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1 EXECUTI VE SUMMARY

This beneficostanalysis (BCA) was prepared for thvaihg Breakwaters: Tottenville Pilotébuild by Design

Project (Living Breakwaters or the Projeay) WSPUSA Solutions,Inc(WSR) n behal f of the Gove
of Storm Recovery (GOSRJheProjectis located in the waters of Raritan Bay (Lower New York Harbor) along

the shoreline of StatenIsland, extending from Tottenville and Conference House Park, from Wards Point in the
Southwestto Bu#ér Manor Wood the NortheasEigure ES-1).

The BCAIis an update of the original BCA repgmrepared by WSP (formerly Louis BergerS), dated January 17,
2017 This updateeflectsthe most recentinformation about thmjecielemensanddesign, costand benefitsAs

the previous BCA, thiBCA was prepared following US Department of Housing and Urban Development (HUD)
BCA Guidance for Action Plan Amendments (APA) for Rebuild by Design (RBD) Projects (HUBIGRB). The
analysisusesgenerally accepted economic and financial principles for BCA as articulatesifiederaOffice of
Managementand Budg&§iB) Circular A-94.

The Projechasthefollowing elements:;

1 A system of specially designed breakwaters and physical habitaicsmients on the breakwater system,
including shellfish (oyster) restoration on the breakwaters, along stiod segmertf shoreline
restoratior(onetime sand placement at the existing beach)

9 Opystercultivation and activities supporting oyster reskmmancluding: oyster cultivation (hatchery
expansion, remote setting facility, etc.), shell collection and curing, and the instalfadisters onthe
breakwaters in additionto oyster nurseries in Lemon Creek and Great Kills Harbor that creatmace e
ecological connectivity across sites for oyster larvae and mabile species (fish, crabs, etc.) thét @mhabit

1 Programming including educational, stewardship, and cagagiing activities related to the
breakwaters

The Project is designed (b) reducecoastalrisk through decreasing exposure to wave action and associated erosion
alongthe shoreline in Tottenville, Staten Islaq@)enhancéabitat functions and values supporting local

ecosystems through the creation and improvement of nearshore atadlicabitat; an¢B)fosterstewardship and

recreational and educational use of the coast and near shore, through increased awareness, access, and participation.

The BCAindicates that the Project will generate substantial net benefits (i.e., the benefits exceed the costs overthe
life of the Project) to the shoreline community of Tottenville, Staten Island, New York, as wellas other beneficiaries

from the New Yok metropolitan region.

Living Breakwaters: Benefit Cost Analysis WSP
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Figure ES-1: Living Breakwaters: Tottenville Pilot Rebuild by Design Project Illustration
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The BCA considers tHerojectcost and benefits thare expected to occur during 8yearevaluation period
Following HUD gudance, he BCAappliesa 7 percentliscount ratéo determine the present value of future cost
and benefit streams. The presentvalue oPtheo | litkecytledcsstwhichincludesupfront capital cost arahnual
operationand monitoringpst during thevaluation periopwas estimated &82.7million. The presentvalue ofthe
Projecb s b e n e f ievatuatidnperiosvagestimater &84 .9million. As shown in FjureES-2, the
benefitsinclude

o $583million resiliency values

o $106milion environmental values

0 $12.1million socialvaluesand

0 $39milion economic revitalization benefits

Figure ES-2: Project Benefits: Cumulative Present Values (2020-2070, 7 percent discount rate)

Economic
Revitalization
Benefits $3.95,
5%

Social Values
$12.06,14%

Environmental
Values $10.56,
12%

Based ona 7 percentdiscount rdteptresentvalueftheP r o jsrethénéfits (benefits minus costsjas2
million, and thebenefit cost ratigB CR) (benefits divided byosts) isl .03 (Table ES1). These net benefits
demonstrate that the Project has merit and would add value to thexod@ynof Tottenville and provide benefits to
other beneficiaries throughout the New York metropolitan region.

The Projectoés future annual benefit and cost streams
tested howvehanges in assumptionsuld alter the economic feasibility of the Project, measured by the BCR and the

net presentalue. The sensitivity analysis shows théth a 3 percent discount rate, the presentvalue of the

Project 6s Omilion, hne theBCRis 54i The s@nSitiviyanalysisalsoexamined potential

construction costoverruns acldlanges imperation and maintenance (O&kbstas wellas substantial reductions

in the largest benefit cat eegtpresenevalueofbdnefisiseuhlaBs show t
percent discountrate acdn withstand these standard stress factors given the uncertainties that may atise, and
wouldremain economically viable over this period.
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Table ES-1:

Living Breakwatersd Benefit Cost Analysis Summary

7% 3%
LIFECYCLE COSTS
ProjectInvestment Costs $78,280,740 $85,608,660
Operations & Maintenance $4,379,303 $7,428,897
Total Costs $82,660,043 $93,037,558
BENEFITS
Resiliency Values $58,345,852 $89,841,035
Avoided Property Damages $3,446,874 $7,277,180
Avoided Casualties (Mortality & Injuries) $3,262,364 $6,567,390
Avoided Mental Health Treatment Costs $561,915 $1,131,178
Avoided Lost Productivity Costs $1,259,875 $2,536,225
Avoided shoreline erosion/dune reconstruction costs $47,450,148 $67,555,200
Avoided displacement/disruption costs $266,448 $542,491
Avoided Road Closure/Travel Disruption costs $323,207 $650,640
Avoided CostofPower Outages $1,159,383 $2,333,927
Avoided Automobile Damages $77,179 $167,266
Avoided Debris $6,850 $14,512
Avoided Emergency Repairs $22,078 $47,813
Avoided Damages to Parks and Utilities $509,532 $1,017,212
Environmental Values $10,557,255 $21,481,453
Total Gross Ecosystem Annual Service Gains (+) $10,723,747 $21,809,222
Total Ecosystem Annual Services Displaced (-) $166,492 $327,769
Net Ecosystem Annual Service Gains $10,557,255 $21,481,453
Social Values $12,057,887 $23,832,401
Educational/Environmental Stewardship $322,966 $405,211
Recreation $11,734,921 $23,427,190
Economic Revitalization Benefits $3,946,572 $7,878,799
Property Value I mpacts ([ Di s $3,946,572 $7,878,799
Total Benefits $84,907,565 $143,033,689
NET BENEFITS $2,247,522 $49,996,131
Benefit-Cost Ratio 1.03 1.54
Living Breakwaters: Benefit Cost Analysis WSP
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2 | NTRODUCTI ON

The Rebuild by Design Living Breakwaters Project (Living Breakwaters or the PriogeetitcostanalysigBCA)

was completed by applying procedures describedin the US Department of Housing and Urban Development (HUD)
guidancelocument CPEL6-06 for Rebuild by Design (RBD) projects. The analysis is also consistent with

procedures andprinciples found in OMBdtilarA9 4 . The anal y soi sawfido liloaw® the|ewit
evaluationframework that is used to isolate the net benefits of the intervention.

21 FUTURE aAaWI TH PROJECTo SCENARI O

Inthe Futurdd Wi t h Pr o j,theRrojectmauld Imeaonstroctednsistingf the following elements:

1 Asystem of specially designed breakwaters and physical habitatenhancements on the breakwater system,
including shellfish (oyster) restoration on the breakwaters, along stlo segment of shoreline

restoration (oetime sand placement at the existing beach)

1 Oystercultivation and activities supporting oyster restorgtictuding: oyster cultivation (hatchery
expansion, remote setting facility, etc.), shellcollection and curingferidstallatiorof oysteronthe
breakwaters in additionto oyster nurseries in Lemon Creek and Great Kills Harbor thatcreate and enhance

ecological connectivity across sites for oyster larvae and mobile species (fish, crabs, etc.) that érhabit

1 Additional programming includig educational, stewardship, and capalitijding a ctivities related to the
abovethrough the Billion Oysters Project.

Components of thierojectinclude a system of o8hore breakwaters engineered to provide maximum habitatand
ecologicalrestoration oppgunities. In this scenario, the Projedt:

1 Reduce coastalrisk through decreasing exposure to wave action and associated erosion along the shoreline
in Tottenville;

1 Enhance habitatfunctions and values supporting local ecosystems through theaznektigprovement of
nearshore and coastal habitat; and

1 Fosterstewardship and recreationaland educational use of the coast and nearshore through increased
awareness, access, and participation.

22 FUTURE AaWI THOUT PROJECTO0O SCENARI

In the Futurdél WhoutProjecbScenario, the Projectwould not be built. If the Projectis not constructed, the
Tottenville shoreline would continue to be atincreased risk of continued esns@shoreline communities would

face therisk of damaging storm waves, aeeirnced during Superstorm Sandy. Withoutthe construction ofthe
Project, the community may continue to lose parkland and other open spaces and natural resources, and residents
will continue to face the risk of bodily injury, loss of life, loss of prapand damage to public infrastructure. These
cumulative impacts would have a negative effecton the health and productivity of residents and the economy.

The aquatic habitat of the bay adjacent to Tottenville would remain in its current state, chadioyeaiz

sand/gravel bottom condition with limited structured habitat to support the variety of fish, crustasedwvesand
otherbenthic invertebrates identified as a priority in the Hudson Raritan Estuary comprehensive restoration plan.
Shoreline haitat would remain subject to the disturbance and erosion effects e&hélyy wave action during

severe storms not attenuated byRiggect

Educational programmingin Conference House Park and the Billion Oyster Project programming in Staten Island
would remain.

Living Breakwaters: Benefit Cost Analysis WSP
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23 KEY ANALYSI S ASPECTS

TheBCA quantifiedifecycle costandsk reduction benefitsésiliency valuegsenvironmental valugsocial
valuesandeconomic revitalization valuésat would be generated by the Project per HjuidelinesDetails on
these categories of benefits are provitdtie following sectionAn overview ofwave impact and attenuation
performanceéata usedforthe BCAis includeddmppendixA.

The BCAuses a50-year evaluationtime horizanda 7 percentliscountratasrecommended by HUD and per
OMB guidelinesThe BCA also includes a sensitivity analysis that assesseff¢ltof changes in key assumptions
on t he Pr o] eAspaéafthesestivitybaealyssfthie hetbenefits were calculated usingpreecnt
discountratethatis often appliedin studies valuing environmental and ecosystem @Feaefitsin, 1999).

The analysisincludes valuations based on physical point estimate igadatiprojected habitats that provide
ecosystem services and values obtained frea¥reviewed literature that have been appliedto value these
resources using benefitmnsfer techniqgue¥he Federal Emergency Management Agency (FEMA) has applied
similar methods to value ecosystem services for environmental infrastructure projects or projects thatremove
obstructions to watersheds and floodplains to restore ecosystem services (FEMA, 2013).

24 PROCESS FOR PREPARI NG BENEFI T CC

TheBCAwas prepaetbyWSP. This BCAis an update of the 2017 BCA, which was also prepared by WSP, and

uses the methodologies and assumptions from the 2017 BCA as a pplisatith.the 2017 BCA, thi8 CArelied

on inputs, datand information fronGOSR the LivingBreakwaters design teaimcluding SCAPE Landscape

Architecture, Ocean and Coastal Consultants COWI, WSP, the NY Harbor Foundation, MFS Engineers &
SurveyorsandArcadisand GOSRO6s consultant preparing time environ
addition,WSPapplied its own research findings, collective multidisciplinary expertise, experience, and professional
judgmentin completingthe BCA on behalf ofthe State of New York.

25 PROPOSED FUNDED PROJECT

The integrated purposes of the Living BreakwsRroject are threefold:

(1) toreduce coastalrisk through decreasing exposure to wave action and associated erosion alongthe
shoreline in Tottenville;

(2) toenhance habitat functions and values supporting local ecosystems through the creation and
improvemenbf nearshore and coastal habitat; and

(3) tofosterstewardship and recreationaland educational use of the coast and nearshore through increased
awareness, access, and participation.

The Projectis an innovative coastal green infrastructure project thateimsease physical, ecological, and social
resilience. Th&rojectis locatedin the waters of Raritan Bay (Lower New York Harbor) along the shoreline of
Statenlsland. The affected shoreline extends from Tottenville and Conference House Park, frdroiveirdhe
Southwestto Butler Manor Woods in the Northeast.Hitogectarea is a shallow estuary that has historically
supported commercial fisheries and shell fisheded itconsists of the following main elemefiEnal Design
Drawings, SCAPE2020,Modeling ReportSCAPE2016)

(1) A system of engineered breakwaters and physical habitat enhancements on the breakwater system,
including shellfish (oyster) restoration on the breakwaters, alongusttiort segment of shoreline
restoration (ondime sangblacement at the existing beach)

(2) Oystercultivationand activities supporting oyster restoration including: oyster cultivation (hatchery
expansion, remote setting facility, etc.), shell collection and cuximdjthe installationf oysters on
the brealvaters in addition to oyster nurseries in Lemon Creek and Great Kills Harbor that create and

Living Breakwaters: Benefit Cost Analysis WSP
Project No. LSC2043436.07
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enhance ecological connectivity across sites for oyster larvae and mobile species (fish, crabs, etc.) that
inhabitthemand
(3) Programmingincluding educationak®gtardship, and capacibuilding activities related to the above.

26 PROJECT SCHEDULE

Project constructionis anticipated to starting the third quarter of 202thdto be completbetween the enaff

2023 andheendof2024 FortheBCA, it was assumed thednstruction would be completed 224.This

period factors in fish and crab spawning months that may prevent certain construction activities from occurring
duringspecifictimes of the yeaandis consistentwith conservative@mmic modelling principles applied in BCA.

27 FULL PROJECT COST

TheupfrontProject cost areestimated tobe®milion (in2020$)Thi s i ncl u d ecstedtimate engi neer
developed as part of the 1j@8rcentlesign for the breakwater construction and shoreline restogatiba

construction contingen@s well ashe mosup-to-dateestimatsof thefollowing cossprovided by GOSRdesign,
environmental review, program administration, construction managesystey restoratiorandeducational

programmingln addition, nonitoringof the structural performance, functional performaaae biological function

will occurthroughoutth@rojectife.

28 CURRENT SI TUATI ON ANBEFPQROBHLIEM TC

The need for enhaad erosion protection, wave attenuation, and social resiligasgemonstrated during the

severe storm events of 2011 and 2012 (including Superstorm Sandy in 2012) when the Tottenville community
experienced severe damage from storm waves. In addition to storm events, the shoreline has experienced ongoing
erosion overthiast 35 years. While shoreline change patterns oscillate between erosion and accretion, mostof the
shoreline in th&rojectarea has experienced erosion. In many locations, erosion rates averddeouger year

and in one section of the Conferendeuse Park shoreline, the average rate of erosionis 3 feet peryear. To put
these rates into contekigure 2-1depicts the historic shoreline changein part oRtogectarea over the past

35years

Figure 2-1: Historic long-term shoreline change

1978 MHW LINE

2012 MHW LINE
(PRE-SANDY)

I osserveD BEACH GROWTH

I osservep erosion

SHORELINE STRUCTURES

BREAKWATER FOOTPRINT

___ PROPOSED
BEACH FILL

1 Historic Shoreline loss

Source: Modeling Report SCAPE 2016
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The need for habitatenhancementwithin Raritan Bay has been welldocumented through ecological assessments and
reportsincludingNational Marine Fisheries Service Raritan Bagbitat evaluations and thiew York State

Department of Environmental Conservation Shellfish Assesstemisped for the Food and Drug Administration

in supportof their northern quahddércenaria mercenarjishery and thtlew York New Jersey

Compehensive Restoration Plan for New York HargéRE-CRP).

The Project is taking a thematically and spatially layered approach to reducing coastal risk, restoring and enhancing
habitats important to local ecosystems, improving water access, and engagiegidints through community and
educational programs directlyrelated toBrejec6 s coast al and ecolPRvojgeciec al r e
consistent with New York Cityés Coastal Praswlct i
asthe HRECRP. The efforts and objectives were guided by the havioar a ssessment of habitats and their
functions and values used in the drafting of@oenprehensive Restoration Pl@odeling Report, SCAPE, 2016;

Bain etal.2006 USACE, 200%.

silie
on | n

29 RI SKS FACI NG PROJECT AREA COMMUN

Without the Project, the Tottenville community would continue to face risks associated with the ongoing erosion of
shoreline, vulnerability to unbridled wave action and destructive wave energy, and ongoing sutyctephidilire

damages andsocial dislocations. These types of impacts were experienced and most noticeable during the severe
storm events 0f2011 and 2012 (including Superstorm Sandy) when the Tottenville community experienced severe
damage from stormwaseHowever, itis apparenttheti t hout t he Project, ongoing ch
shoreline will affect quality of life going forward. In additionto storm events, the shoreline has experienced ongoing
erosion overthe last35 years atrates depioteigure 2-1. While shoreline change patterns oscillate between

erosion and accretion, most of the shoreline irPttogectarea has experienced erosion. If unaddressed, these

erosion patterns can alter the character of the community and generatg@ogtinmaintenance and restoration
activities in the future. Narrower beaches mean decreased protection from wave action, greater exposure of shoreine
features such as dunesto erosgom loss of important shoreline public space. Infact, some sexoi¢he

Tottenville beach are not accessible at high tide, and with the currentrates of erosion and sea levelrise (SLR), the
extent ofthese zoneswillonly increase.

Living Breakwaters: Benefit Cost Analysis WSP
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3 BENEFI TS AND COSTS

31 LI FECYCLE COSTS

The Project 6s | iPfojectinyestinentcasts (§dfrentca pitahceristauttiona@dstsjodic
monitoring coss,andannually recurringperatingostsor educational programs

The totaProjecinvestment costare estimated to beéd®million (in 2020%$).Table3-1 shows théreakdown of the
investment cosiato construction costvhich includebreakwater constructigshoreline restoratigand general
conditionsconstruction contingencggsign; environmental review; program administration; construction
managemenbystemrestorationand educational programming.

Projectconstruction costareobtained from thengineer estimafer thevalue engineering, which took place after
thelO0percent desigwas complet€020)and the construction contractor bddcontingency of 3 percentof the
total construction cost was includ@doject investment casfior the oyster restoration were obtained f b

Billion Oyster Project2020) Cossfor other itemsrecurrentestimaesbased on project stage and budget
expended to datnd were obtained from GOSR.

Table 3-1: Project Investment Cost (in 2020%)

COST
Design $8,300,000
Environmental Review $2,911,424
General Construction Bid $67,497,131
Construction Contingency $2,024,914
Construction Management $3,900,000
Oyster Installation $3,000,000
Education $2,147,965
Program Administration $2,100,000
Total $91,881,434

Source: Living BreakwaterseEn gi n e er 6 $2020 BiliomQ@yster Project (2020); GOSR (2021)

Onceinstalled, the breakwaters will require periodic monitoring. Project monitorirsgadstie the cost
associatéwith functional, structurah nd biological monitoringPeriodic monitoring cost estimates by yearwere
obtained fromthedesign team (SCAPE) and permitting team (AKRFJSDEC, pet h e p roperaiecand s
maintenance manudCOWI, 2020) approved by the permitting agengaeay elect to reassess theinspection
frequencyand associated costs after 15 years of routine monitbérsgd on the inspection findings to date and
industrnyaccepted practice at that tink@r the purpose ofthe BCA, an equivalent annual costof $317,000was
assumedrhe Billion Oyster ProjedBOP), which isa citywide initiative to restore oysters in the New York Harbor
that considersducatiorkey to longterm succesgonducts educational a ctiviti€o date educational activities
have included the developmentadfiving Breakwaters curriculurfor grades 4 to 1,@duringwhich students
investigate the ecosystems supported by the diffeeitats in Raritan Bateachers undertalggofessional
development activitiegndresearchers undertakeld work.

In addition to continuing the educatidaativities conducted to date, additional educational programming will start
during thebreakwater construction and oyster restorafaititional elucational programming will include an
annualwalking tour, an annual shoreline eyamtl enhancementsamexhibitabout oyster restoratiolhe cost

and description of the educational program was obtainedB@R(BOP Memorandum dated 2/20/21)

The annualpubliceventand annualwalking towvill take placealongthe shoreline at Conference Hdaaek, from
which most of the living breakwaters willbe visible during falling tide and at lowtiddhe oyster restoration
exhibit enhancement willalso be located in Conference HouseTParkargeted audience for thebliceventis
students and szhers. Activities atthe event may include oyster monitoring, seairttexercises fromlaving

Living Breakwaters: Benefit Cost Analysis WSP
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Breakwateréesson plarThe audience for the walking tasschools, community groupsnd the general public.

Walking tour topics may include anintrodion to the breakwaters and theirimportance dodes from the local

community and how they interact with the sitee exhibit enhancements may incluaieduage, signage, amples
of oysterinstallationsand video display.

Forthe BCAthebreakwateconstruction andyster restoratioareassumed to be completad-2024 The
breakwatemonitoring coswereassumed tetart upon completion of the breakwaters aocur throughoutthe 50
yearevaluation periodrheadditionakducational programming related to the oyster restoliaissumed to start

in 2022 and continuethrough 20T%e Living Breakwaters curriculum is assumed to continue to benefit students
afterthe completion ofthe Project

Based ona 7 percentdisct rate, he presentvalue of the cost strediroughoutth&0-year evaluation period
equalss82.7million.

32 BENEFI TS

3.2.1 RESILIENCY BENEFITS

Resiliency values are the benefits that capture risk reduction and the risk avaitpeceperty and infrastructur
protection values offered lilie Project. Underthieuturei Wi t h P r o j,these alueS atheavaided o
costghat would have beenincurred underthe Fiui t h out P r dApavddedcosBatweonldnoi o
longerbeincurred under thetareii \WWh ProjecbScenariavascounted aan annuabenefitinthe BCA

AVOIDED PROPERTY DAMAGES

INTRODUCTION

The breakwatersrpvide wave attenuation benefit$he avoided wave damagestouctures and building contents
wasquantified using a methodology that compared damages and costs of various storm evdint®Mintheh Pr o j ec t
Scenariovith thefi Wi t PrgactiScenario. In the Futur@ WhoutProjecd Scenario, the Projegtould notbe

constructegbut theexisting dunavould provide some level of protectiagainst property damages during storm

eventsThe stormintervals analyzed as part of the BCA includgetd, 25year, 50year, and 10§ear storm

eventstheir anticipated flod levels and waves for both current and proje@é&dnchSLR.

Within the BCA, the avoided damages from storm ewsatecalculated using thExpected Annual Damages
(EAD) framework. The EAD framework takes a weighted average sum of multiple storm events (of differing
magnitudes and annual chance occurrences) and depicts these values as caegiteddhmages figure within

theProject Resource Statemera pplied tacalculatethe BCR

The resul t sl00percendesignFBNWAY EapatydisdyArcadiswere used testimatehe benefits of
the Project based on a reduction of wave eng@gyno to GOSR from SCAPE anda®adis 11/25/202Q)The
FUNWAVE analysis reults include mapsandgeographic information systen@IS) datathat shovedthe

differentwave heights with and without the Proflcbughout the shoreline and coastal areas of Tottenville

The Project attenuates wave energy and lowers incoming waghgbiep to a 10@ear storm event. The existing

dune which isassumed to be 9 fe#ffers protection from frequentand small storm evdifte Project enhances

the existing duneds benefits by | ower iaregffectmelyo mi ng wav
protect againstmore severe storms and slowing or preventing erosion of the dune itself. In addition, the Project

mitigates theimpacts of waves on the shorelimeventings erosion The analysis assumed that the dand
shoreline would be maint ai n eldeawidedderrearnd sherelified@itananaeut Pr o |
costainder t he A Wi tweredcoonfedfons adseparaterastiendy benefit of the Project.

METHODS & DATA APPLIED

An apprachusing GIS was utilized to quantify the benefits. The approach utilized ArcGIS and GIS layers to
determingealproperties affected by storm events. Theresulting data was used to quaatifgitteeldamages.
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The approachissimilaoF E MA 6 s szedametlibdotogy for estimating potential los¥ekile compatible
with the aforementioned approachés, & pproach used for this stympvides fogreatespecificity as it relates to

thedataused to quantify the damages. The datzused for thiBCA aredescribed below

NYC BUILDING FOOTPRINTS

New York City maintaina GIS layeshowing the footprint of existing buildings with the city limithiiswas used
to determine thelocation and footprint of the buildings within the study area in relatioontaglevation and
wave height shown in the FUNWAVE wave heigiddeldatalt was updatettased on Google Straéew and
realestatedata accountforrecent building demolitions and new construction.

USACE NORTH ATLANTIC COAST COMPREHENSIVE STUDY DEPTH-DAMAGE FUNCTIONS

The USACE North Atlantic Coast Comprehensive Sindjuded a Physical Depth Damage Function Summary
Report Appendix. The appended analyserethe result of a workshop that developed defathhage relationships

by soliciting ginionsfrom expert panelists including coastal and structural engineers, appraisers, restorers, and
catastrophe modelers from the insurance ind(S®CCS, 205). In the workshops, the panelists utilized their
experience and expert knowledge on restmim events to quantity the dejotamage relationships. The quantified
depthdamage relationships, called depth damage fundf2ibEs) areused in USACE implementation studies and
help reduce t he st ubDDFegsantfythephgsiddamagestorbdildirg streidtuesand h e
contents caused by various storm events.ODIEs provide damages as a percentage of the property value,
dependenton thirundatiordepthor wave heighfThe curves estimate a structure and contents damage valueas a
percentage ahe building replacementvalbased on the depthiofindatioror waveheight As a simplifying
assumption, thBDFs do notconsider the following to be factors in the damage analysis: age of hbiiement
use construction qualitycity codesdune or seawall presentmbby layout backwater valvesand layout of
mechanical, electricadnd plumbing systems.

NYC DEPARTMENT OF CITY PLANNING MAPPLUTO

The NYC Department of City Planningb®oslodMiopdPdathTO i s
property and records detailed information on the lot and buildings locate®ategfrom Map PLUTO was applied

to the buildings located on each lot and inclutesuilding gross square feet, number of units and building use
(residental or commercial). As with the building footprints, data from Google Stfiegtand online real estate

sites were used to update and correct any errors in the original MapPLUTO data.

LIDAR

A NYC Topobathymetric Digital Elevation Model (DEM) with 1 fo@tsolutionwas usedto determinethe ground
elevationwithin the study area. This DEM was based on LIDAR flownduring 2017 andis the most recentground
elevationdata in Tottenville. It was usedto determine ground elevation of each buildingin the B&llaasny

other ground elevation needed, such as the location and height of the dunes.

BUILDING ANALYSIS

A GIS Building Analysis layewas created specifically for tHBC A utilizing a mix of the New York City Building
Footprints LayeMYC MapPLUTO, NYC LIDAR datg Google Streefiew, and online real estate daAdter
extractingallrelevant spatial and table data for each building frodYkedata set, the Building Analgis layer
wasupdated and enhanced using more detailed and recent dateé@artsoogle StreeView, recentortho
imagery,and online real estate data. This allowed it to correct inaccuracies and missing data from the NYC data
sets, as well as account fecently demolished buildings and nesnstruction. Importantlglithe data brought
togetherirtheBuilding Analysis layer was used to determinerdgdential property type affitst floor elevdion,
number of units, and basement type (finisheddinishedwhich were criticalto the BCA analysis
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100 PERCENT DESIGN FUNWAVE ANALYSIS BY ARCADIS

The FUNWAVE analysis performdaly Arcadiswas completed in November of 2020 and shows the/ga®stom
water levels and wave heights for the @@r stom along the coastal areas of Tottenville in existing conditionsand
with 21 inches oSLRwith and withoutthe Proje@emoto GOSR from SCAPE and ARCADIS, 11/25/2020)
These GlSrasterlayers were used in conjunction with the Building Analysis laygetmihe the study area for

the BCAandthe waveimpacts and attenuation on each building within the stu@iguea3-1 and

Appendix B).

Figure 3-1: Affected Buildings

Buildings Within Study Area

SOURCE: WSP ANALYSIS BASED ON NYCBUILDINGS, MAP PLUTO, NYC 2017 LIDAR, GOOGLE STREET VIEW,REAL
ESTATE DATA AND ARCADIS FUNWAVE ANALYSIS

METHODOLOGY

STORM EVENTS AND WAVE IMPACTS

The BCA has quantified damages to structures and contents for propéitjatachby the Project. As stated above,
mitigated damages for thed4@ar, 25year, 50year, and 10§ ear storm events, and their related flood and wave
impacts for both current and projec&Hinch SLR scenarios, were quantified. Water levels and wesights
assumedforeachevent are depictddihle 3-2.
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Table 3-2: Stillwater Elevation and Wave Heights for Storm Events

RETURN ANNUAL "TODAY" WITH 21-INCH SEA LEVEL RISE
PERIOD | CHANCE i

Stillwater

Elevation (feet, | Significant Wave | Stillwater Elevation Significant Wave

NAVD88) Height (feet) (feet, NAVDS88) Height (feet)
10 year 10% 8.1 3.9 9.8 3.9
25 year 4% 9.3 4.3 11.0 4.3
50 year 2% 11.3 4.9 13.0 4.9
100 year 1% 129 5.3 14.6 5.3

Depthd amage f unct i ons NartpAtlanticiCoast€oniprehendieSOHALES) were used.

Separate depttiamage functions were usedfeave damages tesidential and commercial propertieer

residential properties, ttaanalysis utilizedhedepth damage functisrior six residential property typesnglestory

without basement; singletory with basement; mulstory without basement, multtory with basement, elevated

open, and elevated clos&r commercial propertiethe analysis used the damage function for two propgrs

engineered and neangineered commercialpropertes Th e val ues in the depth damagc¢
L i k esderyado was usetiables 33 thr ough3-6 depict hese deptilamage functiorf®r residentialand

commercial structures and contefisr each building, the depth damage functions were applied tothe wave crest

relative to the building first floor elevatida estimate the damage to structures and bgiktbmtents under the

AWith Projecto andsiWithout Projecto scenario

Table 3-3: Structural Damages Residential Buildings, Depth Damage Functions by Building Type
WAVE SINGLE TWO SINGLE MULTI PILE PILE
CREST| STORY NO| STORY NO| STORY WITH STORY| FOUNDATION| FOUNDATION
BASEMENT | BASEMENT| BASEMENT WITH OPEN ENCLOSED
BASEMENT
-5 0% 0% 0% 0% 0% 6%
-3 0% 0% 0% 0% 4% 14%
-2 0% 0% 4% 2% 0% 0%
-1 3% 10% 10% 10% 10% 40%
0 5% 20% 20% 20% 50% 60%
1 35% 36% 35% 35% 70% 85%
2 60% 50% 60% 60% 100% 100%
3 90% 86% 88% 80% 100% 100%
5 100% 100% 100% 100% 100% 100%

Source: USACE (2015)
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Table 3-4: Content Damages Residential Buildings, Depth Damage Functions by Building Type
WAVE SINGLE TWO SINGLE MULTI PILE PILE
CREST| STORY NO| STORY NO STORY STORY| FOUNDATION| FOUNDATION
BASEMENT | BASEMENT WITH WITH OPEN ENCLOSED
BASEMENT| BASEMENT
-5 0% 0% 0% 0% 5% 5%
-3 0% 0% 0% 0% 5% 10%
-2 0% 0% 0% 0% 0% 0%
-1 0% 5% 15% 12% 20% 40%
0 10% 20% 35% 35% 50% 50%
1 30% 35% 50% 55% 75% 75%
2 60% 45% 80% 75% 100% 100%
3 100% 94% 100% 100% 100% 100%
5 100% 100% 100% 100% 100% 100%

Source: USACE (2015)

Table 3-5: Structural Damages Commercial Buildings, Depth Damage Functions by Building Type
WAVE CREST | COMMERCIAL ENGINEERED | COMMERCIAL PRE-ENGINEERED

-1 0% 0%

0 0% 0%

1 9% 12.5%

2 20% 30%

3 33% 49%

5 55% 75%

7 65% 100%

10 82% 100%

Source: USACE (2015)

Table 3-6: Content Damages Commercial Buildings, Depth Damage Functions by Building Type
WAVE CREST |COMMERCIAL ENGINEERED | COMMERCIAL PRE-ENGINEERED
-1 0% 0%
0 0% 2.50%
1 18% 20%
2 30% 40%
3 41% 60%
5 75% 95%
7 95% 100%
10 95% 100%

Source: USACE (2015)

The mitigated damages for tReojectvere quantified as the difference betweenthe damages under the Future
i Wi t PRrojactiScenario and the FutuieWi Rrajecbscenario. Forthe Living Breakwatémject the wave
reduction scenario as modelgith FUNWAVE model based onthe 1p@rcendesign were useo estimatethe
effect ofthe breakwatsand the dunen wave heighduring a 108year stormThe existing dunes were assumed to
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have a crest elevation of 9 feet NAVD88, which was the average elevation along the dune alignmentsThe dune
which are part of the both the aldWprovidewdvecefuetion sincea n d

i Wi

we can assume that the maximum height of a waveis reducedto 78% of the water depth above any feature based on

FEMASs Gui da riskAnalysioand appin@EMARO005).
RESULTS

The mitigatedlamages for each event as described above are shbabl@3-7. Mitigated damages would be
incurred for 106yearand 50year storm eventeday and witl21-inch SLR. For the 58year storm event without
SLR, the dune would protectagainst mostwalbessome damage would stillocdoproperties nearthe shore
under the @ Wit h BardlotRerstojmeeeehts)theexisting dund wputiiide sufficiehwave

attenuation to preventwave damage tobuidiags d t her e woul d be no difference

Projecto and AWithout Projecto scenarios
Without the breakwaters, the dune could be lost due to wave damage and erosion, hottevpufposes of the

BCA, it is assumed that the duni# be maintained in good conditiofhe avoided costs of this maintenanoéer

t he AWith Prwerginelwdédas aSepaatedenéfiigcusseth the section below on avoided shore
erosion/dune reconstructicnst.

As the severity of the storm event increases, the mitigated damage increases due to the prevented geographic extent

and inundation and wave depth. This is because as the geographic extentand inundation depth offprogzestes

with the severity of the storm depthore properties are affectedhd each property is affected more for high

severity events. Thus, mitigation of higher severity storm events would result in the mitigation of both a higher

count of propertieand extentof damages for each property.

Table 3-7: Avoided Damages to Structures and Contents
AVOIDED AVOIDED
DAMAGES PER| EXPECTED ANNUAL
EVENT DAMAGES (EAD)
100 Year Stormd Today
Avoided Damages to Structures $6,358,106 $63,581
Avoided Damages to Contents $4,527,085 $45,271
Total Avoided Property Damages $10,885,191 $108,852
100 Year Stormd With SLR
Avoided Damages to Structures $7,046,047 $70,460
Avoided Damages to Contents $4,513,973 $45,140
Total Avoided Property Damages $11,560,020 $115,600
50 Year Stormd Today
Avoided Damages to Structures $4,339,594 $86,792
Avoided Damages to Contents $2,709,763 $54,195
Total Avoided Property Damages $7,049,357 $140,987
50 Year Stormd With SLR
Avoided Damages to Structures $8,522,629 $170,453
Avoided Damages to Contents $5,786,368 $115,727
Total Avoided Property Damages $14,308,997 $286,180

TheEAD converts thetotal mitigated damagetd) per storm eventto the annual chance equivaeXid. were
calculated fotodayandfor 21inchesof SLR. Forintermediateyearsthe EADwere estimated using linear

interpolation
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The sum total peryear (t) for EABamages would be equalto the follagicombination of risk adjusted damages
(IMD] x [1/Return Period]) shown igEquation 1.

EAD: = £ (MD: x 1%] + [MD; x 2%] (Equation 1)

Based ona 7 percentdiscount rate, the presentvalue of the avoided building and building content damages
throughout th&0-year evaluation periogtjuals$3.4 million.

AVOIDED DISPLACEMENT COSTS

During storm events, tenants of both residentialand conmhproperties are forced to evacuate theirhomes and
businesses. Displacement costs consist of the damages associated with the/sargation. The displacement cost
consi st dgimexdisruplioan costalagwith a recurring monthly rental coghf@duration of the

di splacement)o (FEMA, 2011

METHODOLOGY

The BCA quantified displacement costs thatwould be mitigated by the Project. Mitigated damages for each storm
event outlinedin the Property Structure and Contents section above were quahiiEEMA BCA methodology

for quantifying displacement costs was applied for this task. As described above, displacement costs represent the
sum of a on¢ime disruption cost and a recurring displacement cost for the duration of displacement. This
relatiorship is shown ifEquation 2 below.

0Q RaOBAEAO®I | 6§ & I EEI QG (Equation 2)
YOE GG O EETROOT GEMR NadOHQE QL

Based onthe FEMA methodologlisplacement cosareassumed to bgroportional to the rental cost of the

building. Both rental costs and disruption costs were estimated asquagefoot value dependent onthe

occupancy type: singiamily residentiaglmulti-family residential, or commercial. These fsguarefoot values

were obtained from the FEMBenefitcost analysissrengineering documentand are showharble 3-8 (FEMA,

2011).The values weradjusted to 2020 dollars using tBensumer Price |nek (CPI)for New York- Newark

Jersey Cityfrom the Bureau of Labor Statistics (BL$he duration of displacemastissumedto be dependenton

both occupancy type and inundation depth and is shoWalbe 3-9. Displacement duration increases significantl

when the structure exceeds the demolition threshold of 50 percent damage, especially for building located within the
100 yearfloodplain.

Table 3-8: Rental Costs and Disruption Costs by Occupancy Type

OCCUPANCY RENTAL COST (2008,| DISRUPTION COSTS| RENTAL COST (2020, | DISRUPTION COSTS
TYPE $/SO. FT./MONTH) (2008, $/SO. FT.) $/SO. FT./MONTH) (2020, $/SO. FT.)
Single Family 0.73 0.88 0.88 1.06
Multi Family 0.65 0.88 0.78 1.06
Retail Trade 1.25 1.16 1.50 1.40
School 1.09 1.01 1.31 1.22

Source: FEMA (2012)
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Table 3-9: Duration of Displacement by Occupancy Type and Inundation Depth

OCCUPANCY | DISPLACEMENT FOR|DISPLACEMENT FOR| DISPLACEMENT FOR |DISPLACEMENT FOR
TYPE 0 -4 4'-8 8' + (INSIDE FP) 8 + (OUTSIDE FP)
Single Family 12 15 24 18
Multi Family 14 15 18 24
Retail Trade 14 15 18 24

Source: FEMA (2012)

The avoided displacement was estimated based on the s
Project 0 8aedanaNthohtRert dijaect dheSguarafaotfloonarea of dédwenefittirg building

wasobt ained from NYC Department of City Planningbs Map
information usedto determine the occupancy type of eachmgiiihe methodology outlined in the Property

Structure and Content section abovewas used to detemmine the water levels at each property in each storm event

scenario.

RESULTS

The avoided damages for each storm event shonabie 3-10are the difference betweenthe damages under the

AWith Projectodo Scenari o dhetdbletshowsthe gvpidetdisplacementanstieaased Sc e
of a 50yearand a 10Qear storm event and the correspondimgected Annual Damages. Sinrita the mitigated

property structure and contentdamages, mitigated displacement costs were incurred only fpesinen8d 00

year storm event$n these storm events, the Project provided wave energy reductions that resulted in a quantifiable
reductoninbuilding damage and associatBgplacement and disruption time.

Table 3-10: Avoided Displacement Costs
AVOIDED DAMAGES PER EVENT AVOIDED EXPECTED
ANNUAL DAMAGES (EAD)
100 Year Storm - Today $887,668 $8,877
100 Year Storm - With SLR $583,318 $5,833
50 Year Storm - Today $622,327 $12,447
50 Year Storm - With SLR $973,861 $19,477

Based ona 7 percentdiscount rate, the presentvalue of the avoided displacement cost throughaatithe 50
evaluation period eque®® 3million.

AVOIDED MORTALITY AND INJURIES

Mortality estimates were developed assuming impacts would be comparable to those fora Superstorm Sandy type
event. The historical record was examiyeaad two individual deaths were reported for the Tottenville section of
Statenlsland (Annese, 2012). These Sandy deaths were related to individuals being carried away by the storm due to
wave damageto the structures they occupied. Drowning deaths glifros high velocity of destabilizing

moving water enhanced by wave action. Furthermore, injuries such as lacerations canresult as storm victims are
pushed into sharp objects by moving water enhanced by waves. Therefore, the BCA includes likely avoided
mortality benefits and associated injuries that would be attributed to the wave attenuation properties ofthe Living
Breakwater Project. THEAD calculation applied for this BCA over the §8ar projectevaluation horizon is based

on the 1% annual chanceant. The adjustment factor calculation adjusts the total Value of Statistical Lives (VSL)
monetary estimate fortwo expected deaths by a 1% factor (return period reciprocal: 1/100) each and every year over
the projection period. The 1% factoris also #ggpto the estimated projected injuries.
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Analysis of the population at risk was based on the historical record and the base population for the number of
households located within the FEMA at risk zone for the Tottenville, Staten Island project aregiagpo

growth rates applied to the base population atrisk in the projections were sourced from New York Metropolitan
Transportation Councilés (NYMTC) population projectio

The fatality rate, was calculated astluenber of reported deaths divided by the estimated population atrisk. This
fatality rate was applied to the projected population atrisk over the projection period time horizon.

The injury ratewas sourced from a Centers for Disease Control (CDC) relpaged posBuperstorm Sandy. This
study entitled Nonfatal Injuries 1 Week after Hurricane Séndyew York City Metropolitan Area, October 2012
examined reportedinjuries one week after Sandy, by area (CDC, 2014). The study found thatiskthe at
popuation, 10.4% sustained an injury in the first week after Sandy (CDC, 2014).

The injury ratewas applied to the projected population atrisk overthe project evaluation period to calculate the
expected number of nefatal injuries adjusted by the numloémultiple injuries sustained by 70% of the impacted
population at risk. From Table 2 of the CDC Study, the severity of injuries reported were mostly arm cuts, leg cuts,
hand cuts and back, legand foot strains. Thesetypes of injuries wereedeossed to the most likely

Abbreviated Injury Scale (AlIS) suggested for use underthe HUD Guidance for Benefit Cost Analysis (HUD CDP
16-06). The estimated injuries correspondedto AIS 1.

To estimate the avoided monetary cost of projected deaths and inhgiedJD Guidance Source, Tabl@2

Relative Disutility Factors by Injury Severity Level, (for Use with 3% or 7% Discount Rates) (HUBELGPB)

was applied. The cumulative number of deaths and injuries were valued by applying the 2020 Dollar valges to thes
injury estimates by year.

Based ona 7 percentdiscount rate, the presentvalue of the avoided mortality and injuries throughgeathe 50
evaluation period equals $3.2 million.

AVOIDED MENTAL HEALTH COSTS

After Superstorm Sandy, researchers quantifiedncidence of depression, anxjetgd Post Traumatic Stress
Disorder (PTSD) on the impacted populations in the New York metropolitan region. In a studjhiglémpact of
Hurricane Sandy onthe Mental Health of New York Area Resj®attsvartz eal. (2015) appliednultivariable
logistic regression moddis examine theelationships betweeBuperstornsandy exposure and depression,
anxiety, andPTSD The prdable depressionwas reported in 33.4 percehegbarticipantgrobable anxiety in 46
percent,and PTSDin 21.1 percent. Increased exposBrgarstornsandy was associated with a greater
likelihood of depression even after controlling for demografattors known to increase susceptibility to mental
health issueSchwartzetal., 2015)

To quantify the monetary cost of the avoided mental health treatment for depression and anxiety, tisis &0A
sameamethodology asthe 2017 BCA. The B@pAplies the results of the incidence rate for PTSD of 21 percentto

the estimate of the exposed populativcase of a 109ear storm evenErom this depressieaifected sukset of

area residents, the BCAthen appliedthe updated total per person treashfonroental health care thatis used

by FEMA(FEMA, 2012, adjusted to 2020 dollars using the BLS CPth@NY-NJ region This mental health
treatmentcost value was then adjusted for the expected annual chances ofthe storm events modelledéathe avoi
property damages estimates.

Based ona 7 percentdiscount rate, the presentvalue of the avoided mental health treatment cost throughout the 50
year evaluation period equals $@illion.

AVOIDED LOST PRODUCTIVITY COSTS

Asdone inthe 2017 BCA, thiBCA applied the established FEMA methodology to calculate the avoided lost
productivity costs for the cohort that would most likely experience mental health problems,,amdetgpression
calculated above. FEMA also published suggested lost produabisggs per worker per day in their supplementary
guidanc€FEMA, 2013. The productivity values were converted to 2020 dollars based @Pitier the New
York-NewarkJersey City region from the Bureau of Labor Statistioxalculate the number of wa ggreers who

would most likely be unproductive because of mental health problems, the labor force participation rate of 62.7%
from the 20158019 American Community Surveyas appliedto thexposed populatioffhislost productivity

Living Breakwaters: Benefit Cost Analysis WSP
Project No. LSC2043436.07
New York State Governords Of fice of Storm Recovery Page 18



avoided cost estimatalue was then adjusted for (annualized) the expected annual chances of the storm events
modelled in the avoided property damages estimates.

Based ona 7 percentdiscount rate, the presentvalue ofthe avoided lost productivity througBepgighe
evaluatbn periocequalsb1 3million.

AVOIDED SHORE EROSION/DUNE RECONSTRUCTION COSTS

Shoreline erosion benefits were based onthe cost of restoring and replacing the cubic yards of shoreline that would
have beenlost annually over theysar evaluation period under théithout Projead ScenarioThis measure is a

way of estimating the @nomic value of lost land thatwould occur in the absence of the Project, withoutany
interventions thatarresterosion. The Living Breakwaters Projectwould avoid these maintenance and restoration
costs overtime. Because of the increased interest irhloestoration and nourishment projects in the New York and

New Jersey area, the demand and supply market balance for fill materials has led to higher premium prices (SCAPE
Appendix D, 2016). From this perspective, the Project offers substantial econoiitees the ufront

investment costs would result in substantial periodic maintenance cost savings ovgréheed@luation period.

The avoided cost estimate is based on the volume (cubic yards) of materials that would be replaced at various
intervals over time. Wder thaiwWithoutProjectd cehario, modelling results have indicated that the projected
shoreline change with erosion would amount to 12,940 cubic yards per year oveytag@@nning horizonThe
avoided total vaimeof sand placemeftomtheProjectwas estimated to be 647,000 cubic yards. The cost per
cubic yard (323/cyin 20203 was sourced from tHE0 percent desigdpinion of Probable Cost analysis and
reflects currentlocal market conditions as described abovelddignieamcharacterized this procesaded oran
analysis with the GENESIS shoreline change model, calibratesttwical erosion ratesccurring over the period
spanning 9782012(Figure 3-2). Without theProject, this erosion is expected to occur over theessitioreline
affected by the Project, withing000-6,000linearf ootrange(Arcadis, December 9, 2016).

In addition, heProject area is susceptible to treeanlike shoreline conditions of Statésland under storm/erosion
conditions dueto thegionafunnel/surge effed¢hatmakes it comparable to ocean environments in terms of-storm
induced erosiorthe New York Bight Apex always experiences abnormally high surge levels attributable to the
right angle made by Long Island and New Jersey doestihat significantly increases storm surge levels wherever

a hurricane has made landfallin the New York Bight Apex (C28h5).

The estimates advoidedshoreline restoration costeid nourishment project interventian® supported byreview

of case studiesxamined for the purposes of assessing the actual historic volumes of fill materials thatwould be
mobilized (per project) for shoreline protection. These case studies were reviewed to get a sense ofthe volume of
macterials associated with adtpeojects in the New York coastalzone per linear foot of shore protection project.
Select beach locations were available forthe New York shoreline and they provided an indication of the volume of
macterials mobilized for these projects (BND, 2016).
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Figure 3-2: lllustrative Shoreline Dynamics® Observed Historic Shoreline Change, 1978- Spring 2012
(Pre-Sandy)
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Figure 3-3shows a bimodal distribution of projects and the average volumes of material per linear foot (LF) of
shore. At least 10 projects show fill volumes betweefd Bll.cubic yards per LF of shoreline protected. A scatter
plot was also prepared for shorelinkattwere close in length to the Project alignment &iigare 3-4shows the
scatter plot of LF of shore protection projects versus the cubic yards per LF of materials mobilized. Projects with
shore lengths between 4,000 and 7,000 LF were characterigeéd bly amounts of between 50 and 75 cubic

yards/LF.
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Figure 3-3: Frequency Distribution of New York Shore Protection Projects
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Figure 3-4: Average Cubic Yard per Linear Foot of Sand for Shore Protection Projects
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This above data was referenced to infarmd simulate the likely size of shoreline nourishment events (projects),
given the total volumes estimated from the modelling exercise.

The avoided cost estimate was based on replacing filalong the shoreline erosion area at periodic intervals (every
fouryears), as wellas periodically reconstructing the dune based on a dune reconstruction cost estimate provided by
NYC Department of Parks & RecreatifMiyC Parks, 12/12/161heBCA also simulates a total dune replacement
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construction costthat would oa@a fter a 500r 100year stormThis latter cost was also sourced from NYC Parks
and was escalated 2020dollars from the original 2013 dollar casting the BLS CPI for the regidNYC Parks,
01/03/17)In addition, the BCA alstakes into accoutiia the breakwaters will reduce damages to the dunes from
smaller storms.

Itwasassumedthatn der t he A Wi t h sustdinedRrosionwoald aontirBie, punctuated by storms

(and theirimpacts). For purposeB&A, it was assumed thag bsentltie Projectthis would require more

frequent reconstruction efforts every few years. The
the Living Breakwaters Project. The avoided cost of shoreline nourishment and dune reconstructieasdbigress

value overtime because it is linked to rates of erosion.

Based ona 7 percentdiscount rate, the presentvalue of the avoided shoreline erosion and dune reconstruction cost
throughout th&0-year evaluation periogtjualss47.5million.

AVOIDED ROAD CLOSURE/TRAVEL DISRUPTION COSTS

Superstorm Sandy resulted in substantial travel time delays for commuters due to closed roads, poor road conditions
and damages sustained from debris carried onto roads from wave surges and strong winds 2R3 YC

Following Sandy, commuters who did not have the option to telecommute experienced increased frustration levels
and substantialincreases in commute times from traffic congestion and detours, with commute times sometimes
spanningtwo to three times long as their normal p&andy daily commute. Since Staten Island is geographically
separated from the major centers of employment in Manhattan, the frustration levels (measured by anindex out of
10, with 10 being the highest) were relatively higlo (T of 10). For Staten Island residents the averag&anely

commute time was 84 minutes. The average pastly commute time (Nov-2) was 240 minutes (Kaufman et al.

2012).

The BCA appliesthe FEMA methodology to value the cost of avoided roadeddmsed on the value of time.
This method recognizes thatindividuals who experience increased travel time dueto bridge orroad closures attach
an economic value to the lost time incurred (FEMA, 2011).

To value the avoided travel time delays associatifdavoided road closures and disruptions, the working age

population was estimated from the Traffic Analysis Zone (TAZ 2206) populationfor the Tottenville shoreline

community based onthe laborforce participation rate. It was assumed that an avetame tietay would be
incurredoveratwave e k period for this group of estiwaated commu
convertedto 2020 dollars using the BLS CPI for the redibe.resulting travel time disruption value was then

convertedto aBAD amount. Th&EAD amount was based on the 1% chance annual storm event factor forthe 100
yearstormperthe Projectassumptions note@iable 3-2.

Based ona 7 percentdiscount rate, the presentvalue ofthe avoided road closure andtravel distuption co
throughout th&0-year evaluation perioetjuals$0.3million.

AVOIDED COST OF POWER OUTAGES

Power outages caused considerable disruptions following Sandy. It has been estimated that 120,000 customers lost
power on StatenIsland, and repairing damateg¢@aboveground electrical power network took approximately two

weeks (PlaNYC, 2013).

As undetthe 2017 BCA, thiBCA applies the FEMA method to value power outages under thgekd@esign

storm event (FEMA, 2011). Application of the FEMA method inedl¥irst estimating the functional downtime
(measured as the system days of lost service). Using this approachyadkfunctional electrical service

disruption estimate was assumedtfae Tottenville communitynder al00year storm event his correponds to

the likely impacts from a 10¢ear storm event. The population for the Traffic Analysis Zone (TAZ 2206) applicable
to the study areawas used as a proxy forthe number of people served by the electric power utility. The economic
impacts of lost @ctric power servicererethen calculated using the per capita economic impacts and the affected
population. FEMA has developed per capita values to calculate the economic impacts, and these values were
updated to 220 using the New YorNewarkJersey CityCPI. Table 3-11shows the value applied in the BCA.
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Table 3-11: Economic Impacts of Loss of Electric Power (per capita per day)

CATEGORY ECONOMIC IMPACT (2010 DOLLARS)| ECONOMIC IMPACT (2020
DOLLARS)

Impact on Economic Activity $106 $124
Impact on Residential Customers $25 $29
Total Economic Impact $131 $154

Source: FEMA (2011)

The resulting avoided annual cost of lost power was then converte@ &isamount based on the 1% chance
annual storm eventfactor forthe 3@€arstorm

Based ona @ercentdiscount rate, the presentvalue of the avoided loss of electric power throughcuetire 50
evaluation period equald 2 million.

AVOIDED DAMAGES TO VEHICLES

Inundation would damage motor vehideiscluding cars, smalltrucks, and headity trucks. Thelamage

incurred to vehicles depends onthe vehicle type. Automaobiles, which are closer to the ground than smalltrucks or
heavyduty trucks, are more suscepdihb water damage than larger vehicié=hiclegparked at residences are at

risk. However, unlike other assets, motor vehicles could be moved away from potentialinundation zones, avoiding

damage from inundation.
The number of vehiclest riskwa sestimated based onthe average number of the vehicles per housing unit in

Tottenville, which is 1.7&ccording to th20152019 American Community SurveasecdonUSACES Economic
Guidance Memorandum 8 (USACE, 2019)we assumed that 49.5 percent of vekialeuld not be moved in

advance of the storm and would be atrisk for damage with a storm.

Thenumber of vehicles that woulltenefit from théroject arelie vehicles that would notbe moved and taild
experience | ess da mageenaurnidoert hahne ufinvd etrh tPhridoejdeviéige oh oSuct
was estimated based on theflood depth at the residence as estimated during the impactanalysis, vehicle depth
damage functions reportedifSACE Economic Guidance Memorandum@®USACE, 2019)and an estimated
average value pervehicle. The average value per vehicle was estimated as 50 percend aigineehiclsales

price in 2020f $40,107, which is $20,053.

Table 3-12 shows thevoideddlamages to vehicles fibre 50 and 106year storm events. The mitigated event based
damages were converted to EAD in the benefit cost analysis by applying Equation 1 above.

Table 3-12: Avoided Damages to Vehicles

AVOIDED DAMAGES AVOIDED EXPECTED

PER EVENT, ANNUAL DAMAGES (EAD)

100 Year Storm - Today $205,40¢ $2,054
100 Year Storm - With SLR $199,61¢ $1,996
50 Year Storm - Today $157,68¢ $3,154
50 Year Storm - With SLR $417,06] $8,341

Based ona 7 percentdiscount rate, the presentvalue of the avoided loss damages to vehicles thré0greart the
evaluation periogqualsp0.1million.
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AVOIDED DAMAGES TO PARKS AND UTILITIES

Superstorm Sandaused extensive damage to parks on Statend According taheNYC Department of Parks
and Recreation this amountedto $3,892,046 at Conference House Park dueto inundation and wave damage to
buildings and park structures.

Damage to public utilities from inundation and waves can cause futieuption to the lives of residents and
significant expenseto government and utilities in repair costs for downed wires, brokeamdmdsgged drains.
Damages to utilities were estimated based on detemmining the potentially im pacted populationlthae

protected by the breakwaters and comparing that to the size of the populationin Community District 503 of 159,853
which had known utility damage costs during Superstorm Sandy of $64,18ta6fec, 2021he population

thatwould be prote@d was determined by finding the number of housing units protected (496) and multiplying

them by the average household size (2.84) to determine a population of 1,409. Thus, given the utility damages per
person in Community District 503 of $401.31, thekd&mage s case of a Sanelype evenin the area protected

by the breakwaters would be $565,307.

The Living Breakwaters would avoid a portion of these damagearks and utilitiek case of 100yearanda

50-year stormTheLiving Breakwatersvould nofprovide additional benefifer smalleistorms over and above

those provided by the dunéghe avoided damages were estimated using data and assumptions from the Tottenville
Shoreline Project BC{Stantec, 2021 T he total an@dnnual damages avoided by the Living Breakvesee
presentediable 3-13.

Table 3-13: Avoided Damages to Parks and Utilities
RECURRENCE | AVOIDED DAMAGES AVOIDED EXPECTED
INTERVAL PER EVENT | ANNUAL DAMAGES (EAD)
Parks 100 $1,668,530 $16,685
50 $1,044,436 $20,889
Utilities 100 $242,349 $2,423
50 $151,701 $3,034
Total $3,107,015 $43,032

Based ona 7 percentdiscount rate, the presentvalue of the adaidages to parks and utilitigsoughout the 50
year evaluation period equaB.$million.

AVOIDED DEBRIS REMOVAL

Debris removalis a significant costs after storms and must be conducted quickly to clear roads for emergency
vehicles and allow people to move backinto their resideivbash of the debris generated by storms is generated
when inundation and waves break off sections and materials from buildings and spread them around the area.

Damages buildings are tbegin of debrisThereforethe amount of debris needed tadémoved can be calculated
based onthe amountof damage to buildings in cubic yards and how much it would take to dispose of that material
based onthe tipping fee (for disposal) in landfills. USACE estimate$ahaach house with more thanpércent
damagedisposal costs would be $530 if it did not have a basement and $915 if it did have a b&s&BE s} (

2015). These costcould be avoided with the breakwaters in placéwere calculated based onthe avoided
damagesto buildingas shown iTable3-14.

Table 3-14: Avoided Debris Removal
AVOIDED DAMAGES AVOIDED EXPECTED ANNUAL
PER EVENT DAMAGES (EAD)
100 Year Storm - Today $20,214 $202
100 Year Storm - With SLR $19,030 $190
50 Year Storm - Today $14,488 $290
50 Year Storm - With SLR $31,158 $623
Living Breakwaters: Benefit Cost Analysis WSP
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Based ona 7 percentdiscount rate, the presentvalue of the adelinisdemovahroughout the 5§ear
evaluation period equals about $7,000

AVOIDED EMERGENCY REPAIRS

After major stormssome homes require immediate repairs to ensure that residents can stay in theirhomes while

waliting for permanentrepairs to be completadhe aftermath of Sandy, the NYC Rapid Repaicggram was a
criticalfirst step in helping residents rebuild tleeimmunites(NYC, 2013) The program restored essential heat,
powerand hot wateto 11,773 buildingsl 40 of whichin Tottenville.On thebusierdays the program employed

2,300 skilled tradespeople to provide reptains ore than 200 homesa single dayThecitywide prograntostwas

$116.15 million

TheProjectwill reduce wave damages to buildings in Tottenville and therefore reduce the need foremergency

repairs inthecase of major storm$heestimated avoideduilding emergency repair casbased on the avoided
buildingdamages for the 5@ar and 10§earstorms Table 3-15).

Table 3-15: Avoided Emergency Repairs
AVOIDED DAMAGES AVOIDED EXPECTED ANNUAL
PER EVENT DAMAGES (EAD)
100 Year Stormi Today $77,736 $777
100 Year Storm - With SLR $86,147 $861
50 Year Storm - Today $35,778 $716
50 Year Storm - With SLR $104,200 $2,084

Based ona 7 percentdiscount rate, the presentvalue of the samigieykncy repaitbroughout the 5@ear
evaluation period equaddout $2,000.

3.2.2 ENVIRONMENTAL VALUE

The environmental value of the Project was estimated through the evaluaimsp$tem service provisioning

provided by the Projectand subtracting negative effects of the Project on ecosystem services. The ecosystem
services forthe Project were derivieam a combination of the estimated habitat area (in sq. ft./acres), and from

habitatvalues peracre obtained from published literature sources (GrabowsREt2)TheSCAPE team
provided the estimates of the habitat sizes in acres for the Rhgeabuld be both gained and displabeded on
thel0OQyearstormbased on the 100 percent desiime ecosystems services valuation for the B@Alimited to

the value of net acres gained by ecological servicetype. t hi s

secti omeeafhdae

the terminology used in the source material for the ecosystem service vallatioghreakwaters are artificial
reefs thatprovide the same ecosystem services as reefs.

Table 3-16shows the ecosystem service types valuedtandriginal values per hectare per yleam Grabowski
etal(2012).The 2011 values were converted to 2020 dollars using the CPI for the region from the BLS

Changes in theitertidal and subtidal habitat areas relatethtareline restoraticactivitieswerenot addressed since
the net change in area is insignificant thus a change in ecosystem service value would not be appreciable

Table 3-16: Summary of Ecosystem Services Values
AVERAGE
VALUE/HECTARE /YEAR| AVERAGE VALUE/ACRE

SERVICE TYPE MEASUREMENT (2011) IYEAR (2020)
Oyster habitat/reef density (ind./m2) $880 $2,472
sustainability
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AVERAGE
VALUE/HECTARE /YEAR| AVERAGE VALUE/ACRE
SERVICE TYPE MEASUREMENT (2011) IYEAR (2020)
Production Augmentation
Finfish and Crustaceans-
Commercial | $4.12/10m2 ofreef area $4,123 $11,580
Water quality
Nitrogen removal | 246 micromoles/him 2 of $4,050 $11,375
reef below MHW occupied
by filter feeders
SAV enhancement|1 hareef =0.0 05 ha SAV $1,292 $3,629

Source: Grabowski et al. (2012)

TOTAL GROSS ECOSYSTEM ANNUAL SERVICE GAINS (+)

Ecosystem servicasinual gainsiere assessed for the proposedlogically enhancedbakwater systemnd oyster
restoratiorusing theservicesof habitat/reef sustainability, commercial finfish, water qualigbitata nd recreation
Monetary valuesverederived from Grabowski et §R012) Costanza et a(2006) andKaval and Loomig2003)
The monetary valudsom the literaturavere adjustetb 2020values using th€PI for the N¥NJ region from the
BLS(Table3-17).

Forthe 201BCA, the estimated square feet of each habitat ty peleesed from the calculations provided by the
design team in a December 13, 20h&morandum entitle@alculation of Available Surface Area and Marine Habitat
Generated for Living BreakwatefSCAPE, December 13, 2018he current calculatiorfer this BCA updatevere
developed by SCAPE in February 2020 based on the methodolagy efmoranduniSCAPE, October 3, 20},7
which is an update from previous mena@ged November 28, 208nd July 17, 201The calculations includbe
amount of marie habitat generated and displaced byRngect taking into consideration both the breakwater

structures andthe potential beachfill proposed

Based ona 7 percentdiscount rate, the present valueszfibgstem services gaimsoughout th&0-year
evaluation perio@qualsp107 million.

Table 3-17: Summary of 2016 annual ecosystem service values for breakwater/oyster reef system
SERVICE TYPE ACCESSIBLE PLANAR| AVERAGE VALUE/| TOTAL VALUE PER
SURFACE AREA REEF AREA| ACRE PER YEAR (IN YEAR (IN 2020%)
(ACRE) (ACRE) 20209%)
Oyster habitat/reef 16.6 $2,513 $41,609
sustainability
Finfish and Crustaceans
Commercial 41.4 $11,772 $487,371
Water Quality
Nitrogen removal 33.1 $11,564 $382,994
SAV enhancement 9.7 $3,629 $35,020
Habitat
Refugia 29.0 $469 $13,579
Total $945,696

To account for a lag time in the establishment of reef habitat and benefits, percentages (out of 100% of ful annual

ecosystem service delivemygreapplied to specific services during thefirst three yearsquusttructionT able 3-18

lists the modifiers used in this analysis. The values appidbased on references reporting on monitoring

observations for constructed reefs and breakwaters.
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Table 3-18: Ecosystem Habitat Extended Value/Time Lag Modifiers

BREAKWATER/OYSTER REEF | EXTENDED VALUE/TIME LAG MODIFIERS

Service Type Year 1 Year 2 Year 3
Oyster habitat / reef sustainability 0.50 0.75 1.0
Finfish and Crustaceans
Commercial 0.90 1.0 1.0
Water Quality
Nitrogen removal 0.50 0.75 1.0
SAV enhancement 0.50 0.75 1.0
Habitat
Refugia 0.9 1 1

Based ona 7 percent discount rate, the present value of the gross ecosystem services gains througleaunt the 50
evaluation period equald $.7million

TOTAL ECOSYSTEM ANNUAL SERVICES DISPLACED (-)

The construction of the breakwaters would displace a pproxinta#&dycres of subtidal smalland large grained
bottom habitat-orsubtidal sangtbottom, service areas and monetary values were derived from Costanza et al
(2006) and include water supply, biological control, nutrient regulation, and cudtioapiritualvaluegTable

3-19). Costanzat al.(2009 referred to the subtidalcoastaln e s a s i ,Gwhaswasdefinel hsahle f
subtidalzone belowthe beach elevation.

Table 3-19: Summary of Ecosystem Services Applied to the Displaced Subtidal Habitat: Subtidal small
and large grained bottom habitat
AVG. VALUE/ AVG. VALUE/
ACRE /YEAR ACRE/YEAR
SERVICE TYPE MEASUREMENT 2004 2020
Water supply acrelyear $521 $564
Biological Control acrelyear $20 $22
Nutrient Regulation acrelyear $723 $783

Source: Costanza et al. (2006)

Based ona 7 percentdiscount rate, the presentvalue ofthe displaced ecosystem services thr&iggeart the
evaluation periogqualsp0.2million.

NET ECOSYSTEMANNUAL SERVICE GAINS (-)

The total calculated value for the displaced subtidal habitaswiateacted or netted from the breakwater/oyster reef
totalvaluesBasedon a 7 percent discountrate, the present value of the netecosystem service gains throughout the

50-year evaluation periogiqualss 106 million.

There is some uncertainty associatéttl the source of the ecosystem service values and their direct a pplication to
theNew Ecosystem Annual Service Gamkich may experience lower oyster densitiedgrowth rates of filter
feeders, and the ability tfiebreakwaterdystereef inachieving full functionalityTo accountfor this uncertainty,
athreeyearlagtime for some services was built into annual valuation based on literature sources (La Peyre et al

2013).
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To bettervisualize the types of ecosystem services that willfgeosted by the Project in the futufégure 3-5is
reproduced below.

Figure 3-5: Schematic of Living Breakwaters Underwater View

Source: SCAPE Press packetimages.

3.2.3 SOCIAL VALUE

To estimate the social values thatwould arise from the Project, a combination of comparable usage at similar
educationaland environmental stewardship facilities and area park recreational visitation patterns was combined

with benefits transfer. Benefitsansfer is the process of adapting an existing value estimate (such as the wilingness

to pay foran amenity or park service) and transferring it to a new application thatis in anotherftndtagion

similar. There are two types of benefit transfeafue transfers and function transfers. Avalue transfer takes a

single point estimate oranaverage of point estimates from multiple studies, to transfer to a new policy application.

A function transfer uses an estimated equation to predict a customizedeed new policy a pplication. Social

values for the Project were estimated by apthé ying a 0
wilingness to pay for recreational and specific typEenvironmental education among potentgers.

EDUCATION AND ENVIRONMENTAL STEWARDSHIP

Living Breakwatersd educat i on adcityaide initiativie to restae ogstersin c on d u ¢
the New York Harbor thatconsiders education key todemgn success.

TheProjectwill continue tgrovide educational opportunities for area residente®#mts through the
environmentagducatiorand stewarship programghatareorganized thoughBOP. In addition, from 2022 to 2029,
BOP will provide arannualwalking tour, an ann&oreline evenand enhancements to an exhibit atoyster
restorationBOP Memorandum dated 2/20/2The targeted audience for the public evgstudents and teachers
and the audience for thva lking touris schools, community groupsnd the genekaublic. BOPalsoholds two

annual professional developmentevents (PDE) for teachers as part of the Oyster Research Station and Oyster
Research Tank Programsd fieldwork events.

Itis anticipated that mosteducational users would be area resicdemth& immediate area and less so from the
region, as well as nearby school systems. The augmentation of the beach and surrounding open areas by the Living
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