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Project Overview

Where:{ G S {dGNBSG [IFYRAY3I | VR

What: A project to develop resiliency alternatives for a Tewn
owned public wharf used for recreational and commercial
water access, ending with a report and three concepts.

Why: Storms have inundated the site and damaged the
seawall repeatedly in the recent past.

Who: Town of Marblehead, Salem Sou@dastWatchWoods
Hole Group, Collins Engineers, Massachusetts Office of
Coastal Zone Management

When: Fall 2024 June 30, 2025
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*Funding provided by MassachusettOffice of CoastalZone Managementwith in-kind
matchfundingprovidedby SalemSoundCoastWatcl& Townof Marblehead
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Scope of Work and Study Area

1) Collect and Review Existing InformaticrcOMPLETE
a) Gather licenses, drawings, and documentation

b) Perform asite survey and draft existing
conditions drawings

2) Analyze the Site COMPLETE
a) Perform a sitespecific flood risk analysis
byl aaSaa (GKS aSlglftfQa (
maintenance plan
3) Draft Conceptual Alternatives COMPLETE
4) Engage the PublicONGOING
5) Refine Conceptual AlternativesONGOING

a) Incorporate performance analysis and public
feedback

b) Develop design drawings, cost estimates, and a"
permitting matrix

Seawall at
| 8.5-9.5" NAVDSS8
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Vulnerability Assessment Tasks

0 Asset Inventory
o Critical Elevation Survey
0 Review Flood Risk Modeling
0 Massachusetts Coast Flood Risk Model m“m B e
o Conduct Vulnerability Assessment e
0 Develop Design Flood Elevations-(s)
0 Summary Memo

ACRONYMS:
MC-FRMc¢ Massachusetts Coast Flood Risk Medédlydrodynamic probabilistic model that describes coastal flood risk in Massachusetts in terms ¢
annual chance of flooding under conditions predicted for 2030, 2050, and 2070 by a high sea level rise scenario.

DFEg Design Flood Elevatiaan elevation recommended for a certain built feature in order to achieve a specific level of flood risk. DFEs can bedcaldlllatyoops HOLE@
differently by a variety of sources, and then chosen for features such as a building or seawall based on risk toleragciatong requirements. GROUP




Asset Inventory and Topographic Survey

Documenting Elevations:

A Seawall
A Building Floors

A External Equipment (air
conditioners, generators, etc.)

Critical Elevation

Asset (ft NAVD8§
| 1 w. hwa! { ¢ 9 gFRST FLOGR. / 9 14.4
| lw. hwa! { ¢ 9 AT{UNIFCCL / 9 153
| 1 w. hwa! { ¢ 9 R ECTRICAT PANEL 16.9
CONDO BUILDINGIRST FLOOR 13.3
CONDO BUILDINBASEMENT 8.7
67 FRONT STREET 9.5
THE LANDINGSTREET SIDE FINISHED FLOOR 103
THE LANDINGHARBOR SIDE FFE 9.8

GROUP
CLs Company

A
107 WATERHOUSE ROAD, BOURNE. WA 02632

WOODS HOLE @

TELEPHONE: (06) S090K) _FAX.(508) 403001

Date | On-the-Ground Survey Data Prepared By.
.

COLLINS!

Land Survey
of
State Street Landing & Tucker's Wharf
Prepared for:
Collins Engineers, Inc.
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Critical Elevatiorg the elevation where damage to an asset will begin if flood water reaches it.
NAVD88; North American Vertical Datum of 1988 O2 y i N2 €

North America. All elevations in this study reference NAVD88.
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Massachusetts Coast Flood Risk ModelARE!)
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SEA LEVEL TROPICAL / EXTRA LANDSCAPE ELEVATION CHANGING
RISE TROPICAL STORMS CLIMATE

-~ N -~ ~
PROBABILISTIC / / \ / \ Includes relevant physical processsea level rise,
HYDRODYNAMIZ I@ \ @ tides, storm surge, wind, wave setup / rup /
overtopping, future climate scenarios

MODEL

FLOOD FLOOD FLOOD FLOOD FLOOD WINDS WAVES CURRENTS
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wWhy Hydrodynamic Modeling? Why Probabilistic?

b i MassDOT-FHWA
- | Pilot Project Report:
' Climate Change and Extreme
 Weather Vulnerability Assessments
. '1Adaptaﬂon Options for the

A 1 ;'\, Vi CentralArtely
"'_4 242 41 4
\ ~ Project Team:
 Kirk 1, PE, Woods Hole Group, Inc.

: " 'Ellen wuglas, PE, Ph.D., UMass Boston
| Paul Kirshen, Ph.D,, University of New Hampshire
' Katherin McArthi
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University of
New Hampshire
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Tropical and Extratropical Storms
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NOAA National Ocean Service




MA EOEEA Probabilistic Sea Level Rise Projections

MGFRM NORTH (DeConto & Kopp, 2017)

o)
% 12 * Observed Monthly Average Probabilistic Crosswalk: High Scenario Intermediate Scenario
O — Extreme Confidence intervals indicate the >99.5% RCP 4.5 95% RCP 4.5
> — High probability (%) that SLR has not been 99.5% RCP 8.5 83% RCP 85
< L . . underpredicted given various emissions 95% RCP 4.5 +id 50% RCP 4.5 +ice
=z 10 o :ztg:mgg::tgl_"gh and ice sheet melt contributions 83% RCP8.5+iclll <50% RCP 8.5+ iceg
5 Q MG-FRM Scenarios (High) MA EOEEA selected the
L g | @ intermediate Scenarios AllglD SEEREe el [ERrang
X
) NOTES:
5 Projections from Resilient MA
1 6 Labels in flags are relative sea level rise
o] from baseline year of 2008 (1999
% 2017) in MGFRM
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2030MCGFRMAnnual Exceedance Probability=()
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g {* | =l AVarylng annual probability from

100%- 0.1% across the site

ADoes not include wave
overtopping or precipitation

MC-FRM¢ Massachusetts Coast Flood

Model- a hydrodynamic probabilistic model tha
describes coastal flood risk in Massachusetts i
, - > RY &l terms of annual chance of flooding under
vee >4 > ol A e conditions predicted for 2030, 2050, and 2070
““" Lo VB DRV ¢ : a high sea level rise scenario.
‘ " AEP¢ Annual (Coastal Flood) Exceedand

Probabilityc the probability that at least one
| storm event will flood an area or building in one
| year.
SLRg Sea Level Rigea global phenomenon
of rising average sea level due to climate chang
driven expansion of sea water and introduction |0

o meltwater from glaciers and ice sheets. Sea le
MC-FRM Annual Exceedance Probability 2030 rise in this presentation references Boston

= i
-\-\-\-\-\-\-\-\-\-\-\ ) il Harbor, and has been locally adjusted to reflect
SRR A A S AE LK P Lt & 1 land subsidence.
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2050MCGFRMAnnual Exceedance Probability=()
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J -~ AVarying annual probability from
(. 100%- 1% across the site

ADoes not include wave
overtopping or precipitation
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MC-FRM¢ Massachusetts Coast Flood
Model- a hydrodynamic probabilistic model tha
describes coastal flood risk in Massachusetts i
terms of annual chance of flooding under
conditions predicted for 2030, 2050, and 2070
a high sea level rise scenario.

AEP¢ Annual (Coastal Flood) Exceedanc

Probabilityc the probability that at least one
| storm event will flood an area or building in one
| year.
SLRg Sea Level Rigea global phenomenon
of rising average sea level due to climate chang
driven expansion of sea water and introduction |0

o meltwater from glaciers and ice sheets. Sea le
MC-FRM Annual Exceedance Brobability 2050 rise in this presentation references Boston

-\-\-\-\-\-\-\-\-\-\-“\;\ i Harbor, and has been locally adjusted to reflect
SRR A A A Lt S ALt & 4 land subsidence.
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2070MCGFRMAnnual Exceedance Probability=()

n®0Q { St SLRf&)mSO‘DSbWSIeI wesS 6
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- AVarylng annual probability from
- 100%- 20% across the site

ADoes not include wave
overtopping or precipitation

MC-FRMc¢ Massachusetts Coast Flood R

Model- a hydrodynamic probabilistic model tha
describes coastal flood risk in Massachusetts i
terms of annual chance of flooding under
conditions predicted for 2030, 2050, and 2070
a high sea level rise scenario.

AEP¢ Annual (Coastal Flood) Exceedanc

Probabilityc the probability that at least one
| storm event will flood an area or building in one
| year.
SLRg Sea Level Rigea global phenomenon
of rising average sea level due to climate chang
driven expansion of sea water and introduction |0

s meltwater from glaciers and ice sheets. Sea le
MAC FRM SnnualExcescanceBrobacllity 2070 rise in this presentation references Boston

-\-\-\-\-\-\-\-\-\-\-\Lf\ il Harbor, and has been locally adjusted to reflect
N A A PC O AR 1 land subsidence.
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Flood Pathways

AWater enters State Street
[ FYRAY d 0ST2Nb

AFlood pathway is limited to
Front Street/State Street
Intersection

AWaves are not accounted for

State Street Landing/Tucker’s Wharf Flood Pathways
e () ’
I l | | | l | | | WOODS HOLE 8
| I I I [ I I I | GROUP
8.0 8.5 9.0 9.5 100 - 105 110 - 115 120 x cis company
Critical Water Surface Elevation, feet NAVD88 1 N
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2030 2050 2070

AMean High Water condition
occurs approximately twice

every day

AEveryday use disrupted as
soon as 2070

MHW ¢ Mean High Water, the average
elevation of all high tides in a specific place over

a 19year tidal epoch.
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Vulnerability Assessment Results

| 2030 Building Flood VuInerdbiIity

| "State Street Landing and Tucker’s Wharf
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THE LANDING ,é“
(harbor side) lu’f;-’.ﬂ

AEPFP¢ Annual (Coastal Flood) Exceedance

Probabilityc the probability that at least one storm
= event will flood an area or building in one year.

Building Annual Flood Exceedance Probability
H E E B B N
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Vulnerability Assessment Results

| 2050 Building Flood Vulnerability
| "State Street Landing and Tucker’s Wharf .
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L™ ANegligible flood

- probability for
Harbormaster and Condo
first floor

-
‘-31 A>5% AEP for Condo
}| S basement

62 FRONT

o \BL il THE LANDING
[ ‘ ; Wh STARIH= 1 (harbor side)
CONDO AEPFP¢ Annual (Coastal Flood) Exceedance
| ' w. hwa! { ¢ 9 wQ{BASEMENT Probabilityc the probability that at least one storm
OFFICE event will flood an area or building in one year.

Building Annual Flood Exceedance Probability
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Vulnerability Assessment Results

Tl TR /75 R & e r ‘.T\‘? "!" A0.1% annual flood
S8 . AL ATHE LANDING " probability for
¥ Hg ‘7 % 7 o ClicetSide) S g Harbormaster
| i) (o A0.5% annual flood
] probability for Condo first
floor
)

| AMHW vulnerability for
Condo basement

62 FRONEL S ]
Rl THE LANDING

(harbor side)

CONDO

X -
| ' w. hwa! { ¢ 9 wQ{BASEMENT \ Probabilityc the probability that at least one storm
OFFICE

event will flood an area or building in one year.

AEPFP¢ Annual (Coastal Flood) Exceedance

Building Annual Flood Exceedance Probability
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Vulnerablility Assessment Results

Asset Critical Elevation| 2030AEP | 2050AEP | 2070AEP
(ft NAVD83
| ' w. hwa! { ¢ 9 wEIRST FLOOR / 9 14.4 0% 0% 0.1%
| ' w. hwa! { ¢ 9w&JUNRCCL/ 9 15.3 0% 0% 0%
| ' w. hwa! { ¢ 9 wBELECTRICALIPANEL 16.9 0% 0% 0%
CONDO BUILDINGFIRST FLOOR 13.3 0% 0% 0.5%
CONDO BUILDINGBASEMENT 8.7
67 FRONT STREET 9.5
THE LANDINGSTREET SIDE FFE 10.3
THE LANDINGHARBOR SIDE FFE 9.8

reference NAVDS8S.

NAVD88 North American Vertical Datum of 1988 O2 y (i N2 €

Critical Elevatiorg the elevation where damage to an asset will begin if flood water reaches it.

RFEGdzy 2NJ al SN LRAy(Gé F2N StSgIirz2ya

AEP¢ Annual (Coastal Flood) Exceedance Probakitity probability that at least one storm event will flood an area or building in one year.
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Key Takeaways: Flood Vulnerability

A Theprojectareais highlyvulnerableto coastalflooding

A Parkinglots are expectedto flood at leastonceper yearin the nearterm and at leastonce per day as
soonas2070if no changesare made

A Buildingswithin the projectareahavevaryinglevelsof vulnerabilityto coastalflooding
A TheCondobasementis highlyvulnerableto floodingin the nearterm (> 5% annualchanceassoonas
2030, with increasingvulnerabilityastime goeson
A 1t couldbe inundatedchronicallyassoonas2070

A Thel I Nb 2 NXOffigeargl Bdddofirst floor havelittle to no flood vulnerabilityuntil the 2070time
horizon

A Wavessplashoverthe wall and contribute to the volumeof flood water behindthe wallin smallstorms

A In largerstorms water flows freely over the wall, and the contribution of wavessplashingover is not
important

A Wavescurrentlydamagethe wall, and couldcausemore damagein the future.

woobs HoLE &)
GROUP



..
woops HoLE &}
GRrROUP

¢ dzO1 SN a
Resiliency Project

Conceptual Alternatives Seawall

Linnea Laux
Woods Hole Group
Climate Resiliency Specialist

Y
| (==
Scaoe;g%u?aoyc%d CZM


mailto:llaux@woodsholegroup.com

DesigrFload Elevationg Results

MC-FRMStillwater Water
RMAT DFE| g rface Elevation (ft | MCFRM DFit NAvDsg | Massachusetts
N (ft NAVDS8Y Building Code
Critical RMAT NAVD83 DFE(t
Elevation(ft | Year + 2050 | 2050 | 2070 | 2070 | 2050 | 2050 | 2070| 2070|  NAVDSS
Asset Name NAVD8$ AEP 1 20502070 2% | 1% | 2% | 1% | 2% | 1% | 2% | 1%
gi‘gﬁ’grmaﬁers 14.4 2070 1%| 122 | 144 | 111 | 115 | 129| 133 | 11.3| 11.9| 134 | 14 19
glzr(‘)‘;'o First 13.3 2070 2%)| 11.7 | 139 | 12.1 | 125 | 129 | 13.3| 11.3 | 11.7 | 13.1 | 13.7 14
Condo
8.7 2070 2%| 11.7 | 139 | 111 | 1125| 129 | 133 | 11.3| 11.7| 131 | 13.7 14
Basement
Seawall ~8.0 2070 - - | 121] 125 129 133 | 126 | 13 | 149 155 -

BuildingCodesupersedesll other building DF[s, seawallDFES were chosenby balancingsite conditionsandtarget risk level.

Critical Elevatiorg the elevation where damage to an asset will begin if flood water reaches it.
NAVD88c North American Vertical Datum of 1988 O2 y i NBf RIF Gdzy 2NJ a1 SNB LRAyi(Gé FT2N StSgLFiA2ya Ay b2NI
NAVDSS.

RMAT¢ Resilient Massachusetts Action TQdhe official tool for determining target risk levels and elevations for sfateled projects in Massachusetts.
AEP¢ Annual (Coastal Flood) Exceedance Probakitity probability that at least one storm event will flood an area or building in one year.

DFE¢ Design Flood Elevatiaan elevation recommended for a certain built feature in order to achieve a specific level of flood risk. DFEs can kedcalculat
differently by a variety of sources, and then chosen for features such as a building or seawall based on risk toleragcatorg requirements.

MC-FRM¢ Massachusetts Coast Flood Risk Medédlydrodynamic probabilistic model that describes coastal flood risk in Massachusetts in terms of anrjual
I chance of flooding under conditions predicted for 2030, 2050, and 2070 by a high sea level rise scenario.
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Existing Conditions
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Site elevations: yellow areas are higher than intelift; red areas are higher Distance ({ft)

than long termDFE

DFE¢ Design Flood Elevatiaan elevation recommended for a certain built feature in order to achieve
specific level of flood risk. DFEs can be calculated differently by a variety of sources, and then chosen foi
features such as a building or seawall based on risk tolerance and regulatory requirements.




Existing Conditions

Seawall at
8.5-9.5” NAVD88

' v/
Harbormaster \

oy @

L AN P

Public Floating Commercial

: SeaWaIIrat‘
'8.5-9.5” NAVDS88 |

Dock Floating Dock
Seawall Elevation MHW vulnerability Approx Stillwater AEPas soon as| Approx Sig. Wave AEP as
(ft NAVD88) 2050 soon as 2050
8.5 As soon as 2070
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Existing Conditions
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8.5 As soon as 2070




Fill to 9.0°
| NAVDS88

Masonry Seawall

Condos at 11.5” NAVD88
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e Seawall

.0" NAVD88 1

2070 1% DFE

2050 1% DFE

2050 1% Stillwater

Seawall Elevation
(ft NAVD88)

MHW vulnerability

Approx Stillwater AEPas soon as
2050

Approx Sig. Wave AEP as
soon as 2050
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