Figure 5-6 to Figure 5-11 [6 figures, 1996, 1997, 1998 pre-
dredge, 1998 post-dredge, 2000, 2001]. Again, the 1994 survey was omitted from this analysis due to
guestions about the vertical datum resolution (A. Morang, pers. comm. June 2002).

The synthetic grids were used to compute recent volume changes in sediment budget cells UL, DB, CT,
NFFS, FS, WB and DL. The UBCH and DBCH cells had poor coverage for most surveys; therefore
shorelines and beach profiles were used instead to compute volume changes in those cells. Table 5-6
presents computed volumetric changes from the synthetic grid comparisons. For consistency and to make
comparisons with the previous sediment budget work by Gravens et al (1999) easier, the changes as well
as the inlet sediment budgets are presented in metric units. Figure 5-12 to Figure 5-15 [1996-7, 1997-8,
1998-2000, 2000-01] show erosion and accretion patterns from the synthetic grid comparisons.

Figures show that from year to year, changes can vary greatly. Some of this variability is due to the fact
that the inlet is a very dynamic system; however, resolution of different datums in the available data sets
may also be a cause. For example, the May 1996 to July 2001 comparison yields erosion in all of the
cells examined. This is difficult to believe, and it be may a result of datum differences. The SHOALS
surveys in 1996 and 2000 were datum-adjusted using different methodologies. The same applies for the
September 1998 to July 2000 comparison. Apparently the 1996, 1997 and 1998 SHOALS surveys were
all corrected using the same methodology. The methodology, however, was changed for the 2000 and
2001 SHOALS surveys. Generally, comparisons of surveys corrected in the same manner were given
more credence in developing the inlet sediment budget.

Volume changes in cells UBCH and DBCH were examined using both shoreline data and survey profiles.
Shorelines digitized from aerial photographs in March 1995 and April 2001 were obtained from earlier
work at CHL and new digitizing efforts at CENAN, respectively. These two datasets were used with the
baselines previously established by CHL (Gravens et al., 1999) to compute shoreline change rates in each
cell. Beach profile data collected in Fall 1995, Spring 1998, and Spring 2001 were compared as well.
Results of the updrift and downdrift beach comparisons are presented in Table 5-7.
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Table 5-5: Synthetic Grids and Source Data for Shinnecock Inlet Sediment Budget

Synthetic Grid Data Source 1 Data Source 2 Data Source 3 Data Source 4
Shinnecock Inlet SHOALS Survey ACNYMP Proflles
Spring 1996 23 May-2 June 1996 | March-April 1996
W36-44, P1-5
Datum, Datum,
Filename | shin96synthgd Conversion NGVD | Conversion NGVD
to NGVD to NGVD
Shinnecock Inlet SHOALS Survey ACNYMP _Proflles
Spring-Summer 1997 13 August 1997 March-April 1997
pring 9 W36-44, P1-5
Datum, Datum,
Filename | shin97synthgd Conversion NGVD | Conversion NGVD
to NGVD to NGVD
ACNYMP Profiles
Shinnecock Inlet SHOALS Survey Condition Survey, February-March 1998
Spring 1998 (Pre-Dredge) 28 May 1998 4-6 March 1998 W36-50, P1-5,
SH1-2
Datum, Datum, ?Aé‘ Wft Datum,
Filename | shin98synthgd Conversion NGVD | Conversion bélow Conversion NGVD
to NGVD to NGVD NGVD to NGVD
Post-Dredae ACNYMP Profiles
Shinnecock Inlet Soundin sg SHOALS Survey Condition Survey, February-March 1998
Fall 1998 (Post-Dredge) 9, 28 May 1998 4-6 March 1998 W36-50, P1-5,
25, 29 Sept 1998 SH1-2
Datum, QASL Wﬁ Datum, Datum, iﬂé‘ Wft Datum,
Filename | shin98postgrd Conversion bélow Conversion NGVD | Conversion bélow Conversion NGVD
to NGVD NGVD to NGVD to NGVD NGVD to NGVD
Shinnecock Inlet SHOALS Survey, Condition Survey,
Spring-Summer 2000 July 2000 13 April 2000
Datum, Datum, ?Aé‘ Wﬂ
Filename | Shin00Osynthgd Conversion NGVD | Conversion bélow
to NGVD to NGVD NGVD
Shinnecock Inlet SHOALS Survey, Condition Survey, ﬁgr’::;g/(lﬂ Profiles
Spring-Summer 2001 July 2001 5 April 2001 W36-44,37, P1-5
Datum, 3A5S L ft Datum, ?AEI)‘ Wﬁ Datum,
Filename | Shin01Synthgd Conversion above Conversion bélow Conversion NGVD
to NGVD NGVD to NGVD NGVD to NGVD
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Table 5-6: Volumetric Changes from Synthetic Grid Comparisons: Shinnecock Inlet
Inlet Segment From To Cut (m®) | Fill (m® | Net(m®) |Net/yr (m°/yr)
Updrift Lobe May-96 May-98 -185,000 220,000 35,000 17,000
Deposition Basin May-96 May-98 -22,000 212,000 190,000 95,000
Channel Throat May-96 May-98 -110,000 30,000 -80,000 -40,000
\West Beach May-96 May-98 -239,000 59,000 -180,000 -90,000
Downdrift Lobe May-96 May-98 -586,000 600,000 14,000 7,000
Near Field Flood May-96 May-98 -126,000 3,000 -123,000 -62,000
Flood Shoal May-96 May-98 -236,000 7,000 -229,000 -114,000
Updrift Lobe August-97 May-98 -151,000 273,000 122,000 155,000
Deposition Basin August-97 May-98 -9,000 234,000 225,000 285,000
Channel Throat August-97 May-98 -27,000 41,000 14,000 18,000
\West Beach August-97 May-98 -321,000 68,000 -252,000 -320,000
Downdrift Lobe August-97 May-98 -369,000 516,000 147,000 187,000
Near Field Flood August-97 May-98 -119,000 12,000 -106,000 -135,000
Flood Shoal August-97 May-98 -596,000 104,000 -492,000 -624,000
Updrift Lobe September-98 July-00 -290,000 130,000 -160,000 -91,000
Deposition Basin September-98 July-00 -72,000 75,000 3,000 2,000
Channel Throat September-98 July-00 -65,000 10,000 -55,000 -31,000
West Beach September-98 July-00 -89,000 41,000 -48,000 -27,000
Downdrift Lobe September-98 July-00 -718,000 162,000 -556,000 -316,000
Near Field Flood September-98 July-00 -42,000 43,000 1,000 0
Flood Shoal September-98 July-00 -108,000 288,000 180,000 102,000
Updrift Lobe July-00 July-01 -150,000 152,000 2,000 2,000
Deposition Basin July-00 July-01 -31,000 52,000 21,000 21,000
Channel Throat July-00 July-01 -31,000 55,000 24,000 24,000
\West Beach July-00 July-01 -79,000 33,000 -45,000 -45,000
Downdrift Lobe July-00 July-01 -377,000 240,000 -137,000 -137,000
Near Field Flood July-00 July-01 -169,000 14,000 -155,000 -155,000
Flood Shoal July-00 July-01 -456,000 178,000 -278,000 -278,000
Updrift Lobe May-96 July-01 -391,000 171,000 -221,000 -43,000
Deposition Basin May-96 July-01 -164,000 9,000 -155,000 -30,000
Channel Throat May-96 July-01 -157,000 17,000 -139,000 -27,000
\West Beach May-96 July-01 -306,000 187,000 -119,000 -23,000
Downdrift Lobe May-96 July-01 -1,126,000 462,000 -664,000 -130,000
Near Field Flood May-96 July-01 -212,000 1,000 -211,000 -41,000
Flood Shoal May-96 July-01 -290,000 5,000 -285,000 -56,000

DRAFT FINAL REPORT 179 May 2007



Fire Island Inlet to Montauk Point Reformulation Study

Inlet Modifications

Table 5-7: Volumetric Changes from Shoreline and Profile Comparisons: Shinnecock Inlet
Volume Change
Inlet Segment From To Data Used Rate Net/yr (m3/yr)
(m®m/yr)
Updrift Beach Fall 1995 [Spring 2001 P3, P4, P5 42 108,000
. . - Shorelines,
Updrift Beach | Spring 1995 |Spring 2001 Stations 0.6 to 3.2 11 27,000
Downdrift Fall 1095 [Spring 2001 W36, W37 2 2,000
Beach
Downdrift Shorelines,
B Spring 1995 |Spring 2001 Stations 21.6 to -15 -12,000
each 224

Recent Engineering Events

A comprehensive list of engineering activities throughout the FIMP area from 1995 to 2002 is presented
in Appendix C. Table 5-8 lists the dredging and fill events taking place from stations 21.6 km west of
Shinnecock to 3.2 km east of Shinnecock, corresponding to the inlet sediment budget cells described

above. Dredging generally takes place in the DB cell, and fill is placed in the WB and DL cells.

Table 5-8: Recent (1995 to 2001) Engineering Events in the Vicinity of Shinnecock Inlet
Stationing (km) |Volume Placed
Date Locality West East or Rerr;oved Comments
Boundary | Boundary (m?)
Feb-Mar East Flood
Shoal NA NA 191,150 Material dredged from East Flood Shoal Channel
1997
Channel
Feb-Mar Sr:/'\rﬁsefc(())fck 24 375 248 191 150 100% placed in WB (Sta. 23.9-24.8), material from
1997 ! Inlet ) ) ’ East Flood Shoal Channel dredging.
Phase 1 dredging, 26,000 m® removed from entrance
27 Jun — 11| Shinnecock channel and deposition basin above —4.3 m contour,
Jul 1998 Inlet NA NA ~26,000 placed in surf zone of wet beach from 150 m west of
west jetty to 550 m west of west jetty
27 Jun-11 Sl:/iniSt of Kkl 241 24 65 26.000 100% placed in WB (Sta. 23.9-24.8) material from
Jul 1998 |n|e§[0C ' ' ' Shinnecock Inlet dredging
Phase 2 dredging, 310,400 m® removed from entrance
13-25 Sep | Shinnecock channel and deposition basin above —6.7 contour,
1998 Inlet NA NA -310,400 placed on west beach between west jetty and 1070 m
west
13-25 Se West of 84% placed in WB (Sta. 23.9-24.8); 16% placed in DL
P | shinnecock | 23.73 24.8 310,400 (Sta. 22.4-23.9), material from Shinnecock Inlet
1998 .
Inlet dredging

Wave Climate and Longshore Sediment Transport (LST) in Recent Years

Measured morphological changes at Shinnecock and Moriches Inlets show significant variability from
period to period. This variability is particularly apparent at Shinnecock Inlet, possibly due to a relatively
complete survey record in the last decade. For example, Figure 5-13 and Figure 5-14 show bathymetry
changes at Shinnecock Inlet from 1997 to 1998 and 2000 to 2001, respectively. Clearly, the changes over
the deposition basin and ebb shoal in general are much more pronounced in the 1997-98 period. This is
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particularly important when one considers that the deposition basin was dredged in the fall of 1998. Inlet
morphology in 2000 (less than 2 years after dredging) appears to be considerably more out of equilibrium
than in 1997 (4 years after dredging 1993). Therefore, one would expect morphological changes to be
more pronounced in 2000-01 than 1997-98. That is, of course, if the wave climate was similar during
both periods. After a review of available wave records for the two periods, it was in fact concluded that
the wave climate and associated potential Longshore Sediment Transport (LST) was much more active in
1997-98.

The correlation between inlet morphological changes and wave induced LST was further investigated to
allow for better interpretation of those changes in the context of the inlet sediment budgets.

LST Analysis

Although the inlet sediment transport models developed in Section 4 allow for computation of sediment
transport rates along the shoreline, a more computationally efficient methodology was applied in this
analysis. First, recorded wave conditions at the offshore NOAA gauge were transformed nearshore using
the regional wave model described in Section 4. Then computed nearshore wave conditions were used as
input to LITPACK, a deterministic sediment transport model developed by the Danish Hydraulic Institute
(DHI). LITPACK allows for the simulation of a large number of wave/current scenarios and for the
combination of these simulations into predictions of LST. Two major components of LITPACK were
used in this study:

1. A hydrodynamic model that includes propagation, shoaling, and breaking of waves, calculation of
driving forces due to radiation stress gradients, wave set-up and the longshore current velocities.

2. A sediment transport model that includes the combined effects of waves and currents and computes
total sediment load as the sum of bed and suspended load.

In order to simplify the problem and save computational time, the model assumes that the conditions are
uniform along a uniform coast.

Input to the model includes:
= Beach profile

= Wave climate
= Sediment characteristics along the profile

= Tides
= Additional currents
=  Winds

A profile representative of the bathymetry east of Shinnecock Inlet was used as input to the model, with
representative sediment grain sizes as presented by Gravens et al (1999). Hourly wave climate from the
NOAA gauge and predicted tide conditions were also used to compute hourly transport (in m*/sec), net
and gross accumulated transport (in m®) for each period between available surveys at Shinnecock Inlet.
Figure 5-16 show measured wave height and direction, as well as the hourly transport and accumulated
net transport for the 1997-98 period. Table 5-9 presents computed net, gross, easterly and westerly LST
magnitudes and rates for each period. The weighted average net transport from 1994 to 2001 was
computed at 233,000 m®/yr (westerly-directed).
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Table 5-9: Computed LST (m*/yr) East of Shinnecock Inlet
From To From To From To From | To |From| To

7/19/94| 6/2/96 | 6/2/96 |8/13/97|8/13/97|5/28/98 |5/28/98|7/1/00|7/1/00|7/1/01
# of days 684 437 288 765* 365
NET (m°) 468,263 225,688 445,866 288,778 192,303
GROSS (m°%) 1,105,906 646,630 644,678 691,029 433,906
NET (m°/yr) 249,877 188,504 565,073 137,783 192,303
GROSS (m°lyr) 590,140 540,091 817,040 329,707 433,906
G/N 2.36 2.87 1.45 2.39 2.26
Westerly (m®/yr) 420,009 364,298 691,057 233,745 313,104
Easterly (m*/yr) -170,131 -175,794 -125,984 -95,962 -120,801
WI/E 2.47 2.07 5.49 2.44 2.59
Positive and negative numbers represent westerly and easterly transport, respectively
* Wave record has significant data gaps

An estimate of LST was also computed for the 1997-98 period using the energy flux approach as
described in the Coastal Engineering Manual (CEM) (USACE, 2002) resulting in approximately 6 times
the transport computed with LITPACK. Note that this estimate is based on a recommended default value
of K=0.77. Therefore, a value of K=0.77/6=0.13 would result in LST estimates similar to those computed
with LITPACK. This lower K value is similar to that calibrated by Gravens et el. (1999) in their
GENESIS application to existing conditions along the FIMP shoreline. Specifically, they calibrated the
K1 parameter in GENESIS to an average value of 0.2, similar to that computed in this effort and
significantly lower than the default value recommended in the CEM.

Results presented in Table 5-9 confirm that the wave climate and associated sediment transport was
significantly more active during the 97-98 period. It is also interesting to note that the ratio of westerly to
easterly transport is significantly larger for this period too. In other words, westerly transport accounts for
most of the gross difference in transport between this and other periods. Apparently this resulted in
significant changes at ebb shoal and accumulation within deposition basin. Note, however, that the net
accumulation in the inlet (UL, DB, WB and DL) over this period was 242,000 m?, whereas the computed
net westerly transport was 445,866 m>. In other words, approximately half of the net LST appears to have
bypassed the inlet. Even if one considers that the models are not perfect and the actual net westerly
transport might have been lower, it would appear that the inlet has allowed for more bypassing in recent
years existing conditions than previously assumed.

During a relatively calm period such as 2000-01, westerly transport is approximately 2.6 times larger than
easterly. More importantly, the inlet (UL, DB, WB and DL) appears to erode slightly (-159,000 m?®).
Finally, the 1996-97 period represents a somewhat average condition in which the ebb shoal accumulates
a small amount of sand.

Influence of Relative Sea Level Rise

Only limited research has been conducted regarding the influence of relative sea level rise on the
morphological evolution of coastal inlets. One of the most extensive studies was recently conducted by
van Goor (2001) who focused his research on whether or not inlets and tidal basins of the Dutch Wadden
Sea can keep pace with rising sea level. His work and theories also extend to more general inlet
configurations which are representative of the inlets along the south shore of Long Island.

According to van Goor, a tidal inlet system is in a state of dynamic equilibrium under a steady relative sea
level rise. A depth increase by sea level rise is compensated by a depth decrease due to sediment accretion

DRAFT FINAL REPORT 182 May 2007



Fire Island Inlet to Montauk Point Reformulation Study Inlet Modifications

over the inlet system. This concept is similar to the Bruun Rule for beach profiles (Bruun, 1962), which
states that beaches follow a characteristic profile shape based on the wave climate and the type of
sediment and that when sea level rises sand is eroded from the upper beach and deposited farther seaward
to re-establish the profile at a higher elevation. This transfer also results in net shoreline recession. In the
case of an inlet, sea level rise and the associated demand for sand creates a sediment sink in the littoral
sediment transport system.

Table 5-10 shows the estimated sediment demand for each morphological feature at Shinnecock Inlet
(excluding the updrift and downdrift beaches, for which the effects for sea level rise are analyzed using
Bruun’s Rule). The Nearshore Flood Shoal, East Channel, and Flood Shoal cells were aggregated into
one, all-inclusive, Flood Shoal feature. Sediment demand was computed as the area of each feature
(which, according to van Goor, does not change under the influence of sea level rise only) times the rate
of sea level rise. The latter was estimated at 0.003 m/yr (i.e., 0.3 m or roughly 1 feet in 100 years) based
on over 90 years of tidal records at the Battery in New York City. Although slightly different future
relative sea level rise estimates may be developed based on different assumptions or data records (e.g.,
tidal records at Sandy Hook, NJ), the estimate based on the Battery was used to maintain consistency with
previous work (e.g., Gravens et al., 1999). The approximate area of each inlet feature was determined
based on the polygons shown in Figure 5-5.

Table 5-10: Sediment Demand due to Relative Sea Level Rise:
at Shinnecock Inlet
Sediment Budget 2 Sediment Demand/
Cell ) Area (x 1000m%) | “x coretion (m3lyr)

Updrift Lobe 1,048 3,000
Deposition Basin 207 < 1,000
Channel Throat 149 < 1,000
Flood Shoal 4,195 13,000
West Beach 437 1,000
Downdrift Lobe 2,227 7,000
Total 8,263 24,000

Recent (1995-2001) Inlet Sediment Budget

Computed volume changes within each cell and engineering activity records were used to develop a
sediment budget for the inlet. The budget provides a balance of sediment movement for the inlet built
upon balance for each cell or control volume, which expressed as (adapted from Rosati and Kraus, 1999):

2Qn —2Qour —2ZAV + P —R = residual Equation 5-4

where all terms are expressed as a volume or as a volumetric change rate. Qyy are the sources (e.g., bluff
erosion, incoming LST) to the control volume, conversely, Qour are the sinks (e.g., Sea Level Rise,
outgoing LST) to the control volume. AV is the net volume change within the cell, P and R are the
amounts of material placed in and removed from the cell, respectively, and residual represents the degree
to which the sediment budget is balanced. For a balanced budget, the residual is zero. This framework is
the basis for all of the update work.

A qualitative sediment budget that illustrates the assumed sediment pathways between the different inlet

cells is presented in Figure 5-17. The following paragraphs present the sediment budget results for the
1995 to 2001 period for each of the inlet cells. Sediment input to the UBCH cell (net westerly LST of
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279,000 m3/yr) is taken from the Recent (1995-2001) sediment budget developed and part of this study
and presented in detail in Section 0 below.

Updrift Beach (UBCH) [Sta. M0.6 to M3.2]

As shown in Table 5-7, the updrift beach apparently accreted from 1995 to 2001. The magnitude of the
change varies depending of the data source from 27,000 m*/yr based on shoreline data to 108,000 m*/yr
based on profile data (three profiles available in this cell, two of them long). The Historical (1979-95)
sediment budget from the previous work (Gravens et al., 1999) also indicated accretion in this cell, with a
magnitude of 27,000 m*yr, although some placement (6,000 m*/yr) occurred during the Historical period.
This value was reduced to zero in CHL’s Existing (c. 1999) condition sediment budget.

The updated results indicate that this area continued to accrete during the 1995-01 period. Considering
sea level rise as in the previous work by Gravens et al. (1999)°, the total sediment accumulation in this
cell using shoreline change data would be 27,000 m®yr + 6,000 m*/yr = 33,000 m®yr. This estimate may
be compared with the volume changes computed based of profile data (108,000 m*/yr), which directly
account for changes due to sea level rise. Based on the previous findings the estimate based on shoreline
data was chosen as reasonable and representative of recent (i.e., 1995 to 2001) conditions, although it is
clear that there is significant uncertainty with regards to short-term changes. Changes based on profile
data appear to yield unrealistically large accumulation values in this case. Writing Equation 5-4
specifically for this cell and entering these values gives,

QW _UBCH _QUBCH UL AVUBCH + PUBCH - RUBCH = residual
279,000 — Qugcy u. — 33,000+ 00 = residual =0
- Quacn_uw = 246,000 m3/yr

That is, after accretion in the UBCH cell, net westerly longshore transport into the UL cell is 246,000
3
m°/yr.

Updrift Lobe (UL)

Measured volume changes in the updrift lobe range from erosion to accretion (Table 5-6). Erosion at a
rate of 91,000 m*/yr was obtained comparing the September 1998 to July 2000 synthetic grid and at a
rate of 43,000 m*/yr from May 1996 to July 2001. Accretion at a rate of 17,000 m*/yr was suggested by
the May 1996 to May 1998 comparison, 155,000 m*/yr using the August 1997 to May 1998 comparison
and 2,000 m*/yr from the July 2000 to July 2001 comparison.

An average rate of change for the 1996-2001 period can be obtained by using a weighted average of the
May 1996 to May 1998 comparisons (before dredging) plus the September 1998 to July 2000 comparison
(after dredging), and the July 2000 to July 2001 comparison. Using this approach the average rate of
change is -29,000 m*/yr, which was computed as follows: [2(17,000 m®yr) + 2(-91,000 m%/yr) + 2,000
m3/yr]/5. However, as mentioned above, the SHOALS surveys in 1996, 1997, and 1998 were datum-
adjusted using a methodology different from that used in 2000 and 2001. Therefore, the September 1998
to July 2000 comparison may yield erroneous accretion/erosion rates throughout the inlet system.
Instead, it is assumed that the 1998 to 2000 period is characterized by changes with magnitude equal to
the average of the May 1996 to May 1998 changes and July 2000 to July 2001 changes. This average

® As in Gravens et al. (1999), volume changes due to relative sea level rise were incorporated into the sediment
budget using Bruun’s Rule (Bruun, 1962). Based on a relative sea level rise rate of 0.003 m/yr, the estimated
volumetric loss rate is 2.31 m*/yr per meter of shoreline.
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would equal 10,000 m*/yr, which herein is considered representative of the 1998 to 2000 period.
Therefore, a revised weighted average for the 1996-2001 period yields 11,000 m%yr, which is computed
as follows: [2(17,000 m*/yr) + 2(10,000 m*/yr) + 2,000 m*yr]/5. This is considered a more reasonable
estimate as it shows slight accretion of the updrift lobe as opposed to erosion, a result more consistent
with the expected morphological behavior of the ebb shoal. Note that sediment demand due to sea level
rise (approximately 3,000 m®/yr) is already included in this estimate because it should be captured by the
survey comparisons. Writing Equation 5-4 specifically for this cell results in,

QUBCH _uL _QUL_DB _QUL_DL _AVUL + PUL - RUL = residual

Model results (Section 4.2) and morphological changes in recent years suggest no significant direct sand
transport from UL to the Downdrift Lobe (DL). Thus, it is assumed that Q,_ =~ 0, and entering the

rest of the values as described in the preceding paragraph gives,

246,000 - Qy, ps —0—11,000+0-0 = residual =0
- Qu_ps =235,000 m®/yr

That is, a net westerly transport of 235,000 m*/yr leaves the UL and entered the Deposition Basin (DB)
during the 1995 to 2001 period.

Flood Shoal (FS), Near Field Flood Shoal (NFFS), and East Channel (EC)

The volume changes in Table 5-6 show significant erosion of the FS and NFFS cells. This unexpected
result is attributed to difficulties in resolving the tidal datums in the bay and inconsistencies from survey
to survey. The flood shoal complex (including tidal flood channels) may be eroding slightly but it is
unlikely that hundreds of thousands of cubic meters of sediment are lost from the flood shoal every year.
Given the level of uncertainty regarding changes over the flood shoal, and in order to simplify the
sediment balance, the following analysis and results assume one Flood Shoal (FS) cell, which also
includes the Near Field Flood Shoal and the tidal flood channels.

In 1997, 191,150 m® were dredged from the East Channel (EC) and placed on the West Beach. Review of
recent surveys in August 1997, July 2000, and July 2001 show that the dredged area has basically
recovered since that time. Considering the time period from May 1996 to July 2001 for consistency with
other comparisons, the dredging/infilling rate for this area was calculated as 191,150 m%(5.17 yrs
between May 1996 and July 2001) = 37,000 m%yr. The source of the sand is uncertain at this time. For
the purposes of the sediment budget, however, one may assume that this material comes from the littoral
cells by way of the deposition basin and channel (Qcr ec = 37,000 m*/yr) and that the flood shoal is
accreting at the rate induced by relative sea level rise (AVes =13,000 m*/yr). Note that this is very
different than that the net erosion of 19,000 m%yr previously computed by Morang (1999). Nonetheless,
net accretion in flood shoal is considered to be more consistent with general inlet morphology and
evolution principles.

Writing Equation 5-4 specifically for the combined flood shoal (FS) and the East Cut (EC) cell results in,

FS: Q¢ rs —Qps_ec —~AVgs + P —Rgs = residual
EC: QCT_EC +QFS_EC _AVEC + PEC - REC = residual

The balance equation for EC assumes that Q,; ~ 0.
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Entering the values and assumptions described above gives,

FS: £Q¢r & —0-(13,000) +0-0 = residual =0

EC: 37+0-0+0-37,000 = residual =0
and
. Qgr_ps =13,000 m®/yr

. Qgr_gc =37,000 m®/yr

Channel Throat (CT)

Table 5-6 shows changes in the inlet channel throat ranging from —40,000 m%yr (May 1996 to May 1998)
to 24,000 m*/yr (July 2000 to July 2001). A weighted average of changes yields [2(-40,000 m3/yr) + 2(-
8,000 m*/yr)+24,000 m*/yr]/5 = -18,000 m*/yr. This number is difficult to reconcile with the fact that this
area is not known to be eroding. It may be explained by the fact that SHOALS survey coverage in the
deeper parts of the channel is sparse or not available in the May 1996, May 1998 and July 2001 surveys,
therefore results may be inaccurate and misleading. This cell is considered fairly stable and therefore
volume change rate of 0 m*/yr is assumed for the 1995 to 2001 period. Writing Equation 5-4 for the CT
results in,

Qoe_ct ~Qcr_ec ~Qcr_ps —AVer + Py =Ry = residual =0
Qps_cr —37,000-13,000-0+0-0=0

- Qpg_cr =50,000 m*/yr

West Beach (WB) [Sta. W23.9 km - W24.8 km]

The West Beach shows erosion for all comparisons in Table 5-6. Two placement events between 1995
and 2001 in this area also confirm a chronic erosion problem. In 1997 and 1998, 191,150 m? and 286,700
m?® were placed in this cell, respectively. Considering the time period from May 1996 to July 2001 the
placement rate is (191,150 + 286,700 m®)/5.17 years = 92,000 m®/yr.

Volume changes from May 1996 to May 1998 span a fill event, as do changes from September 1998 to
July 2000. From May 1996 to May 1998, 191,150 m® of material were placed. The net volume change
for that period of time was -180,000 m®. To get the erosion rate, the net volume change plus the fill is
divided by the time between surveys to obtain [-180,000 m® - 191,150 m®]/(2 yrs) = -186,000 m*/yr.

Again, the 1998-2000 erosion rate was computed as the average of the 1996-98 and 2000-01 rates, (-
186,000 m*yr —45,000 m*/yr)/2=-116,000 m*/yr, and a weighted average erosion rate for the 1996 to
2001 period was computed as [2(-186,000 m3/yr) + 2(-116,000 m3/yr) —45,000 m®/yr]/5 = -130,000 m*/yr.
Note that this value represents an erosion rate accounting for fill placement. In other words, considering
the average fill rate over this period, the actual (i.e., observed) rate of volumetric change at WB would be
AVyg = -130,000 m*/yr + 92,000 m*/yr = -38,000 m®/yr.

Shoreline morphology, model results (see Section 4.2) and recent changes characterized by chronic
erosion suggest that net influx of sediment into the WB from any of the adjacent cells is relatively small.
Therefore, for simplicity it was assumed that this influx was zero (Qy = 0) and that eroded sediment is
transported into either the Deposition Basin (DB) or the Downdrift Lobe (DL). Note that this assumption
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does not affect the overall sediment balance for the inlet and the net effect it has on the regional sediment
budget. Therefore, writing Equation 5-4 for the WB gives,

0—Qus b —Qus_ps —AVygs + Rys — Ry = residual =0

Shoreline morphology and model results also suggest that net westerly transport from WB toward DL is
relatively small. Therefore, it was also assumed that Qug p. is zero. Note that if some transport from WB
to DL was assumed it would only reduce the transport from WB to DB and then (see below) the transport
from DB to DL. However, ultimately the total net transport influx to DL would be the same. Entering
values in the balance equation gives,

0-0-Qyg ps —(~38,000)+92,000-0=residual =0
" Qus_ps =130,000 m*/yr

Deposition Basin (DB)

The deposition basin at Shinnecock was established in October 1990 and dredged again in Jan-May 1993
and September of 1998. The deposition basin was also recently dredged in 2004 (approximately 275,000
m? Examining Table 5-6 shows that volume change rates in the deposition basin range from —30,000
m*/yr (from 1996 to 2001) to 285,000 m*/yr (from August 1997 to May 1998). Note that the May 1996 to
July 2001 period includes one dredging event in 1998, resulting in a dredging rate of approximately
65,000 m*/yr. More importantly, as mentioned above, the 1996 to 2001 and 1998 to 2000 comparisons
may provide inaccurate estimates of volume change due to datum inconsistencies.

The August 1997 to May 1998 time period was very active in terms of sediment transport, due to a
particularly vigorous wave climate. The July 2000 to July 2001 time span, on the other hand, is
characterized by little morphological change and milder waves. The May 1996 to May 1998 comparison
includes milder conditions from 1996 to 1997 as well as the active transport of 1997 to 1998. The wave
climate patterns and observed morphological changes appear to suggest that filling of the deposition basin
is episodic and linked to active wave conditions. The deposition basin may fill slowly for several years
and then experience a large amount of accumulation during a particularly stormy year.

A representative rate of accumulation (net of dredging) in the DB was obtained by using a weighted
average of the 1996-98 and 2000-01 changes as [2(95,000 m*/yr) + 2(58,000 m*/yr) + 21,000 m*/yr]/5 =
65,000 m*/yr. This is the same methodology applied to obtain volume changes in the UL and WB cells.
That is, the rate of change from 1998 to 2000 was computed as the average of the 1996-98 and 2000-01
rates, (95,000 m%yr+21,000 m*/yr)/2=58,000 m®/yr.

The accumulation rate happens to be equal to the average dredging rate between May 1996 and July 2001,
336,000 m*/(5.17 yrs) = 65,000 m*/yr. This result seems reasonable given the fact that, on average, the
deposition basin is dredged at approximately the rate it accumulates sediment, such that the net
accumulation in the deposition basin is zero. Writing Equation 5-4 for the DB gives,

QUL_DB +QWB_DB _QDB_CT _QDB_DL _AVDB + PDB - RDB =residual =0

Entering values into this equation gives,
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235,000 +130,000-50,000 - Qpg ,, —0+0—65,000 = residual =0
Qpe o = 250,000 m*/yr

That is, changes suggest that approximately 250,000 m*/yr of sand were transported toward the Downdrift
Lobe (DL) during the 1995 to 2001 period.

Downdrift Lobe (DL) [Sta. 22.4 km to 23.9 km]

DL volume change rates shown in Table 5-6 vary from —316,000 m®/yr from September 1998 to July
2000 to 285,000 m*/yr from August 1997 to May 1998. A weighted average of 1996-98 and 2000-01
change rates calculated in the same manner as those computed for the UL and DB yields -51,000 m®/yr,
[2(96-98 change) + 2(average of 96-98 and 00-01 change) + 00-01 change]/5.17. In 1998, 49,700 m® of
fill were placed in the DL cell extending from the fill in the WB cell. This corresponds to a fill rate of
10,000 m*/yr from May 1996 to July 2001 (49,700 m*/5.17 years).

It is helpful to consider the qualitative changes shown in Figure 5-12 to Figure 5-15 when evaluating the
sediment transport patterns of the downdrift lobe. From May 1996 to August 1997 accretion is evident
across the shallow crest of the lobe, hereon referred to as the bypassing bar, combined with erosion up-
and down-drift. More erosion is evident just east of the attachment point. Fill from the dredging of the
East Channel in 1997 is also evident east of the attachment point. From August 1997 to May 1998 it
appears that the accretion feature on the 1996-1997 comparison has eroded and shifted to the west. The
area of erosion on the 1996-1997 comparison near the attachment point has filled, possibly with sediment
from the erosion and migration of the west beach fill. Although possible datum questions make the
September 1998 to July 2000 comparison less useful quantitatively, qualitatively it appears that the
bypassing bar has begun to migrate onshore, with erosion at its former location and accretion at the
attachment point and west. In addition, the west beach fill seems to be moving offshore towards the
deposition basin or attachment bar. From 2000 to 2001 there is little change; what may be material from
the fill project has continued to accumulate in the bypassing bar, while the area just east of the bypassing
bar eroded as the sediment moved west. Additional accumulation west of the attachment point is also
noted.

It is theorized that before the dredging in September 1998, the bypassing bar was shifting back and forth
in response to waves and currents, with bypassing at the attachment point and downdrift due to wave
action. After the dredging, it appears that the bypassing bar experienced a reduction in sediment influx
and as a result gradually moved onshore at the attachment point, eroding from its former position.
Sediment from the west beach fill project appears to be replenishing the bypassing bar to some degree
possibly by way of the deposition basin.

These qualitative results seem to indicate that bypassing is occurring in an episodic fashion. The fill
placed in the WB and DL cells appears to be eventually bypassing to the attachment point and west
although episodic erosion of the bypassing bar is likely just after dredging of the deposition basin.
Weighted average changes for the study period suggest erosion, although the area has the potential to
rapidly accumulate sand under the right conditions as indicated by changes from August 1997 to May
1998. General inlet morphodynamic principles also make the possibility of a long-term eroding trend
very unlikely. Nonetheless, the sediment balance for the relatively short 1995-2001 study period would
be as follows:
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QDB_DL +QWB_DL +QUL_DL _QDL_DBCH _AVDL + PDL - RDL =residual =0
250,000+ 0+0—Qp, paey —(~51,000)+10,000-0=0

QoL peey = 311,000 m®/yr

In summary, the net westerly transport from the DL toward the Downdrift Beach (DBCH) was 311,000
m?*/yr during the 1995-2001 study period.

Alternatively, the relatively small accretion rate of 7,000 m*yr as computed in the DL cell from May
1996 to May 1998 and consistent with sediment demand estimates due to sea level rise (see Table 5-10)
could be considered more representative of Existing Conditions and “normal” tidal inlet morphodynamic
processes. Entering this alternative value in the sediment balance equation gives,

250,000 +0+0-Qp, paeys —7,000+10,000-0=0
QoL pecn = 253,000 m*/yr

That is, the net westerly transport from the DL toward the Downdrift Beach (DBCH) was 253,000 m*/yr
during the 1995-2001 study period.

That is, 311,000 m3/yr were estimated to bypass the inlet system, , which includes the channel, deposition
basin, shoals and west beach, during the 1995-01 period under the first DL scenario and 253,000 m*/yr
under the second DL scenario. These amounts represent 126% and 103% of the updrift net longshore
sediment transport rate entering the Updrift Lobe, respectively. These two alternative sediment budgets
representative of the recent changes observed between 1995 and 2001 are presented in Figure 5-18 and
Figure 5-19.

Downdrift Beach (DBCH) [Sta. 21.6 km to 22.4 km]

The downdrift beach volume changes computed using shoreline change and profiles are shown in Table
5-7. Profile data (two profiles over 800 m of shoreline) indicate 2,000 m%yr accretion in this area, while
the shoreline changes indicate —12,000 m%yr of erosion. When using the shoreline change an
impoundment of 2,000 m*/yr due to sea level rise must also be considered, giving a net loss within this
cell of —10,000 m*/yr. Given that two profiles were available within this relatively short cell, the value
calculated using profile changes, 2,000 m*yr, was considered representative of the 1995-2001 period.
Note that this value also matches the estimated accumulation due to sea level rise. Entering values in
Equation 5-4 gives,

QDL_DBCH _QDBCH _West _AVDBCH + PDBCH - RDBCH = residual =0
311,000 - QDBCHB_West -2,000+0-0=0

. Qoacrs_west = 309,000 m*/yr
or entering values from DL alternative budget,

253,000 - Qpgcyy yest —2,000+0-0=0
- Qoacn_west = 251,000 m*/yr
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Summary of Results for the Recent (1995-2001) Sediment Budget
Relevant conclusions from the Recent (1995-2001) sediment budget at Shinnecock Inlet are as follows:

= Apparently, the Updrift Beach accreted significantly (33,000 m*/yr) over the 1995-01 period. Even if
these changes are accurate, and not an error due to survey and/or shoreline delineation inaccuracies, it
is unlikely that this condition will be sustainable in long-term. An Existing (c.2001) condition budget
should assume that this area is relatively stable (see below).

= The Updrift Lobe appears to be slightly accretional.

= The West Beach area continues to erode, apparently at a slightly faster rate than the fill placement
rate (the net deficit for the 1995-01 period was 38,000 m*/yr), although this result might be artifice of
the selected averaging period. Beach fill and erosion should approximately balance in the long-term.
Note, however, that this does not mean that the west beach shoreline is stable; on the contrary, this
reach suffers chronic erosion at the greatest rate observed within the FIMP project area.

= As expected, dredging and shoaling within the Deposition Basin approximately balance out during
this period.

= It is difficult to assess sediment transport pathways and quantities in the Flood Shoal complex.
Therefore, and until better quality survey data over a larger extent is available, it is recommended that
the flood shoal be assumed to be accreting at the rate required to keep up with sea level rise.

= The Downdrift Lobe appears to bypass sediment to the west in episodic fashion, with periodic
accretion and erosion events that seem to result in net sediment transport from the shoal to the
attachment point and westward. A net trend is difficult to assess based on the short-term data
available since construction of the deposition basin and the realignment of the channel. Nonetheless,
over the longer term, the Downdrift Lobe is considered to be slightly accretional.

Existing (c. 2001) Condition Sediment Budget

An Existing (c. 2001) condition sediment budget for Shinnecock Inlet also reflecting updated regional
sediment budget results (see Section 6) is presented in Figure 5-20. Note that the Existing (c. 2001)
regional sediment budget suggests a net westerly transport rate of 157,000 m*/yr entering the updrift
(east) boundary of the inlet system (instead of 279,000 m*/yr in the Recent sediment budget). Also note
that proposed Existing (c.2001) condition change rates for the ebb shoal and deposition basin are based
mostly on changes measured during the sediment budget update period of 1995 to 2001. It is fully
acknowledged that six years is a relatively short period of time to develop accurate and reliable estimates
of change for these features. However, this was the only period of time for which data representative of
current inlet management practices (the channel and deposition basin were built in 1990) and morphology
were available. Datasets prior to construction of the deposition basin are not considered illustrative of
existing conditions and comparison with recent surveys might suggest erosion or accretion patterns
directly related to the new channel configuration but not representative of future trends. The only other
extensive dataset available in the 1990’s is the 1994 SHOALS survey, but as explained above this survey
was not used due to concerns regarding the vertical datum (Morang, personal communication, June 2002).

Specific assumptions for the Existing (c. 2001) Shinnecock Inlet sediment budget are as follows:

= Stability of the Updrift Beach. This means that only enough sediment to keep up with sea level rise is
accumulated within this reach (i.e., approximately 6,000 m%/yr).

= Slightly accreting Updrift Lobe, AV = 11,000 m*/yr, based on data from the 1995 to 2001 period;
roughly 3,000 m*/yr as a result of sea level rise.

* No dredging of the East Cut flood shoal channel.

= Stable Flood Shoal with accumulation due to sea level rise (AVgs =13,000 m3/yr),

= Net shoreline stability at the West Beach through continued beach fill placement. Accumulation due
to sea level rise (AVyg = 1,000 m*/yr),
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= Continued dredging of the Deposition Basin at a rate of 65,000 m*/yr. Accumulation due to sea level
rise is less than 1,000 m*/yr)

= Stable Channel Throat. Accumulation due to sea level rise is less than 1,000 m3/yr and therefore it
was not accounted for in the budget.

= Relatively stable Downdrift Lobe accreting slightly due to sea level rise (AVp. = 7,000 m3/yr).
Therefore, the total accumulation rate over the ebb shoal complex (including the West Beach cell) is
assumed to be approximately 19,000 m%yr. Note that this is roughly two thirds of the accretion rate
measured between 1984 and 1998. This reduction seems reasonable considering that the ebb has
probably adjusted further to the channel and deposition basin changes implemented in 1990.

= Stable Downdrift Beach with slight volume accumulation due to sea level rise (AVpgcn = 2,000 m3/yr)

Under these assumptions, approximately 79% (119,000 m*/yr) of the net updrift westerly transport
entering the Updrift Lobe (151,000 m®/yr) bypasses the inlet system, which includes the channels,
deposition basin, shoals and west beach. The remaining 21% (32,000 m%yr) accumulates within the inlet
shoals. Therefore, this new Existing (c. 2001) budget suggests that the net overall impact of Shinnecock
Inlet to the regional sediment budget is reduced as compared to the conclusions presented in the previous
work by USACE-NAN (1998) and adopted by Gravens et al. (1999) which suggested that 57,000 m%/yr
accumulate within the inlet. This finding seems consistent with the idea that the inlet system has further
adjusted to the configuration implemented in 1990 when the deposition basin was dredged and the
channel was realigned. However, only continued monitoring and additional detailed survey data over the
next decade or so will confirm or refute this finding.

Finally, it should be noted that this Existing (c. 2001) condition budget will be temporarily altered by the
recent implementation of the West of Shinnecock Interim (WOSI) Storm Damage Project. This project
provides beach fill to the West Beach cell from an offshore borrow site instead of the deposition basin.
Sand dredged from the deposition basin is placed farther west beyond the direct area of influence from the
inlet. Initial beach fill placement as part of WOSI was completed in March 2005. The project includes
two additional renourishments for a period not to exceed 6 years. Note that the net effect in terms of the
sediment budget will be relatively minor as far as the inlet itself. The WB cell will continue to erode and
sand will flow back mostly into the deposition basin, which will continue to be dredged periodically. The
only difference is that Tiana Beach, downdrift of the inlet, will receive an additional influx of sediment
roughly equal to the amount of material dredged from the offshore borrow site. It is assumed that after
WOSI ends (i.e., 2011) conditions will gradually revert back to Existing as described above.

5.2 Moriches Inlet
5.2.1 Existing Condition

Unfortunately Moriches Inlet has been monitored less frequently than Shinnecock Inlet so fewer
hydrographic surveys exist and spatial coverage is more limited. Tidal elevation measurements are also
scarcer at Moriches Inlet. This section describes three recent bathymetric surveys and changes in inlet
morphology from survey to survey. Hydraulic and inlet stability analysis are conducted following
methods outlined in Section 5.1.1 to determine theoretical cross-sectional area, ebb shoal capacity and to
identify trends toward closure or scour.

Bathymetric Records

At Moriches Inlet, two SHOALS surveys are available for recent years dated May 1996 and July 2000.
Additional survey data obtained using traditional hydrographic survey methods is available on March
1981, March 1998, September 1998, October 1998, April 2000, April 2001, and April 2002. Figures
showing these surveys are included in Appendix A.

DRAFT FINAL REPORT 191 May 2007



Fire Island Inlet to Montauk Point Reformulation Study Inlet Modifications

Hydraulic Analysis

Tidal inlet prism and morphology relationships are applied to Moriches Inlet. The analysis follows
methods outlined in Section 5.1.1 and is designed to assess the theoretical equilibrium state of the inlet.
Current measured conditions at the inlet are compared with the theoretical equilibrium values to
qualitatively assess probable future conditions.

Measured Conditions

Recent minimum cross-sectional areas, approximate average depths and estimated ebb shoal volumes are
presented in Table 5-11. Minimum cross-sectional areas are measured using the surveys presented in
Appendix A. It is noted that the cross-sectional area from 1998 shown in Table 5-11 may be
underestimated due to lack of survey coverage in shallow depths. Average depth is obtained by dividing
the cross-sectional area by the stabilized inlet channel width of 800 feet. Ebb shoal volume is estimated
using comparisons with 1933 bathymetric survey data, which was collected shortly after inlet formation.
Note estimated volumes are somewhat smaller than previously documented (USACE-NAN, 1998). These
differences are related to available survey coverage and confidence on interpolation between available
datasets. For example, previous estimates based on 1996 data include a large coverage west of the inlet
based on a few available profiles. In this study it was determined that those profiles do not offer
sufficient data density and that interpolation between them does not provide a reliable estimate of volume
changes. It was judged that the approach followed in this study is more reliable, even though it does not
account for the complete ebb shoal. Moreover, the estimates presented in Table 5-11 are similar to those
recently computed by Allen et al. (2002) using fairly detailed hydrographic surveys in 1995, 1996 and
1999.

Overall, estimated ebb shoal volumes for Moriches Inlet are roughly half to two thirds of those estimated
for Shinnecock Inlet (4 million cy at Moriches Inlet versus 6-8 million at Shinnecock). Some of this
relatively large difference may be to differences in tidal prism and ebb shoal capacity. However, careful
inspection of the available bathymetry data suggest that most of the additional volume at the Shinnecock
Inlet ebb shoal is located within the updrift reaches of the shoal (east of the updrift jetty alignment) and
the adjacent beaches. Increased accumulation in this area at Shinnecock Inlet is likely due to a
significantly longer updrift jetty structure and smaller sediment influx at Moriches Inlet due to the effects
of the Westhampton Groin field. In addition, in the case of Moriches Inlet, the 1933 survey already
included a small amount of ebb shoal accumulation, albeit at the former inlet position, which also results
in smaller net increase in ebb shoal volume from 1933 to date.
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Table 5-11: Moriches Inlet Existing Hydraulic Characteristics

Measured Minimum Cross- Average Depth Estimated Ebb
Year Sectional Area (gft) P Shoal Volume!
(sq. ft) (cy x 10°
Dredging, 1996, 256,600 cy removed
1996 13,600 17.1 1.9
1998 11,750 14.8 2.4
Dredging, 1998, 186,200 cy removed
2000 15,000 18.8 4.1°

*Ebb shoal volume estimated by comparisons of bathymetric data with bathymetry surveyed in 1933, just after
Moriches Inlet opened. Comparisons necessarily include all oceanside inlet effects on bathymetry; some surveys
may cover more of the shoal than other surveys. See Appendix A for inlet survey coverage.

2The 2000 survey has the best coverage of the inlet and ebb shoal features.

Tidal Prism - Theoretical Conditions

Theoretical equilibrium conditions for the existing tidal prism at Moriches Inlet are calculated based on
the most appropriate data available.

At Moriches Inlet, NOAA tidal records are considered outdated—the secondary stations in Moriches Bay
are based on observations taken from 1939-1940 and from 1940-1941 for Potunk Point and Mastic Beach,
respectively (Tide.Predictions@noaa.gov, pers. comm. July 2002). NOAA records indicate tide ranges in
the bay of about 0.5 feet; this is considered a fairly substantial underestimate. Therefore, bay tidal records
from the LI Shore monitoring program at Moriches Coast Guard Station and Smith Point Bridge are used
to estimate tide range in the bay. Instrument locations are shown in Figure 4-32. Average tidal range in
Moriches Bay obtained using these records is 1.8 feet.

Table 5-12: Tidal Datums for Moriches Bay Tide Gauges
P6" P7*
Tidal Datum (ft) | Moriches Coast Guard Smith Point
Station Bridge
MHHW 2.62 1.48
MHW 2.39 1.33
MSL 1.24 0.74
MTL 1.24 0.71
MLW 0.10 0.09
MLLW 0.00 0.00
! Based on observations from April 2000 — November 2001.

Using Equation 5-1 and the approximate surface area of Moriches Bay, 16 square miles, tidal prism is
estimated as 800 x 10° ft°.
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Theoretical minimum cross-sectional area is calculated with a tidal prism value of 800 x 10° ft® and
Equation 5-2 as 17,300 ft> at Moriches Inlet.

Equation 5-3 and the tidal prism value, 800 x 10° ft*, are used to calculate a theoretical ebb shoal capacity
at Moriches Inlet of 9 x 10° cy. Therefore, this analysis would suggest that the ebb shoal volume is less
50% of the estimated equilibrium volume (for the available survey coverage). However, as explained in
Section 3.3, there is a significant level of uncertainty associated with this estimate. As with Shinnecock
Inlet, one must be very careful not to rely too much in this type of analysis when formulating inlet
management alternatives.

After dredging in 1996, the minimum cross-sectional area was nearly 80% of the theoretical cross-
sectional area. The 1998 cross-sectional area appears to have decreased to close to 70% of the
equilibrium value, but this may be due to an underestimate of the area where no data exists in shallow
water at the edges of the channel in the 1998 condition survey. After dredging in 1998, the inlet shows a
minimum cross-sectional area of almost 90% of the theoretical value. Overall, it appears that Moriches
Inlet is nearly at an equilibrium state. However, the inlet may have the capacity to the potential to scour
the inlet to deeper channel depths as well as to trap some additional sediment in the ebb shoal.

Inlet Stability Analysis

Escoffier’s method for assessing inlet stability (Escoffier 1940) is applied to existing and historic
conditions at Moriches Inlet. Moriches Bay surface area of 16 square miles and ocean tidal amplitude of
1.75 feet are considered for Moriches Inlet. A friction coefficient of 0.0035 is employed and inlet length
is approximated as 2,500 feet. Ocean tidal amplitude is assumed constant over the 1996 to 2000 time
period.

Figure 5-21 presents the inlet closure curve for recent and existing cross-section data at Moriches Inlet
and includes measured cross-sections. The equilibrium flow velocity shown is approximately 3.3 ft/sec, a
value suggested by Bruun (1978), Van de Kreeke (1984) and others as appropriate for most inlets.

The closure curve for Moriches Inlet is similar to that for Shinnecock Inlet (Figure 5-4). The curve
suggests that Moriches Inlet is stable with a tendency to scour. Moriches Inlet has been dredged twice in
recent years, in 1996 and in 1998. The 1996 dredging was conducted before the 1996 survey; the 1998
dredging occurred after the 1998 survey. Figure 5-21 suggests that the inlet shoaled from 1996 to 1998,
however, cross-sectional area shown for 1998 may be underestimated due to lack of survey coverage in
shallow depths. The inlet has remained fairly stable in recent years and cross-sectional area appears to be
slightly increasing. Presently, Moriches Inlet has a cross-sectional area of approximately 15,000 ft* and
continued stability of the inlet is anticipated. Figure 5-21 indicates a stable cross-sectional area of about
33,000 ft?, nearly twice the theoretical equilibrium value of 17,300 ft* calculated using Equation 5-2. If
the inlet were to reach a cross-sectional area of 33,000 ft?, average depth considering the fixed width of
800 feet would be 42 feet. Recently, areas near the west jetty are the only ones approaching this depth, as
visible in Figure 5-26 to Figure 5-28.

Recent Volume Changes (1995-2001)

Eight sediment budget cells were delineated to represent Moriches Inlet and the adjacent beaches. These
cells are presented in Figure 5-22. The Updrift Beach (UBCH) extends from 600 meters east of Moriches
Inlet to 3,200 meters east of the inlet, corresponding to the ME sediment budget cell in previous work by
CHL. The Updrift Lobe (UL) reaches from the east jetty to 600 meters east of the inlet, extending to
approximately the —40 foot contour. The Deposition Basin (DB) cell is as defined by the USACE for
navigation channel maintenance. The Channel Throat (CT) is bound by the east and west jetties. The
Flood Shoal (FS) extends into the back bay. The West Beach (WB) extends from the west jetty 600 m to
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the west, and corresponds to CHL stationing F148.6 km to F149.2 km. The Downdrift Lobe (DL) reaches
from 600 m west of the inlet another 1800 m, CHL stationing FI46.8 km to F148.6 km. The Downdrift
Beach (DBCH) extends 800 meters west of the DL, from CHL stations F146 km to FI146.8 km.

Available bathymetric surveys, shoreline data and beach profile surveys were employed to formulate the
Moriches Inlet sediment budget. Plots of all available bathymetric surveys are presented in Appendix A.
Appendix B describes each data set used in sediment budget preparation. Bathymetric surveys from
1996, 1998, 2000, 2001 and 2002 were used in combination with beach profile surveys to create a series
of synthetic grids for Moriches Inlet. Each grid had 10-foot (3.3-m) spacing and was referenced to the
New York State Plane Long Island NAD 83 coordinate system and NGVD 1929. Data sources used for
each of the grids are listed in Table 5-13. Figure 5-23 to Figure 5-28 show synthetic grid
bathymetry/topography for Spring 1996, Spring 1998 (pre-dredge), Fall 1998 (post-dredge), Spring-
Summer 2000, Spring, 2001, and Spring-Summer 2002.

Table 5-13: Synthetic Grids and Source Data for Moriches Inlet Sediment Budget

Synthetic Grid

Data Source 1

Data Source 2

Data Source 3

Moriches Inlet
Spring 1996 (Post-Dredge)

SHOALS Survey, 22-23 May
1996

ACNYMP Profile Survey,
March 1996

F80-84; W1-6
Datum, Datum,
Filename mi96synthgrd Conversion NGVD Conversion NGVD
to NGVD to NGVD

Moriches Inlet
Spring 1998 (Pre-Dredge)

Condition Survey,
11-13 March 1998

ACNYMP Profile Survey,
February-March 1998

F80-84
Datum, MLW 04 ft | Datum,
Filename mi98synthgrd Conversion below Conversion NGVD
to NGVD NGVD to NGVD

Moriches Inlet

Condition Survey,

Condition Survey,

ACNYMP Profile Survey,

February-Marc

h 1998

1998 (Post-Dredge) 20 October 1998 11-13 March 1998 F80-84
Datum, MLW 1.7 ft | Datum, MLW 04 ft Datum,
Filename mipstdrggd98 Conversion below Conversion below NG\/D Conversion NGVD
to NGVD NGVD to NGVD to NGVD
Moriches Inlet SHOALS Survey, 3, 5-8 July AC'.\IYMP Profile Survey,
Spring-Summer 2000 2000 April 2000
W1-5, W720, W740, WHV7-9
Datum, Datum,
Filename mi00synthgrd Conversion NGVD Conversion NGVD
to NGVD to NGVD
Moriches Inlet Condition Su_rvey, ﬁgr,::z(,\)/(lji Profile Survey,
Spring 2001 6, 15-16 April 2001 F80-84, W1-5
Datum, MLW 0.3 ft | Datum,
Filename miOlsynthgd Conversion below Conversion NGVD
to NGVD NGVD to NGVD
Moriches Inlet Condition Survey,
Spring-Summer 2002 6-7 April 2002
Datum, MLW 0.3 ft
Filename mi02condgd Conversion below
to NGVD NGVD

Volume change rates were developed by comparing the synthetic grids in sediment budget cells UL, DB,
CT, FS, WB, and DL. Table 5-14 presents volumetric changes calculated with the synthetic grid
comparisons. Because UB and DBCH extend past most survey coverage, volume change rates in those
cells were assessed with shoreline and beach profile data. Shorelines used were digitized from aerial
photographs dated March 1995 and April 2001 at CHL and CENAN, respectively. Beach profile data
collected in Fall 1995, Spring 1998, and Spring 2001 as part of the ACNYMP were also compared. Table
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5-15 shows the volume change rates calculated using both data sets for UB and DBCH. Figure 5-29 to
Figure 5-32 [S96-S98, F98-S00, S00-S01, S01-S02] are plots of the spatial distribution of the topographic
and bathymetric changes from the synthetic grid comparisons.

Table 5-14: Volumetric Changes from Synthetic Grid Comparisons: Moriches Inlet
Inlet Segment From To Cut (m3) | Fill (m3) |Net (m3) [Net/yr (m3/yr)
Updrift Lobe May-96 March-98 -125,000 78,000 -47,000 -26,000
Deposition Basin May-96 March-98 -13,000 172,000 | 159,000 88,000
Channel Throat May-96 March-98 -57,000 62,000 5,000 3,000
\West Beach May-96 March-98 -69,000 31,000 -38,000 -21,000
Downdrift Lobe May-96 March-98 -36,000 54,000 18,000 10,000
Flood Shoal May-96 March-98 -73,000 62,000 -11,000 -6,000
Updrift Lobe October-98 July-00 -95,000 176,000 81,000 48,000
Deposition Basin October-98 July-00 -20,000 99,000 79,000 47,000
Channel Throat October-98 July-00 -161,000 26,000 -135,000 -79,000
\West Beach October-98 July-00 -95,000 15,000 -80,000 -47,000
Downdrift Lobe October-98 July-00 -196,000 133,000 -63,000 -37,000
Flood Shoal October-98 July-00 -340,000 66,000 -274,000 -161,000
Updrift Lobe May-96 July-00 -270,000 211,000 -59,000 -14,000
Deposition Basin May-96 July-00 -15,000 117,000 102,000 25,000
Channel Throat May-96 July-00 -161,000 28,000 -133,000 -32,000
\West Beach May-96 July-00 -154,000 6,000 -148,000 -36,000
Downdrift Lobe May-96 July-00 -196,000 133,000 -63,000 -15,000
Flood Shoal May-96 July-00 -249,000 99,000 -150,000 -36,000
Updrift Lobe July-00 April-01 -56,000 222,000 166,000 210,000
Deposition Basin July-00 April-01 -5,000 60,000 55,000 70,000
Channel Throat July-00 April-01 -37,000 100,000 63,000 80,000
West Beach July-00 April-01 -26,000 54,000 28,000 35,000
Downdrift Lobe July-00 April-01 -59,000 193,000 134,000 170,000
Flood Shoal July-00 April-01 -21,000 91,000 70,000 89,000
Updrift Lobe April-01 April-02 -73,000 97,000 24,000 25,000
Deposition Basin April-01 April-02 -26,000 24,000 -2,000 -2,000
Channel Throat April-01 April-02 -25,000 52,000 27,000 28,000
West Beach April-01 April-02 -34,000 15,000 -19,000 -19,000
Downdrift Lobe April-01 April-02 -69,000 130,000 61,000 63,000
Flood Shoal April-01 April-02 -34,000 37,000 3,000 3,000

Note that comparison of the surveys on July 2000 (SHOALS survey) and April 2001 (“traditional”
hydrographic condition survey) appears to indicate a very high accretion rate over most of the
overlapping survey coverage. This period does not correspond to a particularly active wave climate and
changes over this area during other periods are much less significant. Therefore, the changes are
considered unrealistic and likely to be due to differences in the vertical datum reduction methodology for
both surveys.
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Table 5-15: Volumetric Changes from Shoreline and Profile Comparisons: Moriches Inlet
Volume Change
Inlet Segment From To Data Used Rate Net/yr (m3/yr)
(m3/m/yr)
W2-W6, W740,
Updrift Beach Fall 1995 |Spring 2001 WHV9 29 75,000
WHV8, WHV7, W720
. . . Shorelines,
Updrift Beach | Spring 1995 |Spring 2001 Stations 0.6 t0 3.2 22 57,000
Downdrift Beach| Fall 1995 |Spring 2001 F80 71 57,000
. . . Shorelines,
Downdrift Beach| Spring 1995 |Spring 2001 Stations 46 to 46.8 -20 -16,000

Recent Engineering Events

Table 5-16 presents the dredging and fill events in the Moriches Inlet area, from stations 46 km west of
Moriches to 3.2 km east of the inlet (Gravens et al., 1999). The complete list of engineering activities for
the FIMP area can be found in Appendix C. The DB cell is generally dredged with placement primarily
in DL and partial placement in WB and UBCH.

Table 5-16: Recent (1995 to 2001) Engineering Events in the Vicinity of Moriches Inlet
Stationing (km) Volume
Date |Locality[ s East Placed or Comments
Boundary | Boundary |Removed (m?®)
Great Gun Predominantly mud; not included in budget calculations,
1995 Beach 41.5 41.875 30,600 100% placed in DL (Sta. 46.8 -48.6)
Jan. Feb Mosriches Inlet dredged; total 196,210 m° rem0\3/ed: 20,000
' Moriches m® stockpiled 1.6 km east of inlet; 176,210 m® placed in
and Mar Inlet NA NA -196,210 offshore berm (below -1.5 m NGVD) approximately 1.6
1996 km west of inlet
From Moriches Inlet dredging, placed in offshore berm
Jan, Feb| West of (below -1.5 m NGVD) approximately 1.6 km west of
and Mar| Moriches | 47.9 49.225 176,210 inlet,
1996 Inlet 46% placed in WB (Sta. 48.6-49.2) and 54% in DL (Sta.
46.8 -48.6)
East of From Moriches Inlet dredging — stockpiled (see above),
1996 Moriches 16 16 20,000 not included in budget calculations
100% placed in UBCH.
Oct | Moriches NA NA -142,350 Moriches Inlet dredged, 142,350 m® removed
1998 Inlet ’ , 142, .
Oct “\AA(/)??&?JS 48.7 49 142.350 Beach fill from Moriches Inlet dredging,
1998 Inlet ) ! 100% placed in WB (Sta. 48.6-49.2)

Influence of Relative Sea Level Rise

Table 5-17 shows the estimated sediment demand (i.e., accretion) for each morphological feature at
Moriches Inlet (excluding the updrift and downdrift beaches, for which the effects for sea level rise are
analyzed using Bruun’s Rule). As in the case of Shinnecock Inlet, sediment demand was computed as the
area of each feature times the rate of sea level rise. The approximate area of each inlet feature was
determined based on the polygons shown in Figure 5-22.
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Table 5-17: Sediment Demand due to Relative Sea Level Rise:
Moriches Inlet
Sediment Budget 2 Sediment Demand/
Cell ) Area (x 1000 M%) | “xcoretion (m3lyr)

Updrift Lobe 1,227 4,000
Deposition Basin 98 < 1,000
Channel Throat 1,910 < 1,000
Flood Shoal 4,726 14,000
West Beach 2,240 <1,000
Downdrift Lobe 2,179 7,000
Total 8,644 25,000

Recent (1995-2001) Inlet Sediment Budget

Computed volume changes within each cell and engineering activity records were used to develop a
Recent sediment budget for Moriches Inlet representative of the period from 1995 to 2001. A qualitative
sediment budget that illustrates the assumed sediment pathways between the different inlet cells is
presented in Figure 5-33. The following paragraphs present the sediment budget results for the 1995 to
2001 period for each of the inlet cells. The resulting sediment budget is shown in Figure 5-34. Sediment
input to the UBCH cell (net westerly LST of 437,000 m’/yr) is taken from the Recent (1995-2001)
sediment budget developed and part of this study and presented in Section 6.

Updrift Beach (UBCH) [Sta. W0.6 km to W3.2 km]

The volume change rates for the UBCH cell presented in Table 5-15 indicate that this area accreted from
1995 to 2001. This is not surprising given that a large quantity of sand was placed updrift during this
period as part of the Westhampton Interim Project (a total of 3.6 million m® or 567,000 m*/yr). Profile
data shows the magnitude of the change as 75,000 m’/yr (based on ten profiles) and shoreline data
indicate a change rate of 57,000 m®/yr, or 63,000 m*/yr considering losses due to sea level rise rate. Since
the two estimates are very close, the average was selected (69,000 m*/yr) as representative of the changes
in this cell. Writing Equation 5.4 specifically for this cell and entering values gives,

QWfUBCH - QUBCHfUL = AVigen + Bugen — Rypey = residual

437,000~ Oyyeyy 11 — 69,000 +0—0 = residual = 0
“ Ouperr . = 368,000 m’fyr

That is, after impoundment in the UBCH, net westerly longshore transport into UL is 368,000 m*/yr.

Updrift Lobe (UL)

The updrift lobe is accretional in two of the five grid comparisons and erosional in the other three (Table
5-14). Comparisons from October 1998 to July 2000, July 2000 to April 2001, and April 2001 to April
2002 show accretion rates of 48,000 m3/yr, 210,000 m3/yr and 25,000 m3/yr, respectively. Erosion is
observed in the May 1996 to March 1998 comparison, and the May 1996 to July 2000 comparison. From
May 1996 to March 1998, it appears that the updrift lobe eroded at a rate of 26,000 m*/yr while the
deposition basin filled in (see Figure 5-29). However, it also looks as though the UL may have accreted
just east of the survey coverage, extending the small accretional lobe visible at approximately the —20 foot
(6 m) contour. The best coverage available is from SHOALS surveys in May 1996 and July 2000;
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comparison of these two surveys yields an erosion rate of -14,000 m*/yr. The changes from 1996 to 2000
were considered representative of the 1995 to 2001 time span based on the extent of coverage.

Writing Equation 5-4 specifically for this cell results in,
QUBCH UL _QUL_DB _QUL_DL _AVUL + PUL - RUL = residual

Model results (Section 4.3) and morphological changes in recent years suggest no significant sand
transport from UL directly to the Downdrift Lobe (DL) around the seaward edge of the ebb shoal. Thus,

it is assumed that QUL_DL ~ 0, and entering the rest of the values proposed in preceding paragraphs gives,

368,000 —Qy, o5 —0—(~14,000) +0—0 = residual = 0
- Qu._ps =382,000 m®/yr

That is, a net westerly transport of 382,000 m*/yr exits the UL and enters the Deposition Basin (DB).

Flood Shoal (FS)

The evolution of the FS is difficult to assess with the surveys available. The July 2000 survey is the only
one with significant coverage of the flood shoal. The volume change rates in Table 5-14show accretion
and erosion, but mostly indicate changes near the Channel Throat. In addition, it is often difficult to
resolve vertical datums in the FS area and survey methods may be different. Previous estimates suggest
that the FS is eroding at a rate of —23,000 m*/yr (USACE/NAN, 1998). This update does not confirm or
refute this number; it is within the range of values presented in Table 5-14. However, most or all of the
FS erosion noted in this previous estimate, which was included in the Historic (1979-1995) sediment
budget, was apparently due to updrift bayside shoreline erosion between the 1950’s and early 1980’s.
After the 1980 breach and subsequent construction of a bay shoreline revetment, erosion halted.
Therefore, the FS is not considered to have been eroding between 1995 and 2001 and in fact an accretion
rate equal to the sediment demand due to sea level rise was assumed (14,000 m*/yr).

Writing Equation 5-4 specifically for this cell and entering this value gives,

+Qps or —AVg + Ps — Rgg = residual
~Qps_cr —14,000m*/yr +0-0=0
Qo ps =14,000 m®/yr

Channel Throat (CT)

Volume change rates reported in Table 5-14 for the CT range from —79,000 m*/yr of erosion (October
1998 to July 2000) to 80,000 m*/yr of accumulation (July 2000 to April 2001). These numbers are
thought to be variable due to difficulties in resolving the deepest parts of the channel in the SHOALS
survey coverages and lack of resolution through the inlet throat in the condition surveys. The area is
considered fairly stable and a volume change rate of 0 m*/yr is therefore assigned.

Writing Equation 5-4 specifically for this cell and entering this value gives,
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Qe _cr —Qcr s —AVgr + Py —Re; = residual
QDB_CT —14,000 m3/yr—0+0—0 =0
- Qpg_cr =14,000 m*/yr

West Beach (WB) [Sta. F148.6 km to FI149.2 km]

The WB cell shows erosion for all comparisons except the July 2000 to April 2001 comparison (as
explained above, there appears to be differences in the vertical datum reduction methodology between
these two surveys and therefore any results based in a comparison between them are considered suspect).
From May 1996 to March 1998, the WB erosion was —-21,000 m3/yr; from March 1998 to July 2000
(which spans the fill in fall of 1998), the rate of volume change was —47,000 m%yr. Accounting for the
fill, the actual erosion rate was -96,000 m®/yr for that period. The WB erosion rate from April 2001 to
April 2002 was —19,000 m*/yr. Assuming that the 2001-2002 erosion rate can be applied to the 2000-
2002 time period, a weighted average erosion rate can be calculated as [2(—21,000 m*/yr) + 2(-96,000
m3/yr) + 2(—19,000 m*/yr)]/6 years = -45,000 m*/yr.

Fill was placed in the WB cell in early 1996, before the May 1996 SHOALS survey, and in fall of 1998.
An average fill rate (Pws) can be calculated as [81,060 m*+142,350 m®]/6 years from 1996 to 2002 =
37,000 m*yr. Note that the computed volume change rate (-45,000 m*/yr) does not include the
contribution of the two beach fills. Therefore, a true measure of the volumetric changes between 1996
and 2002, i.e., AVyg, can be computed as -45,000 m*/yr +37,000 m*/yr = —8,000 m%/yr.

The WB adjacent to Moriches Inlet, although also slightly erosive, appears to be more stable than the WB
adjacent to Shinnecock Inlet. Nevertheless, it was assumed that the net influx of sediment into the WB
from any adjacent cells is zero (Qn = 0) and that sediment eroded from this cell moves into either the
Deposition Basin (DB) or the adjacent Downdrift Lobe (DL) cell. Therefore, writing Equation 5-4 for the
WB gives,

O_QWB_DL _QWB_DB _AVWB + PWB - RWB = residual

Similarly to Shinnecock Inlet, it is assumed that no transport occurs from the WB to DL (Qwg pL = 0).
Note that if some transport from WB to DL was assumed it would only reduce the transport from WB to
DB and then the transport from DB to DL. However, ultimately the total net transport influx to DL would
be the same. Entering values in the balance equation gives,

0-0-Qyg ps — (~8,000) +37,000 - 0 = residual =0
. Qus_ps = 45,000 m*/yr

Deposition Basin (DB)

Changes in cell DB presented in Table 5-14 appear to vary with wave climate and proximity in time to
previous dredging events. The deposition basin at Moriches Inlet was dredged twice during the 1995-
2001 period*: early spring of 1996 and in the fall of 1998 (Table 5-16). Comparison of the post-dredging
survey of May 1996 with the March 1998 synthetic grid yields an accumulation rate of 88,000 m*/yr. The
1998 dredging removed 142,350 m® [71,000 m*/yr over two years]; close to the measured volume change.

* Moriches Inlet was also recently dredged in 2004, when approximately 190,000 m* were removed from the
deposition basin.
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From October 1998 (just after dredging) to July 2000 the accumulation rate is reduced to 47,000 m%/yr.
The difference in accumulation rate may be explained by the fact that the 1997 to 1998 season was quite
active in terms of wave energy and calmer conditions existed from 1998 to 2000. An average of the two
gives 68,000 m®/yr, close to the volume change rate of 70,000 m*/yr obtained from the July 2000 to April
2001 comparison, although there are concerns about the datum correction correspondence of those two
surveys. The April 2001 to April 2002 comparison gives a change rate of —2,000 m%yr. This is a small
amount and considering uncertainty may correspond to no change. In other words, it appears that as of
2002 the deposition basin has reached an approximate equilibrium and is probably ready to be dredged
again.

The approximate rate of dredging at the inlet from May 1996 to April 2001 (while the deposition basin
was still accumulating sediment) is [196,210 m® + 142,350 m®]/5.08 yrs = 67,000 m*/yr. As expected,
this is roughly equal to the accumulation rate. If the inlet had continued to be dredged every two to three
years this rate would be considered representative. However, the inlet was not dredged between 1986 and
1996 and after 1998 the inlet was not dredged again until 2004. An approximate dredging rate based on
the total volume dredged in the Recent sediment budget study period averaged over the 6 years in this
period was assumed: [196,210 m* + 142,350 m®]/6 yrs = 56,000 m*/yr.

QUL_DB +QWE;_DB _QDB_CT _QDB_DL _AVDB + PDB - RDB = residual =0
Entering values into this equation gives,

382,000 + 45,000 — 14,000~ Qy, o, —0+0—56,000 = residual =0
Qpe o = 357,000 mP/yr

That is, changes suggest that approximately 357,000 m*/yr of sand are transported from the DB toward
the Downdrift Lobe (DL).

Downdrift Lobe [Sta. F146.8 km to F148.6 km]

The volume change rates in Table 5-14 show accretion from May 1996 to March 1998, July 2000 to April
2001 and April 2001 to April 2002. The October 1998 to July 2000 and May 1996 to July 2000
comparisons both show erosion. The May 1996 to July 2000 comparison has the best coverage over the
DL cell and it yields a volume change rate of -15,000 m*/yr. However, none of the comparisons has
coverage extending to the attachment point, therefore these estimates are not considered representative of
the changes in 1995-2001. Fill from dredging the deposition basin was placed in the DL in early 1996,
with an average placement rate of 95,150 m*/6 years = 16,000 m®/yr.

An examination of the successive change plots (Figure 5-29 to Figure 5-32) shows a cycle of changes in
the DL. From May 1996 (just after dredging) to March 1998 (before dredging) the deposition basin fills
back completely and the shallow bypassing bar characteristic of Moriches Inlet forms again across the
channel and deposition basin. This relative quick change is probably due to the active wave climate over
this period, particularly in 1997 to 1998. Note that the “isolated” portion of the bypassing bar that
remains west of the deposition basin after the dredging in 1996 appears to be “static” between 1996 and
98. We hypothesize, however, that this feature did in fact move west toward the attachment point and
simply reformed in the same place as the bypassing bar was reestablished across the deposition basin,
giving the impression when looking at the surveys that this feature remained in place.
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On the other hand, from October 1998 (after dredging) to July 2000, the morphological changes appear to
be significantly different. The isolated western portion of the bypassing bar erodes while the deposition
basin fills in and the seaward “tip” of the ebb shoal accretes and extends seaward perhaps as a result of
increased flow along the channel/deposition basin. In other words, this period appears to be dominated by
tidal flow induced morphological changes as well as a relatively mild wave climate that is sufficient to
erode and translate the remnant western portion of the bypassing bar, but not active enough to completely
restore the bypassing bar. Unfortunately, this “translation”, as opposed to net erosion, cannot be
conclusively proven due to the lack of complete survey coverage in 1998. Further analysis using
available long-profiles, however, seems to support this hypothesis (Table 5-18). Profile based volumetric
changes from the WB and DL in Fall 1998 (post-dredging/fill) and Spring 2000 suggest that while the
WB area (profiles F83 and F84) eroded from Fall 1998 to Spring 2000, the attachment point continued to
grow (profile F82). The erosion at Profile F81 west of the attachment point may be due to spreading of
the fill placed in 1998.

Table 5-18: Profile Change Rates in DL and WB, Moriches
Inlet.
. . Volume Change

Profile | Station From To Rate (m3/m /yg)

F81 47550 | Spring 1998 | Fall 1998 768

F81 47550 Fall 1998 | Spring 2000 -275

F82 48000 |Spring 1998 | Fall 1998 -4

F82 48000 Fall 1998 | Spring 2000 66

F83 48750 |Spring 1998 | Fall 1998 86

F83 48750 Fall 1998 | Spring 2000 -183

F84 49150 |Spring 1998 | Fall 1998 117

F84 49150 Fall 1998 | Spring 2000 -15

From July 2000 to April 2001, the bypassing bar appears to be substantially restored, and the seaward
extension of the ebb shoal is partially reversed (erosion). Finally, from April 2001 to April 2002, the
bypassing bar is fully restored to its original location prior to dredging in 1998. The seaward portion of
the ebb shoal has also retreated north to a position also similar to that in the Spring 1998.

As explained above, there are not enough hydrographic surveys with sufficient coverage to yield a
reliable estimate of the volume changes in this cell during the 1995 to 2001 period. However, available
data does suggest that the downdrift lobe is fairly stable in terms of net volume although with significant
morphological variability as a result of dredging events and changes in the wave climate. Therefore, a
relatively small accretion rate of 7,000 m*/yr based on sediment demand estimates due to sea level rise
was assumed as representative of this period (see Table 5-17).

Based on this assumption, the balance equation for this cell is as follows,

QDB_DL +QWB_DL +QUL_DL _QDL_DBCH - AVDL + PDL - RDL = residual =0
357,000+0+0- QDL_DBCH —7,000+16,000-0=0

- Qpy_pscn = 366,000 m*/yr

That is, the net westerly transport from the DL toward the Downdrift Beach (DBCH) is 366,000 m*/yr.
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Therefore, the total amount of sediment bypassing the inlet system, which includes the channel,
deposition basin, shoals and west beach, is then 366,000 m3/yr (99% of the westerly influx of 368,000
m3/yr). In other words, the Recent (1995-2001) sediment budget suggests that the inlet bypasses most or
all of the material entering the Updrift Lobe. This is also consistent with recent findings by Allen et al
(2002), who analyzed a series of recent hydrographic surveys of the inlet in 1995, 1996 and 1999° and
concluded that the volume of the ebb tidal delta at Moriches Inlet “remains reasonably constant” and that
“the ebb-tidally dominated inlet bypasses sediment in discrete morphologic units of shoals moving
downdrift along the outer bar ...”.

Downdrift Beach [Sta. FI46 km to FI146.8 km]

Volume change rates in the DBCH calculated with shoreline and profile data (only one short profile is
available) are presented in Table 5-15. Shoreline data show some erosion in this reach (-16,000 m*/yr)
and profile data suggests significant accretion (57,000 m*/yr), although this estimate is based on only one
profile. Losses due to sea level rise in this 800 m reach account for less than 1,000 m%/yr.

Given that only one short profile is available, a representative change rate was computed by averaging the
shoreline and profile data. This approach yields an accretion rate of 21,000 m*/yr for this reach. Writing
the balance equation for this cell and entering these values gives,

QDL_DBCH _QDBCH _West _AVDBCH + PDBCH - RDBCH = residual =0
366,000 — Qppcn West — 21,000+0,000-0=0

" Qpcn west = 345,000 m*/yr

Summary of Results for the Recent (1995-2001) Sediment Budget
Relevant conclusions from the Recent (1995-2001) sediment budget at Moriches Inlet are as follows:

= The Updrift Beach accreted significantly (69,000 m*/yr) over the 1995-01 period, most likely as a
result of increased sediment supply from the east; a total of 3.6 million m® or 567,000 m%yr were
placed updrift as part of the Westhampton Interim Project during this period.

» The ebb shoal (including the Updrift and Downdrift lobes) was very dynamic and slightly erosive
during the 1995 to 2001 period (net change of -7,000 m*yr). The morphology of the Downdrift Lobe
in particular appears to be very sensitive to dredging of the channel and deposition basin.

= The West Beach adjacent to Moriches Inlet, although also slightly erosive, was more stable than the
WB adjacent to Shinnecock Inlet during this period.

= As in the case of Shinnecock Inlet, it was difficult to assess sediment transport pathways and
guantities in the Flood Shoal complex with the available data. Therefore, it was assumed that the
flood shoal is relatively stable and only accreting enough sediment to offset the effects of sea level
rise.

= During the 1995 to 2001 period the inlet system, which includes the channel, deposition basin, shoals
and west beach, bypassed roughly 99% of the net easterly influx of sediment to the inlet. This finding
is also consistent with the conclusions of recent investigations by Allen et al (2002).

Existing (c. 2001) Condition Sediment Budget

An EXxisting (c. 2001) condition sediment budget for Moriches Inlet which also incorporates the Existing
(c. 2001) regional sediment budget results (see Section 6) is presented in Figure 5-35. Note that the

> Note that unfortunately these surveys were not readily available at the time this study was completed.
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Existing (c. 2001) regional sediment budget suggests a net westerly transport rate of 267,000 m*yr
entering the Updrift Beach (instead of 437,000 m®/yr in the Recent sediment budget).

Other specific assumptions for the Existing (c. 2001) Moriches Inlet sediment budget are as follows:

= Construction of the Westhampton Interim Project has apparently caused significant accumulation of
sediment in the Updrift Beach cell (69,000 m%/yr in the 1995 to 2001 period). However, it is assumed
that this accretion rate, which equates to 27 m*/m/yr (volume change) or 2.3 m/yr (shoreline change),
is not sustainable in the medium- to long-term. The previous Existing (c. 1999) sediment assumed that
this cell would accrete at rate of 29,000 m*/yr, including losses to sea level rise. This estimate is still
considered reasonable and representative of Existing conditions. Accretion caused by the initial
construction of the Westhampton Interim project (2.9 million m®) and the first renourishment
(723,000 m®) should taper off with time as only subsequent renourishment volumes are placed updrift
and the capacity of this cell to accumulate sediment is reduced as it fills up.

= |t was assumed that the recent erosion measured on the Updrift Lobe would not continue and that this
feature is relatively stable, with only slight accumulation due to sea level rise, AV, = 4,000 m*/yr.

= A similar assumption was made for the Flood Shoal (AVgs =14,000 m*yr) and the Downdrift Lobe
(AVp, = 7,000 m*/yr). In other words, inlet shoals are considered relatively stable in the long-term. It
was assumed that fairly efficient bypassing measured during the 1995 to 2001 period would continue
under Existing conditions. Note that ebb shoal changes between 1981 (i.e., before construction of the
new channel and deposition basin in 1986) and 2000 suggest that the ebb shoal accumulated
approximately 16,000 m*/yr over that 19 year period. Under the assumptions stated above, the ebb
shoal (Updrift and downdrift lobes) would accumulate 11,000 m*/yr. This slight reduction seems
reasonable considering the shoal appears to have largely adjusted to the new channel and deposition
basin built in 1986.

= The West Beach was also assumed to be relatively stable. Accumulation due to sea level rise in this
cell will be less than 1,000 m*/yr and therefore it was not accounted for in the budget.

= Continued dredging of the Deposition Basin at the recent rate of 56,000 m*/yr was assumed as
representative of Existing conditions. Note, however, that the dredging rate will obviously depend on
the dredging interval. Available surveys in the 1990°s suggest that the deposition basin “fills up”
within two to three years of dredging. On the other hand, after the dredging in 1986 and 1998 it took
10 and 6 years, respectively, to dredge the inlet again.

= Also note that for the purposes of this budget it was assumed that most of this material (40,000 m%/yr)
dredged from the inlet would continue to be placed along the West Beach although this sand is not
necessarily required to maintain a stable shoreline in that area. In any event, if the material were
placed farther west within the Downdrift Lobe cell or the beaches beyond to the west, the net impact
of Moriches Inlet on the sediment budget would not change. Finally, accumulation due to sea level
rise in this cell will be less than 1,000 m*/yr and therefore it was not accounted for in the budget.

= Stable Channel Throat. Accumulation due to sea level rise is less than 1,000 m%yr and therefore not
accounted for in the sediment budget.

= The computed accretion rate of 21,000 m%yr within the Downdrift Beach during 1995-2001 period
does not seem sustainable in the medium- to long-term. On the other hand, erosion is not likely either
since Moriches Inlet appears to be effectively bypassing most or all of the net westerly longshore
sediment transport arriving at the inlet. Therefore a relatively stable shoreline with accumulation only
due to sea level rise (2,000 m®/yr) was assumed as representative of Existing conditions.

Under these assumptions, approximately 89% (213,000 m*/yr) of the net westerly transport under Existing
(c. 2001) Conditions bypasses the inlet system, which includes the channel, deposition basin, shoals and
west beach. The other 11% (25,000 m®/yr) is assumed to accumulate within the ebb and flood shoals as a
result of sea level rise. Therefore, this new Existing condition budget suggests that overall net impact of
Moriches Inlet to the regional sediment budget is reduced as compared to the conclusions presented in the
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previous work by USACE-NAN (1998) and adopted by Gravens et al. (1999) which suggested that
69,000 m*yr accumulate within the inlet. Apparently the ebb shoal has adjusted to the changes
implemented in 1986 and it has reached a relatively stable volume (apart from sea level rise effects) since
its opening by a storm in 1931 and stabilization with jetties in 1953.

5.3 Fire Island Inlet
5.3.1 Existing Condition

Data at Fire Island Inlet is sparse, with only two hydrographic surveys available for recent years and
limited recent tidal data available for the area. This section describes the two recent bathymetric surveys
and changes in inlet morphology from survey to survey. Hydraulic and inlet stability analysis are
conducted following methods outlined in section 5.1.1 to determine theoretical cross-sectional area, ebb
shoal capacity and to identify trends toward closure or scour.

Bathymetric Records

At Fire Island Inlet, one SHOALS survey is available on May 1996. Additional survey data obtained
using traditional hydrographic surve