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1.0 INTRODUCTION

East Beach, in the Town of WestpoMassachusettsjs alow cobble dune segment of a
geologically complex barrier beach systesaparating the ocean from the importaklYestport
River estuaryThe barrier beach systems home to residentswater-dependent businesses
recreational areas, and priority habitaEast Beachserves multiple community lifeline
recreational, ancecologicafunctionsand is highly vulnerable to coasf@odinghazards, both
historically andat present

Westport residents are concerned that the impacts of coastal hazards on East Beach are going to
worsen over the coming decades due to sea level rise and storm intatigih caused by climate
change. The Town of Westport held a workshop in 2018, funded by a Municipal Vulnerability
Preparedness (MVP) grant from the State, to identify priorities for building community resilience
to climate change impacts. Workshop attesas unanimously identified East Beach Road as a
priority concern.

The Town obtained another MVP grant in 2019 for the East Beach Corridor Vulnerability Study,

G2 OFNNE 2dzi I RSOGFIAfSR aaSaaySyd 2F GKS [/ 21
under a changing climate and identify potential adaptive acti@nghe Town to take, with the
involvement of local stakeholders. This report documents the results of this project and the
process by which they were developed.

This project hadhree primary goals:

1. Develop a probabilistic assessment of coasiabd vulnerability within the East Beach
Corridor, based on a foundational understanding of past impacts and current conditions,
and supplemented by advanced physical modeling

2. Recommend a suite of adaptation alternativesjng the findings of the vulnerability
assessment and in cooperation with the Townd stakeholdersto:

1 Maximize the useable life of East Beach Road (and utijities)

1 Address access in the event of a breach at the Let

1 Protect property and infrastructure along East Beach Coryidod
1 Protect seaonal trailer homes on East Beach

3. With feedback from stakeholders and the Town, develop a coastal resilience
implementation roadmap to guide incremental and flexible adaptation investments over
time and provide scienebased thresholds for action.

1.1 PROJECTEAM

The Town of Westport contracted Woods Hole Graml its subconsultant, Kleinfeldeto
conduct the vulnerability assessment and adaptation planning stlidyensure thathe study
was informed byocal knowledge anduided by local prioritigsNoods Hole Group staff worked
closely with a Town Steering Committee throughout the anali?g@eple who participated ithe
Steering Committee are listed Trablel.

East Beach Corridor Vulnerability Study 1 May 2021
Town of Westport, MA 2019-0240
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Tablel Steering Committegoarticipants.
Name Title
John Bullard Planning Board, Member (Steering Committee Chair)
Brian Valcourt Board of Selectmen, Member
James Whitin Planning Board, Chair
Robert Daylor Planning Board, Vie€hair
Philip Weinberg Board of Health, Viec€hair;Conservation Commission, Member
Sean Leach Beach Committee, Vie€hair
Mike Sullivan Resident, Cherry & Webb Lane
David Sprogis Resident, Bridge Road
Jeffrey Bolton Resident, East Beach Road
Tony Vivenzio Resident, East Beach Road
Christopher Capone | Conservation Ageit
Jim Hartnett Town Planner (Project Manager)

1.2 PUBLICOUTREACH

As noted aboveachieving thegoals of the project wadependent on the involvement of local
stakeholders, botho raise public awareness of the escalating flood risks posed blggelarise

and storm surgéo the East Beach Corridas well asmform strategiedor adaptingthe Corridor

to these changes @r time. Public outreachctivitieswere scheduled at each project milestone

to keep the public and the Town officials abreast of the latest findings, gather input at crucial
junctures, and facilitate active engagement over the lifetime of the projecpulstic meetings
Woods Hole Group presented information on climate change, flood modeling, the vulnerability
and risk ofthe East Beach Corridoadaptation optionsand implementation recommendations
Table2 liststhe meetings and public outreadtctivitiesorganized as part of the project

Table2 Summary of public outreach activities.
Date Public Outreach Activity
February 5, 2020 Kickoff Meeting andinterviews withTownstaff and officials
April 30, 2020 Steering Committeemeeting to review findings from review (
historical documents, prior studies, and coastal flood nigldeling
June 30, 2020 Recordedwebinar on findings from review of historical documen

prior studies, and coastal flood rigskodeling posted to Townof
Westport project webpage and Vimeo accoumailed notification to
186 property owners

July- September, 202( Online survey50 respondents) on impacts from past storms, pul
perceptions of future risklevel of support for action, and ideas f
adaptation.

October 7, 2020 Virtual Public Meeting (52 attendees)on vulnerability assessmel
findingsand general adaptation strategiggosted notice of meeting

East Beach Corridor Vulnerability Study 2 May 2021
Town of Westport, MA 2019-0240
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on Town website and events calendar; email notification to partie
interest
November 9, 2020 Steering Committee Meeting to review conceptual adaptat]
alternatives

December 2, 2020 Steering Committee Meeting to fiee and prioritize conceptual
adaptation alternatives

April 21, 2021 Steering Committee Meeting to reviedraft report comments ang
discuss next steps.

May 13, 2021 Steering Committee Meeting to review the final report.

May 18, 2021 Planning Board Meeting to review the vulnerability assessn

findings and present the final adaptation recommendations
implementation plan to the Board and public.

1.3 ACKNOWLEDGEMENTS

The Town would like to thank the MA Executive Office of Energy and Environmental Affairs for
supporting this project with an MVP Action Gramtithout which this project would not have
been pssible The Town wouldalso like to thank the contribution of the Massachusetts
Department of TransportatioMassDOT)nder the direction of Steven Miller, Project Manager,
and the Federal Highway Administration related to the modeling associated wattBdston
Harbor Flood Risk Model (BHRM). The methodology from the BIRM was utilized as the basis
for the development of the Massachusetts Coastal Flood Risk ModeF®M), which was used
for thisstudy. The Town would also like to thank the Westpoistdrical Society and David Jones
for sharing historical records with the project team, some of which are used in this réjuatly,
and most importantly, the Towmvould like to thankthe Seering Committee, public forum
attendees,and online survey pdicipantsfor their valuable contributions of time, knowledge,
and ideas that informed this project.
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2.0 VULNERABILITY ASSESSMENT

Thecoastal climate change vulnerability assessment carried out for this project was focused on
the East Beach Corridor, including the roadwatylity poles andpublic andprivate properties
located on East Beach between Horseneck Road and John ReedHrRpadl). The broader
barrier beach systerthat East Beach is a part of, including its development, infrastructure, and
natural resourcesywas considered contextually.

Figurel East Beach Corridor Vulnerability Study Area and Context.

The total barrier beach system has about 80 homes, a major boatyard, a restaurant, State and
Town owned public beaches, and, on the East Beach segment, seaadeed.tHorseneck Beach
State Reservatignwhich hostsone of the largespublic beaches in Massachusetés well as
campgroundsis located on the barrier beach.

There are only two routes to access and evacuatétreier beachin an emergency, the wesrly

Route 88 Fontaine Bridge (a drawbridge) across the Westport River and the historical easterly
East Beach Road connectiom Horseneck Road. All the electricity, telephone, and
telecommunications services are routed from the mainland togheate and public properties

on the barrier beach system through the East Beach Road right of way on utility poles.
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The barrier beach system also plays significant roles in preventing storm damage and controlling
flooding along the Westport River estuaand supporting and protecting natural resources of
environmental, economic, and recreational significance.

The vulnerability assessmeot the East Beach Corridoombinesafoundational understanding

of past impacts and current conditiomgth new insiglts from advanced physical modelirtg
estimate potential impactsf coastal hazards the present as well in thesar-term (2030-2050),
mediumterm (20502070, and bngterm (20702100 future accounting for climate change.
This section describes the @dasources, modeling approaches, and findings of the vulnerability
assessment, addressing the following hazards and impacts included in the scope of work:

Historic storm impact§Section 2.1)

Historicd and potential future erosiorfSection 2.2)

Sea levelise and storm surge inundatig®ection 2.3)
Nuisanceoverwash major roaddamage, andreaching(Section 2.4)
Utility pole underminingdSection 2.5)

= =4 -4 48 -4

A summary of the vulnerability assessment findings is provided in Section 2.6.

2.1 HISTORISTORMIMPACTS

TheEast Beach Corridand residents, businesses, workers, and visitors oftih@eaderbarrier

beach system have repetitively been impacteddamagingcoastalstorms Figure2 shows a
timeline ofsome of the majohistoric storms that have impacted WestppMassachusettsThis

section of the report describes and illustrates thepactson East Beacfrom a selection of the
most historicstormsin addition to ongoing nisance flooding and overwash events
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Figure2 Timeline ofsignificanthistorical storms that have impacted Westpart

2.11 Hurricanes of 1938, 1944, and 1954

Many people lost their lives, sustainptlysical and psychological marlost incomes, or had their
properties destroyed and taken by eminent domain because of the historic hurricanes of 1938,
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1944, and 1954. These impacts are memorialized in the Westport Historical Sy¢legjand
private collectiorrecordsand the collectivanemory passed between generations of residents.

Prior to the 1938 Hurricanethe Horseneck Beach and East Beach shorelines were highly
developed with homeshotels, stores, entertainment venues, houses of worshgpables and

other fadlities. David Jones, a historian with ties to Westport, creatsdries of mapgFigure3)
showing the locations of buildingsn East Beacpre-1938, based on histaral insurance and
property assessors mapoverlaid on recent aerial photoMost of the structures on the ocean
sidewere in beachfrontareas that have eroded awayer the past 80 years or smdare now
submerged The severe erosion has been caused byombination of natural processes and
human activities, according to past studies, but there is a lack of consensus on the degree of
causation by each

pthistory.org/east-beach-before-the-1938-hurricane/

cean House
ruins of fire]

" J\

\
W%\ Gifford’s
. Store/PO

Trafford no. 5

\
™ “Stonehurst”

d
\\ Surfside Hotel
= Burden Head

Figure3 Map of East Beach development before the 1938 Hurricane.

¢CKS Moy | dNNAOIFIYS Aa GKS daad2Ny 2F NBO2NRE
recorded history atore thanl14 ft above mean high wat. Almost all the prel938 structures

were destroyed in the hurricane as shown in an aerial taketDBBafter the hurricangFigure

4), provided by David Jonesand other historical photos in the WHS and private archikest

Beach Road was covered with sandandadebo FG RSSLIZ | OO2NRAy 3 (2
Report.
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Figured Aerial photo of East Beach after the 1938 Hurricane.

Figure5 is an illustrativephoto of the impacton East Beac® | dza SR 6& (G(GKS wmdooy
powerful storm surge, wind, and waves. It shothe rubble of structures that have been

damaged or destroyed, toppled utility poles, and large berms of cobble and sand pushed onto

land where East Beach Road would have bé&&éore harrowing are the historical accounts of

residents that survived the flood, drived at the WHS. Due at least in part to the lack of early
GFNYAY3I o62dzi GKS RFEYISNI 2F GKS AYLISYRAY3I KdzNJ
FYR RASR® ! OO2NRAYy3 (2 Yy AYyF2NNXIFGA2Y LT LI I OF |
old,the2 f RSaG yod &SI NBR 2f RPé
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EAS'.I' BEACH AFTER THE 1938 HUHHICANE
WESTPORT POINT, MASS.

S
httﬂ/ﬁﬁasei'com / clamﬂ}'s/kna

Figure5 Photo ofEast Beaclafter the 1938 Hurricane.

Afterthe 1938 Hurricane, some structures were rebuilt on East Beach. A few years later, the 1944
Hurricane came through the area and again resultedamage to structures, East Beach Road,
and utility infrastructure on East Beadfidure6).
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The Cape Cod Standard-Times, H:

ROOF of two-story house at Horseneck East Beach.

Figure6 Photos of East Beach afténe 1944 Huriicane (WHS)

Two hurricanes impacted New England in 1954, Carol and Edna. Hurricane Carol was the more
destructive for Westport, with similar water levels as the 1938 Hurricane and extremely powerful
and destructive storm surge and winds. As showRigure7, storm surge from Hurricane Carol

lifted structures that had been rebuilt on East Beach, carried them into the Let, and deposited
them on the marsh up to a mile upriver. After Hurricane Camubst private properties on
Horseneck Beach were taken by the State into public trust and the Horseneck Beach Reservation
was created. This was highly controversial and consequential for Westport residents at the time.
In interviews with Town officials, itas stated that the State intended to take properties on East
Beach as well, but the Town negotiated to avoid the takings by limiting redevelopment of East
Beach to only temporary seasonal structures, East Beach Road, and uliligefew structures

on East Beach that survived the hurricane were allowed to remain, and, of those that survived or
have been rebuilt after subsequent storms, many have since been elevated on piles.
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Comparisons made by the De-
4 of Public Works I:,ee.d
high water marks reac

:l?x?r:‘g 1538 and 1954 hurricanes
show relatively little difference,
No check was taken of the 1944
hurricane since high water was
not a destructive factor that year.
The comparisons: ik

Feet
at Gull Street 10.60 10.35
oﬂlm‘::.:l';n;ﬂl. (t Streets ... 10.05 10.05
Hudson Street and Rodney

Front and School Streets ... 9
Front Street and Homer's
rf (Stone Building) .. 9.

Pler 4 Warfingers lilll\ln( e 895
Belleville Avenue and

Coggeshall Street ........ 9.39
Belleville Avenue and

Belleville Road 0.87
Wood Street and River Road . 10,02
Front Street at Revere Copper

and Brass, Ine. . ...
Water and Madison

(Gas Company)

https://pbase.com/clamflatsfimage/143430836

Figure7 Newspaper clippinggWHS)and aerial photo & impacts after Hurricane Carol
(1954)

2.1.2 Hurricanes Bob (1991) and Irene (2011)

Many residents have living memory of more recent hurricanes, like Bob in 1991 and Irene in 2011,
which caused significant destruction to infrastructure grtvate property, but for perspective

produced water levels only half and one third the height of the record 1938 Hurri€zst Beach

Road and utilities were particularly impacted, leaving the community without or with diminished

lifeline services and access to recieatl resources for extended periods of timeS 2 L)t SQ&a R A
routines and quality of life were impacted according to online survey resultshasidessedike

the Bayside Restauratiat relieson access from Hoeseck Beach to attract visitorsuffered
economicallyaccording to interviews with Town staff and officials

Figure8 shows destroyed structures, East Beach Road completely covered by cobble and sand,
and utility poles toppled by Hurricane Bdkccording to interviews with Town staff and officials,
after Hurricane Bob, the barrier beach was without electricity for 6 teegks and East Beach
Road had to be entirely reconstructefls in Hurricane Carol, structures from East Beach were
carried into the Let by storm surge and wind.
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Figure8 Photo ofEast Beach Road aftéturricaneBobin 1991 (WHS).

The most recent storm to have highly destructive impacts on East Beach was Hurricane Irene in
2011.Figure9 shows a large section of East Beach Road, abs@itft bng, that was destroyed

by the combined impacts of storm surge and waves. The road remained unpaved for over 2 years
after the storm The Town proposed to add revetment stones to the shoreline along the
vulnerable section that was damaged, but the Statanidd the proposal on environmental
grounds. The Town moved the alignment of the road in the damaged section abdGtfBBack
towards the Letand reconstructed the road at a cost of about $95,000t the utility polegnot

owned by the Townyvere left n placeand are now on the ocean side of the ro@dcording to

a September 1, 2011 interview with South Coast Today, the Westport Board of Health estimated
that 40 to 60 septic tight tanks were compromised on the Oceandifast Beach Roaesulted

in releases of untreated sewagEigurel0 shows exposed tight tanks and damage left behind
after Hurricane lrenE G { Sy FTNRBY (KS ¢ 2 g yieHA Officerof Caastal y i | L
Zone Management Coastal Resilience Grant Program
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Figurel0 Exposed and damaged septic tight tanks East Beachfter Hurricane Irene.
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2.13 Ongoing Nuisance Floodirapd Overwash

In addition to less frequent but more impactful stos, East Beach is frequentlgodedin less
AyidSyasS &a2dzi KSNI 2. Tielc@nKivation bf yhdtlergte2shaimSuirge arfsl Waves
results in ongoingcoastal erosion and property lasgmporary road closures due to flooding
overwashsediment and occasionalebris public and privatenaintenance costsand emergency
management costRRecently, this has been occurring about twice a year in particularly low areas
of the roadway, typicdy in winter, according to interviews with Town stafThe Highway
Department and public safety staff work together to close the road at both ends during storms,
and, afterwater levels subsideo clear the roadway of overwashed sediment. In past pragctice
the sediment removed from the north end of East Beach Road would be deposited on the south
end of the Town Beach, where erosion is most acute. However, the State determined that this
practice was not an officially permitted maintenance activity and thacpce was stopped.
Property owners impacted by the erosion caused by frequent storms have sought and obtained
permits for nourishment of sediment on their lots.

2.2 HISTORICAANDPOTENTIAEUTUREEROSION

As demonstrated irBection 2.1the East Beach @aor has historically been subject to both
acute and chronic erosion caused by storm evedtsvever, other natural coastal processes and
human interventions have also influenced how the shorefiaschanged over timéWoods Hole
Group analyzedecenthistoric rates and patterns of erosian East Beach tmform potential
future projections ofshoreline changeThis section describes tlavailable studieseviewedand
historical shoreline change datenalyzedo estimatethe short- -term historicalrates of erosion
for the East Beach Corridolt then provides results and analysis paftential future erosion
impactson infrastructure and private property under a scenario in wisebrt-term historical
erosion rates continue

2.2.1 Data Souces

The primary source of shoreline change data available for the state of Massachusetts is the
Massachusetts Office of Coastal Zone Management Shoreline Change Project (MSCP). The MSCP
includes digitized historic shorelines depicting the local fvglter line at approximately high

tide. The historical shorelines are digitized from a variety of sources including Coast and Geodetic
Survey (now the National Geodetic Surveygh€ets, aerial and satellite imagery, ahidar
topographic surveys. The projectrdenstrates how the shoreline of Massachusetts has evolved

from the early 1800s up to 2014. Rates of shoreline position change (the average distance the
shoreline has moved in any year) are calculated along transects spaced approximately 50 meters
apart along the entire coastline of theate.

Longterm and short-term ratesare calculated covering the last approximately ~150 years of
change and ~30 years of change respectively. The rates are calculated using a linear regression
methodology, and uncertaintyalues are available for each rate. The project was originally
created in 1989 to identify erosion prone areas along the Massachusetts Coastline (Benoit, 1989).
The project was then updated in 2001 and 2013 (Thieler et al., 2001 and USGS 2013) to update
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the original analysis with shoreline position data created using more recent orthoimagery and
Lidar datasets. In 201%n additional project update was conducted to add two additional
shoreline position datasets frofddar data collected between 2010 and 2D{Himmelstoss et

al., 2019).

2.2.2 Results and Analysis

Figurell presents the digitized978,1994, 2000, 2009, 2010, and 204f3oreline positions for

the EastBeach Corridor project ardeom the latest iteration of the MSCPlifnmelstoss et al.,
2019).Additional shorelines are available from 1844, 189% 1934.However, due to concerns

with the accuracy of the 1844 shoreline positionthe project areaand the large time gaps
between these and other years during which potentially significant historical storms (e.g.,
hurricanes of 1938, 1944, and 1954) and human interventions (e.g., Gooseberry Island Causeway
construction) took placen the project areathe dder shorelines and lontgrm rates are not
included in this reportA member of the steering committee identified and notified the State of

an issue with the accuracy of the 1844 shoreline in the project area, and USGS plans to exclude
this segment of thd.844 shoreline from future data releases.

N

MSCP Historical Shoreline Positions A

1978 1994 2000 2009 2010 2013 East Beach - westport’ MA

Figurell MSCRshort-term historical shoreline positions for East Beach, Westport, MA.

Figurel2 shows short-term (19782013)rates of shoreline position change calculated by MSCP.
The transect lines are colored to indicate relative rates of erosion or accretion, with reds and
oranges indicating erosion, and greens indicating accretion. Rates of clmangits of average
distance (in feet) of change per yeare also labeled on every fourth (on the overview figure) or
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second (on the zoomeih inset figure) transect ithe figure. Positive rates of change indicate
accretionary shorelines, while negatiketes of change indicate erosion.

A

Rate of Erosion
Short Term (1978 - 2013)
Feet/Year

<-15

e _1.5 to -1.0
-1.0 to -0.5

m— 0.5 to 0.0

0.0 to 0.5
>0.5

Figurel2 MSCPshort-term historical shoreline change transects (1978 to 2013).

2.2.2.1 East Beach

As can be seen iFigurell, East Beach has been erosional since at [E2i88 with the shoreline
moving landward over timeThe MSCP analysis Figure12 shows thatover the shoriterm

period all transects along East Beach are erosional (negative rates of claragshortterm
average rate of change e1.0 ft/yr (maximum-2.0 ft/yr and minimum-0.5 ft/yr). The highest

rates of erosion in theshortterm period of observation are at theenter of the beach (red
transects inFigurel?). These rates of erosion are similardthers seen throughout the region,

but not as high as those seen in other southern facing shorelines in Massachusetts, likely due to
the larger grain size material that makes up the barriers in the region, as well as how the barrier
is anchored in place.dwever, due to the thin width of East Beach and the importance of lifeline
infrastructure located on it, any erosion is important.

There is some uncertainty with the analysis presented by the MSCP that should be considered
when evaluating theshort-term sloreline changeat East Beach. As seenFigurell, the 1994

shoreline exists landward @fll the other historical shoreline positions presented in the figure.

This anonaly in the 1994 shoreline has been noted across the state for numerous projects. On a
GLISNFSOGteé SNRaArzylt o6SF0OK:Z 2yS ¢2dzZ R SELISO
landward, and the oldest to be most seaward. However, in redggches move b&cand forth
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seasonally, as well as through time. For this specific, basegever, it is possible that the extreme

landward position of the 1994 shoreline is actually due a ppality aerial photograph, or

because obne or moreextreme storm evergdrastically altering the position of the shoreline

for a short period of timgsuch as Hurricane Balmd the Perfect Storrm 1991 The 2013 MSCP
dzLJRFGS adlFadSa GKIFIG GKS wmodpn aAK2NBEAYS KIFa a
shorelines] due toaurce photography, registration errors, potential influence of storm events,

FYR LIB22NJAYIF3IS O2yiUN)I 4G¢ O0C¢CKASEtSNI SG FfdZ HAawm
the 1994 shoreline may have a statistical impact onghert-term rates of change aalysis.

2.2.2.2 Horseneck Beach

While not the focus of this studghoreline change ohlorseneck Beaclvas reviewed at a high

level Figurel2 shows that recently (18 to 2013) the majority of Horseneck Beach, excluding a
fAYAGSR INBF Ay FTNRYG 2F adAf t AyQa 2p@yE(OrAa SNP
M®bPo FihikeNI AT SEOftdzRAY3I GKS ftAYAGSR | OONBiAZ2Y!

Steering Comrttee members have sharettie following anecdotal observations:

1 obbling on Horseneck Beach has increased from the easterly end of the beach westerly.

1 Ly GKS ™Meyms@®biendck Beach in front of the westerly parking lot had no
cobbles but now DRhas to plow a path so that bathers can reach the water.

91 This year the cobbles extend westerly to Bakers Beach.

2.2.2.3 Gooseberry Island Causeway

In Steering Committee meetingthe Public Forumand online survey,everalresidentshave
expresseda longheld concern that the construction of the causeway to Gooseberry Istand
1922 and subsequent upgrades throudi®43 havedisrupted natural sedimensupplyto the
East Beach shorelin@nd possibf also toHorseneck Beachgnd are a primary cause of the
erosion that has occurred since its construction

A member of the Steering Committéedependently reanalyzed and modified the 18ECP

shoreline whichis inaccurately placed in the MSCP datad plotted the adjusted position with

the others shoreline positions from sample of MSCP transect®ased on their analysis and
interpretation, t KS 91 a4 . S OK &aK2NBfAYyS g1 a NBf{IGAOD:
construction(18441934y G KS &AK2NBfAYyS SNRRSR &dndrychiof A Ol y i f
(between 19341978), and the shorelinbas recently been ia new period of relative stability
(19782013) It is important to note thatthe hurricanes of 1938, 1944, and 1954, which are

known to have transported significant quantities of sednt across shorealso occurred
betweenthe 19341978data gap in the MSCP shoreling¢oods Hole Group did not reanalyze

the 1844 MSCP shorelingisaggregate preversus postauseway historical shoreline change

create new shorelines for intermediate years in the 19®¥8 periodas such analysis were not

included in the scope of the East Beach Vulnerability Study.
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A 1997study byAubrey Consulting posited that theng-term historicalerosion on East Bead$
primarily the result of natural erosional processes and sediment supply starvation, especially the
depletion of shoal sediment that was historically supplied by Gooseberry Island before it became
naturally armored.The study did not disaggregate the séline change preversus post
construction of the causewayhe study found that sediment starvation was exacerbated by the
causeway and development on East Bedmtlt that the westto-east sediment transport blocked

08 GKS Ol dzaSgl e a dhandiDR% afdhelsddimentyiddt froff2 Ba& Beach
F'yydzZ t£fé¢

The degree to whiclthe Gooseberry Island causewagd natural processes hauwespectively
contributed to erosion on East Beaahd Horseneck Bead$ the subject of ongoing debate and
cannot bedefinitively answered without additional anabs thatare beyond the scope of the
East Beach Vulnerability Studyhat is undisputed ithat the erosion that has occurreash East
Beachover the longterm and shortterm hasincreased the vulnerability ofast Beach Road to
flooding and storm damage.

Understanding the historical impact of the causeway on sediment transport dynamics and
shoreline change and evaluating the potential impact (positive or negative) of removing or
modifying the causeway in thetiure can be gained through a modern coastal processes study.
Creatingadvanced physicahodet 2 F GKS (@S ySSRSR G2inigl t dz §
areamayalso bevaluablefor evaluating a variety of adaptation options for East Baachuding

beach nourishment and offshore wave attenuation

2.2.2.4 Potential FutureErosion

To assess the potential vulnerability of property and infrastructure in the East Beach Corridor to
future erosion the short-term historical rates (1972013) shown inFigure12 were used to
estimate thefuture positions of the shoreline Figurel3 shows the2013 MSCP shoreline (blue)
along with estimated shorelineim 2030 (green), 2050 (red), and 2070 (yelloWwhis analysis
assumes that future average rates of erosion on East Beach will be the same as recent historical
rates The shortterm rate used for this analysis includes the uncertain 1994 shordlintere £a

level riseacceleratiorand storm intensificatiomaused by climate changehich arenot included

in short-term historical ratesmay lead to higher future rates of erosidhan shown In other
words, this analysis assumes the contemporary erosion rate continues into the future without
any acceleration due to potential sea level rise or increasing storm frequency or intemhity.

also assumethe recent historic sedimergource (or lack thereof} relatively consistenbver

future time frames. Therefore, this is a simplified approach, but provides a reasonabtediest
estimate of potential future shoreline position.
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Future Shoreline Position
Based on MSCP
East Beach - Westport, MA

A 245 490 980 Feet
ertf g aialin s AR g o fie)

2013 2030 2050 2070

Figurel3 Future shoreline position based on MSGRort-term (1978 to 2013) historical
rates of erosion.

The following potential impacts to properties on tleeeanside and East Beach Road are
observed:

1 In 2030,no encroachmenbf the shordine ontoEast Beach Road areas seasonally
occupied by structures are observed, lautewparcels could be severetyoded relative
to their narrow existingacross shore width

1 In 2050 East Beach Rodplist west of the benyl 10 or moreparcels andareaswithin
them that areseasonally occupied by structuresnd four existing utility polesould be
severelyencroached

1 In 2070East Beach Rodgst west of the bend and in the middle of East Bea2@pr
more parcels andareaswithin them that areseasonally occupied by structuresnd 13
existingsite utility polescould beseverely ecroached

2.3 SFALEVEIRSE ANIBTORMSURGHNUNDATION

14 aK2gy FTNRY (KS ¢2 gy Qs coastaldldodingyidReladey mhzafdy 3 SE L

can @usechronicinconveniencelike theminor flooding that shuts down East Beach Road every
winter, andacute devastation like the1938 and 1954 hurricangtorm surge that sweptaway
entire neighborhoods Climate change is expected tause more frequent and intensmastal
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floodingin the coming decades, though the exact speed and magnitude is uncertain and the
impacts will diffetbased on local conditions

In an online survey of Westport residents condecttfor this study, 76% of the 50 respondents
indicated that they think East Beach will be highly impacted (rating 4 or 5 out of 5) by sea level
rise and coastal storms in the next 10 yedfgg(re14). When considering the longéerm
horizons of 30 and 50 yeamspectations of high impactgew andbecamenearly unanimous.

On a scale of 1-5, how much do you think sea level rise and coastal storms will impact East Beach in the...?

50 responses

Next 10 years (2030) Next 30 years (2050) Next 50 years (2070)
100%

90%

18%

0% + [ E— e

Figurel4d Online survey results concern about sea Mel rise and coastal storms.

A keyobjectiveof the East Beach Corridor Vulnerability Study was to evaluate the likelihood
potential timing andscale of impactrom tidal inundation caused by sea level rise and episodic
inundationresulting fromthe combined effects of sea level rise and storm surghis section
describes how these vulnerabilities were assessed, including the models, data, and climate
change projections used.tlien providesesults and analysisf potentialimpacts to East Beh
Corridor infrastructure and properties under projected future daily high tide prababilistic

storm scenarios.Aligned withthe assessment of potential future erosian Section 2.2.2.4,
vulnerabilities were assessedn the present, 2032050 205062070, and 20762100 time
horizons

2.3.1 Model Description andData Sources

Woods Hole Groupsedthe Massachusetts Coast Flood Risk Model -f\R®)to develop
probabilistic projections of future coastal inundation exposUilee MGFRM simulates a full seit

of processes that affect coastal water levels, including tides, waves, winds, storm surge, sea level
rise, and wave setp at a fine enough resolution to identify sigpecific locations thadre at risk

under future climate conditionsWater surface eleations were modelled using the ADvanced
CIRCulation (ADCIRC) software to predict storm surge flooding coupled witingtractured
version of Simulated WAves NearshordJNSWAN) software, a wave generation and
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transformation model. MGFRM was developed for the Massachusetts Department of
Transportation (MassDOT) to assess potential flooding vulnerabilitiesastalhighways and
other transportation infrastructure throughout the state of Massachuse8sce the ME&FRM
domain inclu@s the entire Massachusetts coastal area, including the Town of Westport, this
modelwas ideally suited to assess the vulnerabitifythe East Beach Corridor to tidal and storm
surgeflooding andto inform additional coastal modelingnalysesgeeSectiors 24 and 25).

The spatial resolution of MERM isgenerally on the order o0 meters(~33 feet)or less
between nodal pointsn offshore areasandis minimized to a low as 23 meters(~7-10 feet)in

inland and populated areas capture important chages in topography and physical processes
related to storm dynamicgrigurel5 shows the ME&RM model mesh, which incorporates the
baseline topographic model (2016 USGSNED Topobathymetric Model), in the vicinity of the
East Beach Corridor up to elevation 8 metémpproximately 26.2 feetNAVD88.This high
resolution model offers more accuracy than other storm surge models, such as the Sea, Lake, and
Overland Surgesdm Hurricanes (SLOSH) model developed by the U.S. Army Corps of Engineers
(USACE) and the National Oceanic and Atmospheric Administration (NDAAJCFRM is also
superior to a more rudimentaryelevationbasedd 6 I G K dzo ¢ | LILINR I OKa aAyoOS
account for critical physical processes that occur during a storm event, including waves and
winds, nor can it determine the limited volume of water that may be able to enter certain areas,
particularly those with narrow entry points.

DRI RLT
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Figurel5 MC-FRM mesh in East Beach Corridor Study Area.

TheMGFRMquantitatively incorporatesea level ris& & | AaBd€lénate change influences on
tides, waves, storm track, and storm intendity 2030, 2050and 2070time horizons, providing
discrete risk estimatem those future yearso assist with both ear- andlongterm planning.To

do so, it evaluates a statiséity-robust sample of storms, including hurricanes, tropical storms
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climate models)Using this storm set, the model then calculates resulting water elevation

estimate the probabilityhat different flood depths will be exceeded at each nodal point within

the model boundaryThe resulting floodisk maps and probability curves can then be interpreted

using geographic information systems (Gi&)dentify the estimated annual probability, or
likelihood, that any node within the model will experience flooding, and if so, up to what
elevationand depth

This probabilityhased approacks beneficialfor assessing the vulnerability of infrastructuaad
property, developing adaptation strategies to mitigate future flooding damaayed conducting
benefitcost analyseslt also producs information that can be used to informegulatory
boundaries anengineering design criteria since it provides the probabilitymoé@ent occurring

in this changing regime, such as fiséure 1%annual chance flood zone or elevati@quivalent

to a 10@year recurrence water level)n particular, an accurate and precise assessment of the
exceedance probability of combinega levelise and storm surgenables thedentification of
areas of existing and ne&erm vulnerability requiring immediate action, as well as areas that
will benefit from longrange planning for future preparedness and risk reduction.

The science of climate chge is an evolving field that is constantly being updat&sd.such,
projections made within thigeport based on M&RM provide guidelines for investment
decisions based on the current state of the practice and knowledge to Bateexample, the sea

level rise projections utilized in MERM are directly aligned with the state standards and
therefore consistent with the values being used consistently across the Commonwealth. As such,
the flood level predictions made in this report are based on somehef most recent
developments in the science of climate changewever, theyre not guaranteed predictions of
future events. It is recommended that these results be updated over time as science, data, and
modeling techniques advance.

2.3.11 RelativeMean Sea Level Historical Data

Westport and theEast Beach Corridtwave already experienced a significant amount of relative
sea level rise (RSL.R)term that encompasses both sea level rise eimanges to the local land
movement (e.g.longterm land subsidencer rebound) HstoricalRSLR estimaseare available
from the local NOAA tidal gage at Woods Hole (station ID 8447930), which has recorded an
increase in relative mean sea level 032mm (+/+ 0.17 mm) annually based on monthly mean
sealevel data from 1932 to 2D (Figurel6). This equates to approximately).2inches of mean
sealevel rise over the last®8years. Over that samgeriod, the global rag¢ of sea level rise was
about 1.7 mm annually (approximately95inches over the last 8years). This significant
difference between the RSLR experientmzhlly and the global trend highlights the importance

of accounting for local condition¥heRSLRate at Woods Holdhasbeen acceleratingver the

last several decadesvith an annual increase in 7 of the past 10 years that was large enough to
increa® the prior long-term (78-to 88-year)average rateKigurel?). This indicates that thehg

term trend over the observed time period (88 years) is not representative of the current sea level
rise conditions, and that more recent contemporary rates af@tved sea level rise fautpace
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the longterm historic trend. As such, using thentrterm trend of historic sea level rise as a
prediction of future water levels @n inaccurate approach.

8447930 Woods Hole, Massachusetts 2,95 +/- 0.17 mm/yr
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Figurel6 Mean sealevel rise trendat the Woods Hole tide gage (#8447930).

8447930 Woods Hole, Massachusetts
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Figurel7 Previous nean sealevel rise trend at the Woods Hole tide gage (#8447930).

¢2 O2YLJI NB o LiNB préegtions Bf méah sed IBvel, a starting elevation for mean
sea level must be calculated. A tiggdoch, a 19ear time period, is traditionally used to
calculate tidal datums. For the MERM, the 19ear tidalepoch with a miepoint year of 2008

(i.e., 19992017) was used to calculate a present day elevation for mean sea level. Based on this
methodology, the mean sea level in Woods Hole in the year 2008 was at an elevatibh7of

feet (NAVDS88). This 2008 starting elevation@®L7 feet (NAVD88)an then be compared to
projected relative mean sea level elevations discussed in the next section.

2.3.1.2 Relative Sea Level Rise Projections

The Statehas developegrobabilisticclimate changerojectionsand made them available on
the Massachusettslithate Change Clearinghouse (resilientiddy) for use by communities in
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the MVP programResilient MA providegrojections forrelative mean sea levelevationat the

Woods Hole tide gagenderd L Y § SNY SRAI 1S2¢ AGLYGSNXYSRALRIS | A3
scenariogDeConteet al,, 2016; DeConto et al2017) As summarized ifable3, thesescenarios

account for a range aissumptions regardinjow muchglobalgreenhouse gasoncentratior,

ocean thermal expansigrand melting of glaciers and ice sheetdl occur and wha. All four
scenariosanticipatecontinuedacceleration of RSLR.

Table3 Relative mean sea level (fIAVD88) projections for Woods Hole, MA.
Scenario Crosswalked probabilistic projections 2030 | 2050 | 2070 | 2100
Unlikely to exceed (83%) under RCP8.5 0.6

Intermediate | T Extremely unlikely to exceed (95%) under RCP 4.5

1 About as likely as not to exceed (50%) under RCP 4.5 when accounting for p
ice sheet instabilities

Extremely unlikely to exceed (95%)der RCP 8.5| 0.8 1.7 29 | 51
Intermediate- | T Unlikely to exceed (83%) under RCP 4.5 when accounting for possible ice
High instabilities
1 About as likely as not to exceed (50%) under RCP 8.5adreninting for possibils

ice sheet instabilities

Extremely unlikely to exceed (99.5%) under Rcm
8.5 '

1 Unlikely to exceed (83%) under RCP 8.5 when accounting for possible ice

High instabilities
1 Extremely unlikely to exceg®5%) under RCP 4.5 when accounting for pos
ice sheet instabilities
Extrgme Exceptionally unlikely to exceed (99.9%) under R 13 31 54 | 103
(Maximum 8.5
physically 1 Extremely unlikely to exceed (95%) under RCP8.5 wabeaunting for possibls
plausible) ice sheet instabilities

2008(19992017 epoch) mean sea level at Woods Hole tide geage0.17 £et (NAVD3Y

TheMGCwa AYO2NL1IR2NIGSa GKS al A3Ké aOSylINAR2 LINRe2S
redinTable3® ¢KS al A3Keé {[w aOSyl NA2 aflCaasthlBdde YY Sy F
Management (CZM) and chosen by MassDOT for theFRIKZ because of the critical
infrastructure at stake and the interest in planning for inundation risk probabilities that were
unlikely to be exceeded (there is a 99.5% confidence level &t a1 A IKé & OSYy | NA 2
not be exceeded).

I Relative Concentration Pathway (RCP) 4.5 represents an aggressive emissions reduction scenario like the Paris
Accords, while RCP 8.5 represents a very high emissions iscenar
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{ St SOGAY3a GKS a1l A3IKE & OfspariNgiadd uNdsdesigBi®ydor theK S N 3
future, while providing flexibility to move the timeline for adaptation actions further into the

future if obseved RSLR follows lower trajectories. As highlightedaible3 color coding, the

Gl AIKE NBadz Ga Ay wHnon NB aAYAT Il N fesultsinL y G S NI
Hapn FNB &aAYAEFN 02 GKS AGLYOGSNXYSRAFGSé NBadz i
FNBE aAYATFNI G2 GKS GLYGSNXYSRAFGSE NBadzZ Ga Ay

Note that the values iTable3 are elevations of the projected mean sea level in future years

relative to a vertical datum of NAVD88, not the magnitude of change in elevation. For
comparison, the baseline (i.e., year 2008) mean sea level elevetiOri, 7 feet (NAVD88). Based

on the projected sea level elevations presentadrable3, this means the projected change in

mean sea level is 1.27, 2.57. 4.37 @®l7 feet between the year 2008résent) and 2030, 2050,

HnTtTn YR HMAnI NBALISOIAOBE 8ASHIF RIBRD 2¢KEXKS 10N
supplysea level rise information to MERMand to develop tidal benchmarkrojectionsfor

future condiions at East Bea@nd are consistent with the approach being used across the entire

state of Massachusetts.

The East Beach Vulnerability Study Steering Committee, after compeaceigtobserved mean

asSlk tS@gSt RI G prdections deciéd tdtrebkilte maddliBg/résitk fér specific

future years in MEGFRM as representing ranggs¥ &SI NB o0l aSR 2y 020K
Ly G SN)YSRALI (G .SStandadNMERBM iinde zhefidons of 2030, 2050, and 2070 are
therefore referred to as 203Q050, 2052070, and 2072100 respectivelythroughout this

report.

2.3.1.3 Storm Events and Wave Rwp

The storm climatology parameters in MKRM includebut are not limited towind directions and

speeds, radius of maximum windsprm forward speedpressure fields, and trask MGFRM

requires storm input data to run storm surged wave ruraup simulations and generate flooding

results. Without input data, MERM cannot determimthe coastal flood levels thahe East

Beach Corridor will likely be exposed to in the mediand longesterm future, asi KS / 2 NNA R 2 N
flood risk profile is dependent on storms.

As part of the development of MERM, a large statistically robust sampfestorms, including

tropical (hurricanes) and extrda N2 LJA OF f o0y 2NRSIF AGSNRUO adtBeNXY Az o
various coastlinesf Massachusetts under existing and future climatologies. This storm data set
includes historic storm events, as wadl future storm conditions, and was used to assess coastal
flooding risks in the present, 203050, 20502070 and 20762100

To generate future tropical storm conditions, the model utilizes five (5) different global climate
models to produce dynamic fgeiency and intensity of tropical storms based on the changing
climate. This means future tropical storms evolve with the predicted climate changes based on
these global climate modelgOf particular relevance to East Beach, given its southeasterly
exposue, thisfuture climatology includepowerful hurricanessimilar to those experienced in
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the past as well ageflecting projections that tropical storms will be more intense on average in
the second half of the centurihis set ofropicalstorm input dat was created by MIT professor
Dr. Kerry Emmanuel based tirese five (5plobal climate modgbrojections.

Fully optimized Monte Carlo simulations were run in-MRM using the respective storm sets
andRSLR projections for present and future conditions. Importantly, these simulations included
the tide cycle as a dynamic element of the model. The same storne suag result in very
different flooding outcomes depending on whether it coincides with high, mid, or low tide.
Results of the Monte Carlo simulations were used to generate cumulative probability distribution
functions of the storm surge water levels ahigh degree of spatial precision. In particular, they
provide an accurate and precise assessment of the probability of water levels from combined
RSLR and storm surge exceeding the elevation of the ground at each node in the model.

2.3.2 Results and Analys

This section providesesults and analysi©f potential impacts to East Beach Corridor
infrastructure and properties under projected future daily high tide and probabilistic storm
scenarios

2.3.21 High TideProjections

High tide benchmark projectiongor future years, based oRSLRrojections described aboye

were developed using MERM which includes notinear effects associated with increasing
water levels The projected future tidal benchmarks in 263050 20562070 and 20762100

are reported inTable4. Note that the tidal benchmarks provided Trable4 are applicable for the
Buzzards Bay shoreline of East Beach and may not be representative of tidal conditions in the Let
or Westport River.

Table4 Tidal benchmarlelevations(ft-NAVD88) for East Beach.
Elevation (ftNAVD88)
Tidal Benchmark 20302050 20502070 20702100
Mean High WaterNIHW) 3.0 4.3 6.0
Mean Higher High WateMHHW) 3.2 4.5 6.3

2.3.2.2 FutureDaily High Tide Inundation

To assess the potential vulnerability of property and infrastructure in the East Beach Corridor to
future daily tidal flooding, he MHHW tidal benchmark projections reported imable4 were
mapped against the existing East Beach shoreline topogrdggyrel8 shows the estimated
shoreline positions in 200& present dayblue), 20362050(green), 2052070(red), and 2070

2100 (yellow). Areas located waterward of these linesuld be exposed to dlodingdaily, on
average resulting in a loss of usabilityr transportation, seasonal trailers, and accessory uses
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Future Shoreline Position (MHHW)
Based on Future Tidal Datums
East Beach - Westport, MA

A 0 245 490 980 Feet
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Figurel8 Future shoreline position at MHHW based on future tidal datums.

The observed scale bfgh tide flooding exposur®r propertiesandroadwaysn the East Beach
Corridorare summarized inrableb.

Table5 Potential exposure ofpropertiesand roadways todaily high tide flooding.
Scale ofExposure
AreasExposed 20302050| 20502070 20702100
Let sidec current seasondiailer locations Few 30% Almost all
Let sideg parcel area presently dry at high tide 40% 60% Almost all
East Beach Road None None 50%
John Reed Roambnnection None None 100%
Horseneck Road connection None None Limited
Ocean side current seasonal trailer locations None None Few
Ocean side parcel area presently dry at high tide <10% <20% 40%

The results indicate that properties on the Let side, and eventually the roadwagpaner and
more vulnerable to tidal flooding than properties on the ocean side. This is due to the natural
topography of the barrier beach, with a higher elevatmrbbledune on the ocean side and a
lower and flatter overwash fan on the Let side. Tis& of losing usable space on theean side

is made more significant by potential futuegosion Figurel3), whichis not accounted forin
Figurel8(i.e., the landscape stays in present day conditions)
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There are a few important limitations of the future MHHW shoreline position map:

1. Theprojected futuretidal benchmarks for Buzzards Bagre used to map the future
shoreline positions in the Lelt is likely that tidal benchmarks in the Let may be slightly
different than the tidal benchmarks along thBuzzardg Bay shorelinedue to tidal
attenuation and other factorsThis detail could badded in the future if needefibr design
purposes; however, for this assessment and due to the assumed fixed nature of the
landscape, the tidal benchmarks applied here are reasonable

2. The positions shown are based on a scenario in which the topograptuuire time
horizons is the same as today. If the barrier beach is relatively stable, then this may be a
reasonable assumption. However, the MSCP data suggest that ocean side has been
eroding at an average rate of 1.0yt (see Section 2.1.2.1). If histcal short-term rates
(19782013) continue, the shoreline on the ocean side of East Beach may look more like
Figurel3. As sediment from the ocean side is overwasheddeqbsited on the Let side,
it may increase Let side elevations and mitigate some of the future vulnerability to high
tide flooding.

3. Another important consideration is that MHHW is an average condition, and the highest
tide on many days of a given yeatle higheand lowerthantheaverageb a YAy 3é (G A F
for example, are extreme high tides that occur naturally.

Due to these limitationsfigurel8 and the vulnerabity observations derived from it should be
treated as a scenario planning tool, not as a precise prediction of what will ocawsed for
design purposes

Because almost all of the occupied structures on the Let side are mobile trpilepgrty

owners and seasonal residents could adapt to the encroaching tide by parking closer and closer
to the roadway over time. This strategy could be effective through Z®according to the
estimated future MHHW shorelines shownHigurel8, though not for all properties. Existing
permanent structures, elevated on piles, do not have the same flexibility.

2.3.2.3 Present and Future Coastal Flo&dobability Maps and Impacts

Coastal flood risk maps showing the probability of flooding due to the combined effects of sea
level riseandstorm surgewere created fopresent dayFigurel9), 20302050(Figure20), 2050
2070(Figure21), and 207€2100(Figure22). The colors on the maps correspond with the annual
coastal flood exceedangarobabilitiesin the legends on the bottom left corners of the maps
(e.g., a 1% annual probability corresponds to the-§6ar return period floocelevation) Note

that, while the MGFRM isa high-resolutionmodel, because the East Beach Corridor is so narrow,
interpolation between points in the model meshigurel5) that is performed to create the maps

can mask some fine grain differendaslevations and flood risk hetablesthat follow the time
horizon majs provide more refineddetail based on a comparison of Lidar elevation daith
representative stillwater surface elevations at each probability level.
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Figurel9 MGC-FRMresults for East Beach CorridqrCoastal Flood Probability (Present).

Flood probabilities for the Present time horizon represent the current risks faced within the study
area. Figure19 shows that the East Beach Corridor is already exélgmulnerable tocoastal
flooding especially East Beach Road and properties on the Let Bidde6 summarizes the
potential flooding impacts tothe East Beach Corndin the Present time horizoat different
storm return period and annual probability levels.does not address other processes and
impacts that may occur during coastal storm events (e.g., eresinthwaveinduced damage to
private property and infrasucture).
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Table6 Presentimpacts to the East Beach Corridor in different storm scenarios
Storm Scenario Assets Exposed to Coastal Flooding
2-year 50% Many current seasonal trailer locations on the Let side
~3year 30% About 30% of East Beach Road
The interchange with John Reed Road
Most current seasonal trailer locations on the Let side
10-year 10% All of East Beach Road
Horseneck Road
All current seasonal trailer locations on the Let side
About 20% of pole mounted ettrical panels on the Let side
Most current seasonal trailer locations on the Ocean side
20-year 5% About 80% of pole mounted electrical panels on the Let side
50-year 2% Almost all pole mounted electrical panels on the Let side
All currentseasonal trailer locations on the Ocean side
About 20% of pole mounted electrical panels on the Ocean sic
100-year 1% All pole mounted electrical panels on the Let side
About 50% of pole mounted electrical panels on the Ocean si¢

In addition to impacs to the East Beach Corridor, John Reed Road is presently exposed to coastal

flooding at multiple locations starting at a 10% probability-y&ar) level West Beach Road is
exposed at the 1% to 592 to 100year) leveland Cherry and Webb Lane is exposat the
50% to 100% ¢Xo 2-year) level.
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Figure20 MGC-FRM Results for East Beach Corridq&@oastal Flood Probability (2032050).

Flood probabilities for 203@050represent a neato mediumterm risk, depending on whether
RSLR followsaighe or dntermediatet projection, respectivelyFigure20showsthat in this time
horizon coastal flood risk othe East Beach Corridavill increase incrementally from present
flood risk, with many areas shifting to the next highest probability lehahle7 summarizes the
potential impacts to the East Beach Corridor in #880-2050time horizon at different storm
return period and annual probability levels.
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Table7 20302050impacts to the East Beach Corridor in differertbem scenarios
Storm Scenario Assets Exposed to Coastal Flooding
1-year 100% Few current seasonal trailer locations on the Let side
2-year 50% About 35% of East Beach Road

John Reed Roambnnection

Most current seasonal trailer locations on the kate
~3year 30% Horseneck Roadonnection

All current seasonal trailer locations on the Let side

Most current seasonal trailer locations on the Ocean side

5-year 20% About 20% of pole mounted electrical panels on the Let side
10-year 10% All of East Beach Road

About 80% of pole mounted electrical panels on the Let side
20-year 5% Almost all pole mounted electrical panels on the Let side

All current seasonal trailer locations on the Ocean side
50-year 2% All pole mounted electrical panels on thet side

About 50% of pole mounted electrical panels on the Ocean si¢
100-year 1% About 75% of pole mounted electrical panels on the Ocean siq

In addition to impacts to the East Beach Corridor in 22880, John Reed Road is exposed to
coastal flooding at multiple locations starting a8% to 256 probability 4- to 5-year) level
West Beach Road is exposed at the 2% to 10%4¢BD-year) level and Cherry and Webb Lane
is exposed at the 50% 100%(1- to 2-year) level.
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Figure21 MGC-FRM Results for East Beach Corridq&@€oastal Flood Probability (2052070).

Flood probabilities for 205@070representmedium to longterm risk, depending on whether
RSLR follows a High or Intexdiate projection, respectivelyFigure21 showsthat in this time
horizon coastal flood risk athe East Beach Corridaiill increase incrementally from 2032050

flood risk, with most areas shifting to the next highest probability level. Some areas at around
the 20% risk of flooding in 20&D50jump to the 50% risk level in 202D70 Table8 summarizes

the potential impacts to the East Beach Corridor in the 20800time horizon at different storm
return period and annual probability levels.
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Table8 2050-2070impacts to the East Beach Corridor in different storm scenarios.
Storm Scenario CoastalFloodingExposure Thresholds
1-year 100% About 30% of current seasonal trailer locations on the Let side
2-year 50% About 60% of East Beach Road

John ReedRoad connection

Horseneck Road connection

Most current seasonal trailer locations on the Let side

Many current seasonal trailer locations on the Ocean side
~3year 30% All of East Beach Road

All current seasonal trailer locations on the Let side

About 60% of pole mounted electrical panels on the Let side
Most current seasonal trailer locations on the Ocean side

5-year 20% Almost all pole mounted electrical panels on the Let side
10-year 10% All current seasonal trailer locations on tBeean side

About 20% of pole mounted electrical panels on the Ocean sic
20-year 5% All pole mounted electrical panels on the Let side

About 60% of pole mounted electrical panels on the Ocean sid
50-year 2% Almost all pole mounted electrical panels dretOcean side
100year | 1% All pole mounted electrical panels on the Ocean side

In addition to impacts to the East Beach Corridor in 22600, John Reed Road is exposed to
coastal flooding at multiple locations starting at a 50%€ar) level West Beah Road is exposed

at the 5% to 20% (%0 20-year) leveland Cherry and Webb Lane is exposed at the 100% (annual)
level.
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Figure22 MGC-FRM Results for East Beach Corridq&@oastal Flood Probability (2072100.

Flood probabilities for 2072100 represent bngterm risk, either late or end of century
depending on whether RLSR follows a High or Intermediate projection, respeckigiye22
showsthat in this time horizon coastal flood risk ¢ime East Beach Corridexrill jump multiple
risk levels from those in 2052070 due to the combination of rapid RSLR acceleration and
changes in storm climatologyrable9 summarizes the potential impacts to the East Beach
Corridor in the 2@0-2100time horizon at different storm return period and annual probability
levels.
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Table9 2070-2100impacts to the East Beach Corridor in different storm scenarios.
Storm Scenario CoastalFloodingExposure Thresholds
1-year 100% Almost all current seasonal trailer locations on the Let side
About 75% of pole mounted electrical panels on the Let side
About 50% of East Beach Road
John Reed Road connection
Horseneck Road connection
2-year 50% All of East Beach Road
All currentseasonal trailer locations on the Let side
Almost all pole mounted electrical panels on the Let side
Almost all current seasonal trailer locations on the Ocean side
~3year 30% All current seasonal trailer locations on the Ocean side
About 30% opole mounted electrical panels on the Ocean side
5-year 20% All pole mounted electrical panels on the Let side
About 60% of pole mounted electrical panels on the Ocean sic
10-year 10% Almost all pole mounted electrical panels on the Ocean side
50-year 2% All pole mounted electrical panels on the Ocean side

In addition to impacts to the East Beach Corridd20ii0-2100, John Reed Road is widely exposed
to coastal flooding at a 100% (annual) lewlest Beach Road is exposed at the 20% to 50% (5

to 2-year) leveland Cherry and Webb Lane is exposed at the 100% (annual) level.

Depth of inundation is also useful for planning and communication purposes. Depth of inundation
maps are available in ®FRM for the 1%, 0.5%, and 0.1% event flood levels. For the East Beach
Corridor Vulnerability Studyhe 1% and 0.1% event flood levels (equivalent to the-yi€&r and

2.3.24 Present and Future Coastal Flood Depth Maps

1000year recurrence water levels, respectivere presented inFiguresFigure 23 through
Figure26 and FiguresFigure27 through Figure30, respectively.

The 1% probability S@St A& (GKS o0SYOKYIFIN] F2N) §KS CSRSN
Ct22R LyadzaN»y yoOoS wl (S al L) -labkingand & 0 @
do not incorporate sedevel rise into the mapping, FEMA does periodicglijaie their modeling

to account for increased sea level rise that has occurred (as well as other changes, such as
changes in topography or armoring of particular ared$iough FEMA and MERM modeling
methodologies are differenthe 20362050and 20762100 1% probability of inundation extents

may provide aeasonable proxyrojection for future FEMA flood zones. Additionally, the 1%
probability level corresponds to a 39.5% cumulative probability over-yea0 period, and a
63.4% cumulative probability ev a 108year period. Thus, the 1% event flood level is highly
relevant to the design and assessment of infrastructure that may have a design life of 50 to 100

06C9al! Qav

years.

The 0.1% probability level represerisvery extreme and rarstorm probability The 0.%

probability level corresponds to a 4.9% cumulative probability over-gea® period, and a 9.5%
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cumulative probability over a 16gear period. The 0.1% probability level provides perspective
on severe flood levels that may inform present and future plag.

5dz§ G2 GKS 9l1ad .SIFEOK /2NNAR2NRa KAIK RSINBS
than a 1% or 0.1% probability level, the following maps are provided without further analysis.
Flooding impacts at the 1% probability level are incluthe@iablesTable6 through Table9.
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Figure23 MGC-FRM Results for East Beach CorriddfloodDepth at 1% CFEP (Present).
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Figure27 MGC-FRM Results for East Beachr@aor ¢ FloodDepth at 0.1% CFEP (Present).
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Figure28 MGC-FRM Results for East Beach CorridBtoodDepth at 0.1% CFEP (203050.
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Figure29 MG-FRM Results for East Beach CorridbtoodDepth at 0.1% CFEP (208070.
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Figure30 MGC-FRM Results for East Beach CorridBtoodDepth at 0.1% CFEP (20Z000.

2.4 NUISANCEOVERWASHVIAJORROADDAMAGE ANDBREACHNG

Woods Hole Groumvaluatal the present and future risk ohuisance overwashmajor road
damage, and a breach of the barrier beathtast Beach Roaéls storms become more frequent
and more intense, East Beach Road will be increasingly subjeetdimentbeing transported
onto the roadway surface. The probability of overwash was evaluated for cudegnstorms and

in future time horizons by extractingpecificreturn-frequency surge levels for storms from the
MGC-FRM.n other words, specific storms frorhé over 1,000 simulated were identified and used
to provide specific storm assessmeni$ie storm surgend associatedvave conditions were
used as inplgto a wave transformation and sediment transport model to determine what events
would lead to sedimentleposition and potential scour of East Beach Rdsdtitionally, the
sediment transport model was used to determine what probability storm events would
potentially cause a breach at East Beach to the Let, and at what point in the future.

24.1 Model Desciption and Data Sources

To evaluate the potential overwasddamageand breaching of East Beach Road, a eshsse
sediment transport model (XBeach) was utilized. XBeach is ansmene numerical model
developed to simulate wave, hydrodynamic and morphodynamic processes. It has been
developed with support of various agcies including the US Army Corps of Engineers,
Rijkswaterstaat and the EU, together with a consortium of UNHBEQDeltares (formerly
WL|Delft Hydraulics), Delft University of Technology, and the University of Miami. The newest
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version of the modelXBeachX) was utilized for the purposes of this studfaeactwas originally
designed to assess hurricane impacts on sandy beaches. However, with funding from the Dutch
Public Works Department the model has been extended, applied and validated for stornsmpac
on dune and urbanized coasts, and with further support from the European CommisBieach

has been validated on a number of dissipative and reflective beaches throughout the EU.

For its original purpose¥Beactwas designed as a shesave averagedwave group resolving
model (surfbeat mode) but has since been updated to allow for a variety of hydrodynamic
options. XBeachhow allows for a variety of different sediment transport formulations. These
options, as well as others included in the moddbw for flexibility in the types of scenarios in
which XBeachmay be used for simulation purposes.

For the purposes of this study two different formulations of the model were utilized. For
simulating beaches where sand is the dominant material, the defwrf-beat mode wave
formulation with theVan ThieMan Rijn transport equations (van Rijn, 2007) is appropriate for
sediment transport calculations. For gravel dominated beaches, the XE&dohmulation is
utilized. XBeaci® is a branch of the main X&8# development that was designed to simulate
storm impacts on gravel beaches. The development of XB&aha collaboration between
Plymouth University and Deltares. XBe#&ghuses the notydrostatic wave model included in
XBeach (waweesolving) and théed load transport equation included in van Rijn, 2007 excluding
coefficients for silt for the calculation of sediment transport on gravel dominated beaches.

The surfbeat module of XBeach includes the hydrodynamic processes of-wahat
transformation(refraction, shoaling and breaking), long wave (infragravity wave) transformation
(generation, propagation, and dissipation), wamduced setup and unsteady currents, and
overwash and inundation. The ndrydrostatic wave model used in thdBeackG formulation
includes all wave processes included in the surfbeat module, in additimelitedingshort wave
motions (not averaged as is the case with the surfbeat module). Théwydrostatic module is
utilized for gravel beaches becaudae to the step slopes typical at gravel beaches, swash
motion is mainly at incident wave frequencies, and infragravity wave motion, which dominates
the inner surf and swash zone on sandy beaches during storms, is of secondary importance

The morphodynamic process@scluded in the XBeach formulation used for sandy beaches
includes bed load and suspended sediment transport, dune face avalanching, bed update and
breaching. In additionXBeackG includes a groundwater dynamics model to correctly account
for upper swashinfiltration losses and exfiltration effects on lower swash hydrodynamics.
Interaction between swash flows and the beach groundwater table are considered particularly
important on gravel beaches due to the relatively large hydraulic conductivity of theneat]

while on sandy beaches this process is of significantly less importaddgionally, theXxBeach

G formulation does not include suspended sediment transport. Further details of both the
general XBeach model as well as ¥igeachG formulation andhe theory behind the model can

be found in the XBeach Technical Reference (Deltares, 2018).
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24.1.1 Elevation and GrairSize Data

To assess potential overwastoad damageand breaching at East Beach, a crsisere profile

of existing conditions was evalted using both the standardBeach an&XBeachkG formulations

to account for the variable and dynamic nature of sediment grain size at the beach both
seasonally and spatially. A cdéenensional (1D) representation of xsting conditions was
created for ginulation in the model. The-D transect was defined through a representative
segment of the shorelin@rigure31).

Figure31. Crossshore transect used in wave transformation model.

Elevations along the transect were extracted from available bathymetric and topographic data.

For the bathymetry and topography, the most recent USGS ogthymetric DEM (USGS, 2017)

gl a dziAft AT SR 6F@FAflFofS KNERdzI KThdlbchtibrCoiithes5 A A G |
transect evaluated is shown Figure31.

The 1D grid utilized inXBeachfor the standard formulation simulationwas created with a
resolution ranging from I@neter grid spacing ahe offshore portions of the transects down to
1-meter grid spacing at the more nearshore portions of the transects. ForxiBeackG
formulation a more resolved grid spacing ofmkter spacing at the offshore portions of the
transect, down to 0.Ameter sgacing at the more nearshore portions of the transect was utilized.
The topography and bathymetry used to define the model grid was based on the mast up
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