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1.0 Introduction

This document describes the context within which the FIMI Stabilization effort was formulated, and
describes planning model developed to quantify inundation related storm damages and storm damage
reduction benefits for the non shorefront areas of the Reformulation Study of the Atlantic Coast of New
York, Fire Island Inlet to Montauk Inlet Storm Damage Reduction Project. The intent is to provide
sufficient information on the model to familiarize a reviewer with the modeling steps and assumptions
used. The model certification process was conducted previously, and documented in greater detail in
accordance with the Planning Models Improvement Program (PMIP).

1.1 FIMI Project Overview

The FIMI project is an expedited approach to construct a stabilization effort independent of the FIMP
Reformulation Study. It is a one-time placement of sediment, with a project life of twenty years, in one
portion of the study area of the larger FIMP project. The proposed action is the only plan considered in
this Stabilization report, and is compared to no action in the justification. The beachfill plan and profile
identified in the FIMP effort is the only alternative evaluated within FIMI.

Stabilization efforts were focused on FIMI as this reach is the most impacted when barrier island
overwash and breach inundate the back-bay, exposing the back bay structures to considerable damages.

This Stabilization effort is being undertaken in response to the highly vulnerable condition following
Hurricane Sandy’s erosive forces, where expedited action is needed to stabilize this area. This FIMI
stabilization effort (Reach 1) has been developed as a one-time, initial construction project to repair
damages caused by Hurricane Sandy and to stabilize the island. This report demonstrates that the
Stabilization Project has its own independent utility, and as developed, does not limit the options
available in the Reformulation Study or pre-suppose the outcome of the Reformulation Study.

1.2 FIMI Relationship to FIMP

The Fire Island Inlet to Montauk Point, New York, Combined Beach Erosion Control and Hurricane
Protection Project (FIMP) was first authorized by the River and Harbor Act of 14 July 1960 in accordance
with House Document (HD) 425, 86™ Congress, 2d Session, dated 21 June 1960, which established the
authorized project. The project is being reformulated by the U.S. Army Corps of Engineers, New York
District (USACE) as the lead Federal agency to identify a comprehensive long-term solution to manage
the risk of coastal storm damages along the south shore of Long Island in a manner which balances the
risks to human life and property while maintaining, enhancing, and restoring ecosystem integrity and
coastal biodiversity.

The overall FIMP reformulation study was undertaken to evaluate alternatives to determine Federal
interest in participating in one or more of these alternatives, and identify a mutually agreeable joint
Federal/state/locally supported plan for addressing the storm risk management needs in the study area. In
addition to addressing the USACE’s national objectives of storm risk management and environmental
sustainability, this collaborative effort identified alternatives for implementation by other Federal, state
and local agencies to achieve broader study objectives.

The FIMP Reformulation Study is in the final stages of documenting the process for development of the
TFSP. The Reformulation study evaluated several combinations of features to identify the plan that meets
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the USACE goals and missions and is mutually agreeable to the Department of the Interior, as required by
law in the Fire Island National Seashore authorizing act.

The TFSP from the FIMP plan was advanced following economic evaluation consistent with Corps
guidelines and will be detailed in the subsequent GRR. The TFSP includes multiple features to
achieve CSDR in the study area, including beachfill and renourishment. The FIMI effort examined
beachfill only, with no renourishment, as the only plan to stabilize the barrier island.

13 Summary of FIMP Plan Formulation

Evaluation of design and placement of proposed CSDR features in the Study Area identified that a wide
range of the individual alternatives are cost effective options for Storm Risk management. The analysis
also indicated that no one alternative addresses all the storm risk management problems. Rather,
addressing multiple problems requires multiple solutions. In this respect, many of the alternatives
considered complement each other, and Alternative Plans benefit from combinations of alternatives. This
reformulation process recommended the following features be integrated into overall Plans of
improvement:
e Inlet bypassing Plans
e Breach Response Plans (Responsive Plan at +9.5 ft NGVD, Responsive or Proactive Plans at +13
ft NGVD)
o Non-Structural Plans (6-year and 10-year levels of risk management) - defined as those activities
to minimize potential damages through elevation, relocation, flood proofing, buyout, etc
e Beachfill (13 ft Dune and 15 ft Dune) - soft structural measures, generally are those constructed
of sand and are designed to “augment and/or” mimic the existing natural protective features

Based on the evaluation of the individual alternatives, combined plans were developed. First, Second and
Third added plans were developed by incrementally adding Management Alternatives (Plan 1), Non-
Structural Alternatives (Plan 2), and Structural Alternatives (Plan 3). The scale of the alternatives
selected for inclusion was based on the results of the optimization of individual alternatives and the
potential for the combined alternatives to more fully satisfy the project objectives and evaluation criteria.

FIMP Plan 1

The first plan considered for FIMP combined Inlet Management and BRP Alternatives. The Inlet
Management Alternative includes continuation of the authorized project at the inlet, plus additional
bypassing of sand from the ebb shoal to offset the erosion deficit. Inlet Management is compatible with
all plans in the Great South Bay, Moriches Bay and Shinnecock Bay reaches. Plan 1 was further refined
into Plan 1.a, which combines the economically optimum Inlet Management Alternative and BCP
Alternative (13 feet NGVD BCP). Plan 1.b combines the optimum Inlet Management Alternative with
the 9.5 feet NGVD BCP Alternative.

This plan was not a complete solution, in that it only addresses damages that occur due to a breach
remaining open, and as a result reduces only a small percentage of the overall damages. The remaining
damages that arise due to a combination of breach occurrence, bayside flooding, and shorefront damages
remain unaddressed.
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FIMP Plan 2

The second series of plans considered for FIMP added non-structural protection to Plan 1’s variations of
inlet management and BCP alternatives. The inclusion of non-structural protection was essential to
address flooding from storm surge propagating through inlets into the bays and wind and wave setup
within the bays. Plan 2 was further refined into Plans 2.a through 2.d to vary the combinations of the
Management and Non-structural Alternatives without the Road Raising features, while plans 2.e through
2.h include the same combinations but with the addition of road raising at four locations.

Plan 2 includes breach response, inlet modifications, and mainland non-structural measures. All of the
alternative plans are cost-effective. The plans that provide the greatest net benefits are Alternative 2F and
2H. Alternative 2H includes inlet management at the inlets (consistent with each alternative), a breach
response plan with the +13 feet NGV D cross-section, non-structural plan 3, which addresses structures in
the existing 10-yr floodplain, and road raising at 4 locations.

FIMP Plan 3

The third series of plans considered for FIMP added beach nourishment to Plan 2 alternatives, refining
Plans 2e through 2h into Plans 3a through Plan 3.g. The inclusion of Beach Nourishment will more fully
address the various sources of flooding and will also address any significant erosion resulting from
alterations of the existing shoreline stabilization structures. The Non-structural Alternatives selected for
inclusion in these Plans include the Road Raising feature, which were demonstrated to provide significant
benefits above Plans without this feature.

The Beach Nourishment Alternative included in these Plans is the + 15 feet NGVD dune/ 90 foot berm
width design with the minimum real estate alignment. Within the Shinnecock Bay reach the Breach
Contingency Plan with the +13 feet NGVD design section has been included. For Reaches protected by
Beach Nourishment, breaches would be closed to the design section as part of the project maintenance or
major rehabilitation.

Within the Great South Bay and Moriches Bay Reaches there are several environmentally sensitive areas
along the barrier island that present a risk of future breaching with significant damage to back-bay
development, but with little or no human development on the barrier. These locations include the Otis
Pike Wilderness Area (OPWA), areas designated as Major Federal Tracts (MFT) by the Fire Island
National Seashore (FINS), and the Smith Point County Park (SPCP). Plans were developed to evaluate
the impact of excluding these locations on Storm Risk management Benefits, Costs and BCRs. For Plans
3.b through 3.g, at any location in the Great South Bay and Moriches Bay Reaches where beachfill has
been excluded due to environmental concerns, the Breach Contingency Plan with a + 9.5 feet NGVD
closure design has been included. The lower level closure design has been selected for these locations as
the alternative most compatible with special environmental concerns.

1.4 TFSP Determination

Plan 3, with the inclusion of beachfill, was demonstrated to advance a greater number of objectives than
plan 2, (particularly in addressing all the contributors to storm damages) but still have shortcomings when
compared with the criteria. The results of the series of Plans 3a through 3g varied depending upon the
extent of fill that is proposed, particularly as it relates to the criteria to balance storm risk management
considerations with ecosystem restoration considerations. Plan 3A is the alternative which best addresses
the Storm Risk management needs, but includes beachfill throughout, and as a result does not rank highly
with respect to the criteria for balancing storm risk management needs and environmental needs, and also
does not rank highly with consideration of the P&G criteria for implementability, since it is contrary to
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NPS policies for fill within undeveloped tracts of land. Alternative 3G includes beachfill in the
developed areas, and replaces beachfill within the major public tracts of land with breach response plans.
While this plan is less effective in managing the risk of storm damages, it is a plan which is economically
viable, is better aligned with the P&G criteria, as being more consistent with the NPS policies, and better
achieves the project objectives in that this plan balances storm risk management needs and ecosystem
restoration needs.

2.0 Purpose of FIMI Stabilization Plan

On October 29, 2012 as a consequence of severe coastal erosion during Hurricane Sandy, the dune and
berm system along Fire Island reach in the FIMI study area is now depleted and particularly vulnerable to
overwash and breaching during future storm events, which increases the potential for devastating storm
damage to shore and particularly back-bay communities. In response to extensive storm damages and
increased vulnerability to future events, consistent with the Disaster Relief Appropriations Act of 2013
(Public Law. 113-2; herein P.L. 113-2), and recognizing the urgency to repair and implement immediate
storm protection measures, particularly in the Fire Island to Moriches Inlet (FIMI) study area, USACE
has proposed an approach to expedite implementation of construction of necessary stabilization efforts
independent of the FIMP Reformulation Study. This approach has gained widespread approval from New
York State, Suffolk County, N.Y. and the local municipalities, who recognize the extreme vulnerability of
the coast, and the need to move quickly to address this need. This approach has also gained approval
from Steven L. Stockton, P.E., Director of Civil Works, USACE in a memorandum dated 8 January 2014.

The post-Sandy Fire Island Stabilization Project, which encompasses Fire Island to Moriches Inlet, was
developed based upon the Engineering, Economic, Environmental, and Planning efforts that have been
undertaken through the ongoing FIMP Reformulation Study that compared alternatives referenced in
Chapter 7 of this report to identify the recommended scale and scope of a beachfill project from the TSP,
as an independent stabilization effort. Stabilization efforts were focused on FIMI as this reach is the most
populated and subject to barrier island overwash and breach thereby exposing the back-bay to
considerable damages. There is a more urgent need to advance the stabilization of this reach due to its
vulnerability and potential for major damage and risk to life and property.

This stabilization effort has been developed as a one-time, stand-alone construction project to repair
damages caused by Hurricane Sandy and to stabilize the island. This report demonstrates that the FIMI
Stabilization Project has its own independent utility, and as developed, does not limit the options
available in the overall FIMP Reformulation Study or pre-suppose the outcome of the Reformulation
Study. After the initial placement of sand, the project is expected to erode, and diminish in its protective
capacity, eventually returning to a pre-project condition. In the absence of a future decision, the area is
expected to continue to be managed consistent with current practices.

2.1 Effective Project Life

The Stabilization Project has been evaluated over a 50 year period to determine that 20 year is the period
of time over which there is a measurable difference between the without project future condition and
with-project condition. This difference is based upon a combination of factors including the effects of
both sand placement and structure acquisition. The Project is designed with advance fill to ensure that the
design conditions are maintained for a period of 5 years, under normal conditions. After this time, the
project will erode into the design template, and offer residual, diminished protection. It is difficult to
project the amount of time that residual protection from the fill will remain. It is estimated, under typical
conditions, that the residual effect of the fill placement could last another 5 years. Even after the residual
effect of beachfill has diminished, there is a longer residual effect that is provided by the acquisition and
relocation of structures. Based upon the setback distances and background erosion rate, it has been
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projected that the residual effects of relocating these buildings would be an additional 10 years. The
economics modeling has confirmed that the WOPFC and with-project condition results converge after 20
years, supporting a period of analysis of 20 years.

The subject post-Sandy Fire Island Stabilization Project, which encompasses Fire Island to Moriches
Inlet, which is also known as the Fire Island to Moriches Inlet Project (FIMI) was developed based upon
the Engineering, Economic, Environmental, and Planning efforts that have been undertaken through the
on-going FIMP Reformulation Study that compared alternatives to identify the recommended scale and
scope of a beachfill project from the TFSP, as an independent stabilization effort. The FIMI Plan was
derived from utilizing background material and existing information/data that is currently included in the
FIMP study to expedite the FIMI HSLRR in accordance with the HQUSACE above referenced approved
Strategy Paper (dated January 8, 2014) and in response to PL 113-2.

2.2 Relevant Benefit Streams

In general when a breach occurs, flood elevations and damages in the back-bay and mainland increase.
The overall reformulation for the FIMP project includes measures to reduce vulnerability in these Bay
Shore communities. However, until those measures are implemented there is significant concern about the
potential for increased damages should additional barrier breaches occur.

For analysis purposes, the study area has been divided into shorefront development and non-shorefront
development. Development was considered part of the shorefront analysis if it is subject to damage from
storm surge inundation, plus waves and/or erosion. Shorefront development was evaluated for all three
damage mechanisms for each individual structure under a full range of storm conditions. The largest, or
“critical”, damage was then identified for each building for a series of storms over the without project
future conditions.

Development outside of the zone of likely erosion or wave impact was considered part of the non-
shorefront analysis. The non-shorefront analysis only evaluates damage due to inundation, and includes
development both on the northern side of the barrier island and along the mainland areas.

The storm damage analysis considered physical damage to structures, building contents, and cars, as well
as non-physical costs, such as cleanup and temporary housing expenses. Public emergency costs
associated with extreme events such as barrier island breaching are also included in the analysis.

To model the with-project damages and hence allow benefits to be computed, revisions were made to key
inputs in the lifecycle simulation models. Beach fill at the relevant locations was simulated by adjusting
the effective baseline beach width and the threshold water surface elevations at which overwash, partial
breaches, and full breaches are triggered. Similar revisions were applied to the with-project breach-only
model, which was also revised to reference the modeled breach-open inundation damages arising from a
breach closure period of three months, which reflects an assumed implementation of breach response
protocols under PL84-99, with the project in place.

2.3 Emphasis on Non-Shorefront Model and Benefit Estimation

The impact of Hurricane Sandy in the study area necessitated a stabilization effort to protect vulnerable
areas from further storm impacts. Given the need for the accelerated analysis to propose and justify the
one time sediment placement, the shoreline benefit modeling and benefit calculation was not practicable.
GRR efforts underway at the time of Hurricane Sandy were not applicable to the one time placement
and shorter study period without significant reanalysis.
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Given that the shoreline damages were not necessary to justify the stabilization effort, the PDT
emphasized the model certification process and application of the non shorefront model for project
justification.

3.0 Purpose of Non Shorefront Coastal Inundation Model

The model has been developed to analyze a highly unusual set of conditions specific to
the Project area. The key capability of the model is the ability to simulate changes in the vulnerability of
the study area especially with respect to future overwash or breaching.

The Non-shorefront coastal inundation damage model has been developed to quantify the

impact of storms on development along Great South Bay, Moriches Bay, and Shinnecock Bay in the
Study area. Unlike the immediate shorefront area, buildings located in the landward sections of the
barrier island and the mainland bays are subject to significant inundation damage, but erosion and waves
are unlikely to reach thresholds for significant structural damage or failure. Since structural failures do
not alter the database of structures in response to storm events, the model can apply traditional tools
(HEC-FDA) to develop aggregated stage damage curves with uncertainty for use in the evaluation of
inundation damages.

The extent and frequency of inundation in the study area changes as barrier island conditions evolve in
response to storms and other factors, and bay water levels are sensitive to conditions of the barrier island
beach and dunes. Engineering analysis® identified ten barrier locations that are particularly vulnerable to
overwash or breaching, which would then impact the bay water levels should they breach. The model
was therefore developed to track storm erosion, long term and short term shoreline change, and coastal
management (beach nourishment, inlet bypassing, breach formation and closure) impacts to the barrier
condition at the vulnerable locations, and to estimate the resulting changes in the bay stage frequency
relationships and the associated inundation damages.

The model is also designed to account for changes in future inundation due to the impacts of sea level
rise, and changes in damages associated with project alternatives that alter the stage damage relationship
such as elevating buildings or roads.

3.1 Model Assumptions

The model development required specific assumptions about the study area, the probability of storms
impacting the area, and the interrelationship of the physical features in the area.
o Physical conditions in the area change in the extent and frequency of inundation as barrier
island conditions evolve in response to storms and other factors.
o Barrier island response to storms is assumed to be consistent with the historic erosion
rates and water levels.
e Two storms from a probabilistic distribution of historic storms occur per year, one
tropical and one extra-tropical.
e A breach or overwash occurs when a pre-established threshold Future Vulnerable
condition is reached in any of ten locations identified as vulnerable to breaching and
overwash.

! Baseline Conditions Storm Surge Modelling and Stage Frequency Generation: Fire Island to Montauk Point
Reformulation Study, Draft Report, 13 July 2006, documents the analysis conducted for the USACE and subjected
to peer review. Engineering results were lauded and are used here, not summarized.
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e The post storm recovery was modeled so that the sum of the average annual shoreline
change would match the measured long term shoreline change rate.

e Three breach conditions were considered, no breach, a small breach, and a large breach,
with the breach sizes varying by bay.

e Structures are assumed to be rebuilt post breach repair in the same condition and value as
pre-breach.

e Multiple breaches continuing to expand in any sub-bay were assumed to be an unlikely
occurrence, only one breach within a sub bay is assumed to be viable.

3.2 Model Description

The storm damage model consists of Excel spreadsheets with a series of individual

worksheet tabs or pages containing inputs or outputs. Simulations are performed using the @Risk
(Palisade Corporation) add-in to Excel. @Risk allows various inputs, such as the stage damage
relationship applicable to each reach, to be input as probability distributions rather than a single value.
It will repetitively recalculate the spreadsheet, allowing each of the uncertain inputs to vary
independently (or in accordance with defined correlation coefficients) and collect the results of each
iterative calculation and report the mean values and other statistics, such as the distribution of results.

Three damage simulation spreadsheets form the individual model components are used to estimate
damages:
1. Simulation Component 1- Breach Open Event
0 Quantifies damages for breach open conditions.
0 Provides input to Component 2.
2. Simulation Component 2- Breach Lifecycle Analysis
o Simulates storms and ocean water levels and subsequent breach occurrences.
Calculates closure costs and damages over project life
0 For comparison of breach closure alternatives.
3. Simulation Component 3- Lifecycle Damage Analysis
o Simulates storms and bay water levels including the impacts of
erosion/storms in creating Future Vulnerable Conditions.
0 To quantify baseline and future condition non-shorefront Storm Damage.

The three model components each perform a different function in the analysis. Attempts to combine the
components proved unwieldy and it was determined that they were best kept as separate files.
Component 1 was developed to evaluate Breach Open Conditions and what impact a barrier island
breach will have on storm damages. This model quantifies the increase in damages if a breach is open
and provides input to Component 2, the Breach Lifecycle Analysis. This model simulates breach
occurrence and calculates average annual closure costs and breach induced increases in backbay
inundation damage over the project life. This model was developed to quantify lifecycle impacts and to
compare breach management alternatives. Component 3 performs the lifecycle inundation damage
analysis for the backbay mainland areas and non-shorefront areas on the barrier islands, which simulates
storms and bay water levels including the impacts of erosion/storms in creating Future Vulnerable
Conditions and calculates annual damage on a reach by reach basis. The results from model Components
2 and 3 were used to compile damages for with and without project conditions and hence compute
benefits to facilitate the selection of the NED plan.

Although each of the model components has different outputs and uses different input data, the
models share a similar approach to generate storms.

Economic Analysis Page 8



3.3 Damage Calculation With HEC FDA

Components 2 and 3 required aggregate damage and the associated uncertainty bands for every economic
reach at each stage as input. These were developed external to the model using the Hydraulic
Engineering Center Flood Damage Assessment (HEC-FDA) program. This program applies standard
flood depth vs damage relationships to individual buildings and aggregates the information to create stage
vs damage relationships. FDA develops uncertainty bands based on Monte- Carlo simulations
incorporating uncertainty in several input factors including the value and elevation of the individual
buildings.

Depth damage curves are derived in HEC FDA on a square foot basis and presented as a dollar value per
flood event. Previously developed relationships between depth of flooding and damage as a percent of
value were used to assess the inundation damages to each non-shorefront structure to estimate damage for
the full range of flood events. These relationships included a series of generalized functions for
residential structure and content damage developed by the USACE-IWR based on post flood inspections.
Non-physical damage, including evacuation, temporary housing, and re-occupation/cleanup costs, was
related to depth and structure value using a series of 1500 on site interviews distributed throughout the
study area. These interviews were also used to develop physical damage relationships for non-residential
structures.

3.3.1 Structure Inventory

During prior reformulation efforts in 1982, field inspections were conducted to collect data for the
buildings in the study area. In general the inland limit of the investigation was elevation 16 feet NGVD.
The non-shorefront dataset originally encompassed 43,614 structures, consisting of:

40,032 residential structures

2,797 commercial units

163 industrial units

179 municipal structures

Two field-survey updates were subsequently performed; one in 1999 for barrier island structures, and one
in 2005 for mainland buildings throughout the project area. The results of the 2005 survey were used to
develop a factor to update the previous 1997 price level to a 2005 price level. A universal update factor
was used to update the value of all structures to a September 2013 price level from October 2005. This
factor of 1.269 was based on the historical Building Cost Index published by the Engineering News-
Record.
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Table 1

Non-Shorefront Structure Inventory Summary

Shinnecock
Great South Bay | Moriches Bay | Bay Category Totals
Number of Buildings 31,061 6,281 3,090 40,432
Structure Value $9,168,254,103 | $1,647,886,655 | $1,047,346,254 | $11,863,487,012
% Number 92.3% 93.8% 94.2% 93%
Residential | o4 value 79.1% 82.1% 89.7% 80%
Average Value $295,169 $262,361 $338,947 $293.418
Average Square Foot
Valior $132 $135 $134
Number of Buildings 2,241 386 170 2,797
Structure Value $1,819,790,247 | $341,390,094 | $103,076,810 | $2,264,257,151
% Number 6.7% 5.8% 5.2% 6%
Commercial | o5 \/alye 15.7% 17.0% 8.8% 15%
Average Value $812,044 $884,430 $606,334 $809,531
Average Square Foot
Valion $217 $226 $194
Number of Buildings 174 17 15 206
Structure Value $476,921,913 $13,439,377 $13,905,985 $504,267,275
% Number 0.5% 0.3% 0.5% 0%
Municipal | o v/alue 4.1% 0.7% 1.2% 3%
Average Value $2,740,931 $790,552 $927,066 $2,447,899
Average Square Foot
Valor $170 $255 $204
Number of Buildings 163 10 6 179
Structure Value $120,865,184 $4,644,888 $2,713,840 $128,223,912
% Number 0.5% 0.1% 0.2% 0%
Industrial | o5 value 1.0% 0.2% 0.2% 1%
Average Value $741,504 $464,489 $452,307 $716,335
Average Square Foot
Valion $67 $70 $63
Bay Total Number 33,639 6,694 3,281
Bay Total Value $11,585,831,447 | $2,007,361,014 | $1,167,042,889
Bay Average Value $344,417 $299,875 $355,697
Project Area Total
Totals Number 43,614
Cg’fgt Area Total | 414 760,235,350
E/r;)ljfgt Area Average $338.429
*Backbay Mainland Only - Discount Rate 3.50%, Price Level: October 2013
Economic Analysis Page 10




Prior to Hurricane Sandy, the most recent analyses of storm damages were completed in 2009 as part of
the ongoing FIMP Reformation Study efforts. In support of the Hurricane Sandy FIMI Stabilization
Limited Reevaluation Report, the study economics were updated to current price levels and provided for
the FIMI study area only. Shorefront damage models were revised to reflect post-Sandy changes to the
existing condition beach morphology such as the dune crest elevation and to account for changes in the
structure inventory due to the destruction of shorefront houses by Sandy. Lifecycle flood inundation
models were revised to reflect post-Sandy changes to the barrier islands including the existing condition
beach profile width plus accumulated sea level rise in the years since the models were developed. Models
used to calculate damages specifically incurred by open breaches over the project life were revised to
reflect current beach profile widths and sea level rise as per the lifecycle inundation model but also to
incorporate recently acquired data related to the maximum size of potential breaches in Great South Bay.
Revisions to the breach damage model also included updated breach closure costs for all potential breach
locations and current mobilization and unit costs applicable in BCP maintenance actions.

All lifecycle simulation models were adjusted to incorporate a revised project base year of 2015 and the
current FY interest rate of 3.50%. The damages resulting from all revised simulation models were also
updated using an index factor derived from the Engineering News-Record Building Cost Index, to
account for increases in structure inventory value from 2005-2013 which have not been subject to detailed
surveys or analysis for this interim report.

3.3.2 Recent Efforts to Confirm Structure Inventory

Structure inventory was confirmed as stable in 2009 and again in 2013 through consultation with local
municipalities and windshield surveys of the communities. Following Sandy, several programs which
encourage and partially fund house raising may be available to frequently flooded structures. FEMA
repetitive Damage sufferers can qualify for up to a $30,000 grant to elevate their homes. Given that costs
to raise a typical structure generally run much higher than $30,000, it is unlikely that many eligible
homeowners would have participated in this effort in the interim. To ensure that significant structures
have not been elevated in the interim years, the building permits in the applicable areas were consulted to
investigate any elevation permits. Significant alteration to the study area inventory was not found.

3.4 Nuisance Flooding uncorrected by the project

Frequent, nuisance flooding results from tidal conditions in the area, particularly for structures built along
bulkheaded canals. The with project condition will not alleviate this flooding, since the project reduces
the risk of overwash and breaching of the barrier island, which exacerbates inundation in the back bay
project area.  Proximity to the bay and ocean and accessibility of the urban center of New York City
make this area highly desirable, and the nuisance flooding does not appear to drive residents from the
area. The damage to individual structures in these high frequency events is relatively minor compared to
the combined land and structure value, or the cost of elevating the homes.

The Reformulation study, which was in formulation prior to the impact of Hurricane Sandy and the
recommendation of a stabilization effort, will include non structural measures to address the frequent tidal
flooding.
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4.0 Model Components

4.1 Simulation Component 1- Breach Open Event

The purpose of this component is to quantify any increased Storm Damage that would occur while a
breach is open. This analysis assumes a breach has occurred and only evaluates impacts while a
breach is open. A series of conditions identified as BOC1 to BOC4 were evaluated for hydrodynamic
impacts of simulated breach conditions/size for every month after the breach. Monthly peak water
levels were simulated representing the change in tide and storm surge conditions.

The key inputs to the analysis are the Breach Open Condition (BOC) water levels related to breach
size, breach growth & closure rates, and the stage versus damage. The development of this data is
presented in Attachment C of the model certification documentation, the Memorandum “Summary of
Draft Breach Open Conditions Stage-Frequency Results” (USACE, 3 March 2006).

A number of different conditions were modeled. These include: No Breach & BOC 1-4 occurring in
Tropical or Ex-tropical seasons, each with Sea Level Rise (SLR) of 0, 0.5 &

1.0 feet. (27 conditions for each economic reach for each closure time). The approach by which four
BOCs were identified for modeling purposes is described in detail in the memorandum “BOC
Methodology” (Moffatt and Nichol, 3 March 2006), which is also included in Attachment C of the
Model Certification documentation.

The bay stage was used to lookup the associated damage using stage damage curves developed in the
HEC-FDA model. A higher bay stage, which results from a breach condition in the project area,
would return a higher damage from the stage damage curve for the area as compared to a non breach
condition in the study area. This data was then used to identify increased damage due to breaches.

The output of this component is the inundation damage for the 12 months following a breach for the
without-project condition, and for three months following the breach for

the with-project condition. The increase in damage due to increased water levels while a breach was
open was isolated by modeling values with and without a breach. Each reach

and each condition were simulated for 25,000 iterations and the mean damage results incorporated
into component 2 (the lifecycle analysis of breach damage and costs) Tabs labeled No Breach and
BOCL1 through BOC4.

Results from Simulation Component 1 were generated early in the overall model application process,
prior to the implementation of the lifecycle simulations. The results from Component 1 were
collated into tables in separate Excel files, which were then used to populate Component 2.

4.2 Simulation Component 2- Breach Lifecycle Analysis

The purpose of this component is to allow comparisons of the costs and storm damages associated
with various breach closure alternatives. Unlike Component 1, which only evaluates what happens
after a breach is formed; this component simulates random storm induced formation of breaches, the
annualized costs associated with closure and closure maintenance, and the annualized values of
damages while the breach is open.

In general terms, the analysis simulates breach occurrence triggered by random storms over the
period of analysis. The occurrence of a breach is related to specific storm surge thresholds, which
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vary over the lifecycle depending on changes in the barrier conditions and the level of design of any
prior breach closures. The analysis applies the externally determined breach closure costs to each
breaching event, and calculates average annual costs. Average annual breach induced damages are
calculated using the difference in damages with and without for each breach occurrence.

Component 2 is necessary because of the complexity of the breach lifecycle approach. The excel page
limitations at the time the mode components were developed made it impossible to compare costs and
storm damages associated with various breach closure alternatives within the life cycle damage analysis
simulation effort (Model Component 3). With fewer breach closure alternatives, Model Component 2
and 3 could have been combined. Many of the calculations in Component 3 are therefore directly
analogous to the calculations in Component 2.

The key inputs to the analysis are the breach threshold water levels, ocean stage frequency
curves, storm/long term erosion plus post storm recovery rates, temporal shoreline undulations,
beach nourishment and closure maintenance activities, breach closure costs, and the breach
induced damages determined in Component 1.

Various conditions have been modeled including different breach closure response times representing
a delay of 9 months (no pre-approved breach response plan) and a delay of 45 days. In general, a
more rapid response reduces the volume of material and the cost for the closure, while also reducing
the potential for an increase in storm damage while the breach is open. For the rapid closure (45 day
delay) scenario, three different closure templates were evaluated consisting of a 9.5 ft berm only
template, and the 9.5 ft berm plus 11 & 13 ft dune features. The alternative dune features were
evaluated to determine if the cost of the dune feature was justified based on the reduction in repetitive
breaching.

The outputs of this component are total and average annual closure costs, maintenance costs and
breach induced storm damage for alternative response times and closure templates.

4.3 Simulation Component 3- Lifecycle Damage Analysis

The purpose of this component is to quantify baseline and future condition non- shorefront Storm
Damage due to inundation in Great South Bay, Moriches Bay and Shinnecock Bay. The critical part to
this analysis is to predict bay stage levels for the various storms and barrier conditions that could occur
over the period of analysis. The bay stages can then be used to identify the amount of damage expected
in any storm. Aggregate damage and the associated uncertainty bands for every economic reach at each
stage were developed external to the model using the Hydraulic Engineering Center Flood Damage
Assessment (HEC-FDA) program. This program applies standard flood depth vs damage relationships to
individual buildings and aggregates the information to create stage vs damage relationships. FDA
develops uncertainty bands based on Monte- Carlo simulations incorporating uncertainty in several input
factors including the value and elevation of the individual buildings.

The general approach to the analysis was to simulate a series of storms representing possible future
conditions and to identify the bay water levels associated with each event. Bay stage curves have been
developed for several barrier island conditions, so it is necessary to also track the impacts of barrier
island erosion, including storms and storm induced breaching in creating a Future VVulnerable Condition
(FVC) or a Breach Closed Condition (BCC). The lifecycle simulation tracks the degradation of the ten
locations on the barrier island considered most vulnerable to breaching or overwash. The condition of
each of these locations relative to baseline and FVVC conditions is indexed on a percentage basis, and a
weighted index is used to interpolate between the baseline and FVC frequency curves to establish the bay
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