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ABOUT THE PLAN

The Town of Manchester-by-the-Sea (“*Manchester”) experiences frequent coastal flooding in
the downtown core and inner harbor putting much of the Town'’s critical infrastructure at risk.
Storms, like the December 23, 2022 storm! that occurred at the outset of this planning project,
have resulted in widespread flooding in the area — especially around Town Hall, the Police
and Fire Stations, and the Wastewater Treatment Plant (WWTP) (see Figure 1).

With the support of a Coastal Resilience Grant from the Office of Coastal Zone Management
(CZIM), the Coastal Vulnerability Action Plan was developed as a conceptual roadmap for
Manchester to reduce coastal flood risks and increase coastal resilience in the downtown and
inner harbor. The plan was formed using a phased approach that started with a review of
existing conditions (Section 2) and was followed by completing an updated vulnerability
assessment (Section 3) and establishing targeted, action-oriented mitigation measures at the
site- and neighborhood-scale for short-, medium-, and long-term planning scenarios (Section
4).

Stakeholder and community engagement were central to guiding the development of the
plan, as community feedback and priorities were incorporated into each stage of the
planning process.

Figure 1: Images showing views of Town Hall across the adjacent parking lot (left) and from the
top of the WWTP clarifiers (right) during the December 23, 2022 storm
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1The December 23, 2022 storm produced the eighth highest water level on record at the nearby Boston Harbor NG O\ A pa , B o h : 3
tide gauge (Station 8443970) and a water level of 8.3 feet (ft) NAV88 in Manchester Harbor. RN\ Y L . % 1;Project qukgr@gnq;: A
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PLANNING APPROACH

The planning process began in December
2022 with a project kick-off meeting where
members of the public were invited to learn
about the project, the phased approach
being implemented to develop the plan (see
Figure 2), and ways to get involved in the
planning process.

PHASE 1: EXISTING CONDITIONS ASSESSMENT
During the first phase of the project, the
project team completed an existing
conditions assessment that consisted of:

+ Compiling mapping data and information
from past studies on the existing conditions
of the downtown and inner harbor area

» Collecting data on past flood elevations in
the project area

» Confirming resource area delineations
along the harbor edge

« Collecting crifical elevation information at
first-floor elevations, building entries, and
other low points along the harbor

PHASE 2: VULNERABILITY ASSESSMENT

The second phase of the project built upon
the 2017 town-wide vulnerability and risk
assessment completed as part of the 2017
FEMA Hazard Mitigation Plan Enhancement
(Tighe & Bond, 2017), narrowing the focus to
the inner harbor and downtown. An updated
vulnerability assessment was completed to
assess current and future flooding and water
surface elevations — along with projected
habitat change as a result of sea levelrise.

Additionally, GIS-based inundation maps and
figures were developed for the 2030, 2050,
and 2070 planning horizons, and an asset-

specific assessment was conducted for
buildings within the study area. This helped the
project team identify and prioritize
opportunities to implement flood mitigation
strategies over time.

PHASE 3: ALTERNATIVES ANALYSIS

In the next phase of the project, the team
identified potential neighborhood-scale and
site-scale alternatives for flood risk reduction.
Alternatives were developed to maximize the
potential of nature-based and hybrid design
approaches. And, the phasing of

improvements was proposed to match several

future climate risk scenarios.

PHASE 4: ACTION PLAN

Following an analysis of alternatives, the
project team developed a recommended
action plan based on the results from the
existing conditions assessment, vulnerability
assessment, alternatives analysis, and
feedback received throughout the project.

MANCHESTER-
BY-THE-SEA

Figure 2: Planning approach and timeline for action plan development
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COMMUNITY
ENGAGEMENT

As was noted earlier, stakeholder and community
engagement were central to guiding the development of the
plan. During each phase of the planning process, the project
team hosted public engagement meetings to keep the
community apprised of progress on the plan and solicit
additional feedback and input.2

At the start of the planning process, the project team launched
a project website (https://tinyurl.com/MBTS-CVAP), which was
used throughout the project to provide regular updates on the
development of the plan (see Figure 3).

With help from Town staff, a Steering Committee was also
formed towards the start of the project to help guide the
development of the plan. The committee was comprised of
community members and representatives of Town boards,
committees, and local organizations. Members included:
Jim Brown Downtown Improvement
Committee

Harbor Advisory Committee
Historic District Commission
Select Board

Stream Team

Conservation Commission
Planning Board

Salem Sound Coastwatch

Chris Comb
Rosemary Costello
Ann Harrison
Jessica Lamothe
Henry Oettinger
Laura Tenny
Barbara Warren

Flyers (see Figure 4) and other notices were also used
throughout the project to make community members aware of
the plan and related activities (e.g., critical elevations surveys,
site visits, project meetings).

2 For more information on the stakeholder meetings, public meetings, and
other community engagement activities, including links to meeting
recordings (see Figure 5) and copies of project presentations, please visit the
“Engagement” page of the project website.
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Coastal Vulnerability Action Plan

Fuss & O’Neill and Woods Hole Group have
partnered with the Town of Manchester-by-the-
Sea to conduct a coastal flood vulnerability
study that will inform design and planning of
floodproofing and coastal resilience measures at
the building, parcel, and neighborhood scales.

Woods Hole Group is planning site visits on 1/19

and 1/23 to document critical flood entry points
for buildings and other infrastructure around the
harbor.

The survey team will:

e Visit commercial and municipal properties
and may ask owners, tenants, or operators for
input on how flooding could affect their
operations

e Document elevations around the harbor to
determine if changes to landscape or
structural elements can reduce community
flood exposure

The survey team will not:

e Need access inside residential properties, but
if permission is granted to traverse yards by
owners, a more complete assessment is
possible

Survey results will only be used to assess
vulnerability to future flooding and inform
designs to build resilience.

For more information on the project visit:
https://tinyurl.com/MBTS-CVAP

WOODS HOLE @
GROUP

0 FUSS & O’NEILL

Figure 5: Snapshot of meeting recording from December 19, 2022 public
meeting

Figure 4: Door hanger flyer used during
critical elevation survey in January
2023

1. Project Background | 9
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DATA COLLECTION

The project team started the planning process by collecting
mapping data and information from past studies on the
existing conditions of the downtown and inner harbor area. The
data that was collected and reviewed included:

Federal Emergency Management Agency (FEMA) flood
mapping

Past town-wide vulnerability studies and community
resilience reports

Updated hazard mitigation plans

Threatened and endangered species fact sheets and prior
coastal resource area delineations

Previous feasibility studies on the Sawmill Brook tide gate
removal

Historical permitting and regulatory approvals 5

y ‘Nayr:
documentation Jiine 3018 e @ FEMA

Previous assessments of the wastewater freatment plant /

(WWTP) ) HAZARD MITIGATION PLAN
Recent athletic fields master plan

COMMUNITY RESILIENCE BUILDI}
SUMMARY OF FINDIN

GEIARTAT;

Adopted April 17, 2018

A summary of the complete list of data collection references is
included in Appendix A. Note: Additional references were
collected during later phases of the planning process and are
summarized in Section 5.

\ : _ Natlonal Flood Hazard Layer FIRMette ® FEMA fiemid

whod 3589

A

Gepth less than one foot or with crainage
areas of less than one square mile 2 ©
\‘ W'OGMMX\AWM
Chance Flood Hazard ..
nunmmﬂﬁwﬂnmw
| OTHER AREAS OF s Soe
FLOOD HAZARD Area with Flood Risk due to Leves zose &

ESSGHIN Ares of Minimal Flood Hazard 2 ©

I lM-LWh
N omerareas Area of Undetemined Flood Hazard 2o
R Y m \ ‘ GENERAL [ ===== Channe, Culvert, or Storm Sewer
E 1 - ‘ /a8 o ' -~ STRUCTURES 1111111 Levee, Dike. or Floodwall
»- 3 & ‘ e L )
t‘ i" b Vs " (D222 Cross Sections with 1% Annual Chance
A% m . —IL5  water Surface Blevation
‘:_ o » - — — Coastal Transect
’ s Base Flood Elevation Line (BFE)
= ,!i a’ ‘ ‘ L4 % ——— uma ot Stuay
» "y F TS

Jurisdiction Boundary

—— —— Coastal Transect Basetine
OTHER | —e Profile Baseline

FEATURES | mHydrographic Feature

Digral Dats Available
No Digital Data Available )\
MAP PANELS Unmapped 1

Q The pin displayed on the map is an approximate
point selected by the user and doss not represer
an authoritative property location.

This map complies with FEMA's standards for the use of

¥ s not void
The basemap shown complies with FEMA's basemap
accuracy standards
The flood hazard information is derived directly from the
ummnmmmmnmmmmn
was exported on 5/23/2019 at 81420 AM and does not
refiect changes or mmwmwmmm date and

FIRM panel number. and FIRM effective date. Map images for
unmapped and unmodernized areas cannot be used for
regulatory purposes.

2. Review of Existing Conditions | 11




MANCHESTER-
RESOURCE AREA BY-THE-SEA

DELINEATIONS

Coastal resource area delineations are an important first step in : - b, L -
many coastal resilience planning projects, as they help \ ‘ ' .y - ' WOODS HOLE@
establish the location and size of important environmental ' : »ra v | o I o GROUP
features for compliance with coastal regulations and o -’ '
proftection of their essential functions. Coastal resource areas,
such as salt marshes, coastal banks, beaches, and dunes,
contribute to the overall resilience of coastal ecosystems by
helping to reduce the risk of storm damages, providing critical
habitats, and also supporting commercial, recreational, and
education opportunities.

! - Rocky Intertidal Shore
1

| == Coastal Bank - Non-Sediment Source

On January 17th, 2023, the project team conducted a site visit
(see Figure 6) of Manchester’s inner harbor to review and build
upon the coastal resource area delineation conducted by
Rimmer Environmental Consulting (2015).

During the site visit, it was determined that the collection of
additional survey points was warranted for a more robust
resource delineation. The January 2023 survey extended the
previous 2015 survey from the point of land located west of the
parking area in Masconomo Park (Masconomo Point) north
around the upper basin of Manchester Harbor, terminating at
the pocket beach west of Crocker’s Boat Yard. The project
team also conducted additional reconnaissance along the
southern shore of Masconomo Park but did not formally
delineate the resource areas along this shoreline, as it was out B e Pl 6o
of the scope of this project. ; - b ?

Coastal resource areas surveyed in the field included coastal
bank, coastal beach, salt marsh, and rocky intertidal shore,
and site photos and point data were reviewed by a
professional wetland scientist to confirm the extents of all field
delineations. Land Subject to Coastal Storm Flowage was also
mapped as part of the assessment using data from the FEMA
Flood Map Service Center. Figure 7 shows an overview of
resource area extents.

Figure 6: Photo of field team collecting additional
survey points during January 2023 site visit

For the complete report on the coastal resource area

li tion, ix B. . e . .
LGSRl ISSHE SEE A eloiel £ Figure 7: Aerial image showing resource areas delineated along

the shoreline of the upper basin of Manchester Harbor up to
Masconomo Point
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CRITICAL ELEVATION SURVEY

Over the course of January 19" and 239, 2023, the project team conducted a critical elevation

survey for all buildings within the project area. Elevations of finished first floors, critical exterior
infrastructure (e.g., generators), basement windows, or other possible flood entry points (see
Figure 8) were surveyed using a Real-Time Kinematic Global Positioning System (RTK-GPS) and
in-field measurements. The RTK-GPS was also coupled with a camera capable of scanning
buildings, allowing the team to collect highly accurate elevation position measurements at
points of interest from an elevation point cloud using the Leica Infinity software (see Figure 9).

The elevations gathered during the critical elevation surveys were compiled into a list of

vulnerable elevations specific to each building within the project area. These critical elevations

were then compared to future projected storm surge water surface elevations, and individual
buildings were then assigned a critical elevation exceedance probability level based on the
highest probabillity (and lowest intensity) storm that would exceed that building’s critical
elevation as part of the updated vulnerability assessment.
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Figure 8: Images showing examples of critical elevations from within the
Manchester inner harbor study area, including the lower-level entry to Town
Hall (left), a generator (center), and bulkhead door (right)

Figure 9: Snapshot of elevation point cloud analysis
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ABOUT THE
VULNERABILITY
ASSESSMENT

During the next phase of the planning process, an updated
vulnerability assessment was completed by coupling the
information gathered during the review of existing conditions
with tide gauge data collected in the field and probabilistic
hydrodynamic models to develop maps showing future
projected coastal flood risks. While a town-wide vulnerability
and risk assessment was completed several years ago as part
of the 2017 FEMA Hazard Mitigation Plan Enhancement (Tighe
& Bond, 2017), this vulnerability assessment was an opportunity
to update that assessment using more recently developed
flood risk information and narrow the focus to coastal flooding
in the inner harbor and downtown area.

The vulnerability assessment completed during this phase of the
planning process assessed current and future projected
flooding conditions and water surface elevations — along with
projected habitat change as a result of sea level rise. Guided
by outputs from the Massachusetts Coast Flood Risk Model
(MC-FRM) and local tide gauge data, GlIS-based inundation
maps and figures were developed for the 2030, 2050, and 2070
planning horizons, and an asset-specific assessment was
conducted for buildings within the study area. Additionally, the
Massachusetts Sea Level Affecting Marshes Model (SLAMM)
was consulted to investigate potential future changes to tidal
marsh habitat types and locations as a result of projected sea
levelrise.

This updated vulnerability assessment later helped the project
team identify and prioritize potential opportunities for
improving coastal resilience and implementing phased flood
mitigation strategies in Manchester’s inner harbor. For a full
copy of the vulnerability assessment, see Appendix C.

2% ,ﬁ\ .ﬁ‘ R 9 ,ﬂ(;’m“1¢

« VY | )~ 9 .
LI 8/ HA PO ’.’.)'8'3 % ot

% Image shows high tide flooding near shoreline of Reed Park
2 near the rail lines crossing Beach Street on January 23, 2023.
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for many Massachusetts coastal communities

Tidal flooding and sea levelrise (SLR) are increasing
including Manchester.

concerns




MANCHESTER-

TIDAL FLOODING: BY-THE-SEA

* Tidal Day Coastal Vulnerability
SEA LEVEL RISE (SLR) Tidl Peiod| | Tcal Perog scfton P
3 - - " i
2 AT /TN

Tidal flooding is influenced by tidal heights that vary 1 /"""-\
throughout the day, month, and year. In Massachusetts, high 0 )! \ / \ l‘ \
tides occur twice daily on a semidiurnal tide cycle, with one of Py

the two high tides being higher due to diurnal inequality — a / N/ V| / \ |/ N
phenomenon caused by the filt of the Earth in relation to the Vi 7 L/ g
sun's and moon's orbital planes (see Figure 10). -3

Through the ResilientMA program, the Massachusetts Office of SEMIDIURNAL TIDE

Energy and Environmental Affairs has developed projections
of future mean sea level elevation for use in climate change
planning that are locally downscaled from global climate
models and provide a probabilistic crosswalk for a range of
scenarios (DeConto & Kopp, 2017). These scenarios
incorporate different modeled greenhouse gas emissions
futures and anfticipated contributions from global ice sheet
melt. The Commonwealth uses the High Scenario for climate 12

Figure 10: Distribution of tidal phases (NOAA, 2023)

Probabilistic Crosswalk: Intermediate Scenario

* Observed Monthly Average

High Scenario

change planning. At the nearby Boston Harbor Tide Gauge — Extreme Confidence Intervals Indicate the it it

(Station 8443970), this emissions scenario corresponds to 1.3 — High P rored et sven varimunamieions | [RSSES co Rcodeal
one ' f Y .5 +ice % .5 + ice

feet of additional SLR as soon as 2030, 2.5 feet as soon as 10 | = Intermediate-High and ice sheet melt contributions 83% RcP8.5+ice [l <50% RCP&.5+ice

Intermediate
o MC-FRM Scenarios (High)
8 o Intermediate Scenarios

2050, and up to 4.3 feet as soon as 2070 (see Figure 11).

Note: MA selected the
High Scenario for planning

Note: Use of the High Scenario is deliberately conservative
with respect to future emissions mitigation policies and actions
that may slow the rate of sea levelrise. 3 This ensures that
planning measures are not under-predicting future sea levels.
These sea level rise projections are used to assess potential
high tide flooding over time and are also incorporated into
the MC-FRM storm surge model. Upon continued observation
and monitoring, SLR projections can be updated and used

more flexibly over time to align with more likely scenarios. .
Updated Baseline (1999-2017)

.................
................

Relative Mean Sea Level (feet NAVD88)
[#)]

-------
--------------

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

NOTES: (1) Projections from Resilient MA Labels in flags are relative sea level rise from baseline year of 2008 (1999-2017) in MC-FRM & (2)
Boston Tide Gauge (Station 8443%970) Local Tidal Datums: MHHW is 5.1 ft above MSL

Figure 11: Massachusetts Executive Office of Energy and Environmental Affairs (EEA) probabilistic sea level rise projections:

3 The latest sea level rise scenarios from the National Oceanic and
Atmospheric Administration (NOAA) present the 50" percentile confidence
interval (Sweet et al., 2022), while the Massachusetts (MA) crosswalk
generally presents projections associated with much higher not to exceed
confidence intervals (95-99%). The MA High Scenario is similar to the 83
percentile of NOAA's High Scenario and the Intergovernmental Panel on
Climate Change (IPCC) Sixth Annual Report’s "low-likelihood, high-impact"

WOODS HOLE @
GROUP

scenario (IPCC, 2023). The MA Intermediate Scenario is similar to the 83
percentile of NOAA's Infermediate Scenario.

MC-FRM North (DeConto & Kopp, 2017)
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TIDAL FLOODING:
TIDE GAUGE
DEPLOYMENT

As mentioned earlier in the plan, the MC-FRM incorporates SLR
projections and generates future fidal benchmarks, including
mean higher high water (MHHW) water surface elevations, for
2030, 2050, and 2070, providing decision-makers with
information on areas that may be most impacted by tidal
flooding in the future. Water surface elevations (WSEs) from
the MC-FRM are reported in feet (ft) above the North
American Vertical Datum of 1988 (NAVD88), and in areas
where inlet dynamics and harbor geometry are more
complex (e.g., like Manchester's inner harbor), WSEs can be
further refined to the local context through the collection of
tidal data.

From November 30t, 2022 to January 18, 2023, the project ‘ - G > 3 e sl
feam deployed fide gauges in Manchester’s inner and outer  [SISS < : %}

harbor to capture tidal constituents and locally refine
projected tidal benchmarks from the MC-FRM. Refinement of
tidal benchmarks is sometimes needed where attenuation
may affect local tide heights. Attenuation corresponds to a
reduction in the amount of water able to enter an estuary
during an incoming tide due to morphological constrictions
(e.g., the Bascule Bridge and MBTA rail line), resulting in lower
peak water levels.

MEAN HIGHER HIGH WATER (MHHW)

The mean higher high water (MHHW) is a useful vertical
elevation reference that corresponds to the average of
all daily higher high tides that occur throughout a 19-year
tidal epoch — a period long enough to account for lunar

and solar variability.
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TIDAL FLOODING:
TIDAL BENCHMARKS

The information gathered during the deployment of the tide 10
gauges (see Figure 12 and Figure 13) established that the
Bascule Bridge and MBTA rail line do cause minor restrictions to
tidal flow into the inner harbor. Therefore, slight adjustments
were made to the mean high water (MHW) and mean low
water (MLW) tidal benchmarks; however, the attenuation was
not significant enough to meaningfully differentfiate inner and
outer harbor mean lower low water (MLLW) and MHHW. The
MC-FRM MHHW tidal benchmarks were determined to be
representative of local conditions for the entire study area in
Manchester.

Water Surface Elevation
(NAVDASS, ft)

A h i i i | i i
Based on MC-FRM projected fidal benchmarks (see Table 1), '19;30 12/07 12/14 1221 12128 01/04 01/11 0118
MHHW in Manchester’s inner harbor could reach 6.2 ft NAVD88 Month/Day
by 2030, 7.5 ft NAVD88 by 2050, and 9.4 ft NAVD88 by 2070. For . . )
comparison, the current MHHW datum (1983-2001 epoch) in Figure 12: Tide gauge data for outer harbor (MBTS1) and inner harbor (MBTS2) from November 30, 2022 to January 18, 2023
nearby Boston Harbor is 4.77 ft NAVD88. However, while Boston
Harbor is the closest long-term tide gauge station to
Manchester, there is still a significant distance between the two

locations, which creates uncertainty in utilizihng Boston tidal
datums in Manchester. Establishing a permanent local fide
gauge would allow Manchester to keep track of tidal
variations over time and better account for localized SLR.
(Note: Installing a local tide gauge is one of the recommended Projected Tidal Benchmarks (elevation in ft. NAVD88)
near-term actions included in Scenario 1 on p. 35 of this plan.)

Outer Harbor Inner Harbor
MC-FRM Tidal Benchmarks Adjusted for Attenuation
2030 2050 2070 2030 2050 2070
MHHW 6.2 7.5 9.4 6.2 7.5 9.4
MHW 5.8 7.1 9.0 5.6 6.9 8.8
MLW -3.3 -2.1 -0.5 -3.1 -1.9 -0.3
MLLW -3.5 -2.4 -0.7 -3.5 -2.4 -0.7

Table 1: MC-FRM projected tidal benchmarks and adjustments for Manchester, MA

3. Vulnerability Assessment | 19

Figure 13: Photo of the tide gauge
deployed during Manchester study
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FUTURE PROJECTED
TIDAL CONDITIONS

Using the data collected from the tide gauge deployment ¥\ T 2R L R 9Py - \ a»
and adjusted tidal benchmarks, the project team developed : \ R R ey 1 Y SW -% g, v N 2 g
geographic information system (GIS) representations of these 4 L SaF - o oy . P ) ;
projected future MHHW extents (shown on this page) by
extracting corresponding elevation contours from the most
current terrain elevation measurements available from
MassGIS (Bureau of Geographic Information) light detection
and ranging (LIDAR) terrain data.

T - 3 - ﬁ‘* Y //’,g <
Vo8 i 7 L
P R R

12557250,

According to sea level rise projections for the Manchester
inner harbor study area, most of the project area is likely to
remain unaffected by daily tidal flooding in the near-term
(2030). However, as soon as 2050, areas of Masconomo Park,
paved areas behind Town Hall, southern portions of the
Manchester Marine bulkhead, and the back of buildings on
School Street along Sawmill Brook are likely to become
flooded more regularly. These 2050 patterns of flooding
correspond to the conditions observed in the field during
recent high fide flooding events (e.g., the January 239, 2023
flooding event). And as soon as 2070, the residential areas
along Beach Street and Tappan Street, and expanded
portions of the inner harbor (including the Town's wastewater
treatment plant) could be affected by (on average once
daily) tidal flooding. Outside the inner harbor areq, the
Town's Fire Station on School Street could experience tidal
flooding in the lower parking lot along Sawmill Brook as soon
as 2050, and inundation of the lower portions of the building
(including the lower garage and mechanical room) as soon
2070.

B MHHW 2030 (6.2 ft NAVDS8S)
I MHHW 2050 (7.5 ft NAVDS8S8)
MHHW 2070 (9.4 ft NAVD8S8)
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MASSACHUSETTS
COAST FLOOD RISK
MODEL (MC-FRM)

The Massachusetts Coast Flood Risk Model (MC-FRM) is a
probabilistic hydrodynamic model (see Figure 14) that is used
as the standard for coastal climate change planning in the
Commonwealth of Massachusetts. Unlike FEMA Flood
Insurance Rate Maps (FIRMs) that estimate present flood risk
at the 1% annual probability level (100-year return period
water level), the MC-FRM statistically evaluates potential
future (2030/2050/2070) flood risk across a range of probability
levels using state-approved sea level rise scenarios and a
large set of historical and projected future hurricane and
nor'easter storms. The MC-FRM integrates the effects of wind,
waves, fides and land-cover in a more site-specific and
integrated physics-based approach to assess the probability
of flooding across the Massachusetts coast. 4 g

PROBABILISTIC /

2 © 8 = @

SEA LEVEL TROPICAL / EXTRA- LANDSCAPE ELEVATION CHANGING
RISE TROPICAL STORMS CLIMATE

Includes relevant physical processes:

sea levelrise, fides, storm surge, wind,
wave setup / run-up / overtopping,
future climate scenarios

With coastal communities throughout the Commonwealth -
including Manchester — facing significant risks from rising sea
levels and increasingly intense storms due to climate change,
the MC-FRM model is a valuable tool for local decision makers
in identifying areas that are most vulnerable to coastal : .
flooding. Model outputs provide useful representations of erosion

HYDRODYNAMIC
MODEL

Future version to incorporate coastal

potential future flood impacts, helping Massachusetts
communities better understand and prepare for future storms

and sea level rise conditions, and ultimately develop more R — — R
informed strategies to mitigate those risks. Therefore, the MC- N H _OJ =
FRM was the model used in establishing an updated e _ — ») —
vulnerability assessment for Manchester's inner harbor during FLOOD FLOOD FLOOD FLOOD FLOOD WINDS WAVES CURRENTS
th d ph f the pl i !

e\ ) T HRIEeess PROBABILITY DEPTH _ DURATION VOLUMES _PATHWAYS

(Vs
—
)
(a1
—
2
@

For more information about the MC-FRM, see the following

webpage for an overview of the model and answers fo Figure 14: Diagram of the inputs and outputs of the Massachusetts Coast Flood Risk Model (MC-FRM) @
frequently asked questions: https://tinyurl.com/MC- WOODS HOLE
FRMSummary. GROUP

4 Data used in generating the MC-FRM are subject to change given the

changing climate, and the model may lag behind real-world changes by

varying periods of time. However, as mentioned above, the MC-FRM serves

as the standard for coastal climate change planning in the Commonwealth

and can be updated over time to incorporate new observations and

changes in climate change science. 3. Vulnerability Assessment | 21
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PROJECTED STORM SURGE
INUNDATION

In addition o SLR, storms — and their corresponding impacts on local water surface levels — are
another important factor to consider in assessing coastal vulnerability. Using the MC-FRM, a
range of annual probable coastal flood storms were evaluated, along with their associated
maximum projected stillwater water surface elevations for the 2030, 2050, and 2070 planning
horizons (see Table 2).

Annual Coastal MC-FRM Water Surface Elevation

Flood (ft NAVDSS)
Exceedance
Probability (%) 2030 2050 2070 =

| | os | 100 | 116 | 134 | = = S
| v ] 97 ] 12 = e
L SIS

.

| 5 | 90 | 104 | 122 e~ B
I T VR BT Y B
I T T I R

Table 2: MC-FRM maximum projected water surface elevations
(NAVD88)

WHAT IS ANNUAL EXCEEDANCE PROBABILITY (AEP)?

Annual exceedance probability (AEP) is the probability that a storm of that magnitude will - <.
be met or exceeded within a given year. A storm causing coastal flooding with an AEP of RN ey T 5 N TR : G N ~,«-’.".?
50% has a 1 in 2 chance of occurring at any point within a given year. For Manchester, in D A, o S e T A ST U S uk.&a_-—émj
2030, this AEP corresponds to a storm that will result in a water surface elevation of 7.9 ft 1 b s 5 VA T B e et ANANN A e TR IR s NS Sa e
(NAVDSS). AT Sl A AR 2 B LAt R Ay ot A T R el S
- ~ady i A i o K % "’r. = : .'. PR _~.__,;'._.‘ ;.t:._'“_. - __:.t: 2 ll. “0::
However, with the likelihood that storms will become more intense and more frequent over ot | 9 ok P S ) o < ;)‘13:: R VI B8 :@'ﬁf el
time as a result of climate change, it will become more common for storms to result in higher i b k - bR, P X - o T NN T
water surface elevations. For example, a storm causing coastal flooding with an AEP of 50% o U i ‘ S, S Y
in 2070 in Manchester harbor, is projected to result in a water surface elevation of 10.9 ft - 3 A R AR R
ft higher than 2030 projections. Note: The rear enfrance to Manchester Town Hall (10 Central e y P e SN
Street) has an elevation of 9.18 ft (NAVD88). This elevation would be exceeded by the water , o gy
level associated with a 2% AEP in 2030, a 25% AEP in 2050, or a 50% AEP in 2070. X ,(, -5,. . 'jt R S T .‘3“
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VULNERABILITY ASSESSMENT

To assess risk of flooding to development, critical elevations collected during the first phase of

this project were compared to the projected water surface elevations from the MC-FRM across
different time horizons (2030, 2050, and 2070) and for different coastal storm flood probabilities.
Individual buildings were then assigned a critical elevation exceedance probability level based
on the highest probability (and lowest intensity) storm that would exceed that building’s critical
elevation in a given projected year. This information formed the basis for the updated
vulnerability assessment.
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“ In 2030, high elevation areas on the western side of the project area along Central Street, Bridge

2030 B U I LD I N G F LOO D %‘w : ~ ? Street, and Ashland Avenue should remain dry during storms with AEPs of 0.1% or higher. Most of the
: /A T, . high elevation areas along Union Street and Beach Street in the middle of the project area will also

AJPGESWT Y, v+ remain dry. Much of the residential area along the southern part of Beach Street and up Tappan
P RO BA B I LITY & LS Rz . .7 Streetis vulnerable fo floods with AEPs between 1% and 5%. Clusters of buildings closer to the
o) 2 . 9 ‘ waterfront also could be susceptible to flooding in 2030. Key buildings for the Town of Manchester
2 = within this project area include Town Hall and the Fire Department on School Street (outside the
main project area but significant for public safety in the study area and beyond). These buildings fall

into the 2% and 25% flood risk categories (respectively), with critical elevations of 9.18 ft (Police
Station garage door) and 8.11 ft (rear garage bay) (respectively).

o)\P
WOODS HOLE 9 °
GROUP



e T~ 7 By 2050, most buildings in high elevation areas on the western side and middle of the project area
2050 B U I LD I N G F LOO D m = 4PN 4 - are still not vulnerable to flooding. Much of the residential area along Beach Street and Tappan
» : A, o Street will be even more susceptible to floods, most being vulnerable to floods from storms with AEPs
P = N A between 10% - 50%. Many buildings closer to the waterfront are projected to be impacted by storms
P RO BA B I LITY Lo Rl T, with AEPs of 50%. Town Hall and the Fire Department on School Street would fall into the 25% and 50%
7 = ; B o flood risk categories (respectively) given their critical elevations of 9.18 ft and 8.11 ft (respectively).

oastal Flood
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S By 2070, some buildings in high elevation areas on the western side and middle of the project area
will still remain dry, but fewer than the 2050 time horizon, especially in the commercial area off Beach
Street. Nearly the entire residential area along Beach Street and Tappan Street will be susceptible to

2070 BUILDING FLOOD
= floods from storms with AEPs of 50%. The maijority of buildings closer to the waterfront are projected to

P R B B I LITY ‘.\ < : » R - | be impacted by storms with AEPs of 50%, including the Town Hall, Fire Station, and Wastewater
A NG A & Treatment Plant, which has a critical elevation of 7.88 ft (low point of the odor control system
XE o obtained from LIDAR).

=

&

T
=

woobps HoLE &g
GROUPEE S



MARSH MIGRATION

Coastal wetland resources - like salt marshes — provide
important ecosystem services (e.g., storm protection and
wildlife habitat) and are also affected by increasing water
levels caused by sea level rise rather than episodic storm
events. Wetland plant communities in the coastal zone are
adapted to specific tidal ranges and amounts of saltwater
inundation. As sea level rises, marsh habitats may be forced to
migrate landward to maintain the same level of inundation to
which they are adapted. However, barriers such as buildings
and roads impede this migration, resulting in potential habitat
loss.

The Sea Level Affecting Marsh Migration (SLAMM) model is a
tool designed to help predict changes in marsh habitats in
response to sea level rise.> The model incorporates various
inputs including LIDAR elevations, wetland classifications, sea-
level rise, fide range, and accretion and erosion rates for
different habitat types. The model intentionally omits
interactions between migrating marsh habitats and physical
barriers (e.g., roads, buildings, and other impervious surfaces)
to help visualize how and where wetlands would migrate in
natural conditions.

The SLAMM model was used as part of the vulnerability
assessment to help to identify potential strategic areas
throughout Manchester’s inner harbor area for impervious
surface removal to facilitate marsh migration.

> The Massachusetts Office of Coastal Zone Management
(CZIM) commissioned a statewide modeling project using
SLAMM to address potential impacts of sea level rise on marsh
systems. More information on marsh migration modeling
methodology can be found in the "Modeling the Effects of
Sea-Level Rise on Coastal Wetlands" report at
https://www.mass.gov/files/documents/2018/12/07/czm-

slamm-report-nov2016.pdf. b S
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Present day habitat extents and boundaries are assumed to be similar to the 2011 National Wetland
Inventory (NWI) wetland classification areas. The majority of the project area is classified as “upland,”
which includes both developed and undeveloped dry land. The area has some estuarine open
water near the harbor, an irregularly flooded marsh along the southern edge of Masconomo Park,
an inland fresh marsh behind the residences towards the northern end of Tappan Street, and smaller
areas of regularly flooded marsh, estuarine beach/tidal flat, and ocean beach. Note: Some
condifions (e.g., the area of estuarine open water along the western waterfront) were different than
what was observed and documented during the field delineation study, as the NWI data and
SLAMM projections are based on elevation data and remote sensing.

SLAMM RESULTS -
PRESENT DAY

L

Upland
Inland Fresh Marsh
Regularly Flooded Marsh
I:l Estuarine Beach/Tidal Flat
Ocean Beach
|:| Estuarine Open Water

Irregularly Flooded Marsh



There are minimal changes projected for 2030 compared to present day conditions. All wetland
habitat classification extents remain the same, except for a small increase of 0.1 acre in regularly
flooded marsh habitat and the addition of a single 25-square meter area of transitional marsh/scrub-
shrub area at the boundary of the irregularly flooded marsh wetland on the southern edge of
Masconomo Park.

bt o i

A etlad Classification

Upland

Inland Fresh Marsh

Transitional Marsh/Scrub-Shrub
1 Regularly Flooded Marsh
¢ |:| Estuarine Beach/Tidal Flat
; Ocean Beach

) ‘. |:| Estuarine Open Water




The projected SLAMM results for 2050 indicate slight changes in the wetland habitat types in
Manchester. While the general extents of wetland habitats remain similar to the previous projections,
there could be an additional 0.3 acres of regularly flooded marsh compared to 2030. Transitional
marsh/scrub-shrub wetlands could become more prevalent, especially at the boundaries of
established wetland areas such as on the southern edge of Masconomo Park and parts of the
Manchester Marine peninsula. Additionally, ocean beach habitat would begin to take over the tip
of the peninsula that borders the railroad, where the WWITP is currently located. Note: The projected
changes at the WWTP and Manchester Marine area would not occur unless pavement was
removed in these areas.

2050

Upland

Inland Fresh Marsh

Transitional Marsh/Scrub-Shrub
| Regularly Flooded Marsh
|:| Estuarine Beach/Tidal Flat

Ocean Beach

- w;\;‘ ) ‘. |:| Estuarine Open Water

Irregularly FIooded Marsh




Assuming no barriers to marsh migration, the most significant change in habitat extent is projected
to occur between 2050 and 2070. In the western part of the project area, the Manchester Marine
peninsula and waterfront residential and commercial properties off Ashland Avenue and
Commercial Street could be converted from upland to a combination of regularly flooded marsh
and transitional marsh/scrub-shrub. In the middle of the area, the existing large parking lot could
become a combination of regularly flooded marsh and ocean beach, while the rear enfrances o
Town Hall could become fransitional marsh/scrub-shrub wetland habitat. In the eastern part of the
areq, the residential area behind Beach Street and Tappan Street could be converted into ocean
beach, and the inland fresh marsh could become transitional marsh/scrub-shrub wetland by 2070.
Finally, most of Masconomo Park could become a combination of ocean beach and regularly
flooded marsh by 2070.
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2070

| Wetland Classificatio
Upland
Transitional Marsh/Scrub-Shrub
Regularly Flooded Marsh
||| Estuarine Beach/Tidal Flat
" Ocean Beach

k|| Estuarine Open Water

Irregularly Flooded Marsh
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MARSH MIGRATION:
RESULTS SUMMARY

Between present day and projected 2070 conditions, there
could be habitat extent changes in Manchester as marshes

migrate due to SLR. Since the SLAMM model omits barriers to

marsh migration such as roadways and structures, the results Wetland Classification Area (aCI‘ES] Acre Change
should be interpreted as possible marsh migration under p t 2030 2050 2070 (P esent - 2070]
natural or undeveloped conditions. resen r

Between present day conditions and 2070, 11.1 acres of Upland 33.3 33.2 32.3 22.3 -11.1
upland area, 0.8 acres of irregularly flooded marsh, and the

entire 0.4 acre area of inland fresh marsh could be lost and 0.4 0.4 0.4 0.0 -0.4
converted to other wetland habitat types as inundation to

these areas becomes more frequent (see Table 3). 0.0 0.0 0.3 1.6 1.6

The largest increase in wetland habitat between present day 0.4 0.5 0.8 3.1 2.7
conditions and 2070 is ocean beach, which increases from 0.1 . .

acres to 6.9 acres. Regularly flooded marsh gains the second Estuarine Be|aCh/T| dal Flat 0.1 0.1 0.1 1.0 1.0
largest amount of area, growing from 0.4 acres to 3.1 acres.

Transitional marsh/scrub-shrub and estuarine beach/tidal flat Ocean Beach 0.1 0.1 0.2 6.9 6.8
habitat areas are also projected to increase by 1.6 and 1.0

acres respectively, along with a slight 0.1 acre increase in 1.4 1.4 1.4 1.5 0.1
estuarine open water. 0.9 0.9 0.8 0.1 0.8

There are currently many barriers to marsh migration within the

project area, as this part of Manchester is highly developed. Table 3: SLAMM Summary of results for Manchester
Both commercial and residential buildings, roadways, frain

tracks, and other impervious surfaces (e.g., parking lots) would

make the natural migration of marsh habitats impossible in

most parts of the project area under its current configuration.

However, having an understanding of the unobstructed

habitat migration patterns could inform the development of

concepts for a reimagined waterfront (e.g., fransitioning

Masconomo Park into a floodable park).

3. Vulnerability Assessment | 32




4. ALTERNATIVE SCENARIOS &
RECOMMENDED ACTIONS

Scenario 0 | Do Nothing

Scenario 1 (Shori-Term) | Protect + Plan Ahead

Scenario 2 (Medium- to Long-Term) | Adapt + Transition + Restore
Scenario 3A (Long-Term) | Raised Rail as Flood Control Structure
Scenario 3B (Long-Term) Full Retreat + Restore



SCENARIO O
DO NOTHING

As the results of the vulnerability assessment (see Section 3)
highlight, the cost of taking no action — or the “do nothing”
scenario —is not $0. Under the do nothing scenario,
Manchester would confinue to see the increasing impacts of
sea level rise and coastal flooding over time that would result in
larger swathes of the inner harbor becoming regularly exposed
to high tide flooding (see p. 20) and flooding from higher
probability coastal storm events (see pp. 24-26).

With these increasing flood impacts, come a range of possible
short- and long-term consequences that might include:
» Property damages to both residential and commercial
properties
Repairing and replacing flood-damaged roads, bridges,
uftilities, and other public infrastructure
Rising insurance premiums or possible loss of insurance
coverage
Economic losses in the form of lost business and/or wages
Injury or exposure to chemical leaks or hazardous wastes
Power outages and temporary loss of function of critical
infrastructure (e.g., WWTP)
Impacts to public safety operations (e.g., police and fire)

Risk Reduction and Disconnection from Community Priorities
Overall, lack of action will not result in any risk reduction from
coastal flooding, which was identified by members of the
Manchester community as the top climate hazard as part of
past community resilience building workshops (Tighe & Bond,
2018). This scenario directly contradicts the priorities of the
community and was therefore disregarded as a viable
alternative.

Community Feedback

Scenario 0 was added to the plan after receiving feedback on
the draft action plan during meetings with members of the
Steering Committee and public. However, as was stated
above, this scenario does not align with the priorities of the
community, nor is it reflective of the many actions Manchester
has already taken to begin addressing coastal flooding.

—~t
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SCENARIO 1 (SHORT-TERM)
PROTECT + PLAN AHEAD

Scenario 1 focuses on actions that can be « Additional structural analysis may be needed
taken in the short term (i.e., by the 2030 to implement floodproofing measures and
planning horizon) to provide a level of alternative access must be maintained when
protection against coastal flooding for several floodproofing has been implemented

critical Town facilities and downtown industries

through a mixture of floodproofing and Risk Reduction

elevating of critical building systems. In this The actions proposed under this scenario are
scenario, the fabric of the existing inner harbor aimed at reducing the risk of key Town

and downtown area are not significantly infrastructure to being inundated by probable
altered, and key facilities and critical coastal flooding events out to the 2050
infrastructure are protected in their existing planning horizon, recognizing that many of the
locations largely through site- and building- flood conditions projected for the 2030 time
scale actions. horizon are already occurring with some

regularity. These actions are infended to buy
As part of this scenario, it is also recommended time until larger, longer-term actions could be
that the Town install a local tide gauge for taken by the community to provide more
long-term monitoring of sea levelrise and that  neighborhood-scale risk reduction (see
actions be taken to evaluate future potential  Scenarios 2-3B).
design alternatives for transitioning

Masconomo Park into a floodable park. The Community Feedback
tide gauge could also be tied fo flood Scenario 1 incorporates feedback the project
thresholds and therefore act as an operational team heard from the Steering Committee and
system to provide alerts to members of the other community members over the course of
community. And, alternative locations for the planning process, who expressed concerns
existing recreational uses at Masconomo Park  about immediate challenges posed by
could include the Town-owned land along Pine present-day and near-term coastal flooding.
Street or other properties identified in the The project team received positive feedback
recent Athletic Field Master Plan (Weston & on how this scenario prioritizes addressing
Sampson, 2020). deferred maintenance issues (e.g., drainage
issues), implementing “low-hanging fruit”
See the following page for a visual plan solutions, reducing immediate risks, and
highlighting the actions included in Scenario 1. planning ahead for longer-term adaptation
needs in Manchester Harbor. The project team

Implementation Challenges also heard some skepticism about the need for
Some of the challenges that come with longer-term planning scenarios to be
implementing the actions proposed as part of  developed given the importance of addressing
this scenario include: current and near-term flooding concerns.
» Elevation of existing generators will cause a  However, a majority of the feedback received

temporary disruption of the emergency by the project team supported the

power supply development of additional longer-term
+ Installation of check valves will require alternatives, which are represented in the

access at low fide and regular maintenance sections that follow the Scenario 1 description.
+ Installation of local tide gauge will require

annual fees and the potential for added

emergency maintenance costs

MANCHESTER-
BY-THE-SEA
1l Vul

SITE-SCALE ACTIONS ESTIMATED ORDER OF
MAGNITUDE COSTS

Dry floodproof the lower level of the Fire Station to elevation (el.) 13 feet (ft) | $125,000
NAVD88) (including floodproofed garage door

Elevate the existing generator on the north side of the Fire Station by $35,000

replacing the slab and elevating the base of fuel tank to el. 13 ft (NAVD88

Dry floodproof lower-level entries of Town Hall/Police Station to el. 13 ft $250,000
NAVD88) using floodproof windows, doors, and garage door

Elevate the existing generator on the west side of Town Hall/Police Station by | $22,000

replacing the slab and elevating the base of fuel tank to el. 13 ft (NAVD88

Dry floodproof low elevation entries to office spaces, below grade pumps, $45,000
and the odor control facility at the WWTP to el. 13 ft (NAVD 88) using flood

shields

Elevate the existing generator on the north side of the Operations Building at | $55,000

the WWTP by replacing the slab and elevating the base of fuel tank to el. 13

ft (NAVD88

Install check valves on two existing stormwater outfalls located west of the $40,000

WWTP in the inner harbor (assumes no bid documents or new upstream

manholes for maintenance will be required

NEIGHBORHOOD-SCALE ACTIONS ESTIMATED ORDER OF
MAGNITUDE COSTS

Install a small, self-powered tide gauge with data telemetry and web hosting | Tide gauge installation:

service on the bulkhead by the Town Hall parking lot or pier at Masconomo $3,000 to $4,000

Park to monitor long-term changes in sea level rise
Instrument leasing, real-
time telemetry, data
storage and online
portal: $2,100 per year

Emergency site
visit/maintenance:
$2,000 to $3,000 per visit
Wet floodproof the first floor and elevate critical equipment to el. 13 ft $140,000
(NAVD88) at Manchester Marine

Evaluate design alternatives for transitioning Masconomo Park into a
floodable park and alternative locations and adaptations for recreational
programming.

Note: Estimated order of magnitude costs included for each scenario represent preliminary, current
costs for each action. These were used for scenario planning purposes to weigh costs and potential
benefits (see Attachment D) of the proposed actions and may be subject to change over time based
on (but not limited to) rising costs of labor/materials, additional design/permitting and site investigation
work needed, and other changes to the assumptions noted with each scenario.
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SCENARIO 1 | ACTION EXAMPLES

FLOODPROOF BELOW CRITICAL FLOOD ELEVATIONS ELEVATE CRITICAL SYSTEMS ABOVE CRITICAL FLOOD INSTALL LOCAL TIDE GAUGE
ELEVATIONS
Site-scale adaptation of structures can include Site-scale adaptation of critical infrastructure can Long-term monitoring of sea level rise can help better
floodproofing of doors and windows include elevating necessary backup power cater future flood mitigation actions to the needs of
equipment (e.g., generators) the community

n
ifﬂ------:

Quisset Harbor, MA

Lebanon, KY

Tide gauge installations
(Image credits: Hohonu and Coastal Studies Institute)

Floodproofed garage door
(Image credit: Flood Control International)

Elevation of standby generators
(Image credits: FEMA and Magna Engineers, 2013)
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MANCHESTER-
SCENARIO 2 (MEDIUM- TO BY-THE-SEA

LO N G & T E RM) A DA PT + SITE-SCALE ACTIONS ESTIATD ORDER OF

MAGNITUDE COSTS

T RA N S ITI O N + R ESTO R E Relocate Fire Station and Police Station to a new, 8-bay combined facility $60,000,000
with dispatch (does not include site acquisition

ST emn® o Yy, R R e T O Risk Reduction Construct a new s.ubmersible pymfing station at WWTP and relocate The Design and con.sfrucﬂon
taken in the medium- to long-term (i.e., by the  The actions proposed under this scenario WWTP to another in-town location* or connect to a nearby WWTP facility of new submgrSIbIe
2050 to 2070 planning horizon) to adapt to would completely eliminate the risk of coastal . o . pumping station:
greater levels of flood risk by minimizing flooding at the existing Fire Station and Police *Cost estimates for a new facility in fown would require further study and $5,000,000
exposure to worsening storm surge events and  Station by relocating those facilities to a higher may be able fo leverage the outcomes of Manchester's ongoing facilities
tidal flooding, reducing the density of elevation area. Additionally, the elevated master planning study that is currently evaluating possible Town-owned sites | WWTP demolition and
development in more flood prone areas, berms, road raisings, and deployable flood for a new Department of Public Works facility, as the existing facility on new force main
relocating vulnerable municipal facilities, and  barrier would reduce the risk of long-term Pleasant Street has reached its useful life. connection options:
restoring natural ecosystems and allowing flooding in the downtown area and the $29,000,000 to
opportunities for future marsh migration. Unlike  neighborhood bordered by Beach Street and 44,000,000
Scenario 1, this scenario focuses more on Tappan Street. In lieu of implementing the
neighborhood-scale flood mitigation actions actions of more drastic long-term scenarios —
that would require significant changes to the such as the rail raising scenario and full retreat NEIGHBORHOOD-SCALE ACTIONS ESTIMATED ORDER OF
existing fabric of the downtown and inner scenario (see Scenarios 3A and 3B), Scenario 2 MAGNITUDE COSTS
harbor. However, some of the actions incorporates medium- to long-term actions i i i ! i
recommended in this scenario (e.g., converting aimed at reducing the risk of coastal flooding Design and construction of a 3- fo 4-ft berm with 10-ft flat fop, including a $7,300,000 to $8,300,000
Masconomo Park into a floodable park and from storms up to approximately the 2070 1% passive, horizontal deployable 4-ft flood barrier across Beach Street
installing a floatable boardwalk) also address  AEP storm. easements needed
ways that members of the Manchester Demolition and removal of material (assuming no contamination) and $400,000
community might reimagine their relationship  Community Feedback restoration of a portion of the Town Hall parking lot and the whole of the 14
to the waterfront in the future to maintain During meetings with the Steering Committee Church Street lof
access to the water and provide meaningful  and the wider community, community Conversion of Masconomo Park to a floodable park with a floodable full- $500,000 to $1,000,000
recreational opportunities. members expressed interest in the proposed depth parking lot along Beach Street
g _ berm, deployable flood barrier, and conversion Establish new public waterfront access/amenity via a floating boardwalk $350,000
See the following page for a visual plan of Masconomo Park into a floodable park. along the east side of the the inner harbor from Masconomo Park to the
highlighting the actions included in Scenario 2. Manchester residents wanted to further Town Hall parking lof
. Unde_rs’ro_nd what these types Of.O.CT'Om would Buyout, demolition, material removal (assuming no contamination), and $11,500,000 to
Implementation Challenges look like in the context of the existing restoration of Buvout Areq | $12.500,000
Some of the challenges that come with environment — especially the floodable park. 5 g I"r'y ol I - pr—— 3 $10'000'0001
implementing the actions proposed as part of  Some members of the community also Uyoul, demattion, matenairemovd (assuming no contamination). an ey °
this scenario include: expressed concerns over: (1) the cost and restoration of Buyout Area 2 : — 510,500,000
 Elevated berm may cause some visual disruption of the Scenario 2 actions relative to Buyout, demolition, maferial removal {assuming no contamination), and $4,100,000
obstructions and will require easements for  those proposed in the short-term Scenario 1, (2) restoration of Buyout Area 3
construction the need to consider the cost of the Scenario 2 Elevate the low-lying portion of Beach Street to el. 14 ft (NAVD88 $2,500,000 to $3,000,000
. Remofe|y dep|oyob|e flood barrier requires actions that may be avoided under other |Ong_ Elevate residential and commercial bUI|dIngS foel. 14 ft (NAVD88) Olong $1,200,000 to $1,600,000
annual inspections, and when implemented, term scenarios (e.g., raising the rail lines), and Beach Street between the rail lines and Tappan Street
will require the use of alternate routes around (3) the need to lower the operational cost of a Elevate Tappan Street to el. 14 ft (NAVD88 $700,000
Beach Street flood barrier across Beach Street. Elevate to el. 14 ft (NAVD88) or buyout, demolition, material removal Elevate all
» Buyouts require the identification of willing (assuming no contamination), and restoration of at-risk properties along buildings: $2,000,000 to
sellers Tappan Street $2,500,000
» Road raisings require temporary closure of
roads and detours during construction or

+ Accommodating recreational sports needs
elsewhere in the community

Buyout, etc. of all
building areas:
$7,900,000
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SCENARIO 2 | ACTION EXAMPLES

LANDSCAPE BERM

Elevated barriers like berms can reduce the risk of
coastal flooding in low-lying areas

PROTECTED |
AREA

Mg

EEEN
EXISTING GRAD

Elevated berm near coastal shoreline
(Image credit: NFKVA Currents, 2022)

i Norfolk, VA

ROAD RAISING WITH CAPPING

Raising low-lying roads can allow access to be
maintained during certain flood events and can
reduce flood risk in nearby low-lying areas

PROTECTED
AREA

EXISTING GRADE

Road raising project
(Image credit: CC 1.0)

MANCHESTER-
BY-THE-SEA

Coastal Vulneralbilihy
Actliion Plan

DEPLOYABLE FLOOD BARRIERS

Deployable flood barriers can provide temporary
flood protection when needed and then be
incorporated into the fabric of the streetscape when
not in use — allowing the passage of cars and
pedestrians

P

3

= 2 “f“ kef'ew UiLE:
Flip-up flood barriers that can be remotely
deployed and incorporated into the street

(Image credit: Flood Conftrol International)
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MANCHESTER-
BY-THE-SEA

Coastal Vulneralbilihy
Actliion Plan

SCENARIO 2 | ACTION EXAMPLES

FLOODABLE PARK FLOATING BOARDWALK
Floodable parks can be used to help buffer coastal storm events while also Floating boardwalks can be incorporated into existing waterfronts to provide a
serving as a public amenity providing recreational and social gathering climate resilient approach to improved access to the local waterfront

opportunities

Modeled example of a floodable park
(Fuss & O'Neill)

i

Modeled examples of coastal waterfront boardwalk
(Fuss & O’Neill)

Real examples of floodable coastal parks

(Image credit: Marion Brenner and Halff)
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SCENARIO 3A (LONG-TERM)
RAISED RAIL AS FLOOD
CONTROL STRUCTURE

Scenario 3A was developed as one of two
long-term scenarios after hearing interest from
members of the community on how a flood
gate might be used to provide more area-wide
risk reduction in the inner harbor north of the
existing Massachusetts Bay Transportation
Authority (MBTA) Newburyport/Rockport Line.
Following the results of the vulnerability
assessment in the second phase of this project,
the project team recognized early on that such
a gate would require the elevation of the MBTA
rail lines that run through this section of
Manchester to provide enough freeboard to
protect against long-term future coastal
flooding events from 2070 and beyond. As
shown in the visual plan on the following page,
this scenario focuses on the elevation of the rail
lines — along with the protection of critical fown
facilities within the inner harbor and similar
adaptation measures to those proposed in
Scenario 2 for the areas bordering Beach Street
south of the rail lines.

Implementation Challenges

Some of the challenges that come with

implementing the actions proposed as part of

this scenario include:

» Cooperation and support from the MBTA to
plan for and implement the raising of low-
lying sections of the Newburyport/Rockport
Line (including the section through
Manchester's inner harbor)

» Berms, possible buyouts, building elevations,
and road raising would still be required in the
neighborhood bordered by Beach Street
and Tappan Street to protect this area of the
harbor

+ Emergency moveable flood barriers require
time to deploy and space for storage when
not in use

Risk Reduction

Being that this is a long-term scenario, the
scenario still proposes that the Fire Station and
Police Station be relocated to another area as
a measure of redundant risk reduction.
However, the WWTP could remain in place with
moveable flood barriers used as needed to
protect the facility in the event of a major
storm (e.g., storm greater than the 2070 0.2%
AEP storm) overtopping the raised rail line.

Community Feedback

During meetings with local residents, business
owners, and Town staff, community members
expressed some concerns over the feasibility of
this scenario given the uncertainty around the
MBTA's long-term plans for the protection of its
low-lying rail lines. While some expressed strong
feelings that the MBTA was likely to make long-
term investments in the Newburyport/Rockport
Line that would enable such a scenario to be
considered, others were more skepftical as to
whether the rail line would remain operational
long into the future. Either way, this scenario
was developed as a way to engage in
meaningful conversations with the MBTA and
other regional partners.

MANCHESTER-
BY-THE-SEA
1l Vul

SITE-SCALE ACTIONS

Relocate Fire Station and Police Station to a new, 8-bay combined facility
with dispatch (does not include site acquisition

Construct a new submersible pumping station at WWTP and relocate the
WWTP to another in-town location* or connect to a nearby WWTP facility

*Cost estimates for a new facility in town would require further study and
may be able to leverage the outcomes of Manchester’'s ongoing facilities
master planning study that is currently evaluating possible Town-owned sites
for a new Department of Public Works facility, as the existing facility on
Pleasant Street has reached its useful life.

NEIGHBORHOOD-SCALE ACTIONS

Conversion of Masconomo Park to a floodable park with a floodable full-
depth parking lot along Beach Street

Demolition and removal of material (assuming no contamination) and
restoration of a portion of the Town Hall parking lot and the whole of the 14
Church Street lot

Install 40-ft flood gate on raised rail section spanning the opening to the
inner harbor, including gate and operators (excludes concrete work and
conftrols

Raise low-lying section* of the MBTA rail line running through the inner harbor
and platform to el. 14 ft (NAVD88) (assuming minor contamination, borings
needed to confirm quality of base material needed in the existing core, and
does not include new rail infrastructure — e.g., signals, frack )

*Note: This is only a portion of the fracks that span approximately 2,700 ft. This
does not include other portions of the MBTA rail line likely to require raising
throughout the rest of Manchester and the surrounding region to confinue
the operation of the Newburyport/Rockport Line long term.

Elevate the low-lying portion of Beach Street to el. 14 ft (NAVD88

Elevate residential and commercial buildings to el. 14 ft (NAVD88) along
Beach Street between the rail lines and Tappan Street

Elevate Tappan Street to el. 14 ft (NAVD88

Elevate to el. 14 ft (NAVD88) or buyout, demolition, material removal
(assuming no contamination), and restoration of at-risk properties along
Tappan Street

ESTIMATED ORDER OF
MAGNITUDE COSTS

$60,000,000

Design and construction
of new submersible
pumping station:
$5,000,000

WWTP demolition and
new force main
connection options:
$29,000,000 to
44,000,000

ESTIMATED ORDER OF
MAGNITUDE COSTS

$500,000 to $1,000,000

$400,000

$6,000,000

Elevate low-lying portion
of track running through
the inner harbor and
elevate platform:
$20,000,000 to
$40,000,000

$2,500,000 to $3,000,000
$1,200,000 to 1,600,000

$700,000

Elevate all

buildings: $2,000,000 to
$2,500,000

or

Buyout, etc. of all
building areas:
$7,900,000
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SCENARIO 3A | ACTION EXAMPLES

RAISED RAIL AS FLOOD CONTROL STRUCTURE FLOOD GATE ELEVATE STRUCTURES

Raised rail lines can be used to improve the long-term  Flood gates can be used to hold back flood waters Elevating structures in place can help reduce the risk
resilience of rail lines to flooding and also reduce the to provide more area-wide risk reduction during of flooding while avoiding buyouts and/or relocation
risk of flooding in areas adjacent to the rail lines storm events

Devils Lake, ND

Track raising and embankment widening
(Image credit: Houston Engineering)

Crest gate mounted to the seabed for flood control (boats
allowed to pass when not in use)
(Image credit: Mecan Hydro and Hydro Review)

Elevations of new and historical structures
(Image credit: FEMA and Google Street View)
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SCENARIO 3B (LONG-TERM)
FULL RETREAT + RESTORE

Risk Reduction

This long-term scenario would reduce the risk of
flooding for many of the commercial and
residential properties in the inner harbor area
long term by completely buying out and
restoring properties in some of the most flood
prone areas under projected 2070 coastal
flooding conditions.

Scenario 3B was developed as an alternative
long-term scenario to Scenarios 2 & 3A, after
considering comments from members of the
public and Steering Committee about what a
full retreat from vulnerable areas might involve.
While this scenario is unlikely to be
implemented given the importance placed on
maintaining the structure and historic
character of downtown Manchester and the
inner harbor areq, this scenario illustrates what
actions would need to be taken if the decision This scenario was developed as an example of
was made to make minimal efforts to mitigate  what a full retfreat condition would look like.
against flooding — and in essence, let the water During meetings with the Steering Committee
in. Under this scenario, many of the structures and community, the project team was

within the downtown and eastern portion of encouraged to explore options to retreat

the inner harbor study area that fall within the  under future coastal flooding scenarios.

2070 1% AEP storm flood extents would be However, unlike Scenarios 2 and 3A, which
bought out and restored to a natural incorporate some elements of planned retreat
ecosystem — creating an entirely different (especially in the areas bordering Central Pond
waterfront than exists at present. However, in and in the neighborhood bordered by Beach
an alternative version of this scenario, retreat Street and Tappan Street), this scenario was
from these areas could also present an developed to showcase more extensive, area-
opportunity to potentially relocate certain wide retreat and is unlikely to receive

buildings and reconfigure the pattern of widespread support. In the absence of taking
development and density of downtown the actions proposed under the other
Manchester. alternative scenarios presented in this plan, this
scenario becomes more of a possibility long
term (i.e., 2070 and beyond).

Community Feedback

The WWTP would sfill need to be
decommissioned and demolished, and a
submissible pump station would need to be put
in place. Additionally, the Police and Fire
Statfions would need to be relocated to a new
facility.

Implementation Challenges

Some of the challenges that come with

implementing the actions proposed as part of

this scenario include:

« Public support for a full retreat from the
existing downtown area and reimagined
Well=lsife]al}

» Establishing a program of planned retreat for
local businesses and residents in the flood
prone areas and collective cooperation
among property owners

MANCHESTER-
BY-THE-SEA
stal Vulnere 4

SITE-SCALE ACTIONS

Relocate Fire Station and Police Station to a new, 8-bay combined facility
with dispatch (does not include site acquisition

Construct a new submersible pumping station at WWTP and relocate the
WWTP to another in-town location* or connect to a nearby WWTP facility

*Cost estimates for a new facility in town would require further study and
may be able to leverage the outcomes of Manchester's ongoing facilities
master planning study that is currently evaluating possible Town-owned sites
for a new Department of Public Works facility, as the existing facility on
Pleasant Street has reached its useful life.

NEIGHBORHOOD-SCALE ACTIONS

Buyout, demolition, material removal (assuming no contamination), and
restoration of all floodable areas

Structure demolition, material removal (assuming no contamination), new
structures, elevation of land area and raising of bulkhead at Manchester
Marine site to el. 14 ft (NAVD88

ESTIMATED ORDER OF
MAGNITUDE COSTS

$60,000,000

Design and construction
of new submersible
pumping station (no
force main connections
included): $5,000,000

WWTP demolition and
new force main
connection options:
$29,000,000 to
44,000,000

ESTIMATED ORDER OF
MAGNITUDE COSTS

$87,000,000 to
$91,000,000
$23,000,000 to
$24,000,000
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MANCHESTER-
BY-THE-SEA

Coastal Vulneralbilily
Actliion Plan

SCENARIO 3B | ACTION EXAMPLES

LONG-TERM FULL RETREAT + RESTORATION REIMAGINED WATERFRONT

Long-term retreat can offer residents/businesses an opportunity to relocate and/or In the restored floodable areas, a reimagined waterfront can be established to
consider buyouts and restoration of flood-prone properties create new connections to the water and opportunities for improved community
access and public amenities

. 18 B>
[N s, ‘# T aSt

Model of a reimagined waterfront area providing dccess to floodable areas and new public
amenities
Restoration areas during flood event (Fuss & O'Neill)
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NEXT STEPS

While the scenarios presented above represent actionable, visual roadmayps for addressing
coastal flooding in Manchester’s inner harbor over time, several actions can be taken now to
begin implementing meaningful risk reduction measures. These actions include:

Addressing Low-Hanging Fruit

Implement several of the near-term actions from Scenario 1 that do not require the same level

of costly investment to yield immediate benefits to the community. These include:

» Leverage existing funds to replace generators and concurrently elevate critical generators —
especially at Town Hall and the Fire Station.

* Install check valves at critical outfalls within the study area to address stormwater drainage
issues.

» Floodproof low entries at the WWTP, Police Station, and Fire Station.

Establishing a Governance Structure for Long-term Implementation

To ensure that the plan remains actionable over time and serves as a living roadmap for

increased coastal resilience, a governance structure should be put in place to oversee the

prioritization and implementation of actions over time. Steps in this process could include:

» Bring the plan before the Select Board to decide who will guide the implementation of the
plan. This could result in asking members of this project Steering Committee to join forces with
members of an existing committee (e.qg., Sustainability Committee) to oversee the
implementation of the plan and future iterations of the plan over time.

Establish a method for evaluating and prioritizing actions based on community goals that may
stretch beyond coastal flood resilience to also include priorities related to economic
development, accessibility, public health and safety.

Identifying Funding for Implementation

While this plan was generously supported by a Coastal Resilience Grant from the Office of
Coastal Zone Management (CZM), other grant mechanisms should be explored in the future to
unlock additional funding to support the implementation of additional actions. These funding
mechanisms could include:

+ FEMA Hazard Mitigation Assistance Grant Programs

« National Coastal Resilience Fund

* Massachusetts Municipal Vulnerability Preparedness (MVP) Action Grant Program

* Environmental Impact Bond

Engaging the Local and Regional Community in Collaborative Action

Recognizing that many of the longer-term actions proposed in this plan (e.g., decommissioning

the WWTP, raising the MBTA rail lines) will require local and regional coordination, starting now, it

would be useful to:

« Share this action plan widely with others in the Manchester and broader Cape Ann
community.

» Develop aregional working group (or leverage an existing group) to start conversations with
important regional entities like the MBTA on long-term coastal resilience planning.
Continue to make intentional connections between this plan and other long-term planning
efforts (e.g., Municipal Facilities Master Plan, Harbor Master Plan) led by established
committee/groups in Manchester (e.g., Planning Board, Sustainability Committee,
Bicycle/Pedestrian Committee, Conservation Commission, Downtown Improvement
Committee)
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June 12, 2023 A CLS COMPANY

Alex Maxwell, PhD
Fuss & O'Neill, Inc.
115 Broad Street 6th Floor
Boston, MA 02110

Sent via email: AMaxwell@fando.com

Re: Resource Area Delineation — Manchester Harbor

Dear Dr. Maxwell,

On January 17%, 2023, a Woods Hole Group Coastal Scientist conducted a site visit to review and QA/QC
the 2015 coastal resource area delineation conducted by Rimmer Environmental Consulting along the
shoreline of Manchester Harbor, Manchester-by-the-Sea, Massachusetts. During the site visit, it was
determined that additional field data collection (survey points) was warranted, which would also allow
the focus of the Task to shift from basic QA/QC of the Rimmer report to a more robust resource area
delineation. The survey extended from the point of land located west of the parking area in Masconomo
Park north around the upper basin of Manchester Harbor, terminating at the pocket beach west of
Crocker’s Boat Yard (Figure 1). In addition to the extents of the resource area delineation shown in
Figure 1, the Woods Hole Group field team also conducted additional reconnaissance along the southern
shore of Masconomo Park. If conceptual alternatives include resilience-building actions in the park, any
subsequent scope of work should include formal delineation of this section of shoreline.

Manchester Harbor, Manchester-by-the-Sea, MA : Legend

Q. -
Extent of Resource Area Delineation oo Extent of Resource Area Delineation

5 <» Recon Only - Delineation Needed

Figure 1. Extent of resource area delineation and additional site recon.
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Coastal resource areas surveyed in the field included coastal bank, coastal beach, salt marsh, and rocky
intertidal shore. The extents of all coastal resource areas observed on-site were surveyed using a Trimble
R8 survey-grade Real-Time Kinematic (RTK) Global Positioning System (GPS) at sub-centimeter accuracy
in both horizontal and vertical datums. RTK-GPS data were collected in the Massachusetts State Plane-
Mainland NAD83 (horizontal) and NAVD88 (vertical) datums, in units US survey feet. Site photographs
were taken at 100’ intervals along shore within the project area. Site photos and point data were
reviewed by a Woods Hole Group Professional Wetland Scientist (PWS) to confirm extents all field
delineations. Land Subject to Coastal Storm Flowage was also mapped and detailed in this report using
data from the FEMA Flood Map Service Center. An overview of resource area extents is provided in
Figure 2. Descriptions of each resource area are included in the following sections.

RO
- Salt Marsh A CLS COMPANY

|:| Coastal Beach
- Rocky Intertidal Shore

Coastal Bank - Non-Sediment Source
: Land Subject to Coastal Storm Flowage

Figure 2. Resource areas delineated along the shoreline of the upper basin of Manchester Harbor,
Manchester-by-the-Sea, MA.
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The entire shoreline within the study area was armored by a variety of coastal engineering structures
including sloping rock revetments, seawalls, bulkheads, and knee walls (Figures 3-6). The presence of
these structures precludes native coastal bank sediments from eroding and conveying to resource areas
located seaward of the bank. Therefore, all banks abutting the upper basin were found to be non-
sediment source coastal banks. It is important to note that non-sediment source coastal banks still act
as a vertical buffer providing storm damage protection to landward assets.

Coastal Bank

Figure 3. Sloping rock revetment along the northern shoreline of Masconomo Park. Photo taken facing
northeast.

Given the highly developed nature of the site, and heavy armoring of the coastal bank, no vegetation
was observed physically growing on the coastal bank. Along the western shoreline of the terminal
upstream basin of Manchester Harbor, high marsh species including salt marsh hay (S. patens) and spike
grass (D. spicata) were observed growing along to toe of the coastal bank abutting the salt marsh.
Invasive Asiatic bittersweet (C. orbiculatus) and English ivy (H. helix) were also observed.
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Figure 4. Additional coastal armoring along the eastern shoreline of the terminal, upstream basin of
Manchester Harbor. Photo taken facing north.
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Figure 5. Vertical seawalls abutted private parcels along the western shoreline of the upstream basin of
Manchester Harbor. Photo taken facing north.
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Figure 6. Vertical sheet pile bulkhead abutting Crocker’s Boatyard. Photo taken facing northeast.

Salt Marsh

The salt marsh at the project site was limited to the western shoreline of the upper terminal basin of
Manchester Harbor abutting private parcels. The fringing salt marsh in this location was primarily a low
marsh — dominated by smooth chord grass (S. alterniflora) with some limited S. patens and D. spicata
also observed, characteristic of New England coastal salt marshes (Figure 7-8). The fringing marsh
showed some signs of vegetative stress and degradation, with areas of die back, algal growth, and
erosion visible on the marsh plain and on the seaward edge of the resource area (Figures 8-9).
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Figure 7. Fringing salt marsh along the western shoreline of the upstream basin of Manchester Harbor.
Photo taken facing east.

Figure 8. Dormant S. alterniflora occupies fringing marsh plain. Photo taken facing west towards private
parcels.
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Figure 9. Evidence of marsh erosion along the seaward edge of marsh. Photo taken facing southeast.

Figure 10. Evidence of vegetation die back along seaward edge of marsh in upper basin of Manchester
Harbor.
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Rocky Intertidal Shore

Rocky intertidal shore was mapped in 2 discrete locations in the study area (Figures 11-12). One small
patch was mapped west of the parking area in Masconomo Park, and a second small patch was mapped
just south of the fringing salt marsh located on the western shoreline of the upper terminal basin of
Manchester Harbor. It is important to note that the toe of the sloping rock revetments along the
northern shore of Masconomo Park and the eastern shore of the upper terminal basin contained fixed
boulders with attached macroalgae that met the definition for rocky intertidal shore (Figures 13-14).
However, because these areas are part of existing coastal engineering structures, the do not meet the
performance standards for rocky intertidal shore as defined in the Massachusetts Wetlands Protection
Act 3.10CMR10. Therefore, they were not delineated as rocky intertidal shore. This determination is
consistent with guidelines outlined in the 2017 update to the Massachusetts Coastal Zone Management
Office guide to Applying the Massachusetts Coastal Wetland Regulation (Coastal Manual). Mapped areas
of rocky intertidal shore contained medium 6-8” cobble with some small 1-2’ boulders. Only limited
attached macroalgae was observed.
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Figure 11. Rocky intertidal shore west of the point located west of the parking area in Masconomo Park.
Photo taken facing southeast.
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Figure 12. Rocky intertidal shore abutting seawall along wester shoreline of inner basin of Manchester
Harbor. Boulders and cobbles are not continuous with coastal engineering structure, therefore
delineated as rocky intertidal shore. Photo taken facing south.
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Figure 13. Cobbles and boulders along the toe of sloping rock revetment along northern slope of
Masconomo Park. Feature is continuous with the toe of the coastal engineering structure and
therefore not delineated as rocky intertidal shore. Photo taken facing east.
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Figure 14. Visible macroalgae attached to boulder toe stones of sloping rock revetment in upper basing of
Manchester Harbor. Note - this area was not delineated as rocky intertidal shore. Photo taken
facing north.

Coastal Beach

A series of small “pocket” coastal beaches were delineated seaward of the coastal engineering structures
along the roadway east of Masconomo Park, along the southern shoreline of the railroad berm east of
the drawbridge, along the western shoreline of the upper basin of Manchester Harbor, and immediately
west of Crocker’s Boat Yard (Figures 15-19). Apart from the small pocket beach located west of Crocker’s
Boat Yard, which was comprised of medium to coarse grained sand and gravel, the coastal beaches at
the project site were comprised of medium to fine grained sediments overlain with mud. Seaward of
the beaches, sediment quality because increasingly fine-grained, terminating in mudflat exposed during
low tide periods (Figure 19). Again, given the highly developed nature of the shoreline and highly
trafficked harbor, the beaches were devoid of vegetation.
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Figure 15. Pocket beach adjacent roadway east of Masconomo Park — note presence of wrack over beach
sediments in this flood dominant reach of Manchester Harbor. Photo taken facing north.

Figure 16. Pocket beach along south side of railroad berm on east side of drawbridge. Photo taken
facing west.
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Figure 17. Pocket beach abutting private parcels along western shoreline of upper basin of Manchester
Harbor. Photo taken facing west.

Figure 18. Pocket beach abutting Crocker’s Boat Yard, the western-most extent of the project area.
Photo taken facing west.
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Figure 19. Mudflat extending seaward from coastal beach in upper basin of Manchester Harbor. Photo
taken facing north.

Land Subject to Coastal Storm Flowage

Land subject to coastal storm flowage (LSCSF) extended throughout the study area, extending up to the Base

Flood Elevation (10.0°) of the site (Figure 20). As a result, LSCSF also encompasses all the resource areas that
were observed on site.
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Figure 20. Extent of base flood elevation (BFE) in and around the Manchester Harbor study area.
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Natural Heritage Estimated & Priority Habitat and Massachusetts Division of Marine Fisheries Shellfish
Suitability Areas

No Estimated or Priority Habitat for Rare or Endangered Species was identified within the study area by the
Massachusetts Natural Heritage and Endangered Species Program (Figure 21). However, a significant portion of
the study area was identified as spawning and settlement habitat for soft-shell clam (Mya arenaria) and quahog
(M. mercenaria) (Figure 21). Mya arenaria habitat also extended outside the study area downstream of

Masconomo Park.

NHESP Estimated & Priority Habitat & Shellfish Suitability Map
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Property Tax Parcels

Figure 21. NHESP & Shellfish Suitability habitat within the Manchester Harbor study area.

Masconomo Park Recon

Masconomo Park acts as an open space, recreational, and flood damage protection asset to the Town of
Manchester-by-the-Sea. If the land area of the park is leveraged to build local or regional resilience
during subsequent phases of the project, it will be important to delineate coastal and/or freshwater
resource areas abutting the site. During the January 2023 site visit, the field team conducted
reconnaissance along the Masconomo Park shoreline (which was beyond the scope of the assessment)
but did not delineate any resource areas. Field notes and a cursory overview of site photos indicate that
sediment source (unarmored) coastal bank, coastal beach, fringing salt marsh, mudflat, rocky intertidal
shore, and/or land subject to coastal storm flowage may be present (Figure 27). Unarmored coastal
banks also often leach groundwater, leading to the formation of bordering vegetated wetland between
the toe of the coastal bank and the saltmarsh. Prior to developing any resilience building actions or
alternatives that leverage the land area of Masconomo Park, it will be important to delineate all resource
areas to determine the potential impact of said actions and/or alternatives.
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Figure 22. Looking south along the Masconomo Park shoreline beyond the extent of the current study
area.

If you have any questions or require any further information, please do not hesitate to contact me directly at
508-495-6272 or via email at afinkle@woodsholegroup.com

Sincerely,

Adam Finkle
Coastal Scientist, PWS, CERP
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DATE April 14, 2023 JOB NO. 2022-0130
TO Nathan Desrosiers, PE

Town Engineer and Facilities Manager
Town of Manchester

FROM  Joseph Famely and Annie O’Connell
Woods Hole Group

Manchester Harbor Climate Change Vulnerability Assessment

Manchester-by-the Sea (Manchester) is a coastal town in Massachusetts. Residential homes, commercial businesses,
and buildings that serve the community share space on all sides of inner Manchester Harbor (Figure 1). Due to the low-
lying geography and proximity to the waterfront, the area surrounding the harbor is susceptible to both sea level rise
and storm surge flooding. To address this issue, this project aims to create a comprehensive concept plan that will help
mitigate the risk of flooding and adapt to the effects of climate change in the Manchester Harbor area. This technical
memorandum outlines the approach used to determine building/asset vulnerability within the Manchester Harbor
project area and provides insight into future flooding scenarios to inform decisions regarding flood risk adaptation at the
building and neighborhood scales) and long-term planning. The memo also reviews potential future coastal habitat
conditions in the project area based on sea level rise projections.

Building Use
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Figure 1: Manchester-by-the-Sea Project Area Map — Harbor Area (Manchester, MA)

* Manchester Fire Department facility at 12 School St. was included in the assessment as a nearby Town asset with hydraulic connectivity to the
inner harbor.
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MC-FRM Background

The Massachusetts Coast Flood Risk Model (MC-FRM) is a probabilistic hydrodynamic model that is used as the state
standard for coastal climate change planning in Massachusetts (MC-FRM FAQ, 2022). The MC-FRM considers a variety of
factors such as sea level rise projections, historical and projected future hurricanes and nor'easters, elevation data, and
land cover data to provide an accurate representation of potential flood impacts along the state’s coast. With coastal
communities facing significant risks from rising sea levels and increasingly intense storms due to climate change, the
MC-FRM model is an essential tool for decision makers in identifying areas that are most vulnerable to flooding. The
model provides the most accurate representation of potential future flood impacts, helping communities better prepare
for future storms and sea level rise by developing informed strategies to mitigate those risks.

The outputs of the model include 2030, 2050, and 2070 storm surge flooding projections for a range of annual
exceedance probabilities (AEPs). This vulnerability assessment evaluated potential future flood risk to infrastructure in
the study area on a site-specific basis. Buildings outside the study area but within the zone of potential future flood
exposure were evaluated in a desktop analysis to provide supplementary information and guide planning efforts.

Daily Tidal Flooding

Tidal flooding, an increasing concern for coastal communities like Manchester, is affected by tidal heights that vary
throughout the day, month, and year. In Massachusetts, high tides occur twice daily on a semidiurnal tide cycle, with
one of the two high tides being higher due to diurnal inequality. Mean Higher High Water (MHHW) is a useful vertical
elevation reference that represents the average of all daily higher high tides that occur throughout a 19-year tidal
epoch. The latest National Tidal Datum Epoch (NTDE) covers the period from 1983 to 2001 and is currently used as the
standard for tidal measurements in the United States. Current tidal datums representative of this 19-year period (a
period long enough to account for lunar and solar variability) are location-specific and are derived from calculations
based on tidal data collected at tide gauge stations maintained by the National Oceanic and Atmospheric Administration
(NOAA).

Massachusetts has developed projections of future mean sea level elevation for use in climate change planning that are
locally downscaled from global climate models and provide a probabilistic crosswalk for a range of scenarios (DeConto &
Kopp, 2017). These scenarios include different greenhouse gas emissions futures and different contributions from global
ice sheet melt. The state uses the High scenario for climate change planning, which for nearby Boston corresponds to 1.3
feet of additional sea level rise as soon as 2030, 2.5 feet as soon as 2050, and up to 4.3 feet as soon as 2070 (Figure 2).
Use of the High scenario is deliberately conservative regarding improvements to policies and actions that may slow the
rate of sea level rise so that planning measures are not under-predicting future sea levels. These sea level rise
projections are used to assess potential high tide flooding over time and are also incorporated into the MC-FRM storm
surge model.

MC-FRM incorporates sea-level rise projections and generates future tidal benchmarks, including MHHW water surface
elevations, for 2030, 2050, and 2070, providing decision-makers with information on areas that may be most impacted
by tidal flooding in the future. MC-FRM output water surface elevations are in feet above the North American Vertical
Datum of 1988 (NAVD88), a commonly used vertical datum used in North America to measure elevation.
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Figure 2: Massachusetts Executive Office of Energy and Environmental Affairs (MA EOEEA) Probabilistic Sea Level Rise Projections (Tide Gauge
Station 8443970, Boston, MA)
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Woods Hole Group deployed tide gauges in the inner and outer harbor areas to monitor water levels over the period of
11/30/22 —1/18/23 (a period that captures nearly all of the tidal constituents). These tide gauges were utilized to locally
refine projected tidal benchmarks from MC-FRM in case the MBTA bridge and tracks forming the Inner Harbor
introduced attenuation into the system. Attenuation would correspond to a reduction in the amount of water able to
enter the estuary on an incoming tide due to morphological constrictions, resulting in lower peak water levels. The
information gathered (Figure 3) established that the MBTA bridge and tracks do cause slight restrictions to tidal flow, so
adjustments to the Mean High Water (MHW) and Mean Low Water (MLW) tidal benchmarks for the inner harbor were
recommended (Table 1). However, the restriction is not large enough to meaningfully differentiate inner and outer
harbor Mean Lower Low Water (MLLW) and MHHW. The MC-FRM MHHW tidal benchmarks were determined to be
representative of local conditions for the entire study area in Manchester.

Manchester Harbor, MA
2022

10 I \

—MBTS1
—MBTS2

Water Surface Elevation
(NAVDSS, ft)
Q
T
|

_ | | | | | |
]IQBO 12/07 12/14 12121 12/28 01/04 01/11 01118
Month/Day

Figure 3: Tide Gauge Data for Outer Harbor (MBTS1) and Inner Harbor (MBTS2)

Based on MC-FRM projected tidal benchmarks, MHHW in Manchester Harbor could reach 6.2 ft NAVD88 by 2030, 7.5 ft
NAVD88 by 2050, and 9.4 ft NAVD88 by 2070 (Table 1). For comparison, the current MHHW datum in nearby Boston
Harbor is 4.77 ft NAVD88. While Boston Harbor has the closest tidal gauge station to Manchester, there is still a
significant distance between the two locations which creates uncertainty in utilizing Boston tidal datums for this site. It is
also important to note that this datum comes from the 1983 — 2001 tidal epoch, and will be updated in 2025 with a new
datum centered on years 2002-2020. For reference, the average of the higher high water levels measured for this
project over the 11/30/22 — 1/18/23 period was 4.94 ft NAVDS88 (note that this calculation does not remove the effects
of surge/wind and included the 12/23/22 storm).

Table 1: MC-FRM Projected Tidal Benchmarks and Adjustments for Manchester, MA

Projected Tidal Benchmarks (elevation in ft. NAVD88)
Outer Harbor Inner Harbor
MC-FRM Tidal Benchmarks Adjusted for Attenuation
2030 2050 2070 2030 2050 2070

MHHW 6.2 7.5 9.4 6.2 7.5 9.4
MHW 5.8 7.1 9.0 5.6 6.9 8.8
MLW -3.3 2.1 -0.5 3.1 -1.9 -0.3
MLLW -3.5 2.4 -0.7 -3.5 2.4 -0.7

Woods Hole Group developed GIS representations of these projected future MHHW extents (Figure 4) by extracting
corresponding elevation contours from the most current terrain elevation measurements available from the MassGIS
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LiDAR Terrain Data. LiDAR, which stands for Light Detection and Ranging, is a remote sensing technology that uses laser
light to create highly accurate and detailed maps of the contours of Earth’s surface.

According to sea level rise projections for the Manchester Harbor study area, most of the project area should remain
unaffected by daily tidal flooding in the near-term (2030) time horizon. As soon as 2050, areas of Masconomo Park,
paved areas behind Town Hall, southern portions of the Manchester Marine bulkhead, and the back of buildings on
School Street along Sawmill Brook could become flooded more regularly. As soon as 2070, residential areas on Beach
Street and Tappan Street, and expanded portions of the inner Manchester Harbor including the Town’s wastewater
treatment plant could be affected by (on average once daily) tidal flooding (Figure 4). Outside the study area, the Town’s
Fire Station on School Street could experience tidal flooding in the lower parking lot along Sawmill Brook as soon as 2050
and inundation of lower portions of the building (including the lower garage and mechanical room) as soon 2070.

I HHW 2030 (6 2 ft NAVDBB)
I MHHW 2050 (7.5 ft NAVDB8)
MHHW 2070 (9.4 ft NAVDBB)

Figure 4: MHHW Projections for Manchester-by-the-Sea, Massachusetts

Projected Storm Surge Inundation and Vulnerability Assessment

In addition to sea level rise, storms and their impacts on coastal areas factor into the coastal vulnerability of the area.
The MC-FRM results for Manchester Harbor include a range of flood probabilities and associated water surface
elevations. These results include two levels of data - Level 1 data shows the inland extent of coastal flooding associated
with each annual exceedance probability (AEP), while Level 2 data provides water surface elevations (WSEs) associated
with each AEP. Previously finalized Level 2 data for this region reports WSEs for AEPs 0.1% through 5%; for this project,
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Woods Hole Group developed additional localized WSE layers in the study area for the 10%, 25% and 50% AEPs to
inform planning for higher probability (lower intensity) flooding. A 1% AEP water level has a 1 in 100 chance of occurring
in any given year, while a 50% AEP water level has a 1 in 2 chance of occurring in a given year.

The flood risk associated with storms of lower AEPs is higher, since these tend to be more intense storms that impact
wider areas. Conversely, storms with higher AEPs are more moderate. Within the project area in Manchester in 2030, a
50% storm is associated with a maximum water surface elevation of 7.9 ft NAVD88, while a 0.1% storm could have a
maximum water surface elevation almost 3 feet higher at 10.7 ft NAVD88 (Table 2).

The model also considers a range of time horizons — near-term (2030), mid-term (2050), and long term (2070). As time
progresses and sea levels rise, more intense storms with higher associated water levels will become more frequent. A
0.1% AEP storm in 2030 has an associated maximum water surface elevation of 10.7 ft, and by 2070 water levels
associated with a 0.1% AEP storm increase to 14.2 ft (Table 2).

Table 2: MC-FRM Maximum Projected Water Surface Elevations (Feet above NAVDS88)

Annual Coastal MC-FRM Water Surface Elevation

Flood (ft NAVDSS)
Exceedance
Probability (%) 2030 2050
0.1 10.7 12.4 14.2
0.2 10.4 12.0 13.9
0.5 10.0 116 13.4
1 9.7 11.2 13.1
2 9.4 10.9 12.7
5 9.0 10.4 12.2
10 8.6 10.0 11.8
25 8.2 9.5 11.3
H 50 7.9 9.1 10.9

This means that different buildings in the Manchester Harbor study area have different flood probabilities for different
time horizons. For instance, the rear entrance to Manchester Town Hall (10 Central Street) has an elevation of 9.18 ft
NAVDS8S. This elevation is exceeded by the water level associated with a 2% AEP in 2030, a 25% AEP in 2050, or a 50%
AEP in 2070.

To assess risk of flooding to development, water surface elevations obtained from the MC-FRM Level 2 data are
compared to the critical elevations of built infrastructure (either the elements of the surrounding landscape or
significant flood entry points for buildings). Woods Hole Group conducted a critical elevation survey for all buildings
within the project area over the course of two days (January 19 and January 23, 2023). Buildings were visited and the
elevations of finished first floors, important exterior infrastructure (e.g. generators), basement windows, or other
possible flood entry points were surveyed using a Leica Real-Time Kinematic Global Positioning System (RTK-GPS) and in-
field measurements. An RTK-GPS is a type of GPS instrument that uses a network of reference stations to collect highly
accurate elevation position measurements. This particular RTK was also outfitted with a camera capable of “scanning”
buildings so that exact elevations of points of interest can be identified later from an elevation point cloud using the
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Leica Infinity software (Figure 5). This feature was utilized to facilitate data collection and supplemented with a number
of standard survey shots.

MBTS - Leica Infinity
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Figure 5: Critical Elevation Survey Methods — Leica Infinity Scan Analysis (Left) and In-Field RTK Surveying (Right)

The elevations gathered during the critical elevation surveys were compiled into a list of vulnerable elevations specific to
each building within the project area. These critical elevations were then compared to the projected water surface
elevations from the MC-FRM across different time horizons (2030, 2050, and 2070) and for different storm surge flood
probability levels (AEPs ranging from 0.1% to 50% annually). Individual buildings were then assigned a critical elevation
exceedance probability level based on the highest probability (and lowest intensity) storm that would exceed that
building’s critical elevation in a given projected year.

An initial analysis used the finished floor elevation (FFE) as the critical elevation for buildings within the project area. For
this analysis, the FFE of each building within the project area was assumed to be the ground level floor at street level. If
a building were to be flooded at the FFE, access to and use of that building could be significantly impacted and
significant remediation/remodeling of interiors would be required. Figures 6-8 show the results of the FFE vulnerability
assessment in the study area for 2030/2050/2070 MC-FRM water levels. The buildings are colored according to the
highest probability (and lowest intensity) AEP that would impact the building FFE at the critical elevation. The flooding
map presented underneath the building footprints is the MC-FRM Level 1 data for the same range of AEPs, indicating on-
the-ground extents of flooding by AEP. To be assigned a critical elevation exceedance probability level, the building had
to have both been within the flood extent of a given AEP and have a designated critical elevation lower than the
associated water surface elevation.

Page 7 of 24



= I =
06 0‘\5\0 Q':B\o °(:g\n 's\o '£\° é\c ,\é\° 'ﬁ\o 0§\°

2030 MC-FRM €oastal Vulnerability Assessment - FFE
W xCritical, e[%‘e)tions taken from surveyed or observed finished floor €levations (FFE) within the project area.

S

Figure 6: 2030 MC-FRM Projected Flood Impact Probability for the Manchester-by-the-Sea Project Area — Critical
Elevation as Finished Floor Elevation

Following 2030 MC-FRM projections, with the exception of the Manchester Marine facility on the western end of the
project area, most of the impacted buildings are generally susceptible to storms with AEPs of 5% or lower. Many
buildings in the residential area on the western side of the project area and also in the downtown commercial area will
remain dry at the first floor level for all projected storm surge conditions (Figure 6).
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Figure 7: 2050 MC-FRM Projected Flood Impact Probability for the Manchester-by-the-Sea Project Area — Critical
Elevation as Finished Floor Elevation

In 2050, several buildings at the Manchester Marine facility could be susceptible to flooding during storms with AEPs
between 10% - 50%. Buildings in the residential area on the western side of the project area and in the downtown
commercial area should remain dry at the first floor level but more could begin to become impacted by flooding. The
Town’s wastewater treatment plant will also likely have flooding issues at the first floor level by 2050 — the main building
could be impacted by storms with AEPs of 50% (Figure 87).
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Figure 8: 2070 MC-FRM Projected Flood Impact Probability for the Manchester-by-the-Sea Project Area —Critical
Elevation as Finished Floor Elevation

In 2070, the entire peninsula that Manchester Marine occupies could be impacted by flooding during storms with AEPs
of 50%. Though many buildings in the residential area on the western side of the project area and in the downtown
commercial area will continue to remain dry at the first floor level, more buildings throughout the project area will be
impacted by floods of all sizes. The Town’s wastewater treatment plant could flood regularly at the 50% AEP (Figure 8).

A limitation of this street-level FFE analysis is that many buildings in the project area have lower levels and flood entry
points present that may be vulnerable and important to access/use/function of the buildings. For buildings such as the
Manchester Town Hall and Fire Departments, assigning the FFE at street level as the critical elevation would imply that
the functionality of the building may not be impacted below the elevation of the entrances to the first-floor level.
However, if the lower levels were flooded in these buildings, critical services to the town could be impacted. There were
also differences in elevation between the first floor entrances and rear entrances of many of the residential structures
along Central Street, Bridge Street and Ashland Avenue observed during the site visits. To address this limitation, an
additional analysis was conducted using secondary critical elevations to capture the probability of flooding at lower
levels of buildings within the project area. Surveyed or field-observed lower-level entry elevations (including basement
windows and bulkheads or walk out basement door thresholds) were used for all non-residential buildings within the
project area. For consistency, lower-level critical elevations were also assigned or estimated for residential buildings
within the study area. For residential buildings where the lowest entry elevation was not visible on the Leica scans, a
critical elevation was estimated from the minimum LiDAR elevation within the building footprint (from MassGIS Building
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Structures 2-D layer). These critical elevations represent conservative probabilities of flood impacts where flood waters
during a storm would reach the building’s lowest point elevation, potentially impacting building systems and
finished/unfinished basements. The results of the secondary CE analysis are presented in Figure 9-11.
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Figure 9: 2030 MC-FRM Projected Flood Impact Probability for the Manchester-by-the-Sea Project Area — Critical
Elevation as Secondary CE

Figure 9 displays the results of the analysis conducted using the lower secondary critical elevations for 2030. In 2030,
high elevation areas on the western side of the project area along Central Street, Bridge Street, and Ashland Avenue
should remain dry during storms with AEPs of 0.1% or higher in the near-term time horizon. Most of the high
elevation areas along Union Street and Beach Street in the middle of the project area will also remain dry. Much of
the residential area along the southern part of Beach Street and up Tappan Street is vulnerable to floods with AEPs
between 1% and 5%. Clusters of buildings closer to the waterfront also could be susceptible to flooding in 2030. Key
buildings for the Town of Manchester within this project area include Town Hall and the Fire Department on School
Street (outside the main project area but significant for public safety in the study area and beyond). These buildings
fall into the 2% and 25% flood risk categories, respectively.
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Figure 10: 2050 MC-FRM Projected Flood Impact Probability for the Manchester-by-the-Sea Project Area — Critical
Elevation as Secondary CE

By 2050 (Figure 10), most buildings in high elevation areas on the western side and middle of the project area are
still not vulnerable to flooding. Much of the residential area along Beach Street and Tappan Street will be even more
susceptible to floods, most being vulnerable to floods from storms with AEPs between 10% - 50%. Many buildings
closer to the waterfront are projected to be impacted by storms with AEPs of 50%. Town Hall and the Fire
Department on School Street would fall into the 25% and 50% flood risk categories, respectively.
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Figure 11: 2070 MC-FRM Projected Flood Impact Probability for the Manchester-by-the-Sea Project Area — Critical
Elevation as Secondary CE

By 2070 (Figure 11), some buildings in high elevation areas on the western side and middle of the project area will still
remain dry, but fewer than the 2050 time horizon, especially in the commercial area off of Beach Street. Nearly the
entire residential area along Beach Street and Tappan Street will be susceptible to floods from storms with AEPs of 50%.
The majority of buildings closer to the waterfront are projected to be impacted by storms with AEPs of 50%, including
the Town Hall, Fire Station, and Wastewater Treatment Plant.

In summary, as time progresses and coastal flooding increases in frequency and intensity, the number of buildings
associated with each AEP increases. For example, focusing on the 50% AEP, the number of buildings impacted increases
from 4 in 2030 to 56 by 2070, as the same probability storms intensify due to the impacts of climate change and sea
level rise. Table 3 summarizes the results of the building vulnerability analysis using the more conservative secondary
critical elevations below.
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Table 3: Building Flood Impact Probabilities by First Floor Use — Cumulative, Secondary CE

Building Type Impacted by Year - Cumulative

Flood Commercial (29) Mixed Use (1) Government (7) Other (4) Residential (50) Utility (5)
Ll 2030 2050 2070 (2030 2050 2070|2030 2050 2070|2030 2050 2070|2030 2050 2070|2030 2050 2070

15 T 4 1 1 1 3 2 1 3 2 1 26 22 18 2 1 1

14 22 25 - - - 4 3 5] 1 2 3 24 28 32 3 4 4
0.2 13 21 25 - - - 4 3 +] 1 2 2 24 28 31 3 4 4
0.5 10 20 25 - - - 4 4 6 0 2 2 22 26 31 3 3 4
1 8 18 25 - - - 4 4 6 - 1 2 20 25 30 3 3 4
2 5] 17 23 - - - 4 4 6 - 1 2 1y 25 29 2 3 4
3 i} 13 21 - - - 3 4 & - 1 2 15 24 27 2 3 4
10 3 10 21 - - - 2 4 5 - - 2 4 22 26 2 3 4
25 2 7 17 - - - 2 4 4 - - 1 3 18 25 - 2 3
a0 2 5] 16 - - - - 3 4 - - 1 2 15 25 - 1 3
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Buildings outside of the project area are also potentially vulnerable to storm surge flooding, but were not assessed
within the scope of this project. Instead, a screening assessment for buildings within the 2070 0.1% flood extent was
performed in an effort to estimate this potential risk. For each building within the 0.1% 2070 flood extent but outside of
the project area, the minimum elevation within a building footprint (from MassGIS Building Structures 2-D layer) was
extracted from available LiDAR and assigned as the critical elevation (Figure 12-14).
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Figure 12: 2030 MC-FRM Flood Impact Probability for Manchester-by-the-Sea Buildings within 0.1% 2070 Flood Extent
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Figure 13: 2050 MC-FRM Flood Impact Probability for Manchester-by-the-Sea Buildings within 0.1% 2070 Flood Extent
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Figure 14: 2070 MC-FRM Flood Impact Probability for Manchester-by-the-Sea Buildings within 0.1% 2070 Flood Extent
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Potential for Wetlands Migration with Sea Level Rise

Wetland resources are affected by increasing water levels caused by sea level rise rather than episodic storm events. As
sea level rises, marsh habitats may be forced to migrate landward to maintain the same level of inundation to which
they are adapted. However, barriers such as buildings and roads impede this migration, resulting in potential habitat
loss.

The Sea Level Affecting Marsh Migration (SLAMM) model is a tool designed to help predict changes in marsh habitats in
response to sea level rise. The model incorporates various inputs including LiDAR elevations, wetland classifications, sea-
level rise, tide range, and accretion and erosion rates for different habitat types. The Massachusetts Office of Coastal
Zone Management commissioned a statewide modeling project using SLAMM to address potential impacts of sea level
rise on marsh systems throughout Massachusetts. More information on marsh migration modeling methodology can be
found in the "Modeling the Effects of Sea-Level Rise on Coastal Wetlands" report (Woods Hole Group, 2016). The model
intentionally omits interactions between migrating marsh habitats and physical barriers (e.g., roads, buildings, and other
impervious surfaces) to help visualize how and where wetlands would migrate in natural conditions. This allows
communities to identify strategic areas for impervious surface removal to facilitate marsh migration.

Present day habitat extents and boundaries are assumed to be similar to the 2011 National Wetland Inventory (NWI)
wetland classification areas. The majority of the project area is classified as "Upland," which includes both developed
and undeveloped dry land. The area has some Estuarine Open Water near the harbor, an Irregularly Flooded Marsh
along the southern edge of Masconomo Park, an Inland Fresh Marsh behind the residences towards the western end of
Tappan Street, and smaller areas of Regularly Flooded Marsh, Estuarine Beach/Tidal Flat, and Ocean Beach (Figure 15).
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Figure 15: SLAMM Results for Manchester Project Area — Present Day

Page 19 of 24

9 A8

Wetland Classification

Upland
I iniand Fresh Marsh
Regularly Flooded Marsh
| Estuarine Beach/Tidal Flat
Ocean Beach

| Estuarine Open Water




°)

There are minimal changes projected for 2030 compared to present day conditions. All wetland habitat classification
extents remain the same, except for a small increase of 0.1 acre in Regularly Flooded Marsh habitat and the addition of a
single 25-square meter area of Transitional Marsh/Scrub-Shrub area at the boundary of the Irregularly Flooded Marsh
wetland on the southern edge of Masconomo Park (Figure 16).
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Figure 16: SLAMM Results for Manchester Project Area — 2030
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The projected SLAMM results for 2050 indicate slight additional changes in the wetland habitat types in Manchester.
While the general extents of wetland habitats remain similar to the previous projections, there could be an additional
0.3 acres of Regularly Flooded Marsh compared to 2030. Transitional Marsh/Scrub-Shrub wetlands could become more
prevalent, especially at the boundaries of established wetland areas such as on the southern edge of Masconomo Park
and parts of the Manchester Marine peninsula. Additionally, Ocean Beach habitat would begin to take over the tip of the
peninsula that borders the railroad, where the Manchester Wastewater Treatment Plant is currently located (Figure 17).
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Figure 17: SLAMM Results for Manchester Project Area — 2050
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Assuming no barriers to marsh migration, the most significant change in habitat extent is projected to occur between
2050 and 2070. In the western part of the project area, the Manchester Marine peninsula and waterfront residential and
commercial properties off of Ashland Avenue and Commercial Street could be converted from Upland to a combination
of Regularly Flooded Marsh and Transitional Marsh/Scrub-Shrub. In the middle of the area, the current large parking lot
could become a combination of Regularly Flooded Marsh and Ocean Beach, while the rear entrances to Town Hall could
become Transitional Marsh/Scrub-Shrub wetland habitat. In the eastern part of the area, the residential area behind
Beach Street and Tappan Street could be converted into Ocean Beach, and the Inland Fresh Marsh could become
Transitional Marsh/Scrub-Shrub wetland by 2070. Finally, most of Masconomo Park could become a combination of
Ocean Beach and Regularly Flooded Marsh by 2070 (Figure 18).
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Figure 18: SLAMM Results for Manchester Project Area — 2070
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Between present day and projected 2070 conditions, there could be habitat extent changes in Manchester as marshes
migrate due to sea level rise. Since the model omits barriers to marsh migration such as roadways and structures, the
results should be interpreted as possible marsh migration under natural or undeveloped conditions. Between present
day conditions and 2070, 11.1 acres of Upland area, 0.8 acres of Irregularly Flooded Marsh, and the entire 0.4 acre area
of Inland Fresh Marsh could be lost and converted to other wetland habitat types as inundation to these areas becomes

more frequent (Table 4).

Table 4: SLAMM Results Summary for the Manchester Project Area

Wetland Classification Qlediates) G IELTE
Present 2030 2050 2070 | (Present - 2070)

Upland 33.3 33.2 32.3 22.3 -11.1

0.4 04 0.4 0.0 -04

0.0 0.0 0.3 1.6 1.6

04 0.5 0.8 3.1 2.7
Estuarine Beach/Tidal Flat 0.1 0.1 0.1 1.0 1.0
Ocean Beach 0.1 0.1 0.2 6.9 6.8

1.4 1.4 14 15 0.1
Irregularly Flooded Marsh 0.9 0.9 0.8 0.1 -0.8

The largest increase in wetland habitat between present day conditions and 2070 is Ocean Beach, which increases from
0.1 acres to 6.9 acres. Regularly Flooded Marsh gains the second largest amount of area, growing from 0.4 acres to 3.1
acres. Transitional Marsh/Scrub-Shrub and Estuarine Beach/Tidal Flat habitat areas are also projected to increase 1.6
and 1.0 acres respectively, along with a slight 0.1 acre increase in Estuarine Open Water.

There are currently many barriers to marsh migration within the project area, as this part of Manchester is highly
developed. Both commercial and residential buildings, roadways, train tracks, and other impervious surfaces like parking
lots would make the natural migration of marsh habitats impossible in most parts of the project area under its current

configuration.
Next Steps

This vulnerability assessment revealed potential risks to open space, infrastructure, and buildings due to sea level rise
and flooding from storm surges. It also indicated potential future coastal habitat conditions in the project area if
impervious surfaces and other impediments to wetlands migration were to be removed. This information helps identify
key areas surrounding the Manchester Harbor area where adaptive interventions may need to be considered, including
floodproofing, landscape-scale alterations, and/or changes in use or building construction. The effectiveness, benefits,
and impacts of these various approaches will be explored in further detail in the next phase of the project.
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o FUSS & O’NEILL

MEMORANDUM

TO: Nate Desrosiers, Town Engineer & Facilities Manager, Manchester-by-the-Sea

FROM: Stefan Bengtson, MS, Scientist
J. Alexander Maxwell, PhD, Resilience Planner | Project Manager

DATE: June 29, 2023

RE: Benefit Quantification Methodology

This memorandum summarizes Fuss & O'Neill’s approach to quantifying the benefits associated with
mitigation scenarios developed in response to the increased likelihood of damages associated with
coastal flooding. Scenarios and specific flood resilience actions were developed in consultation with the
Town, residents, and stakeholders, and are detailed in the Coastal Vulnerability Action Plan.

A benefit-cost analysis (BCA) is a project evaluation tool developed by FEMA to compare the benefits
and costs of any project intended to reduce the future risk or associated hazards of flooding. FEMA’s
BCA Calculator (Toolkit Version 6.0) allows users to identify whether the anticipated benefits of a
proposed mitigation project will outweigh the costs of different action scenarios. Ultimately, for a
project, which can be comprised of multiple actions, to be considered cost-effective, the benefits must
outweigh the costs. Or in other words, the benefit-to-cost ratio (BCR) must be greater or equal to 1.0.

The FEMA BCA Calculator quantifies the benefits of a project as flood-related damages avoided by
completion of the project. Damages are calculated through building-specific data for each structure
located in the project area and projected stillwater elevations. Examples of damages include both
structural losses (up to and including total loss and demolition) and non-structural losses (such as loss of
service and income). This information was acquired from a variety of data sources listed below:

Building information was obtained from property cards through the Town of Manchester.

m  Stillwater elevations for the current (2030) 10-, 50-, 100-, and 500-year recurrence intervals and
approximate values for projected sea level rise were modeled and provided as part of an earlier
vulnerability assessment and compared against the nearest transect calculated in the FEMA
Flood Insurance Study.

®  Elevations (lowest finished floor and ground elevations) and measurements of the lowest entry
point for water to enter a building were determined through a field survey by the project team
and light detection and ranging (LiDAR) data.

®  The base flood elevation (BFE), i.e., elevation 10 feet, was acquired from FEMA Flood
Insurance Rate Maps (FIRM).

®  Costs for each mitigation action for each individual building are based on an engineering order
of magnitude cost relying on past experience. Note: The costs developed for the project
represent estimates that can be refined over time as certain actions move forward to design.

®  Residential buildings were assumed to hold two residents on average, half of whom are of
working age.
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o FUSS & O’NEILL

MEMO- Town of Manchester-by-the-Sea, MA
June 29, 2023
Page 2 of 3

B The project useful life is how long the mitigation action will be effective. The useful life of each
mitigation action varies and was based on the FEM.A BCA Reference Guide, June 2009. The
expected duration for each mitigation action is:

Building Elevation 30 years (residential)

50 years (non-residential)
Floodproofing 30 years (residential)

50 years (non-residential)
Acquisition 100 years
Floodplain and Stream Restoration 100 years

(greenspace) - calculated with acquisitions

The following assumptions and generalizations were made to generate an order-of-magnitude
quantification of mitigation benefits and can be further refined if this BCA is developed for submission
as part of a FEMA grant application. The assumptions and generalizations were made to provide a more
conservative BCR. Generally, incorporating additional information specific to parcels to refine the
following areas would provide a more accurate, and likely higher, BCR. The costs included for each
alternative were determined in accordance with FEMA standards and documentation, which states what
costs can ultimately be funded. Note: Relocation and redevelopment costs were not included, as they
would not be reimbursed by FEMA.

B Multiple buildings had varying uses and types due to having multiple storefronts in a single
structure. The least beneficial building use and type were applied to the entire square footage to
produce more conservative benefits. Including those varying uses would increase the BCR.

= All buildings were assumed to not have an active National Flood Insurance Program (NFIP)
Policy. The in-force, active NFIP Policy number will need to be acquired and documented to

account for these benefits. Incorporating that NFIP Policy coverage information would increase
the BCR.

B Annual operating budgets were not estimated for non-residential structures. As a result, loss of
function/income was not calculated. Additional effort to quantify this benefit in the future
when submitting a BCA for FEMA funding would increase the BCR, and likely substantially,
when applied across the project area.

B Where both residential and non-residential uses are collocated on a parcel, and within the same

structure, two mitigation actions were developed, one for the non-residential use, one for the
residential use. Because there is only one structure, the project cost was only applied once.
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B The FEMA default values were used for:

®  Recurrence intervals = Contents value

®  Maintenance duration ®  Monthly cost of temporary space
®  Building replacement value ®  One time displacement cost

®  Demolition threshold

Depending on the mitigation action proposed, costs were developed on a neighborhood-wide or site-
specific basis. In Scenarios 2 and 3A, proposed neighborhood-wide mitigation action benefits accrue to
multiple structures. The total project cost for those mitigation actions designed to avoid losses was
assigned to protected structures proportionally to the floor area of the protected structure.

Where acquisition is the proposed site-specific mitigation action, the mitigation cost includes the parcel
assessed value plus a 15% escalator, demolition costs ($70,000 per single family residential property;
$100/sf of structure area for non-residential structures), and restoration costs ($1.5/sf of parcel area). It
was assumed that 25% of acquired waterfront properties would be restored to riparian habitat, with the
balance restored to urban open space. Non-waterfront acquired properties would be entirely restored to
urban open space.

Buildings that have a BCR above 1.0 are considered cost-effective to mitigate; however, some buildings
have a BCR below 1.0 and are not considered cost-effective to mitigate. If the BCA is considered on a
building-by-building basis, these buildings would not be eligible for FEMA funding. However, if the
total BCR is above 1.0 for the entire project, the project would be considered cost-etfective and be
eligible for FEMA funding.

The following table summarizes the scenario benefits, based on the methodology described above.
These numbers should be considered preliminary estimates following the FEMA BCA methodology and
were used for planning purposes to determine the viability of proposed actions with each scenario
developed as part of the Coastal Vulnerability Action Plan. As noted above, these estimates will require
additional documentation, beyond the scope of this effort, to be ready for submission with a grant
application to FEMA.

Scenario Estimated Benefits ($) Estimated Costs ! ($)
1 — Protect + Plan Ahead $ 21,700,000 $712,000
2 — Adapt + Transition + Restore $ 234,900,000 $158,000,000
3A — Raised Rail $ 270,300,000 $168,600,000
3B — Full Retreat + Restore $ 262,700,000 $224,000,000

! Estimated costs represent only those actions with direct flood mitigation benefits to structures.
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