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CHAPTER 1: INTRODUCTION
1.1

INTRODUCTION
The Pump Station at 135 Water Street (“Pump Station”) is a critical piece of infrastructure
as a sanitary sewerage facility that serves Beverly, Danvers, and several other entities.
The Pump Station pumps sanitary sewage out of Beverly and to the South Essex
Sewerage District’s (SESD) wastewater treatment facility in Salem. Positioned in a coastal
location on the Beverly Harbor, the Pump Station has been named in all of Beverly’s recent
resiliency and vulnerability preparedness planning efforts as a high-priority piece of
infrastructure that is at high risk of coastal flooding and requires action to provide both
short- and long-term protection.
From a health, safety, financial, legal, political, economic, and environmental perspective,
the Pump Station at 135 Water Street is a highly critical piece of infrastructure. This
vulnerability assessment and feasibility study evaluate this critical asset and recommend
actions for its protection.

1.2

COASTAL HAZARDS & CLIMATE ADAPTATION
Located at the Southern-most point of Beverly, the SESD operates and maintains the
Pump Station located at 135 Water Street in Beverly. See Appendix A for the Locus Map,
Aerial View of the Site, FEMA FIRM Flood Map, and Existing Conditions Photographs.
This facility is a sanitary sewerage conveyance facility with an extensive pumping
capacity, serving not only Beverly, but also Danvers, a portion of Middleton and Wenham,
the Middleton Correctional Facility, Essex North Shore Agricultural and Technical School,
the Hogan Regional Center, and the Commonwealth of Massachusetts. This facility
pumps 100% of the sanitary sewage out
of Beverly and over to the SESD
Wastewater Treatment Facility on Fort
Avenue in Salem, Massachusetts.

Figure 1-1: Aerial View of the Study Site
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Beverly’s 2017 Coastal Resiliency Plan,
2018 Natural Hazards Mitigation Plan,
and findings from Beverly’s 2019
Municipal Vulnerability Preparedness
Plan list the Pump Station as at risk of
flooding due to sea level rise, becoming
a high-risk asset by the year 2050. If the
facility were to be inundated due to storm
surge and flooding, its failure could
cause raw, untreated sewage to back up
into communities it serves or could allow
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that sewage to flow into Beverly Harbor and Salem Sound. With all recent planning and
resilience documents listing the Pump Station as a critical and high-risk piece of
infrastructure, the City of Beverly and SESD have determined its short-term protection and
long-term resilience to be a priority, starting with a vulnerability assessment and feasibility
study to establish the most appropriate course of action.
The Pump Station is a sanitary sewerage facility that serves several entities. The Sewer
District begins at the far northwestern extent of the Town of Danvers and the southeastern
border of the Town of Middleton. In that location, wastewater from the Middleton
Correctional Facility, Essex North Shore Agricultural and Technical School, the Hogan
Regional Center, and a small residential portion of Middleton, enters the sewer collection
system. The wastewater traverses through the Town of Danvers where it collects with the
sanitary waste generated by the Town of Danvers. The wastewater flow then enters the
Danvers Pump Station located on Doty Avenue in Danvers. The Pump Station at Doty Ave
conveys flow through the City of Beverly where it ultimately culminates at the Pump Station
at 135 Water Street. The flow from the City of Beverly's collection system is conveyed to
the SESD Treatment Plant in Salem where it is treated and discharged to Salem Sound.
The Pump Station is a South Essex Sewerage District-owned facility, but it is financially
paid for through a pro-rated share of the costs associated with operating and maintaining
the facility by the aforementioned entities. Even though the pumping station is
geographically located in Beverly, it is a major regional piece of infrastructure. The Pump
Station is required to continuously pump flow to protect public health in the region. Any
interruption to the ability to convey the wastewater to the SESD treatment plant could
seriously impact the environment and public health.
The Pump Station consists of critical and sensitive equipment that could be damaged in
the event of flooding or water intrusion into the station. Pumping equipment, electrical
equipment, and emergency back-up power generation are all vulnerable to damage that
could occur if the facility is not protected. There is an underground 5,000 gallon fuel
storage tank, an emergency generator, transformer, and electrical manhole that contains
the main power feed which are vulnerable to flooding. The underground fuel storage tank
is used to fuel the backup generator, and if both the main electric feed as well as the
backup generator were compromised, it would render the station inoperable. There is also
a truckway located in the southern portion of the station that leads below grade, which is
the most vulnerable portion of the Station. The entrance to the electrical room and pump
drywell also pose a potential threat if flooding were to occur, although it would require a
higher flood stage elevation than the emergency generator and truckway. If salt water
were to overwhelm the facility, either due to entering the truckway, emergency generator
building, or underground electrical duct banks, it could severely damage the electrical and
pumping equipment.
Although the Pump Station does not currently exhibit a history of flood damage, this facility
has become a focus of resiliency planning in Beverly. Based upon the extensive work
completed by the City of Beverly to study, evaluate, and rank critical infrastructure, the
Introduction
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Pump Station made its way to the top of the list. Beverly’s 2017 Coastal Resiliency Plan
showed that the Pump Station is projected to receive significant flooding due to sea level
rise, and the report from Beverly’s 2019 Municipal Vulnerability Preparedness community
resilience building process shows addressing the Pump Station as its first high-priority
action. Stakeholders across the entire City as well as surrounding communities have
voiced their concern and interest in protecting this critical asset.

1.3

STUDY DESCRIPTION
This vulnerability assessment and feasibility study is funded by a FY21 Coastal Resilience
(CR) grant award by the Massachusetts Executive Office of Energy and Environmental
Affairs (EEA) through the Office of Coastal Zone Management (CZM). This study provides
updated flood and wave impact modeling data and discusses its application to the Pump
Station. In addition, critical elevations and potential vulnerabilities of the Pump Station are
identified and assessed, short-term measures and short-term protection options are
assessed, and several long-term flood resilience scenarios are evaluated. The three
distinct approaches to long-term flood resilience that were evaluated are: REIMAGINE,
REINFORCE, and RETREAT.
In the REIMAGINE scenario, a small group of study team members evaluated land use
patterns and properties around existing Pump Station to develop protection strategies for
this critical asset in the future. In the REINFORCE scenario, a small group of study team
members evaluated structural solutions to ensure that the critical Pump Station can remain
operational during future storm events and help minimize public health and environmental
risks. In the REINFORCE scenario, a small group of study team members evaluated
structural solutions to ensure that the critical Pump Station can remain operational during
future storm events and help minimize public health and environmental risks. In the
RETREAT scenario, a small group of team members identified options to relocate the
Pump Station and minimize sewage flows to this vulnerable area during storm events.
As described further within Chapter 5, public and stakeholder engagement was a critical
aspect of this study, including stakeholder interviews, public meetings, and engagement
with schools on infrastructure resilience. Ultimately, this study provides recommendations
on how best to address the Pump Station’s vulnerability preparedness and long-term
resilience.

1.4

STUDY PARTNERS
Throughout the study, The City of Beverly, SESD, and Salem Sound Coastwatch (SSCW)
partnered to work collaboratively with each other and the hired consultant team and to
participate in both the technical and community engagement aspects of the study. The
consultant team was led by Tetra Tech and supported by Fort Point Associates (a Tetra
Tech Company) (FPA) and Woods Hole Group (WHG).
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The study was led by a Core Team that met monthly to establish goals and objectives for
the study, review data collection and modeling, evaluate near-term flood resilience
measures, contribute to long-term planning scenario development, and engage with the
stakeholders and the public. Members of the Core Team are listed in Table 1-1.
Table 1-1: Core Team Members
Name
Eric Barber
Emily Hutchings
Mike Collins
Lisa Chandler
Erina Keefe
Jenna Pirrotta
David Michelsen
Peter Pommersheim
Michael Wilson
Barbara Warren
Katie Moniz
Katie Moore
Bob Parsons
Nasser Brahim

1.5

Organization
Study Co-Manager - City of Beverly Engineering
Study Co-Manager - City of Beverly Planning
City of Beverly Department of Public Works
City of Beverly Engineering
City of Beverly Sustainability
City of Beverly Conservation Commission
South Essex Sewerage District (SESD)
South Essex Sewerage District (SESD)
South Essex Sewerage District (SESD)
Salem Sound Coastwatch (SSCW)
Consultant Team – Fort Point Associates (a Tetra Tech Company)
Consultant Team – Fort Point Associates (a Tetra Tech Company)
Consultant Team – Tetra Tech
Consultant Team – Woods Hole Group

PUBLIC BENEFITS & INTERESTS
This goal of this vulnerability assessment and feasibility study for the Pump Station is to
ensure the stability of a critical piece of infrastructure that serves the two municipalities, a
portion of a third, and several other entities in the region. This vulnerability assessment
and feasibility study is the first step of addressing the shortcomings of the existing facility
and making changes that to protect its long-term viability. As emphasized in every recent
resilience- and vulnerability-focused planning document, the Pump Station is a high-risk,
high-priority project. This study provides guidance for future phases of the Pump Station’s
protection, with ultimate results in several categories:
• Avoid physical damages: Infrastructure, buildings, site contamination, equipment.
• Avoid loss-of-function costs: Loss of public services, economic impact of loss of
public services.
• Avoid public health risks: Illnesses.
• Avoid emergency management costs: Cleanup costs, other management costs.
• Avoid environmental costs: Impact of raw sewage on the natural environment.
Additionally, the robust public process built into this study, including community and
stakeholder meetings and interviews, broad collaboration with partners and stakeholders,
engagement with schools and educational organizations, and the development of resilient
infrastructure-focused documents and materials for public distribution, and community
Introduction
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education and outreach will ensure ongoing support of this study and future similar studies
throughout the community. The study and its public process have raised awareness
regarding climate impacts on critical infrastructure and the opportunities that communities
have (a) to increase resilience of existing infrastructure and (b) to locate new equipment
and structures in appropriate areas.
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CHAPTER 2: DATA COLLECTION &
METHODOLOGY
2.1

METHODOLOGY
The study team worked with the City of Beverly and SESD to collect relevant data on the
Pump Station and its surroundings to inform the vulnerability assessment and feasibility
study of near- and long-term resiliency measures.
Data collection activities included:
1. Collecting and reviewing relevant geospatial data sets, reports, studies, permitting
documents, and engineering record drawings;
2. Performing a site survey including existing conditions, topography, and wetlands
delineation;
3. Providing updated coastal flood exposure maps and data derived from the
Massachusetts Coast Flood Risk Model (MC-FRM) for Present, 2030, 2050, and
2070 time horizons;
4. Calculating estimated wave loads and forces at the Pump Station in the 2050 and
2070 time horizons;
5. Evaluating the vulnerability of the Pump Station and its attendant equipment to
projected flooding based on the topographic survey and MC-FRM information.

2.2

SITE SURVEY
Study team members joined City and SESD staff on January 8, 2021 for a site survey to
observe and document existing conditions, topography, and wetlands resource areas at
the Pump Station and its surroundings.
Staff from Tetra Tech, the City, and SESD observed, discussed, and documented Pump
Station conditions, site history, operations (including under coastal storm and wet weather
conditions), and potential flood entry points into the Pump Station and other site
vulnerabilities (e.g., access, site utilities, etc.).
Woods Hole Group performed a topographic, existing conditions, and wetland delineation
survey as part of the site visit. The survey was conducted by a Professional Land Surveyor
and the delineation by a Professional Wetland Scientist. The survey was limited to within
the existing Pump Station fence, Water Street right-of-way (ROW), and adjacent beach
area. The survey produced an existing conditions base plan suitable for conceptual
Data Collection & Methodology
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design, including surface features, critical Pump Station infrastructure elevations and
locations, wetland resource area types and locations, and tidal datum lines. GIS parcel
information was used to indicate approximate property boundaries in the existing
conditions plan. The plan is included in Appendix A of this report.
The wetlands delineation was prepared in conformance with the Massachusetts Wetlands
Protection Act and associated regulations and guidelines. The coastal resource area
delineation extended from the seawall abutting the Jubilee Yacht Club at the southern end
of the Pump Station parcel to a point approximately 400 linear feet (LF) north of the
municipal boat ramp as shown in Figure 2-1. Prior to flagging the site, Woods Hole Group
walked the beach located seaward of the Pump Station to observe the characteristics of
the resource areas and how the slope and vegetative cover changed moving landward
across land subject to tidal action, coastal beach, and coastal dune.

Figure 2-1 – Extent of coastal resource area delineation, Pump Station, Beverly, MA.
Resource areas delineated as part of this initial assessment are illustrated on the existing
conditions plans prepared by Woods Hole Group, dated February 26, 2021, included in
Appendix A. The following narrative describes the vegetation types and characteristics of
each coastal resource area encountered on site. The delineation along with the following
narrative can be used for use in future permitting applications.

Data Collection & Methodology
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Tidal Flats – Land Under the Ocean – Shellfish Suitability
The coastal beach extended to the mean low water line of Beverly Harbor, including the
tidal flats. At low tide, the tidal flats had a soft, mucky, fine-grained texture with dense
assemblages of mud snails (I. obsoleta), common periwinkles (L. littorea), and diverse
shell fragments underfoot. See Figure 2-2. Land under the ocean extended seaward from
the mean low water line into Beverly Harbor. Massachusetts shellfish suitability maps
indicate the presence of surf clam (S. solidissima), blue mussel (M. edulis), and softshelled clam (M. arenaria) habitat adjacent the site as shown in Figure 2-3.

Figures 2-2, 2-3 – Typical tidal flats and land under the ocean (left), suitable shellfish
habitat extending seaward from Pump Station into Beverly Harbor (right).
Coastal Beach
A wide, coastal beach extended landward from the mean low water line, beyond the high
tide line, to the toe of the coastal dune. The coastal beach averaged approximately 120
LF wide and was comprised of medium-coarse sand with some pebbles and cobble as
shown in Figure 2-4. The beach profile was low-to-moderate with a distinct change in
pitch along the toe of the coastal dune. The rock groin and asphalt boat ramp (bisecting
the beach seaward of the Pump Station) retained sand on the updrift (north) side of the
structures. The down drift beach adjacent the Jubilee Yacht Club was slightly narrower,
though did not appear to be sediment starved during the delineation. See Figure 2-5.
Coastal Dune
The coastal dune extended landward from the coastal beach to the fence and knee wall
surrounding the Pump Station and to the retaining wall(s) of abutting private parcels north
of the pumps station as shown in Figure 2-6. The change in slope from coastal beach
over the toe of the coastal dune was subtle, gaining approximately 1-2’ in elevation from
the toe to the crest. See Figure 2-7. Sediment was medium to fine sand with evidence of
aeolian transport along and immediately landward of the crest. Vegetation was
characteristic of New England coastal beach and dune systems and included American
Beach Grass (A. breviligulata), seaside goldenrod (S. sempervirens), and poison ivy (T.
radicans) with intermittent staghorn sumac (R. typhina) adjacent water street.
Data Collection & Methodology
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Figures 2-4, 2-5 – Typical coastal beach north of the Pump Station (left), downdrift
beach south of the Pump Station (right).

Figures 2-6, 2-7 – Coastal dune abutting knee wall seaward of the Pump Station
(left). Subtle transition from coastal beach to coastal dune (right).
Estimated and Priority Habitat for Rare and Endangered Wildlife
The study site is not located within estimated or priority habitat for rare or endangered
wildlife.

2.3

MC-FRM FLOOD MODELING
Building upon 2017 flood projection modeling completed in the CZM-funded Beverly
Coastal Resiliency Plan, the study team updated flood risk maps and data for the Pump
Station and its surroundings using the latest available information from the state-endorsed
Massachusetts Coast Flood Risk Model (MC-FRM). The MC-FRM is a probabilistic,
hydrodynamic model that assesses present and future coastal flood risk throughout the
Commonwealth of Massachusetts. It was developed by Woods Hole Group and other
partners for MassDOT’s use in coastal vulnerability assessments, adaptation planning,
and resilient design. The MC-FRM has been adopted by the State’s Resilient
Massachusetts Action Team (RMAT) for use by all state agencies as part of their Climate
Resilience Design Standards and Guidelines for coastal projects. The MC-FRM helps
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coastal communities prioritize adaptation investments over time using a strategic riskbased framework.
Woods Hole Group provided updated coastal flood exposure maps and coastal hazard
data derived from the MC-FRM for the Pump Station, including:


Tidal benchmark elevations (MLLW, MLW, MTL, MHW, and MHHW) for the
present, 2030, 2050, and 2070 time horizons.



Tidal benchmark map for the study site and surrounding area showing the location
of the mean higher high water (MHHW) line in the present, 2030, 2050, and 2070
time horizons.



Coastal flood maps for the study site and surrounding area showing the extent,
probability, and 1% annual chance depth of flooding in the present, 2030, 2050,
and 2070 time horizons.



Asset-level probability of exceedance water surface elevations across a
distribution of return periods for the present, 2030, 2050, and 2070 time horizons.



Design flood elevations for the Pump Station in the 2050 and 2070 time horizons,
at the 1% annual probability of exceedance including wave heights.



Wave loads and forces for the 2050 and 2070 time horizons to inform structural
feasibility analysis of potential coastal flood protection measures.

Relative Sea Level Rise Projections
The MC-FRM utilizes new probabilistic climate change projections developed by the
Commonwealth and made available on the Massachusetts Climate Change
Clearinghouse (resilientMA.org) for public use. The Clearinghouse provides projections
for relative mean sea level elevation at the Boston tide gage under “Intermediate,”
“Intermediate High,” “High,” and “Extreme” relative sea level rise (RSLR) scenarios
(DeConto et al., 2016; DeConto et al., 2017). As summarized in Table 2-1, these scenarios
account for a range of assumptions regarding how much global greenhouse gas
concentration, ocean thermal expansion, and melting of glaciers and ice sheets will occur
and when. All four scenarios anticipate continued acceleration of RSLR.

Data Collection & Methodology
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Relative mean sea level (ft-NAVD88) projections for Boston, MA

Scenario

Intermediate

Cross-walked probabilistic
projections
Unlikely to exceed (83%) under
RCP8.51


2030

2050

2070

2100

0.7

1.4

2.3

4.0

Extremely unlikely to exceed (95%) under RCP 4.5



About as likely as not to exceed (50%) under RCP 4.5 when
accounting for possible ice sheet instabilities
Extremely unlikely to exceed (95%)
0.8
1.7
2.9
5.0
under RCP 8.5
IntermediateHigh



High



Unlikely to exceed (83%) under RCP 4.5 when accounting for
possible ice sheet instabilities
 About as likely as not to exceed (50%) under RCP 8.5 when
accounting for possible ice sheet instabilities
Extremely unlikely to exceed
1.2
2.4
4.2
7.6
(99.5%) under RCP 8.5
Unlikely to exceed (83%) under RCP 8.5 when accounting for
possible ice sheet instabilities
 Extremely unlikely to exceed (95%) under RCP 4.5 when
accounting for possible ice sheet instabilities
Exceptionally unlikely to exceed
1.4
3.1
5.4
10.2
(99.9%) under RCP 8.5

Extreme
(Maximum
physically
 Extremely unlikely to exceed (95%) under RCP8.5 when
plausible)
accounting for possible ice sheet instabilities
Note: 2008 (1999-2017 epoch) mean sea level at Boston tide gage was -0.09 feet
(NAVD88)
1
Representative Concentration Pathways (RCPs) describe different 21st century
pathways of greenhouse gas (GHG) emissions and atmospheric concentrations, air
pollutant emissions and land use. RCP 4.5 represents a scenario with an intermediate
level of GHG mitigation and RCP 8.5 represents a scenario with very high GHG
emissions.
The MC-FRM incorporates the “High” scenario projections provided by the State, outlined
in dark red in Table 2-1. The “High” SLR scenario was recommended by the MA Office of
Coastal Zone Management (CZM) and chosen by MassDOT for the MC-FRM because of
the critical infrastructure at stake and the interest in planning for inundation risk
probabilities that were unlikely to be exceeded (there is a 99.5% confidence level that the
“High” scenario chosen will not be exceeded).
Selecting the “High” scenario reduces the risk of under-preparing and under-designing for
the future, while providing flexibility to move the timeline for adaptation actions further into
the future if observed RSLR follows lower trajectories. As highlighted in Table 2-1 color
coding, the “High” results in 2030 are similar to “Intermediate” results in 2050 (blue), the
Data Collection & Methodology
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“High” results in 2050 are similar to the “Intermediate” results in 2070 (dark teal), and the
“High” results in 2070 are similar to the “Intermediate” results in 2100 (bright red).
Note that the values in Table 2-1 are elevations of the projected mean sea level in future
years relative to a vertical datum of NAVD88, not the magnitude of change in elevation.
For comparison, the baseline (i.e., year 2008) mean sea level elevation, is -0.09 feet
(NAVD88). The projected change in mean sea level is the difference between the year
2008 (present) and 2030, 2050, 2070 and 2100, respectively. These projections were
used to supply sea level rise information to MC-FRM and are consistent with the approach
being used across the entire state of Massachusetts.
Projected Tidal Datum and Exposure to Daily Tidal Flooding
Woods Hole Group used the “High” scenario RSLR projections in MC-FRM to develop
tidal datum projections for future conditions at the Pump Station. Mean higher high water
(MHHW), or the average highest daily tide, is an important benchmark for evaluating
potential future exposure to daily flooding from tides only – a significant nuisance to
ongoing use. Present and projected future MHHW lines in 2030, 2050, and 2070 were
mapped for the study area based on the projected tidal datum elevations. Figure 2-8
shows the projected tidal datum elevations and MHHW lines.
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Figure 2-8 – Tidal datum (ft-NAVD88) projections for Pump Station
The results show that in 2070 (red line), or with 4.3 ft of RSLR, daily tidal flooding could
extend up Water Street and block the entrance to the Pump Station. Prior to 2070, MHHW
would be contained within the existing beach and dune area. Increased tidal datum
elevations may also impair or make unusable the existing boat ramp at the end of Water
Street, as currently designed.
Projected Coastal Flood Maps
The results of MC-FRM simulations for Present, 2030, 2050, and 2070 were used to
generate two types of coastal flooding maps for the Pump Station study area: Coastal
Flood Exceedance Probability (CFEP) maps and depth of flooding maps. Each of these
maps are described in more detail below.
Coastal Flood Exceedance Probability: CFEP maps provide the annual chance of
inundation from coastal storm surge across the landscape. These maps show interpolated
results of the MC-FRM nodal calculations, and can be used as a screening/planning tool
Data Collection & Methodology
2-8

The Pump Station at 135 Water Street

Vulnerability Assessment & Feasibility Study

and to inform engineering design criteria since they provide the probability of an event
occurring in this changing regime, such as the “new” 1 in 100 year flood event (1%
probability). Inundation probabilities are represented as follows:
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MC-FRM Coastal Flood Exceedance Probabilities

Coastal Flood Depth: Depth maps indicate the scale of inundation above the land
surface produced by a given probability level event. These maps are developed by
subtracting the land surface elevation from the water surface elevation at each model node
and interpolating the results of these MC-FRM intra-nodal elevation comparisons. Depth
maps are also useful as a screening/planning tool and to inform engineering design criteria
since they provide an indication of the severity of flooding under various conditions. For
this study, Coastal Flood Depth maps were produced for the 1% (100-year return period)
CFEP levels. Inundation depths are represented as follows:
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MC-FRM coastal flood maps, including both flood exceedance probabilities and flood
depths, are included in Appendix A.
Projected Coastal Flood Exceedance Probabilities and Elevations
MC-FRM provides water surface elevations for the full distribution of annual probability
levels, from 100% (annual recurrence) to 0.1% (1,000-year recurrence) for Present, 2030,
2050, and 2070. These data are reported in Coastal Flood Exceedance Probability (CFEP)
tables. These water surface elevations account for sea level rise, tides, storm surge, wave
setup, and other physical factors, but they do not account for additional height added by
wave runup and overtopping. Figure 2-2 shows the CFEP table for the Pump Station site
in feet NAVD88.

Data Collection & Methodology
2-9

The Pump Station at 135 Water Street

Vulnerability Assessment & Feasibility Study

Table 2-2 – Coastal Flood Annual Exceedance Probability Water Surface Elevations
(feet, NAVD88)
Coastal
Flood
Annual
Exceedance
Probability
(%)
0.1
0.2
0.5
1
2
5
10
20
25
30
50
100

Water Surface Elevation (feet, NAVD88)

Present
10.1
9.7
9.2
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry

2030
11.1
10.8
10.4
10.0
9.7
9.2
Dry
Dry
Dry
Dry
Dry
Dry

2050
13.0
12.6
12.0
11.6
11.2
10.7
10.3
9.8
9.6
9.5
9.0
Dry

2070
14.7
14.3
13.8
13.4
13.0
12.5
12.0
11.6
11.4
11.3
10.8
9.7

CFEP water surface elevations were compared with the Pump Station’s critical elevations,
identified in the existing conditions and topographic survey. Critical elevations are
thresholds at which flooding would enter the Pump Station and cause damage or
otherwise impact access or critical equipment and infrastructure on site. Table 2-3 reports
the probability of various critical elevations being exceeded in each time horizon.
Thresholds included in Table 2-3 correspond to points on the existing conditions plan in
Appendix A. The thresholds of greatest concern were identified as the top elevation of the
truckway and the top of the concrete wall around the truckway ramp, which, if exceeded
by floodwaters, would allow water to flow down the truckway ramp, through an overhead
door, and into low-lying portions of the Pump Station with sensitive equipment.
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Table 2-3 – Pump Station Critical Elevation Exceedance Probabilities
Threshold Description
1. Base elevation of the
truckway
2. Top elevation of the
truckway
3. South Elevation Door to
the Motor Control Room
4. Transformer base pad
elevation
5. Diesel Generator pad
elevation
6. Below grade fuel storage
access manhole elevations
7. Below grade electric
manhole duct bank to
transformer elevation
Top of conc. wall around
ramp
Window sill
Louver sills
Top of inlet structure
Rim of SMH
Rim of SMH

Critical
Elevation (feet,
NAVD88)

Coastal Flood Annual Exceedance
Probability (%)
Present
2030
2050
2070

8.64*

<0.1*

0.1*

2*

30*

10.98
10.66

<0.1
<0.1

0.1
0.2

2
5

30
50

12.11

<0.1

<0.1

0.2

5

11.7

<0.1

<0.1

0.5

10

11.7

<0.1

<0.1

0.5

10

9.93
10.03

0.1
0.1

1
0.5

10
10

50
50

9.85

0.1

1

10

50

11.54
11.56
14.24
14.34
14.36
12.03
8.63
9.92

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.5
0.1

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
5
1

1
1
<0.1
<0.1
<0.1
0.2
50
10

20
20
0.2
0.1
0.1
5
100
50

*Note that flooding must exceed the top elevation of the truckway to flow down to the base
elevation of the truckway. Therefore, the CFEP of the top elevation of the truckway applies.

Flood Residence Time
Flood residence time, or flood duration, indicates how long an area will remain flooded
under a given storm scenario. The amount of time an area is flooded can have implications
on the amount of damage that has the potential to occur, limitations on evacuation and
emergency access, safety of vehicles and pedestrians on flooded roadways, and duration
of road and building closures. Woods Hole Group used MC-FRM to derive the estimated
residence times of coastal flooding under a range of storm recurrence scenarios and time
horizons under existing conditions (i.e., without adaptations). These estimates, shown in
Table 2-4, account for the time that the pump station site is “wet” during and after a storm
based on topography and the rise and fall of stillwater flood levels, including tides. They
do not account for the additional time it may take for flood volumes contributed by wave
runup or overtopping to drain, nor do they account for the effects of hydraulic drainage
systems (catch basins, drainage pipes, etc.). The results show that in the near-term (2030
time horizon) the duration of time in which the pump station may be inaccessible due to
site flooding is relatively short, from less than 1 hour in a 5% annual probability storm, to
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around 2 hours in a 1% annual probability storm. However, in the long-term (2050 and
2070) the duration of flooding during both moderate and extreme storm scenarios
increases dramatically, posing a potentially significant risk of damage, safety, and
inaccessibility of the pump station for emergency and operational purposes.
Table 2-4 – Estimated flood residence time, in hours, at the Beverly Pump Station
for a range of storm scenarios and time horizons.
Annual
Probability of
Exceedance
1%
2%
5%
10%

Residence Time (hours)
2030
~2
<1.5
<1
N/A

2050
4-4.5
3-4.0
2.5-3
2-2.5

2070
7-7.5
6.5-7
6-6.5
5-6.0

Design Flood Elevations
To inform the design of near-term flood protection measures and the feasibility study of
long-term resiliency alternatives, Woods Hole Group calculated Design Flood Elevations
(DFEs) for the Pump Station in the 2050 and 2070 time horizons using wave height
estimates derived from MC-FRM and the 1% CFEP water surface elevations in Table 22. The DFEs are as follows:



2050, 1%, DFE = 12.8 ft, NAVD88 (no freeboard included)
2070, 1%, DFE = 15.3 ft, NAVD88 (no freeboard included)

These represent values at the station directly. No freeboard, or additional safety factor, is
included. It is noted that the 2050 DFE is less than the higher of the two current FEMA
base flood elevations for the site (14 ft, NAVD88), which from a building code perspective
would technically apply.

2.4

WAVE IMPACT MODELING – ENGINEERED STRATEGY
Woods Hole Group conducted a storm wave force analysis and calculations to support the
preliminary engineering design of a flood wall to mitigate future long-term coastal flood
risk at the Pump Station.
Development of the Design Storm Parameters
The design storm parameters, including water levels, sea level rise, and wave height and
period, were developed to allow for calculations of wave forces. Typically, the first source
that is consulted is the FEMA Flood Insurance Rate Maps (FIRMs), and the FIRM panel
#25009C0417G (effective 7/16/2014) for this location indicates that the entire facility is
mapped within the special flood hazard area (SFHA), specifically a VE(14) and AE(10)
Flood Zones. The VE designation indicates a velocity zone that is flooded and has
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additional wave activity (greater than 3-ft) during the 100-year storm event (1% chance of
occurrence any given year). The AE designation indicates areas that are flooded but that
has additional wave activity (less than 3-ft) during the 100-year storm event (1% chance
of occurrence any given year). The elevation listed in parentheses, 14 and 10, refer to the
Base Flood Elevations (BFEs) for that zone, which is the combined elevation resulting
from storm surge and waves during the 1% annual chance (100-year) storm event. The
vertical datum is in feet NAVD88.
The FEMA flood maps and BFEs are based on a transect modeling approach that differs
from and is less sophisticated than the MC-FRM approach. FEMA mapping approach is
only based on results from a single storm, the 100-year return period storm in present day,
and, therefore, is not necessarily the best source to use for future flood risk planning as it
does not account for future sea level and changing storm conditions.
Woods Hole Group used water surface elevation and wave parameters from the MC-FRM
as inputs to a more refined wave modeling software to derive additional parameters for
the calculation of wave forces. While the MC-FRM model provides a robust data set for
the Massachusetts coastline, the results were resolved further on a finer scale using the
computer model XBeach to evaluate site specific conditions. XBeach is a two-dimensional
wave transformation and morphological change model used to evaluate storm inundation,
wave runup processes, and erosion. It was developed with major funding from the US
Army Corps of Engineers, Rijkswaterstaat and the EU, supported by a consortium of
UNESCO-IHE, Deltares (formerly WL|Delft Hydraulics), Delft University of Technology
and the University of Miami.
Several design storm scenarios were extracted from MC-FRM including the 10-year (10%
annual chance), 20-year (5% annual chance), 50-year (2% annual chance), and 100-year
(1% annual chance) storm events in the 2050 and 2070 time horizons. The results are
shown in Table 2-5. The total stillwater elevations shown in Table 2-5 represent the
combined effect of return period storm surge elevation and future sea level rise and are
used for design calculations.
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Table 2-5 – Storm scenarios developed for the 2050 and 2070 time horizons.
Design
Year

Storm
Reoccurrence
Interval

Annual Chance
Occurrence

Total
Stillwater
Elevation

Water
DepthDepth at
Limited
Wall
Wave Height

Year

Years

%

Feet, NAVD88

Feet

Feet

Seconds

2050

10 year

10%

10.4

0.8

0.7

4.4

2050

20 year

5%

11.2

1.7

1.3

4.4

2050

50 year

2%

11.8

2.3

1.8

5.1

2050

100 year

1%

11.9

2.3

1.8

5.2

2070

10year

10%

12.1

2.6

2.0

5.4

2070

20 year

5%

12.5

3.0

2.3

5.4

2070

50 year

2%

13.2

3.7

2.9

5.6

2070

100 year

1%

14.1

4.5

3.5

5.6

Wave
Period

Wave Force Calculations
Wave force calculations were based on the design storm conditions in Table 2-4 and the
topographic survey conducted by Woods Hole Group in January 2021. Both the U.S. Army
Corp of Engineers’ (Corp) Coastal Engineering Manual (CEM, 2003) and American
Society of Civil Engineers (ASCE) 7-16 Minimum Design Loads and Associated Criteria
for Buildings and Other Structures (ASCE 7-16, 2017) were used as guides for these
calculations. For these calculations we assumed that the proposed wall to be a vertical
wall subject to shallow water breaking wave conditions from normally incident (shore
perpendicular) waves.
According to ASCE 7-16 (2017), the horizontal net breaking wave force per unit length of
a vertical wall (also referred to as wave impact force) acting near the still water elevation
at the proposed wall can be calculated as:

Ft = 1.1 Cp ϒw ds2 + 2.4 ϒw ds2

(ASCE 7-16 Eqn. 5.4-6)

where
ϒw = unit weight of sea water = 64 lb/ft3
ds = depth at structure toe
Cp = Dynamic pressure coefficient of drag = 3.5 for risk category IV
The dynamic pressure coefficient, Cp, was set to 3.5 for Rick Category IV since the Pump
Station is considered critical infrastructure according to ASEC 7-16 Table 5.4-1. The CEM
recommends that a safety factor of 1.8 be applied to the incident wave height for a vertical
structure in deep water. While this is a conservative estimate in shallow water, the
calculated horizontal net breaking wave force was calculated both with and without this
safety factor to provide a range to consider for design as shown in Table 2-5. The force is
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also represented as a force per unit width (along the shoreline) in the table since the final
wall dimensions are not known at this phase.
The corresponding vertical component if the wave breaking force, the uplift force (FU),
acting under the wall (on the footing) is calculated based on the CEM (2003):
FU = UFu pu B/2

(CEM Eqn. VI-5-153)

where
UFu = stochastic variable for horizontal force uncertainty with an average value of
= 0.77
pu = wave uplift pressure (see CEM Eqn. IV-5-151 for more details)
B = width of structure (assumed to be a unit width of 1-ft)
Lastly, the vertical force component of buoyancy, FB, which is the weight of the water
displaced by the submerged portion of the object and acting at the submerged center of
the object is calculated as:
FB = ϒw VT
where VT = total submerged volume of the object

(ASCE 7-16 Eqn. 6.9-1)

The total vertical forces, ΣFV, are simply the summation of the forces of uplift (FU) and
buoyancy (FB) and were calculated on a per linear foot (unit width) basis. Of note, the total
vertical forces, ΣFV, should also include the weight of the junction box and its supporting
structure acting against the forces of buoyancy and lift, however, all this information is not
available at this time but should be accounted for by the structural engineers in the final
design.
During large storm events, debris can be mobilized and thrust at structures due to wave
action that can cause additional damage. The total debris impact force, F Debris, on the
structure near the stillwater elevation can be calculated by the following ASCE equation:
FDebris =

∆

(ASCE 7-16 Eqn. C5.4-3)

where
W = debris weight = 1,000 lb
Vb = object velocity = depth average flood water flow velocity, V
Δt = impact duration = 0.03 s
CI = importance coefficient = 1.3
CO = orientation coefficient = 0.8
CD = depth coefficient = 1
CB = blockage coefficient = 1
Rmax = response ratio for impulsive load = 0.6 for concrete columns
The values used for the input parameters above are all considered conservative values
and is considered an instantaneous impact force from the 30-ft long object impacting the
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wall along its length (total force). The depth averaged velocity, V, of the flood water can
be calculated based on shallow water linear theory as
V=

(ASCE 7-16 Eqn. C5.4-2)

𝑔𝑑

where g is the acceleration due to gravity (32.2 ft/s2). The weight, W, of 1,000 lb object is
assumed to be associated with a timber that is approximately 30-ft long and 1-ft in
diameter based on ASCE (2017) guidance and is assumed to hit the wall uniformly.
A summary of the calculated wave forces is shown in Table 2-5. The resulting debris
impact load was calculated to be greater than the total horizonal and vertical wave forces
in many cases and is considered as a separate force used as a comparison point for
design.
Table 2-6 – Wave and debris impact forces acting on the proposed wall during the
design storm.
Net Horizontal
Breaking
FH_Total with
Storm
Wave
a 40%
Design
Reoccurrence Impact Force
Safety
Year
Interval
per unit width Factor for
of structure
waves
(lb/ft)
(lb/ft)
FH_Total
Year
Years
FH_Total
(40% SF)
2050
10 year
274
537
2050
20 year
1,130
2,214

2.5

Wave Induced
Vertical
Debris
Vertical Uplift Buoyant Force
Impact
Force per unit per unit width
Force
width of
of structure
(lb)
structure (lb/ft)
(lb/ft)
FU

FB

FD

31
63

53
108

5,238
7,464

2050

50 year

2,063

4,044

85

145

8,677

2050

100 year

2,184

4,281

87

150

8,801

2070

10 year

,702

5,296

97

166

9,283

2070

20 year

3,505

6,869

110

189

9,906

2070
2070

50 year
100 year

5,326
8,226

10,439
16,123

134
164

234
290

10,999
12,261

WAVE IMPACT MODELING – NATURE BASED AND HYBRID
STRATEGIES
A range of coastal dune, beach nourishment, and flood wall combinations were modeled
for effectiveness at protecting the Pump Station site from storm surge flooding and waves
under future storm conditions. The maximum potential enhanced dune and beach
nourishment were tested, which were still limited in scale due to existing site constraints,
such as upland development and limited beach width, as well as design constraints such
as maximum slopes.
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The results showed that an enhanced dune, by itself and even when combined with beach
nourishment, would not be effective at protecting the Pump Station or Water Street from
coastal storm surge and waves in the long-term, even under relatively small storms. The
“dune only” alternative showed a reasonable performance and survival under a 10-year
(10% annual chance) storm in 2030 conditions as shown in Figure 2-9, but that storm
scenario is not anticipated to pose a significant threat to the Pump Station. The dune was
completely eroded under a 2050 10-year scenario as shown in Figure 2-10. Only with the
introduction of a backing flood wall could the flood protection goals be achieved for
significant storms as shown in Figure 2-11.

Figure 2-9 – Modeling results for “dune only” design during a 10% storm in 2030.

Figure 2-10 – Modeling results for “dune only” design during a 10% storm in 2050.
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Figure 2-11 – Modeling results for “dune and flood wall” design during a 5% storm in 2050.
The modeling analysis also showed that beach nourishment would not have a substantial
benefit in terms of increased flood protection performance, when combined with either the
enhanced dune or dune and flood wall. The lack of substantial flood protection
performance benefit would not justify the additional environmental permitting effort
associated with pursuing such a strategy.
Another finding from the modeling analysis was that the fate of sediment added to the
dune or beach would not generally be upland transfer but rather nearshore and offshore
transfer. In other words, storm surge and waves would not be expected to push sand onto
the Pump Station site, Water Street, or other properties. Instead, those coastal processes
would pull sand from the dune and beach into the nearshore of the beach and potentially
deeper into the navigational channel. While this is a potential concern in terms of
marginally increasing the frequency with which dredging of the channel would be needed,
the volumes of sand deposited are unlikely to be substantial. That said, if the enhanced
dune requires frequent replenishment of sand, the cumulative effect of offshore transport
over a longer time period may be a concern.
The modeling results summarized above informed the development of the long-term flood
resilience planning “REIMAGINE” scenario’s final concepts, as illustrated by the inclusion
of a flood wall in front of the Pump Station in all three concepts and the exclusion of beach
nourishment from all three concepts. Detail regarding the long-term flood resilience
planning scenarios is provided in Chapter 4.
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CHAPTER 3: NEAR-TERM FLOOD
RESILIENCE MEASURES
3.1

METHODOLOGY

An objective of this work is to identify near-term measures to make the Pump Station more
resilient to the impacts of coastal flooding with near-term measures intended to be implemented
over the next two years. Tetra Tech worked with SESD personnel and City of Beverly engineering
staff to evaluate and prioritize critical Pump Station infrastructure and provide a recommendation
for flood resilience measures at these critical locations. Flood resilience measures are designed
for a projected 1% coastal flood event during projected sea level rise associated with the 2050
time horizon. Based on flood modeling performed by Woods Hole Group, the projected inundation
elevation has been estimated to be 11.6’ (NAVD88).
The evaluation and implementation of near-term flood resilience measures is built upon the
following steps:
1. Data collection effort was performed where record drawings and other pertinent
documentation was collected from the City of Beverly and SESD. The study team initially
evaluated critical infrastructure assets and associated elevations to target vulnerable
locations at the Pump Station site.
2. Tetra Tech toured the facility with SESD personnel to inspect the interior and exterior of
the Pump Station. This site walk was documented with photographs and project notes for
planning purposes.
3. As reflected in Chapter 2, an existing conditions topographic site survey was performed
by Woods Hole Group. The existing conditions survey included the Pump Station site,
including surface features, contours and spot elevations of critical infrastructure previously
identified, as well as coastal dune and beach features and the Water Street right-of-way
(ROW) layout adjacent to the Pump Station. See Appendix A for the existing conditions
survey plan.
4. Based upon data collection records and existing conditions survey information, personnel
from SESD, with input from the City of Beverly engineering staff and Tetra Tech, identified
which vulnerable critical infrastructure should be prioritized for near-term flood resilience
protection. The locations identified include the opening to the wet well in the garage
truckway and the entrance into the truckway. Those locations represent the lowest
pathway elevations in the Pump Station and most vulnerable to flooding impacts.
5. The study team performed a product evaluation to assess various products that would
provide near-term flood resilience to the priority critical infrastructure. As part of this
process, a technical criterion scoping guidance document was prepared to solicit product
solutions and pricing from various vendors. See Appendix B for the scoping document
prepared.
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6. Tetra Tech provided a Letter of Recommendation to procure the recommended flood
resilience measures. See Appendix B for the final Letter of Recommendation.

3.2

EVALUATION OF FLOOD RESILIENCE MEASURES

Based upon review with SESD, the prioritized critical locations within the Pump Station include
the bottom of the truckway and the entry into the wet well located within the truckway. The
elevations for these two locations are established from an existing conditions survey performed
by Woods Hole Group dated February 26, 2021, and record drawing information provided by
SESD. The existing elevations related to these locations are as follows:
•
•

Bottom Truckway Elevation: 8.64’ (NAVD88)
Bottom Floor Elevation into the Wet Well: 8.73’ (NAVD88)

To meet or exceed the projected 2050 coastal flood elevation of 11.6’ (NAVD88), SESD, City of
Beverly engineering staff, and the consultant team identified the following proposed elevations for
flood resilience measures:
•
•

From the Bottom Truckway Elevation of 8.64’ (NAVD88) to a top of flood resilience
elevation of 12.11’ (NAVD88).
From the Bottom Floor Elevation into the Wet Well of 8.73’ (NAVD88) to a top of flood
resilience elevation of 12.23’ (NAVD88).

Various measures/products were evaluated to meet the criteria established. Flood resilience
measures considered include flood doors, flood barriers, watertight access hatches and covers,
deployable gates and perimeter barriers, and other similar deployable elements. The various
manufacturers, products, and pricing information collected is included in the Letter of
Recommendation to procure the products in Appendix B. In summary, the preferred flood
resilience measures are easily deployable, require minimal maintenance, are capable of easily
being stored onsite, and are cost effective as reflected in the technical criterion document located
in Appendix B.
Product solutions evaluated include, but are not limited to, the following measures:
1.
2.
3.
4.
5.
6.

Flood Risk America – FRA Flood Panels
ILC Dover – Flex-Cover Door
National Flood Protection – Flood Panels (Logs)
Diluvium – Flood Barrier
US Flood Control – Tiger Dam
Muscle Wall – Muscle Wall

Other products were also evaluated but dismissed due to applicability to this application.
Information on these products is included in Appendix B.
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SELECTION OF FLOOD RESILIENCE MEASURES

Final selection criteria are primarily based on technical and performance criteria established in
the scoping document but also considered available funding at this time. Based on the product
data and pricing quotes received for the various near-term flood resilience measures, Tetra Tech
recommended that SESD proceed with the FRA Panels manufactured by Flood Risk America.
The FRA Panels meet all criteria established and appear to be the most appropriate solution for
this application. The panels are easy to store onsite and contain minimal parts. The product can
be deployed in a short period of time in advance of an event with one or two SESD staff. Further,
the product does not require the use of power tools to deploy the flood resilience measures.
As reflected in the Letter of Recommendation to procure the measures, Flood Risk America FRA
Flood Panels were able to meet all technical criteria established as well as the established budget.

3.4

PROCUREMENT PROCESS

To solicit pricing for flood resilience measures and budget estimates, Tetra Tech prepared a
technical scoping document included in Appendix B. The document was prepared to be inclusive
and solicit various products that would meet the criteria established. Table 3-1 provides the results
of the solicitation.
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Table 3-1: Near-Term Flood Resilience Product and Pricing Information
Manufacturer

Product

Cost per
Square Foot
(Rounded)

Total Cost

Comments

Flood Risk
America
ILC Dover

FRA Panels

$173.00

$10,000.00

Met all the scoping criteria.

Flex-Cover
Door

$214.00

$11,770.00

Product has width limitations
that will not meet the width at
the truckway.

National Flood
Protection

Flood
Panels
(Logs)

$190.00

$11,100.00

Diluvium

Flood
Barrier
Tiger Dam

$52.00

$3,120.00

$80

$4,400.00

Muscle Wall

$120

$6,600.00

Product requires an
intermediate support and is
more costly than other options.
More parts than other products
as well.
This product is better fit for a
perimeter solution.
This product is better fit for a
perimeter solution. Also
requires filling with water to
deploy the product.
This product is better fit for a
perimeter solution. Also
requires filling with water to
deploy the product.

US Flood
Control
Muscle Wall

As such, the South Essex Sewerage Board has authorized procurement of the FRA Flood Panels
including product installation. The product is currently being procured and is expected to be
installed in fall 2021.
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CHAPTER 4: LONG-TERM FLOOD
RESILIENCE PLANNING
4.1

PLANNING APPROACH
While flood resilience measures, as described in Chapter 3: Near-term Flood Resilience
Measures are important near-term interventions over the next decade, the study team also
commenced work on a long-term vision for this regional asset due to its critical importance
to the region. SESD anticipates undertaking a capital planning effort in FY22 that expects
to be influenced by this long-term planning work. This vision will aid in the development of
resilient future capital improvements on the Pump Station and allow for lead time for the
design, permitting, and construction needed to achieve the long-term resilient vision for
this Pump Station.
The study team conducted a feasibility study looking at three distinct approaches to longterm flood resilience as follows:
Planning Scenario - REIMAGINE
In this first scenario, a small group evaluated land use patterns and properties
around existing Pump Station to develop protection strategies for this critical asset
in the future. The study team worked with City leaders, stakeholders, and other
interested parties to review impacts of projected 2070 sea level rise and associated
coastal storm events on adjacent properties, including the Jubilee Yacht Club,
abutting residential and commercial properties, and recreational uses at Sandy
Point beach area. Initial evaluation of the potential to use portions of surrounding
property for protective landforms in the future were discussed. Elevated roadway
access to the Pump Station was considered as part of this planning scenario.
Planning Scenario - REINFORCE
In this second scenario, a small group evaluated structural solutions to ensure that
the critical Pump Station can remain operational during future storm events and
help minimize public health and environmental risks. Options analyzed in this
scenario focused on concrete wall structures to protect the Pump Station from
wave velocity and inundation. The study team developed a 25% design plan set
and preliminary cost estimate to support the physical protection of the station from
coastal flooding-induced hazards.
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Planning Scenario - RETREAT
In this third scenario, a small group identified options to relocate the Pump Station
and minimize sewage flows to this vulnerable area during storm events. Working
with SESD staff, the study team reviewed the current SESD infrastructure
alignment and capacity at this location and considered nearby relocation options
along or near existing SESD infrastructure. A siting analysis is included in
Appendix E to document a new vision for this infrastructure that leverages
opportunities to partial or fully retreat from the vulnerable Water Street location.
Each planning scenario was led by a consultant team project manager and developed by
a small group of representatives from the core team with at least one city staff member
and one SESD staff member in each group. Planning scenario small groups met multiple
times outside the Core Team study team monthly meetings and started from a visioning
process to capture perspectives of group members and their organizations/agencies.
Following this visioning process, the consultant team prepared conceptual materials to
support development of each planning scenario. Planning scenario small groups reviewed
these materials and provided significant input to continue to mold these scenarios.
Additional feedback was obtained from abutters and other stakeholders to frame each
scenario prior to public presentation during Public Forum #2 in June 2021. The following
sections provide specific detail about the methodology and findings of each planning
scenario individually.
It is expected that going forward the City and SESD would select a layered approach to
the Pump Station flood resilience that optimizes the use of both natural and structural
solutions to improve the land area surrounding this vulnerable asset. Chapter 6:
Recommendations and Next Steps, identifies strategic approaches to selecting key
findings and opportunities from each scenario to promote flood resilience at the Pump
Station and surrounding area over the next 50 years and the importance of consensus
building with the community going forward to implement these strategies.

4.2

PLANNING SCENARIO - REIMAGINE
The REIMAGINE planning scenario provides an opportunity to imagine a more resilient
waterfront form by thinking beyond building-centric strategies focused solely on mitigating
risks to the Pump Station to also address the long-term threat of coastal flooding to
surrounding natural and recreational resources, roadways, homes, and maritime land
uses. The REIMAGINE planning scenario small group consisted of SESD Engineer Peter
Pommersheim, Beverly Conservation Agent Jenna Pirrotta, and Salem Sound
Coastwatch Director Barbara Warren. This group was led by consultant team of Nasser
Brahim, Senior Coastal Resiliency Specialist at Woods Hole Group, and Katie Moore,
Senior Planner at Fort Point Associates (a Tetra Tech Company). This group was also
joined by a representative from the Massachusetts Office of Coastal Zone Management
(CZM), either Kathryn Glenn or Patricia Bowie, for guidance and best practices for coastal
landform modification throughout the study.
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Through the REIMAGINE planning scenario, alternative planning scenarios were
developed, discussed with residents and other stakeholders, and refined to arrive at three
concepts with escalating scales of intervention and escalating benefits, along with different
tradeoffs and impacts. Providing coastal flood protection without causing adverse effects
on adjacent properties was a key overarching goal of all three scenarios, but other
considerations also informed the concepts. These included but were not limited to natural
resource protection and enhancement, aesthetics, public access, recreational use, and
private property involvement.
The three final concepts presented herein include a range of measures, including
traditional (sometimes referred to as “gray”), nature-based (or “green”), and hybrid graygreen flood and storm damage protection strategies. Images of each concept are provided
below, for reference, and full-size images are available in Appendix C. All concepts
incorporate the creation of continuous barriers to flooding, including waves where wave
exposure exists, at a consistent scientifically-based design flood elevation. See Chapter
2: Data Collection & Methodology for additional information on flood inundation and wave
action modeling. How that elevation is met and the extent of the area that is protected up
to that elevation differs among the three concepts.
The final concepts presented herein are not the only ones that were considered. Other
alternatives were explored, often seeking to expand on some benefit or avoid or mitigate
some potential tradeoff identified in the process. Additional detail regarding the flood and
wave impact modeling applied within the concepts is provided in Chapter 2: Data
Collection & Methodology. However, the final scenarios reflect a balanced set of
alternatives that would achieve the long-term flood protection requirements and address
other important community concerns, to a greater or lesser extent depending on the
scenario. Further development, stakeholder engagement, refinement of alternatives would
necessarily be part of the design and permitting phases of any future implementation
process. No implementation plan or preferred alternative has been identified at this time,
as the time horizon when implementation is needed is decades away.
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Figure 4-1: Concept 1 - SESD and City of Beverly (Lower Intervention)

Concept 1 includes the following elements:
•

A perimeter flood wall around the Pump Station site would protect the Pump
Station and its infrastructure from storm surge and waves, as well as potential
debris flows from the adjacent maritime industrial property. A flood gate would be
included at the existing entrance on Water Street for access. The wall height would
range from 4.5 to 5.5 feet above existing grade. The flood wall would be taller and
more structurally robust along the seaward edge of the Pump Station site due to
wave exposure. The wall façade along Water Street could incorporate aesthetic
treatments to mitigate visual impacts of a continuous wall.

•

A flood wall across the end of Water Street to prevent daily high tide from flooding
up Water Street and blocking access to the Pump Station, residences on Silver
Court, and the Jubilee Yacht Club.

•

The existing drainage outfall that discharges stormwater collected from Water
Street and Silver Court would be rebuilt and a tide gate installed in the last manhole
on Water Street to prevent tidal backflow.

•

An enhanced coastal dune planted with beach grass would protect the flood walls
from erosion by surge and waves. The dune crest would be about 10 feet wide and
approximately 5 feet above existing grade. The foredune would have a 6:1 slope,
meeting existing grade above the present High Tide Level. In addition to protection
from storm damage, the dune would enhance environmental quality, visually
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screen the flood wall and Pump Station from the beach and provide a source of
sand to replenish the beach.
•

A boardwalk-style crossover ramp from Water Street to the dune crest, connected
to a beach access mat from the dune crest to the beach, would preserve beach
access for recreational users.

Concept 1 represents a lower scale of intervention with more limited benefits than the
other concepts. It only includes measures that can be implemented on property controlled
by the City of Beverly and SESD. The lack of private property owner involvement makes
this scenario the least complicated to design, permit, fund, and construct.
Concept 1 could protect the Pump Station from the 1% annual chance coastal flood in the
2070 time horizon, including wave action. It would also prevent daily high tide flooding of
Water Street and enhance the resiliency of the beach and dune system directly seaward
of the Pump Station and Water Street.
Concept 1 would not protect Jubilee Yacht Club from daily tidal flooding; protect Water
Street, adjacent homes, or the Jubilee Yacht Club from storm-induced coastal flooding; or
mitigate coastal erosion on the private beach and dune located seaward of waterfront
homes.
No significant adverse flooding effects (e.g., damaging increases in flow velocity or
reflected wave energy) to adjacent properties are expected to result from these measures.
However, this would need to be verified during design and permitting, and any significant
adverse effects identified would need to be mitigated.
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Figure 4-2: Concept 2 - SESD, City of Beverly, and Nearby Properties (Intermediate
Intervention)

Concept 2 introduces the following elements:
•

A continuous perimeter system of elevated roadway, walls, yards, and dunes
would be created around the Pump Station, Water Street, Silver Court, and the
lowest-lying homes in the area to protect them from storm-induced coastal
flooding, wave impacts, and daily high tides.

•

A section of Water Street and its intersection with Silver Court would be elevated
to address flooding from the west and south. This would require driveways and
areas used for parking and boat storage on private properties to be regraded to
meet the higher roadway elevation. Elevating the roadway and regrading
connecting properties may require the construction of low retaining walls.

•

Along the property line separating the Pump Station from Jubilee Yacht Club, a
wall doubling as both flood wall and retaining wall would connect from new high
ground on Water Street to a flood wall along the seaward edge of the Pump Station
site. The flood wall would extend across the end of Water Street and tie into
elevated terraces or berms on adjacent private waterfront yards.

•

The elevated yards have been depicted as linear features in the concept plan, but
they could be designed according to the preferences and intended uses of the
individual property owners, as long as the yards meet a consistent and continuous
top elevation along some alignment. A low landscape wall following the private
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property line between homes would tie the elevated waterfront yard into existing
high ground on Silver Court. The extent of the elevated waterfront yards and
associated location of the landscape wall would depend on which private property
owners decide to participate in implementation.
•

An enhanced coastal dune planted with beach grass would protect the flood walls
and private waterfront yards from erosion by surge and waves. The dune’s
alongshore extent would depend on which private property owners decide to
participate in implementation. The dune crest would be about 10 feet wide and
approximately 5 feet above existing grade. The foredune would have a 6:1 slope,
meeting existing grade above the present High Tide Level. In addition to protection
from storm damage, the dune would enhance environmental quality, visually
screen the flood wall and Pump Station from the beach and provide a source of
sand to replenish the beach.

•

In addition to a boardwalk-style crossover ramp from Water Street to the dune
crest, private beach owners could also install access mats to provide direct beach
access over the dune from their elevated yards.

Concept 2 represents an intermediate scale of intervention, including measures on City of
Beverly and SESD property as well as measures on some nearby private properties. The
footprint and scale of measures on private property have been minimized to the extent
feasible. The private property owner involvement makes this scenario the more
complicated to design, permit, fund, and construct than Concept 1.
Concept 2 would protect the Pump Station, Water Street, Silver Court, and the lowestlying homes in the area from the 1% annual chance coastal flood in the 2070 time horizon,
including waves. Water Street and Silver Court would be continuously accessible for
emergency access or egress during such events. Concept 2 would also prevent daily high
tide flooding of Water Street and enhance the resiliency of the beach and dune system
directly seaward of the Pump Station, Water Street, and the private properties that
participate in implementation.
Concept 2 would reduce exposure to storm-induced flooding on the regraded portion of
the Jubilee Yacht Club parking and boat storage area, but not to the extent of the more
fully protected areas. Concept 2 would also not protect Jubilee Yacht Club from daily tidal
flooding. Private properties on Silver Court that do not participate in implementation of the
coastal dune enhancement and waterfront yard elevation components of the strategy
would not be protected by the flood barrier system, nor would coastal erosion on their
private beach and dune be mitigated.
No significant adverse flooding effects (e.g., damaging increases in flow velocity or
reflected wave energy) to adjacent properties are expected to result from these measures.
However, this would need to be verified during design and permitting, and any significant
adverse effects identified would need to be mitigated.
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Figure 4-3: Concept 3 - SESD, City of Beverly, and Nearby Properties (Greater Intervention)

Concept 3 introduces the following elements:
•

A continuous perimeter system of elevated seawall/revetment, roadway, walls,
yards, and dunes would be created around the Pump Station, Water Street, Silver
Court, Jubilee Yacht Club and homes in the area to protect them from storminduced coastal flooding, wave impacts, and daily high tides.

•

The Jubilee Yacht Club parking area/boat yard and seawall/revetment could be
raised to mitigate storm-induced coastal flooding including waves and prevent daily
high tide flooding on the site. This element of Concept 3 would involve significant
additional permitting effort, construction costs, and temporary impacts to
operations, but the Yacht Club site would be highly resilient thereafter. As part of
this improvement, the existing Yacht Club building, fixed piers, gangways, boat
handling equipment, and other equipment would need to be modified, temporarily
removed, and then reinstalled to coordinate with the higher site grades and seawall
top elevations. To support the fill material used to raise the site, retaining walls
would need to be constructed along the Jubilee Yacht Club’s shared property lines
with Tuck Point Condominiums and the Beverly Pump Station.

•

While not shown on the Concept 3 plan, as it is not necessary to achieve the goal
of protecting the Pump Station, the Tuck Point Condominium shoreline could also
be raised with higher seawalls and/or berms along the waterfront. This may impact
certain private yards, as there is limited available space between buildings and the
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existing seawall. Public access would need to be included in accordance with the
Commonwealth’s Waterways Regulations (Chapter 91).
•

A section of Water Street and its intersection with Silver Court would be elevated
to stop flooding from the west and south. This would require connecting driveways
on private properties to be regraded to meet the higher roadway elevation.
Elevating the roadway and regrading private driveways may require the
construction of low retaining walls.

•

The new elevated seawall of the Jubilee Yacht Club would tie into a flood wall
along the seaward edge of the Pump Station site. The flood wall would extend
across the end of Water Street and tie into elevated terraces or berms on adjacent
private waterfront yards.

•

The elevated yards have been depicted as linear features in the concept plan, but
they could be designed according to the preferences and intended uses of the
individual property owners, as long as the yards meet a consistent and continuous
top elevation along some alignment. In Concept 3, the elevated waterfront yard
system would extend continuously from Water Street to properties at the south
dead end of Quincy Park. The yards at the end of Quincy Park are already
relatively high in elevation, so no tie-back landscape wall would be required, in
contrast to Concept 2. This element depends on all private property owners
participating in implementation.

•

An enhanced coastal dune planted with beach grass would protect the flood walls
and private waterfront yards from erosion by surge and waves. The dune would
extend along the length of Sandy Beach. The dune crest would be about 10 feet
wide and approximately 5 feet above existing grade. The foredune would have a
6:1 slope, meeting existing grade above the present High Tide Level. In addition
to protection from storm damage, the dune would enhance environmental quality,
visually screen the flood wall and Pump Station from the beach and provide a
source of sand to replenish the beach.

Concept 3 represents a greater scale of intervention, including measures on City of
Beverly, SESD, and multiple private properties. The footprint and scale of measures on
private property are significantly larger than in Concept 2. The larger number of private
property owner participants and the nature and scale of improvements on the Jubilee
Yacht Club makes this scenario the most complicated to design, permit, fund, and
construct of the three concepts.
Concept 3 would protect the Pump Station, Water Street, Silver Court, Jubilee Yacht Club,
and multiple homes in the area from the 1% annual chance coastal flood in the 2070-time
horizon, including waves. Water Street and Silver Court would be continuously accessible
for emergency access or egress during such events. Concept 3 would also prevent daily
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high tide flooding of Water Street and enhance the resiliency of the entire Sandy Beach
and dune system.
No significant adverse flooding effects (e.g., damaging increases in flow velocity or
reflected wave energy) to adjacent properties are expected to result from these measures
(see Chapter 2: Data Collection & Methodology for additional detail regarding wave impact
modeling). However, this would need to be verified during design and permitting, and any
significant adverse effects identified would need to be mitigated. Additional considerations
for implementation are provided in Chapter 6: Recommendations.
Proposed dune enhancements across all three concepts would have some impacts on
existing uses. Crest height, sand volume, and vegetation are all key determinants of the
protective performance of coastal dunes. Existing activities that occur within the dune
footprint, including kayak storage, vehicular boat ramp access, and pedestrian cut-through
paths, negatively impact these protective characteristics.

4.3

PLANNING SCENARIO - REINFORCE
The REINFORCE planning scenario small group consisted of SESD Engineer Michael
Wilson, Beverly DPW Commissioner Mike Collins, Beverly City Engineer Eric Barber,
Essex Tech student Sarah Bacci, and Salem Sound Coastwatch Intern Piper Cole. This
group was led by consultant study team member Bob Parsons, Senior Project Manager
at Tetra Tech.
The REINFORCE planning scenario focused on solutions that were within the Pump
Station site. A perimeter wall with a flood gate at the entry concept was developed at this
planning stage. The perimeter wall conceptual design includes a reinforced concrete
structure supported on piles.
The conceptual perimeter wall was designed to accommodate wave forces calculated by
the Woods Hole Group through a storm wave force analysis. The wave force analysis is
detailed in Chapter 2: Data Collection & Methodology of this report. The perimeter wall
design considered both geotechnical and structural considerations. The basis of the
conceptual perimeter wall design is reflected below.
Basis of a Perimeter Wall Design
To protect the Pump Station facility, a typical reinforced concrete “T-Wall” flood wall could
hold back rising flood water and resist wave, debris, and buoyancy forces. This flood wall
would be constructed over a deep pile foundation system, as described below, with an
approximately 20 feet deep continuous sheet pile installed below the continuous concrete
footing to prevent underflow of flood water. The flood wall would be continuous around
the facility, with flood gates installed at the road entrance location, and would extend up
to approximate elevation 14.5’ (NAVD88).
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A preliminary “T-Wall” conceptual sketch is included in full-size version in Appendix D
which details estimated sizes and the configuration of the flood wall. To protect the
components of the flood wall from the surrounding corrosive environment, epoxy coated
rebar, continuous waterstops, concrete additives and coated piles will be utilized.
Conceptual design is conservatively based on a 100-year storm reoccurrence interval for
projected 2070 sea level rise conditions.
Any type of perimeter flood wall would need to be designed to allow critical force mains,
piping and electrical ductbanks to pass under the wall foundation system to keep the pump
station operational.
Figure 4-4: Conceptual Perimeter Wall Design Plan (Not to Scale)

Geotechnical Considerations
The subsurface conditions at the site were based on one 120-foot deep boring and two
30-foot deep borings drilled previously in the area. The locations of these three borings
were not provided.
The three provided boring logs encountered generally medium dense sands to a depth of
approximately 20 feet where more compact sands, silts, and gravels were encountered.
The one deep boring indicated very compact sand at a depth of 84 feet and boulders at
97 feet.
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Due to the potential for scour and erosion of these sands over time, it is recommended
that the perimeter wall be supported by piles. Pipe piles, 12 to 16 inches in diameter, would
typically be used in these types of soils but other pile types may be more economical once
additional subsurface information is obtained and evaluated.
Based on the large lateral loads from the wave action against the wall, the piles in the rear
row of the foundation are in tension. For this preliminary design, we estimated that a 90foot long rear pile would be needed to resist this tension load. Based on the borings, that
would require installing a pipe pile through about 70 feet of compact sands. Consequently,
pre-drilling of the sands would likely be required if pipe piles are used for tension. Both the
tension capacity and pile type should be further evaluated once additional borings are
obtained along the wall alignment. It is recommended that at least a few of the future
borings be extended to the boulder zone that was encountered at a depth of 97 feet in the
one deep boring provided for this report.
Entryway Flood Gate
To supplement the perimeter wall, and entryway flood gate would be necessary. There
are numerous entryway flood gates available for this type of application. At this conceptual
design stage, the team considered a flood gate manufactured by FloodBreak, a company
based in Houston, Texas. The gate acts as a passive barrier that deploys when flood water
creates hydrostatic pressure that activates the gate’s closing mechanism. See Figure 4-5
for typical detail of a FloodBreak flood gate. As mentioned above, although this device is
a good option for this application, there are numerous options for this application that
should be evaluated if this alternative is considered in the future.
Figure 4-5: Typical Detail of FloodBreak Entryway Flood Gate
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PLANNING SCENARIO - RETREAT
The types of flood resilience strategies identified by the REIMAGINE and REINFORCE
planning scenario groupwork had been preliminarily discussed in the City of Beverly’s prior
climate resilience and hazard mitigation planning efforts since 2017. Enhancing
shorelines, raising roadway elevations, adding physical flood resilience measures to
buildings, and other strategies are in use in other portions of the city or in nearby coastal
communities and are well-known and understood by the community. The study Core Team
members, as well as direct abutters, key stakeholders, and the public, expressed a
comfort level with these types of strategies that few had with the concept a “managed
retreat”. This study introduces the concept of “managed retreat” as a purposeful,
coordinated movement of critical infrastructure away from low-lying coastal areas because
of the threat of sea-level rise due to climate change.
The RETREAT planning scenario small group consisted of SESD Director David
Michelsen, Beverly Assistant Planning Director Emily Hutchings, Beverly Assistant City
Engineer Lisa Chandler, and Beverly Sustainability Director Erina Keefe. This group was
led by consultant study team member Katie Moniz, Director and Senior Project Manager
at Fort Point Associates (a Tetra Tech Company). The RETREAT group kicked off its
meetings with a robust visioning discussion of the overlapping and the differing
perspectives of the City of Beverly and SESD in the key considerations for a managed
retreat process for the Pump Station.
Through this visioning process, the RETREAT group examined maps of the existing SESD
sanitary sewer infrastructure system and quickly determined that the search area for
relocation of the Pump Station is strictly confined by the geometry of the system within the
existing roadway network. Quite simply, the further the Pump Station moves from its
current location, the harder it is to get all wastewater flows to a single location. While
splitting flows into two or more pump stations was considered, the economics of building
multiple stations, as well as the supporting force main infrastructure and potential need to
add sewer infrastructure under the floor of Beverly Harbor, quickly ruled out this approach.
Parcel Location Considerations
A focus area search boundary of a half-mile distance was set and then limited further by
a bounded roadway network of Water Street, Lothrop Street, Stone Street, Front Street,
and Bartlett Street based upon input from SESD on the location of their main wastewater
collection piped infrastructure. Fort Point Associates (FPA) used ArcGIS mapping
software to process large amounts of spatial data and generate a list of 140 unique parcels
within a half-mile distance of the existing Pump Station within the focus area. See Figure
4-6: Parcel Proximity Map. Images of a selection of maps are provided below, for
reference, and full-size versions of all maps are available in Appendix E.
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Figure 4-6: Parcel Proximity Map

Other key parameters for a parcel(s) for a future pumping facility that were identified by
the group included parcel(s) size, flood resilience of parcel(s), access to the parcel(s), and
overall neighborhood context. Neighborhood context included identifying the existing use
of parcel(s) to consider ease of acquisition of the property, adjacent property uses, and an
understanding of the regulatory permitting process for constructing a pump station facility
on the site.
Parcel Size Considerations
Based upon discussions with SESD staff, any future relocation of the Pump Station will
likely require a parcel or parcels of land of equal or greater size than the existing Pump
Station site. While new technology continues to improve the efficiency of wastewater
pumping activities, increasing water quality treatment standards and operational resilience
requirements for backup power generation and additional on-site equipment/supplies will
likely require similar or larger dimensional footprint for the facility. The existing Pump
Station site (excluding the adjacent coastal dune and beach area) is approximately ¼ of
an acre (or approximately 10,000 square feet (SF)).
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Figure 4-7: Parcel Size Map highlights the limited number of unique parcels larger than a
third of an acre (16,000 SF) within the focus area. Larger sites are predominantly located
along the waterfront and are generally unsuitable for relocation of a critical pump station
asset due to their rising vulnerability to flood risks and wave impacts during coastal storm
events. Only 18 of the 140 unique sites within the focus area are equal or larger than the
existing Pump Station site at approximately 10,000 SF or larger. To address this
challenge, FPA grouped adjacent parcels of similar land use together for evaluation
purposes to identify additional opportunities to site a future facility.
Figure 4-7: Parcel Size Map

Flood Resilience Considerations
The study group originally considered ranking sites outside the projected 2070 500-year
floodplain slightly higher than sites that were only outside the projected 2070 100-year
floodplain to promote increased flood resilience. However, based upon the change in
topography just north of Water Street, the spatial difference between the projected 2070
100-year floodplain and the 2070 500-year floodplain is limited. The study group ultimately
limited its ranking to simply identifying whether a site was within the projected 2070 100year floodplain or not. Further sensitivity analysis highlighted that a few commercial
parcels on the northern side of Water Street were impacted in rankings by this delineation.
Continued consideration was given to these sites based upon other factors such as
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proximity to the existing Pump Station and SESD wastewater piped infrastructure and
parcel size, which would allow for some modification of existing site grades to promote
flood resilience. See Figure 4-8 Projected 2070 Flood Risk Map, which demonstrates that
parcels on Lothrop and Stone Streets within the focus area fall outside of the projected
2070 100-year floodplain limits and maintain multiple points of access from roadway
networks outside of projected flood risk zones.
Figure 4-8: Projected 2070 Flood Risk Map

Other Considerations
The study group identified early in the visioning process that siting of future wastewater
pumping station facility in a densely developed neighborhood in a coastal community
could be complicated. To address concerns related to neighborhood impacts, complex
regulatory hurdles in future permitting, difficulty acquiring parcel(s), and other factors, FPA
mapped existing property uses, municipally-controlled sites, historical districts, wetland
resource areas, known easement areas, and other publicly available data sets from
MassGIS Oliver and the City of Beverly GIS database, particularly the City Assessor’s
database for detailed property information and current use categories.
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The study group analyzed all mapping data to build a ranking matrix that would allow FPA
to score all parcel or parcel groups and identify opportunities to site a future wastewater
pumping station. Figure 4-9: Site Evaluation Criteria & Ranking Matrix highlights all six site
evaluation criteria, as well as ranking metrics used to aid in the evaluation scoring process
for all 140 parcels, as well as parcel groups. Ranking metrics were discussed amongst the
RETREAT group and then refined using a sensitivity analysis process that removed each
criterion from the scoring evaluation to identify criteria metrics that might skew the final
outcomes of the evaluation.
Figure 4-9: Site Evaluation Criteria & Ranking Matrix

Results of the scoring of unique parcels yielded scores ranging from parcels with a low of 7
points, to parcels with a high of 26 points, out of a maximum score of 30 points. High-ranking
parcels were generally existing commercial/industrial use sites located within the Lothrop and
Stone Street corridors outside of the projected 2070 100-year floodplain with multiple access
points. These high-ranking parcels have limited regulatory permitting processes outside of
local permitting (and required wastewater facility permitting that would be required at any
future pumping station facility). When adjacent commercial parcels within the Lothrop/Stone
Street area were considered as a parcel group, that parcel group scored a perfect 30.
During the sensitivity analysis, FPA noted that a few commercial parcels on the northern side
of Water Street were negatively impacted by the flood resilience criteria and associated
ranking. While these parcels are located within the projected 2070 100-year floodplain, the
parcels scored highly based upon other factors such as proximity to existing Pump Station
and SESD wastewater piped infrastructure and parcel size, which would allow for some
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modification of existing site grades to promote flood resilience. Access to these parcels is
somewhat limited by the future flood vulnerabilities in the Water Street corridor, however it
may be feasible to obtain an emergency access easement over adjacent properties on
Lothrop Street to provide secondary access to a future wastewater pumping facility.
Figure 4-10: Pump Station Relocation Evaluation Graphic identifies these two options for
siting a future wastewater pumping facility. The optimal zone at Lothrop/Stone Streets where
parcels were highly ranked based upon study criteria is shown within the green circle labeled
“Optimal Retreat Scenario”. The purple circle shown in Figure 4-10 is the “Alternative Retreat
Scenario” and identifies parcels north of Water Street that are described above.
Figure 4-10: Pump Station Relocation Evaluation Graphic

Site Considerations for Potential Retreat Zones
Further evaluation of potential retreat zones should consider natural features, such as soil
types, topography, and existing vegetation. An optimal retreat zone is generally flat in
elevation and previously developed. The Alternative Retreat Scenario shown here slopes
from Water Street north towards Lothrop Street creating site conditions in the northern
portion of the scenario that are more optimal for long-term flood resilience modification.
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Soil types are unknown at this time but may be expected to include urban fill over
underlying natural granular soils common in coastal communities.
An optimal retreat zone is surrounded by high-density multi-family residential uses in the
form of multi-unit condominium buildings and two- and three-family homes. In this Optimal
Retreat Scenario, while some residences have a lush landscape buffer, others are built
out to the property line with existing commercial uses. This Alternative Retreat Scenario
is mainly surrounded by commercial/industrial uses along the waterfront with limited
residential neighbors to the north on Lothrop Street. It is helpful for parcels within an
alternative retreat zone to be large and potentially provide space to create buffer space
between residential properties and a future pumping facility.
Utility service to potential retreat zones is critically important to the operation of a future
pumping facility. Municipal water service and storm drainage infrastructure in both
scenarios is similar and well maintained by the City of Beverly. Both scenarios are served
by overhead electrical and telecommunications services. Natural gas service provided by
National Grid is available in both scenarios for use in heating systems or for use in backup
power generation, if desired. Permits are required for the storage of diesel fuel for alternate
backup power generation for the facility in both scenarios.
Additional climate impacts beyond coastal flooding should be considered in further
evaluation of potential retreat zones. Climate impacts include extreme heat impacts,
stormwater flooding risk, damage from extreme storm events including wind damage, and
other factors. Both the Optimal Retreat Scenario and the Alternative Retreat Scenario
have some risk from stormwater flooding based upon the high impervious surface cover
on and around these areas and the large watershed area to the northwest of these areas.
Based upon the existing topography and size of the parcels within the Alterative Retreat
Scenario, it may be easier to protect against stormwater flood risk in this scenario.
Stormwater flooding will also need be mitigated upstream of both scenarios to protect the
larger neighborhood from increasing stormwater flood risk due to increased intensity of
rainfall projected because of climate change. Heat impacts in these scenarios are possible
due to a high quantity of impervious surface cover, however proximity to the coast and
high levels of vegetation throughout Beverly, including at nearby Bartlett Gardens and
Independence Park, serve to mitigate some heat impacts in this neighborhood. Extreme
storm events and damages due to high winds are a serious consideration for retreat zones
in coastal areas. Both scenarios are in similar proximity to the coastline, however pumping
facilities have much of their infrastructure located subsurface or in low-rise structures, so
the risk from high winds is limited to windblown debris from other sites.
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CHAPTER 5: STAKEHOLDER ENGAGEMENT
& PUBLIC EDUCATION
5.1

STAKEHOLDER ENGAGEMENT STRATEGIES
The study team used various stakeholder engagement strategies to (a) educate
community members on the study, including the Pump Station’s impact on the community
and the anticipated effects of climate change, (b) develop support for the study through
the aforementioned educational efforts, and (c) collect information from stakeholders
about existing conditions of the area and how coastal impacts – i.e., storms, wave action,
the beach and dune – have occurred or changed over time. These strategies included
focus groups and interviews with residential and commercial neighbors, two virtual public
forums, and public education and the development of outreach materials that will be used
during continued educational efforts with school groups and the public.
Additionally, key stakeholders have been brought on as partners along with the City of
Beverly. SESD and Salem Sound Coastwatch assigned representatives to participate as
Core Team members and provide a strong presence throughout the study. A sustained
partnership with SESD is critical to future phases of the study and ensuring that the Pump
Station is ultimately resilient against future storm events and other climate impacts.
Likewise, collaboration with Salem Sound Coastwatch provides for continued public
education efforts that will build support and understanding with the neighborhood and
broader community as the City moves forward with resilience measures for this area.

5.2

FOCUS GROUPS & INTERVIEWS
The team held two focus groups and two interviews between March and June 2021. Due
to the ongoing impacts of COVID-19, all focus groups and interviews were held virtually
through Zoom or Google Meet. These focus groups and interviews built on each other,
informing the structure of the public forums as well as providing information about neighbor
experiences and concerns that proved valuable to the team’s understanding of existing
conditions and potentially acceptable resilience-focused improvements to the area.
Focus Group 1: For the first focus group, the City hosted an evening meeting on Monday,
March 22, 2021, at 7:30 p.m., via Zoom. Over one hundred neighbors were invited to this
focus group via mail and email, including residents of Silver Court and portions of Water
Street and Lothrop Street (including all residents of the neighboring Tuck Point
Condominiums), as well as commercial neighbors at the Jubilee Yacht Club and other
properties. Approximately thirteen residents ultimately participated in the focus group,
providing information about they and others use the area, observed flooding and storm
events, and long term vision for their respective properties and the area.
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Interviews: The City and study team held two interviews separate from the focus groups
in April 2021. The first interview included the Commodore and Vice-Commodore of the
Jubilee Yacht Club to the immediate south and west of the Pump Station, and the second
interview included the resident of the home to the immediate north of the Pump Station.
Questions asked in these interviews involved the same subjects discussed in Focus Group
1 but went into greater depth and provided more detailed information relevant to the Pump
Station.
Focus Group 2: The second focus group was held in mid-May 2021 and included two
residential neighbors and representatives from the Jubilee Yacht Club’s Long Range
Planning Committee and Environmental Committee. During this focus group, the study
team shared concepts from the long-term flood resilience planning REIMAGINE scenario
and discussed thoughts and concerns from participants. The Core Team was able to
review multiple design concepts, gauge concerns and reactions, and subsequently refine
design concepts prior to presenting them to the public.

5.3

PUBLIC MEETINGS
Two community-wide public forums were held on April 29 and June 9, 2021, respectively.
Both public forums were held via Zoom due to COVID-19 state-of-emergency restrictions,
but were widely publicized, with separate press releases issued and shared with news
sources for both meetings, and information shared broadly with community groups,
attendees and invitees from previous focus groups and interviews, the Beverly City
Council, boards and commissions, and others. Both public forums were completed in
presentation mode in Zoom, with representatives from the City, SESD, Salem Sound
Coastwatch, and the consultant team as panelists. Attendees were able to review
presentations with panelists and participate in a question and answer sessions following
the respective presentations. Following each public forum, the presentations and
recordings of the meetings were posted on the City’s Sustainability web page, where they
can still be viewed by members of the public. See Appendix F for the presentation slides
from both public forums.
The first public forum had approximately 20 participants, not including panelists and City
staff. This presentation included overview of the study, discussion on anticipated sea level
rise and flooding necessitating the study, long-term planning, and questions for the
community. Questions for the community allowed the study team to assess how
attendees may use the area, and initiate discussion on how and when to protect the Pump
Station from anticipated coastal impacts. Attendees asked thoughtful questions about the
study and expressed appreciation that the subject of long-term flood-risk and coastal
resilience in the area was being broached with the public.
The second public forum had approximately 13 participants, not including panelists and
City staff. The presentation included a recap of the study and anticipated sea level rise
and flooding, then went into detail on recommendations for each of the examined longrange flood resilience planning scenarios: REIMAGINE, REINFORCE, and RETREAT.
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Attendees generally responded positively to the presented scenarios and asked thoughtful
and relevant questions. Although the second public forum had fewer attendees that the
first public forum, it is worth noting that the same (significant) number of people were made
aware of the forum, and the City received questions prior to the forum from residents who
noted they were unable to attend but maintained an interest in the study. Additionally, the
forum was livestreamed by BevCam on television (via local Channel 99) and on YouTube,
so the actual number of viewers is likely larger.
Both the focus groups and public forums garnered a range of interest, and, perhaps most
positively, initiated conversations with residents who previously were unaware of the role
the Pump Station plays in the City, and the potential future impacts of climate change on
the area. Although there was overlap between focus group and public forum participants
and attendees, the events attracted new people each time, so more community members
were reached with each event. Many of these residents have requested to remain involved
and informed of future study phases and City-led resilience actions and have started
conversations with their friends and neighbors on the subject.

5.4

PUBLIC EDUCATION & OUTREACH MATERIALS
A goal of this study is to continue to build awareness by the neighborhood and broader
community around climate change and the need for resiliency planning to be prepared to
take proactive steps as needed. Salem Sound Coastwatch has produced an ESRI Story
Map that shares the study’s process and its recommendations. Story Maps provide project
narratives to the public that allow the use of multimedia, such as graphs, images, and links
to other websites, while also condensing the multiple reports and findings into one
readable source. The goal of this Story Map was to provide the key findings of the
investigation and planning into the current and future resiliency of the Pump Station.
Additionally, the Story Map provides background information on the entities involved with
the project, the importance of the pump station itself, and explanations of coastal resiliency
in the City of Beverly. The Story Map was created using ESRI Story Map software, and
the information was collected throughout the investigation. The Story Map was then
reviewed by all team members before publishing for public use. The Story Map can be
accessed here:
https://storymaps.arcgis.com/stories/13f8847d571540b28a54e2ca80d696f2
Salem Sound Coastwatch worked with two interns to develop this outreach material.
An Essex North Shore Agricultural & Technical School (Essex Tech) senior interned with
Salem Sound Coastwatch for four months, attended Core Team meetings, the first focus
group and public forum. She shared her experience with her class at Essex Tech in her
final class project. Salem Sound Coastwatch’s next intern, a college junior, completed the
story map after the last public forum with Salem Sound Coastwatch’s supervision and
input from the Core Team. Both students are interested in careers working with the
environment and climate change and found it a very rewarding experience to be able to
observe professionals at work.
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CHAPTER 6: RECOMMENDATIONS & NEXT STEPS
6.1

RECOMMENDATIONS FOR CONTINUED ASSESSMENTS
As noted in all of Beverly’s recent resiliency and vulnerability preparedness planning
efforts, the Pump Station is a high-priority piece of infrastructure that is at high risk of
coastal flooding and requires action to provide both near- and long-term protection. The
following section provides recommendations regarding additional assessment and
considerations needed when evaluating next steps and future actions to address coastal
impacts.
Consider Impacts to Existing Recreational Uses from Potential Implementation of
Coastal Resilience Measures at Water Street and Coastal Beach
To implement an enhanced dune and maximize its performance as a wave breaking and
erosion control measure, the existing kayak racks, access gate from the Jubilee Yacht
Club to the beach, access to the vehicular boat ramp, and existing dune cut-through paths
would need to be discontinued. The vehicular boat ramp structure is further imperiled by
rising seas and wave action from coastal storm events. Stakeholders provided firsthand
knowledge of recent limitations to use of the boat ramp due to storm damage and
deteriorating conditions due to coastal wave impacts.
Alternative boat ramp and kayak storage locations should be identified in the vicinity of the
study area or beyond to mitigate these impacts to community recreation. Discontinuance
of the boat ramp use at this location may also have permitting implications under the
Commonwealth’s Waterways Regulations (Chapter 91). No feasible alternatives were
identified to continue use of the boat ramp at this location while also meeting the flood
protection and no adverse impact goals of the study.
Access over and through the dune could still be provided via a crossover ramp, access
mat, and other similar methods. Access mats are designed to reduce compaction and
lowering of the dune elevation from foot traffic. However, any elimination of cut-through
paths and the gate to the Jubilee Yacht Club lot may cause some inconvenience to beach
users and require adjustment of recreational uses and routines.
Consider Impacts to Adjacent Properties from Potential Implementation of Coastal
Resilience Measures at Pump Station, Water Street, and Coastal Beach
Potential flow channelization effects – specifically, the retaining wall between Jubilee
Yacht Club and the Tuck Point Condominiums and along the low landscape wall between
Silver Court properties – were not modeled to verify the assumption that there would be
no significant adverse flooding effects (e.g., damaging increases in flow velocity or
reflected wave energy) on adjacent properties. However, there are a few mitigating factors
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upon which the assumption is based that any such effects would either be not substantially
different than under existing conditions or otherwise could be mitigated.
The development is relatively dense such that the existing buildings and walls already
channelize flow. Due to the nature of development where existing buildings and walls sit
close to or on the lot line, the new walls would be parallel and fairly tight with the existing
building or wall footprints. Any additional narrowing of the channel between homes and
structures would be minimal and unlikely to result in substantially higher velocities. Any
potential minor channelization and velocity impacts could likely be mitigated by adding
vegetation or other features to add surface roughness across the areas where velocities
may increase based upon potential interventions.
Consider Impacts to Stormwater Flooding from Potential Implementation of
Coastal Resilience Measures at Water Street and Coastal Beach
During stakeholder engagement activities, residents raised concerns about existing
stormwater flooding from rainfall and whether the conceptual future actions would mitigate
or worsen the situation. The City of Beverly shared their understanding that past
stormwater ponding in the area has been caused by clogged catch basins from seaweed,
trash, and sand. The long-term flood resilience concepts identified through this study all
include elements that would address the root causes identified by the City by preventing
sand and seaweed from being pushed up Water Street and into catch basins. In addition,
rebuilding the existing drainage outfall that serves the study area and installing a tide gate
in the drainage manhole at the end of Water Street would prevent backflow of tides and
storm surge. Increased frequency of catch basin cleaning as part of normal maintenance
activities and storm preparation could also help mitigate these issues in the future.
When evaluating next steps and future actions, consideration should be given to whether
the net effect of implementation would exacerbate stormwater flooding. One important
factor is that increased impervious area, if any, should be minor and not expected to
substantially increase stormwater runoff volumes.
Consider Impacts to Natural Resources from Potential Implementation of Coastal
Resilience Measures at Water Street and Coastal Beach
Dune restoration and enhancement elements on Sandy Point Beach could have a positive
effect of improving natural resources. Except for the area in front of the Pump Station and
on the private property immediately adjacent to the boat ramp, the existing coastal dune
is largely devoid of vegetation. This appears to be caused by private use of these areas
for recreation. It should be noted that removal of natural dune vegetation requires an Order
of Conditions from the Conservation Commission under the Wetlands Protection Act and
is otherwise prohibited.
Anecdotal information provided by residents suggest that portions of the beach are
eroding due to storms. Existing waterfront structures like bulkheads and seawalls have
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the dual effect of increasing erosion due to the redirection of wave energy and of cutting
off upland sediment supply to the beach and dune system. By adding sediment to the
dune and planting with native beach grass, these impacts can be at least partly mitigated,
contributing to a more stable beach and dune system.
One potential area of concern is the presence of suitable shellfish habitat across the beach
areas. While no fill is proposed to be placed below the High Tide Line, sand from the
enhanced dune would naturally migrate to the beach during coastal storms. The volume
of sand included in the enhanced dune, when spread over the beach area to which it may
migrate is unlikely to bury shellfish deep enough to exceed their adaptive survival
thresholds. Any impacts would likely be temporary in nature.

6.2

NEXT STEPS
In order to be successful in addressing address vulnerability preparedness and the longterm resilience of the Pump Station and other areas within Beverly with similar potential
coastal impacts, the leadership of both SESD and the City must work together with
residents must work to actively manage their future. Positive change must be planned and
then implemented through thoughtful, focused improvements.
The following guide to future actions by SESD and the City is developed with consideration
to the realities of capital planning to create both near-term and longer-term measures.
Near-term actions are intended to be implemented over the next two years and long-term
actions are intended to be evaluated and considered for implementation over the next 5
to 30 years. Timelines and priorities can change over time and periodic reassessment can
guide decision making in this regard.

6.2.1

NEAR-TERM IMPLEMENTATION ACTIONS

Near-Term Action(s) Led by SESD:
Deploy the near-term flood proofing measures at the Pump Station at 135 Water Street,
as needed.
Near-Term Action(s) Led by City of Beverly:
•

Incorporate increased frequency of catch basin cleaning as part of normal
maintenance activities and storm preparation on Water Street.
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Near-Term Action(s) Led by Combined Efforts of City of Beverly and SESD:
•

Assess other coastal areas of Beverly and other SESD assets for suitability to
apply the data, findings and recommendations, and public education and
engagement gained through the work of this study.

•

Build the foundations necessary to develop public consensus between
stakeholders on long-term interventions and associated impacts.

•

Continue to communicate planning and implementation actions with neighbors in
the vicinity of the Pump Station and Jubilee Yacht Club.

•

Review recommendations, additional planning needs, and implementation actions
with the Jubilee Yacht Club’s Long Range Planning Committee and Environmental
Committee to work together and coordinate next steps for coastal resilience.

6.2.2

LONG-TERM IMPLEMENTATION ACTIONS

Long-Term Action(s) Led by SESD:
•

Reassess the Pump Station’s vulnerability over time using the best available
updated sea level rise modeling.

•

Integrate the findings of this study into the upcoming SESD planning studies in
determining mid-term and long-term improvements to the Pump Station.

•

Develop detailed costs to further assess the feasibility of relocating the Pump
Station at 135 Water Street.

•

Develop detailed costs to further assess the feasibility of implementing measures
to reinforce the Pump Station, such as a perimeter flood wall, dune enhancement,
and flood gates.

•

Assess aesthetics of Pump Station, site perimeter fencing, and landscaping.

Long-Term Action(s) Led by City of Beverly:
•

Evaluate rebuilding the existing drainage outfall at Sandy Point Beach and
installing a tide gate in the last manhole on Water Street to prevent tidal backflow.

•

Investigate raising elevation of Water Street and its intersection with Silver Court
to address flooding from the west and south.

•

Study stormwater flooding from upstream watersheds that further exacerbates
flooding in the Water Street neighborhood.
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•

Investigate long-term public access and the condition of access structures for
recreational users of Sandy Point Beach, the boat ramp, and kayak rack.

•

Evaluate potential erosion of existing coastal wetland resource areas near Sandy
Point Beach.

Long-Term Action(s) Led by Combined Efforts of City of Beverly and SESD:
•

Review additional planning needs and implementation actions with the Jubilee
Yacht Club’s Long Range Planning Committee and Environmental Committee to
coordinate regarding elevating the parking area/boat yard and seawall/revetment
and other long-term actions.
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