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1.0 | Introduction
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The City of Lynn Economic Development and
Industrial Corporation (EDIC) conducted a
community-based
process
to
assess
vulnerability
and
consider
adaptation
strategies to future climatic conditions along
the Lynn shoreline and Saugus River areas.
The overall goal of this project is to improve
coastal resilience.

Coastal Resilience
Capacity of shoreline areas to protect and
preserve infrastructure and other socioeconomic
resources in response to predicted sea level rise
(SLR) and increased frequency and intensity of
coastal storms.

Purpose of the Study
The purpose of the Lynn Coastal Resilience study is to evaluate sea level rise and coastal flooding
that could occur under future climate change predictions, and to identify ways that the community
can plan to adapt to these changes to improve resiliency.
Three technical memoranda were prepared in support of this study and are included as
attachments to this final report. The reader is directed to these memoranda for additional details
on technical approach, analysis and results. In addition, three public meetings were conducted to
present results of the study, and the presentations are available on the City of Lynn website.
The report is organized as follows:
Section 1 - Overview of Potential Climate Change Effects provides a general overview of how
climate change may affect conditions and impact coastlines in the northeast U.S.
Section 2 - Study Scenarios and Approach describes the scenarios used to evaluate future
conditions along the Lynn coastline defined by the number of years into the future and climate
change projection. Technical Memorandum 1 is included as Attachment A for additional details.
Section 3 - Lynn Vulnerability Assessment presents the extent of potential tidal and storm flooding
along the Lynn coastline that could occur under scenarios defined in Section 2, identifies
vulnerable public infrastructure, and discussing existing coastal protection structures. Technical
Memorandum 2 is included as Attachment B for additional details.
Section 4 - Adaptation Strategies presents engineering and programmatic approaches that Lynn
could implement to adapt to predicted inundation from sea level rise and storm surge. These
approaches include retrofitting existing municipal infrastructure and improvements to coastal
protection. Technical Memorandum 3 is included as Attachment C for additional details.
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Basis of Study
Estimates of global sea level rise and other possible climate change effects have been the subject
of researchers internationally. In the U.S., federal agencies including National Oceanic and
Atmospheric Administration (NOAA), the Environmental Protection Agency (EPA), the Federal
Emergency Management Agency (FEMA), and the US Army Corps of Engineers have reviewed
published scientific data and issued guidance for communities to plan for future climate change
effects. The Massachusetts Office of Coastal Zone Management (MACZM) has also issued
guidance specific for the Commonwealth’s coastal communities.
The basis of this study is to use those available resources and build upon previous local and
regional planning initiatives to prepare a focused evaluation for the City of Lynn. A full bibliography
of information resources is included in Section 5 of this report.
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Project Funding and Working Group
The project is funded through a grant provided by the Coastal Community Resilience Grant
Program of the Massachusetts Office of Coastal Zone Management (MACZM).
A working group assembled specifically to support and direct the scope of this project and
development of conclusions and recommendations included the following:
Jim Cowdell
Economic Development & Industrial Corporation of Lynn

Bill Bochnak
MaryJane Smalley
Patricia Bowie

Massachusetts Office of Coastal Zone Management
Kathryn Glenn
City of Lynn, Inspectional Services Department
Lynn Water and Sewer Commission
City of Lynn, Department of Public Works
Office of Emergency Management (OEM)
Lynn Fire Department

Saugus River Watershed Council
Friends of Lynn-Nahant Beach
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Michael Donovan
RaeAnna Hughes
Andrew J. Hall P.E.
Paul Ricchi
Thomas Hines
Joan Leblanc
Bob Tucker

Overview of Potential Effects of Climate Change
This study focuses specifically on the potential effects of future sea level rise and storm effects on
the coastline of the City of Lynn. The following provides a general overview of how these changes
may affect the Northeast U.S. to provide context for the remainder of this report.
Climate change has the potential to impact the
environment and communities in noticeable ways
including:
•
•
•

•

Sea level rise will exacerbate impacts
to development, infrastructure, and
natural systems from erosion and
storm damage. Impacts could
include: loss of life; extensive
property damage; destruction of
public infrastructure; release of
sewage, oil, debris, and other
contaminants;
and
loss
of
commercial
and
marine-related
businesses

Increases in sea level rise
Increases in the number, duration and intensity of
storms
Changes in precipitation patterns
o 10% increase (approximately 5 inches) in
precipitation between 1895 and 2011 (National
Climate Assessment (NCA) 2014)
o 70% increase in the amount of precipitation falling
MA Climate Change Adaptation
in very heavy events between 1958 and 2012
Report Chapter 8
(NCA 2014)
o Greater recent increase in extreme precipitation
than any other region in the U.S.
o Increase in winter precipitation from snow to rain (New England Aquarium (NEAQ))
Increases in seasonal temperatures, with longer periods of drought.
o Climate change has the potential to increase the frequency of hot days during the summer
and may increase heat-related deaths in Boston by 50% by 2050. (NCA 2014)
o If climate change continues, the Boston area climate may become more similar to that in
Charlotte, North Carolina, or Atlanta, Georgia (NEAQ).

Increased precipitation is one element of
increased intensity of expected storms.
Intensity of precipitation was not evaluated
in this study in favor of a storm surge
analysis due to the vulnerability of coastal
areas to a combination of sea level rise,
storm surge and wave caused erosion.
The purpose of this study focuses on the
impact of sea level rise and storm surge
on the Lynn Community. Increased
precipitation and seasonal temperatures
were not part of the scope of this study.
Source: NCA 2014
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Coastal Impact
Coasts are sensitive to climate change effects including sea level rise, increasing frequency and
intensity of coastal storms, and warmer ocean temperatures that can change circulation patterns.
The effects can be devastating as:
•
•
•

High tide water levels become increasingly higher and flood coastal areas.
More intense storms coupled with sea level rise result in storm damage to increasingly
larger areas.
Increasing storm intensities and rising sea levels change wave patterns and increase the
rate of shoreline erosion and loss of coastal land.
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A summary of the potential effects of sea level rise and coastal flooding is provided in Table 1
below (Source: Moser et. al. 2014).

Table 1. Impacts of sea level rise and coastal floods on critical coastal infrastructure by sector.
Communications
•

•

•

Energy
Transportation
Higher average sea level

Increased saltwater
•
encroachment and
damage to low-lying
communications
infrastructure not built
to withstand saltwater
exposure
•
Increased rates of
coastal erosion and/or
permanent inundation
of low-lying areas,
causing increased
maintenance costs and
shortened replacement
cycles
Cellular tower
destruction or loss of
function

Increased coastal
•
erosion rates and/or
permanent inundation
of low-lying areas,
threatening coastal
power plants
•
Increased equipment
damage from corrosive
effects of saltwater
encroachment,
resulting in higher
maintenance costs and
shorter replacement
•
cycles

Water and Waste

Increased saltwater
•
encroachment and damage
to infrastructure not built to
withstand saltwater
exposure
Increased coastal erosion
rates and/or permanent
•
inundation of low-lying
areas, resulting in
increased maintenance
costs and shorter
replacement cycles
Decreased clearance levels
under bridges
•

•

Increased saltwater
encroachment and
damage to water and
waste infrastructure not
built to withstand
saltwater exposure
Increased release of
pollution and
contaminant runoff from
sewer systems,
treatment plants,
brownfields, and waste
storage facilities
Permanent inundation of
low- lying areas,
wetlands, piers, and
marine transfer stations
Increased saltwater
infiltration into
freshwater distribution
systems

More frequent and intense coastal flooding
•

•

Increased need for
emergency
management actions
with high demand on
communications
infrastructure
Increased damage to
communications
equipment and
infrastructure in lowlying areas

•

•

•

•
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Increased need for
emergency
management actions
Exacerbated flooding of
low- lying power plants
and equipment, as well
as structural damage
to infrastructure due to
wave action
Increased use of
energy to control
floodwaters
Increased number and
duration of local
outages due to flooded
and corroded
equipment

•

•

•

•

Increased need for
•
emergency management
actions
Exacerbated flooding of
•
streets, subways, tunnel
and bridge entrances, as
well as structural damage
to infra- structure due to
wave action
•
Decreased levels of service
from flooded roadways;
increased hours of delay
from congestion during
street flooding episodes
Increased energy use for
pumping

Increased need for
emergency
management actions
Exacerbated street,
basement, and sewer
flooding, leading to
structural damage to
infrastructure
Episodic inundation of
low- lying areas,
wetlands, piers, and
marine transfer stations

2.0 | Study Scenarios and Approach
Future Coastal Sea Level for the City of Lynn
Future coastal conditions depend on the three primary factors described below and in the
following sections. Details on the calculations are available in the technical memorandums in
Appendices A and B.

FUTURE WATER LEVELS =
REGIONAL SLR + FUTURE GLOBAL SLR + STORM SURGE
Regional Sea Level Rise (SLR)
Sea level rise relative to the coastline has been regionally documented over the last century by
using tide gauges. Land subsidence and historic SLR due to climate change have resulted in
landward migration of shorelines at varying rates depending on location. Figure 1 depicts water
levels recorded at Boston Harbor since 1920. A regional SLR of +0.43 inches per year was used
for this study.

Figure 1. Data Source: Historic water level data (NOAA, Boston Harbor Tide Gage)
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Future Global Sea Level Rise
The rate of sea level rise published by Parris et al (2012) was
developed based on extensive modeling of climate change
scenarios and associated sea level rise. It is used as a standard
to predict the range of potential general increases in future sea
levels in the United States.
Four projections were developed to represent different scenarios,
as depicted in Figure 2. The amount of ice sheet melt and rate of
climate change varies between the projections with the lowest
assuming no ice melt. The Lynn study was based on the Highest,
Intermediate-High, and Lowest projections.

Mean Higher High
Water (MHHW)
The average of the
higher high water height
of each tidal day.
NOAA, Tides and
Currents Website

Figure 2 – National Climate Assessment Global Sea Level Rise Scenario Projections (Source: Parris et al.
2012)

Uncertainty in Predictions
The NOAA sea level rise projections are based on extensive modeling of climate change scenarios
and associated sea level rise, and are standardly used to predict the range of potential general
increases in future sea levels. Local and global predictions for sea level rise are developed by
considering multiple factors, including land water storage, ice sheet melt, glacier retreat,
oceanographic processes, and vertical land motion modelling. Contributions from ice sheet remain
uncertain, and sea level rise predictions may change with time as more scientific data becomes
available. (Little 2016).
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Storm Surge
The increase in the water level above the normal tidal range associated with a storm (i.e., storm
surge) is one of the most influential factors in storm damage and flooding and is therefore a
primary focus of this evaluation. Lynn is particularly vulnerable to storm flooding, and much of the
city is within the 100-year floodplain established by the Federal Emergency Management Agency
(FEMA).
Several lines of evidence were considered in combination to estimate storm surge water
elevations, including the results of forecasting models and historic storms experienced by the
Boston area. Flood levels were estimated for storms that could produce storm surges with a 1%
probability of occurring in any given year (100-year storm surge elevation) and 10% probability of
occurring (10-year storm surge elevation).
Nor’easters have occurred more frequently in New England than
hurricanes, particularly over the past several decades. Although
not associated with a storm, the extreme high tide (sometimes
referred to as a “perigean spring tide” or “King Tide”) that
occurred in November 2015 is also included for reference. King
tides occur once or twice a year when the orbits of the Sun, Moon,
and Earth align (EPA 2015). The extents of inundation associated
with three representative high water events, the Blizzard of 1978,
Hurricane Bob, and the November 2015 King Tide, are illustrated
in the oversized Figure 3 included at the end of this report.

The November 2015
King Tide resulted in a
tidal elevation of 7.2
feet in the Lynn area,
which was 2.4 feet
higher than the current
MHHW tidal datum.

Two model-based approaches to estimating storm surges were used during the evaluation: Sea,
Lake, and Overland Surges from Hurricanes (SLOSH) model and FEMA flood elevations. Both of
these flooding estimates are based on the evaluation of large databases of historic storms. SLOSH
was developed as a weather forecasting tool by the National Weather Service.

How Will Sea Level Change in the Future in Lynn?
This section describes water elevation of high tides and storm conditions under future climate
change scenarios. Changes in the MHHW level under future climate change scenarios were
calculated based on:
•
•

Global sea level rise projections developed by NOAA (Parris et al. 2012); and
Local sea level change based on local historic tide records.

Additional details on approach used for the Lynn assessment, discussion of the sea level rise
projections, and calculations of local sea level changes are provided in the Attachment A.
A 25-year time horizon (2041) was selected to support short-term planning, and a 50-year time
horizon (2066) was selected to support longer term planning of municipal projects and multi-use
development. The estimated changes in MHHW levels due to climate change for the respective
time horizons are listed in Table 2 on the next page.
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Table 2. Estimates of Sea Level Rise under Future Climate Change Scenarios for Lynn, MA
Estimated Sea Level Rise including local effects relative to 20161 (feet)
Year

NOAA Low

NOAA Intermediate
High

NOAA High

2041

+0.23

+0.75

+1.16

2066

+0.46

+1.86

+2.97

Notes: 1. Estimates include local sea level changes from subsidence calculated from historic record.

These estimates were calculated by adding the projected global sea level rise for each time
horizon described by NOAA (Parris et al 2012), plus the current local sea level change of 1.1
mm/yr (0.043 inches), calculated based on historic tide records from Boston Harbor.
The estimated level of MHHW under future sea level rise scenarios plus the estimated storm
surges for 10- and 100-year storms at Lynn are summarized in Table 3 below.

Table 3. Estimated Sea Level Elevation under Climate Change Scenarios for Lynn, MA
2016
Scenario

2041

2066

NOAA Low

NOAA
Intermediate
High

NOAA
High

NOAA
Low

NOAA
Intermediate
High

NOAA
High

Mean higher high water
(MHHW)

4.8

5.0

5.5

6.0

5.3

6.7

7.8

10-year Storm
(Category 1 Storm
Results from SLOSH)

7.1

7.3

7.8

8.2

7.5

8.9

10.0

100-year Storm
(Category 2 Storm
Results from SLOSH)

11.1

11.3

11.8

12.2

11.5

12.9

14.0

Notes. All elevations in North American Vertical Datum 1988 (NAVD88)
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3.0 | Lynn Vulnerability Assessment
Facilities and Infrastructure
The objective of the vulnerability assessment is to identify the assets, infrastructure and resources
in Lynn most vulnerable to changing coastal conditions expected under future climate change
conditions. Vulnerability was evaluated in four steps:

STEP 1
Map flooding under future conditions

STEP 2
Identify critical assets located in areas that may flood

STEP 3
Identify the threshold water elevation that would damage each asset

STEP 4
Evaluate risk for each critical asset based on probability and consquence of flooding for each scenario

Step 1: Map flooding under future conditions
Based on the estimated future high tide and storm surge water levels, the following maps were
developed in a geographic information system (GIS) to depict the extent of inundation under the
study scenarios. These oversized figures as included at the end of the report.
Figure 4: 2041 Estimated MHHW Inundation under Future Sea Level Rise Scenarios
Figure 5: 2066 Estimated MHHW Inundation under Future Sea Level Rise Scenarios
Figure 6: 2041 Estimated Inundation under Future Climate Change Scenarios - 100-year Storm
Figure 7: 2066 - Preliminary Estimated Inundation under Future Climate Change Scenarios – 100year Storm
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Step 2: Identify critical assets located in areas that may flood
The vulnerability/risk assessment focused on facilities and other resources essential to public
safety and health, and the economic viability of the City of Lynn. Other federal, state, and privatelyowned facilities that are not critical to protecting public health and safety were not included in the
assessment. Critical assets were identified from the City’s Hazard Mitigation Plan, analysis of
available GIS information, and discussions with City and state officials. The results of the
vulnerability assessment will support planning to further define and implement adaptation
measures to reduce hazards and increase resiliency.

Step 3: Identify threshold water elevation that would damage each asset
The threshold elevation is the level of inundation that would cause damage/impact to functionality
of each critical facility. Threshold elevations were determined based on one or more sources
including onsite observation, estimates from aerial photography and contour data, owner supplied
information, and published data.

Step 4: Evaluate risk for each critical assets based on probability and consequence of
flooding for each study scenario.
If an asset was flooded by water exceeding the threshold elevation under any of the study
scenarios, the risk was calculated for that specific asset. Probability of flooding above the
threshold elevation was determined as:

•
•
•
•

100% for the predicted MHHW level
10% for the predicted 10-year storm water level
1% for the predicted 100-year storm water level
0% if estimated flooding did not exceed the threshold elevation for a particular study scenario

The consequence of flood water exceeding the threshold elevation was determined using a matrix
of consequence type and severity, as shown in Table 4 below.
Table 4. Criteria Describing Consequence
Score

Severity

5
4

Public Safety,
Emergency
Services
Regional
Emergency
City
Emergency

Public Health,
Environment
Regional
Emergency
City
Emergency

3

High

High

2

Moderate

Moderate

1

Low

Low
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Repair cost
>$20 MM
$2 MM $20 MM
$200 K - $2
MM
$20K $200K
<$20K

Reduced
Economic
Activity
Regional
Emergency
City
Emergency

Public
Services;
Duration

High

7-14 days

Moderate

1-6 days

Low

< 1 day

>1 Month
15-30
Days

Coastal Protection
Shoreline erosion from increasingly intense storms and changes in wave patterns as sea levels rise
pose additional risk of inundation and flooding. A review of coastal physical processes and the
existing seawalls and coastal structures that currently protect the Lynn shoreline was conducted to
evaluate the potential risk due to shoreline erosion.
Lynn is located north of Boston, along a southeast-facing shoreline, as shown on the National
Oceanic and Atmospheric Administration (NOAA) navigation chart for the Lynn coastline provided
in Figure 8. The Nahant Causeway connects Nahant to the mainland at Lynn and separates the
Lynn shoreline into northern and southern sections. The causeway provides a natural barrier that
shields Lynn Harbor from the open Atlantic Ocean.
Most of the Lynn shoreline is protected by hard
infrastructure. North of the Nahant Causeway, a seawall runs
along the edge of Lynn Shore Drive. Sandy beaches (Kings
and Lynn beaches) and rocky intertidal areas (Red Rock
Park) lie between the seawall and the ocean. Land use is
primarily single- and multi-family residential and beach
areas (City of Lynn 2005). The approximately 4-mile-long
shoreline is on Nahant Bay, which opens to the Atlantic
Ocean.

Hard Infrastructure
Engineered physical structures
such as bulkheads, seawalls,
groins, and jetties that provide
coastal protection.

Figure 8: Lynn Harbor and Nahant Bay Navigation Chart (Source: U.S. Department of Commerce
et al. 2013)
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Seawalls and bulkheads of varying types and condition run along the Lynn shoreline south of the
Nahant Causeway. Soft features, such as beaches and tidal flats are also present on the water
side of the seawalls (MassGIS Moris 2016). Land use is industrial intermixed with residential and
commercial uses, vacant land, and Heritage State Park (City of Lynn 2005). Lynn Harbor lies
between the Lynn shoreline and the Nahant Causeway and opens to Broad Sound to the south.
The Saugus River discharges into the southern portion of Lynn Harbor.
Much of the Lynn shoreline along the Saugus River is protected by earthen berms or in some
cases, small retaining walls. Land use is industrial near the mouth of the Saugus River, and
primarily residential, with some industrial/commercial, farther upstream. Riverfront property is not
as susceptible to wave action as the eastern, Atlantic-facing shoreline. However, residents
indicated during public meetings conducted for this study that they are experiencing increasing
flooding under normal tidal conditions, and especially during extreme high tides such as King
Tides. Although a King Tide is an unusually high water elevation that occurs once or twice a year
now, as sea level rises due to global climate change, these high tides will become more frequent
and increased flooding will occur.

Coastal Protection Structures
A general evaluation of coastal structures that protect the Lynn shoreline was primarily based on a
database developed by the Commonwealth of Massachusetts and available on the Massachusetts
Ocean Resource Information System (MORIS) online mapping tool, discussions with EDIC and
City department managers, and input during public meetings conducted during this study. Coastal
protection structures located in Lynn are depicted on oversized Figure 9 at the end of the report
and are color coded to indicate if the structure will be overtopped under a current storm or future
climate change scenario. The ownership of the structures–either public or private–is also indicated.
Based on this mapping and anecdotal information from EDIC, the protective structures are
generally effective flood protection for the Lynn shoreline.
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The shoreline in front of a closed landfill located between the
Riley Way Extension and the Lynn Wastewater Treatment Plant
was identified as a potential erosional area that could affect the
stability of the landfill. The seawall protecting this area is heavily
damaged and offers no protection from wave erosion or
flooding. Further, future sea level rise would result in landward
advancement of the high tide level. Also, increases in local sea
level would allow larger waves to propagate closer to the shore
and thus increase the potential for shoreline retreat.

Damaged seawall near Riley Way
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Shoreline Retreat
Landward movement of
the shoreline as a result of
erosion
and
wave
propagation.

Erosion Analysis
An analysis including estimates of waves and erosion under future climate change conditions was
conducted as a first level screening to evaluate the potential for erosion of the shoreline and risk to
the landfill at the Riley Way Extension.
The erosion analysis was based on the NOAA-Highest sea level rise projection for 2041 and 2066.
Results indicate that waves impacting the Lynn Harbor shoreline could have significant wave
heights between four to five feet during a 100-year (1% probability) storm event.
Based on this analysis, there is a potentially high risk of erosion and shoreline retreat bordering the
landfill at the Riley Way Extension. The seawall that was constructed to protect this shoreline is not
functional, and the shoreline, along with the landfill and protective cap, is currently at risk.

Erosion resulting in 7 to 18 ft. of
shoreline loss in front of the
closed landfill is estimated under
climate change scenarios.

Rendering of Lynn shoreline before (above) and during (below) a 100-year storm event
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4.0 | Adaptation Strategies
Adaptation strategies developed for this study draw on a wide array of options for minimizing
vulnerability and risk to sea level rise effects. In general, adaptation strategies can be categorized
as programmatic measures or capital investments.
Programmatic measures typically include: administrative measures; community involvement;
zoning and regulatory measures; operations and management; and acquisitions.
Capital investments are generally engineering measures that retreat from, protect, and/or
accommodate flood waters.

Adaptation Approaches to Address Coastal Climate Change Vulnerability
The strategies outlined in the sections to follow are meant to list potential alternatives that can be
used in conjunction with other strategies for compounded adaptation planning. No alternatives
analysis or feasibility assessment has been completed for this study at this time.
Adaptation strategies are presented below to address vulnerabilities and risk for:

•
•
•

General coastal protection
General infrastructure sectors (transportation, utilities and energy, wastewater and drainage)

Specific facilities in the City of Lynn critical to public health and safety.
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Coastal Protection
As described in Section 3, the City of Lynn is protected from the Atlantic Ocean by a series of
seawalls of varying height and condition. Industrial facilities on the Saugus River, such as General
Electric (GE), are also protected by seawalls, as
are many residential properties.
Green or integrated flood protection typically
requires space between the normal high tide line
and the infrastructure or resource to be protected.
In many cases in Lynn, this space is not available,
and maintenance of the seawalls at elevations that
will protect against current and future flood
conditions may be the preferred adaptation
alternative.

In urban areas with large populations –
especially those that are environmental
justice communities – implementation of
highly engineered structural protection
measures will likely be a high priority for
extensive public infrastructure and
private development.
Massachusetts Climate Change
Adaptation Report
Chapter 8 - Coastal Zone and Ocean;
MA EOEEA 2011

Coastal adaptation measures are best developed
as integrated systems with both soft and hard
elements to protect coastal resources and natural
systems. As such, they require feasibility analyses
to establish design parameters as well as careful consideration of permitting requirements at early
stages of development. The adaptation concepts presented here are meant to be a starting point
to develop effective and implementable projects.
The City of Lynn has a Municipal Harbor Plan approved by the Commonwealth of Massachusetts
on June 28, 2010. Coastal adaptation measures should be developed in the context of this plan,
including the Designated Port Area.
Resilient coastal protection design concepts were developed for three generalized cases
described below and depicted in Figure 10. Permitting requirements were considered in
developing these concepts, but a specific feasibility assessment is required for a full evaluation of
regulatory compliance.
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Figure 10. Coastal Protection Adaptation Concepts

Lynn Coastal Resiliency Assessment

Transportation
Transportation is critical for evacuation and emergency access and response before, during, and
after storm events. Nuisance flooding due to high tides is also a concern for traffic and access to
commercial and residential properties. Utilities buried in roadways and electrical conduit boxes
may not be accessible during flooding events. An incremental approach to adaptation for climate
impacts is typically recommended for transportation corridors. Plans to elevate roadways, access
to buildings, and utilities should be incrementally adapted as part of capital improvements.
Considerations to grading roadways and sidewalks, using pervious pavement, and developing
green infrastructure solutions, such as bioswales and rain gardens, will improve infiltration and
manage stormwater runoff. Short-term solutions may include road closures with advance notice to
residents. Evacuation routes should be evaluated for potential inundation in coordination with
emergency services and state transportation agencies and relocation of routes may be
considered.

Image and rendering of Camden Street Intersection before (left) and after (right) a 100-year storm
Several of the transportation facilities were identified as potentially vulnerable to climate change
effects. Adaptation alternatives are discussed below for the Lynn Ferry Pier and two critical
intersections (Lynnway and Blossom and Nahant Circle). Additional information is included in
Attachment C.
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Lynn Coastal Resiliency Assessment

Lynn Ferry Pier
The Lynn Ferry Pier is protected by a seawall that would not be overtopped under any of the
evaluated future climate change scenarios. However, results of the vulnerability and risk
assessment indicate that given the elevation of the pier, if the seawall was ineffective, the area
could be inundated by a 10 year (10% probability) storm in 2066. Thus, it is important to maintain
the wall so that it remains in good condition to avoid flooding in the long-term. Also, the boat
launch adjacent to the seawall provides a possible pathway for flooding as sea level rises and
storm intensity increases. Discussions with EDIC indicate that flooding has not occurred, but if the
area does start to experience flooding through the boat launch, an additional evaluation of
vulnerability and adaptation alternatives should be undertaken.

Lynn Ferry Pier
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Utilities and Energy
Rising flood levels and increased frequency of flooding may result in impacts to utilities located in
areas not previously flooded. Damage of this type of infrastructure can have both short and long
term effects on public health and commerce. No publically owned critical utilities or energy
infrastructure were identified to be at risk during this analysis, However, building managers of
privately owned facilities within the projected flood zones should prepare in advance of flood
events to protect utilities and energy sources. Adaptation measures for consideration include:

•
•
•
•
•
•

Elevating utilities above flood elevation
Making utilities or access to utilities watertight or waterproof
Creating a barrier around utilities
Evaluating system redundancy
Preparing easy hook-ups for generators
Developing an emergency plan

Wastewater and Drainage
Current climate change projections indicate increased rainfall over short periods and more
frequent nuisance flooding, which have the potential to overwhelm existing drainage systems. Lowlying areas are vulnerable to flood events which may additionally impact gravity-based sewage
collection during flood events. Several programmatic measures are recommended for study in
coordination with the Lynn Water and Sewer Commission (LWSC):
•

Conduct a Drainage System Capacity Study to evaluate current system capabilities. The
results from the study can be used to prioritize the most critical/problematic components of the
drainage system and incorporate these projects into the LWSC capital improvement plan.

•

Evaluate installation and/or upgrade of Stormwater Lift Stations.

•

Evaluate installation and/or upgrade of tide gates at
outfalls. Several options might include a duckbill/tide
flex, buoyant front flap, or another self-regulating
structure.

•

Consider options for stormwater storage including, but
not limited to, above or below ground storage
containers, nature based storage (bioswales or
bioretention ponds), and/or permeable concrete or
asphalt.

•

Duckbill Valves at Outfalls
(Source: TideFlex)
Evaluate merits of a water level monitoring and alert system to

identify inundation and manage water and sewer operations during storm and flood events.
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According to the Lynn Water and Sewer Commission, the increased rainfall would create high
flows in the stormwater drainage collection system. If the stormwater collection system is
combined with the sewer (also known as a combined sewer overflow or CSO, then the system
would eventually reach capacity and overflow at the weir locations and discharge at the CSO
outfalls.
Flooding from rainfall occurs in lowlying areas where there is poor
drainage,
primarily
due
to
impervious surfaces, not because
the system is at capacity and
cannot take any more flow. Green
infrastructure solutions or pervious
pavements should be considered to
reduce stormwater runoff volume in
the system. Additionally, the Lynn
Water and Sewer Commission has
plans to separate the combined
system in the future which will
significantly increase the capacity for
drainage and essentially eliminate
CSO discharges.

Bioretention Rain Garden
(Source: Massachusetts Stormwater Handbook)

Several sewer lift stations were identified during the risk and vulnerability study including the
Camden Street Sewer Lift Station and the Reed Street Sewer Lift Station. An overview of each
pump station, including the risk and vulnerability scores and several adaptation strategies are
included in this section. Additional information is included in Attachment C.

Image and rendering of Reed Street Pump Station before (left) and after (right) a 100-year storm
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Hazardous Materials
Hazardous materials can be discharged or
mobilized during a flood event by several
means. Hazardous materials, including fuel,
solvents, and other chemicals used in
industrial and commercial facilities can be
discharged and mobilized if their containers
are damaged by flood waters. Contaminated
sites may be flooded and contaminants
mobilized under certain conditions.
Flooding from storm surges and wave action
can disperse stored hazardous materials
often present in commercial and industrial
facilities. Larger scale catastrophic releases
are possible; approximately 819,000 gallons
of crude oil was released when an
aboveground storage tank was damaged
during Hurricane Katrina.

Oily Debris Field after Hurricane Sandy.
November 2, 2012 (Source: USCG in NOAA
Office of Response and Restoration)

The Resource Conservation and Recovery Act (RCRA) regulations require management and
storage of hazardous waste and materials that minimize the risk of release, and provide for
containment of spills. Facilities located within inundation zones that store and use hazardous
materials and waste should be made aware of potential future climate change flooding risks
identified in this report, and advised to account for that possibility in their containment and storage
facilities, and in their spill prevention plans. In addition, the City’s Fire Department (Office of
Emergency Management) has been integral to this study and will be given this report to consider
during inspections for hazardous material storage.

Contaminated Sites
The primary effects of storms and flooding contaminated land are offsite transport of contaminated
media, or erosion/damage of controls on remediated sites (i.e. damage of a cap preventing
contact with contaminated soils). Operating remediation systems, such as groundwater treatment
or thermal desorption systems, may also be damaged by storms and flooding. Any identified
disposal sites impacted with oils or hazardous materials within the inundation zones should be
reviewed for climate change resiliency based on projections of future conditions.
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Healthcare and Medical Services
Access to medical care and emergency services is critical during and after a storm or flood event.
Transportation is a vital part of emergency services and related adaptation strategies.
Two healthcare/medical facilities were identified during the risk and vulnerability study: the Habit
Management Center (i.e. Methadone Clinic) and the DCR Connery Skating Rink, which serves as
an emergency mortuary in case of a catastrophic event. Both of these facilities were identified as
relatively low-risk of flooding, neither are owned by the City and they were not evaluated for
adaptation alternatives. However, each of these facilities should have a flood protection plan in
place. See Attachment C for possible adaptation strategies that could be applied to these facilities.

Programmatic Adaptation
Planning and regulatory documents are some of the tools the City has to address risk due to
predicted SLR and increased storm surge. As part of this coastal resiliency assessment, local
regulations and plans have been reviewed, and opportunities are identified for potential revisions
of existing plans and regulatory modifications that could increase coastal resiliency, including
along the Saugus River. In general, the types of regulatory changes would pertain to land use,
zoning, and building codes.

Administrative Adaptation Measures
Other administrative adaptation alternatives include raising
the elevation of the structures (see Hull Massachusetts
Coastal Resiliency report), implementing zoning and
planning approaches that discourage development close to
the high tide line or encourage integration of flood
protections into development plans. Increasing the amount
of space between the anticipated high water level and
building floors, referred to as the freeboard, can provide
both protection against flooding and property loss, and
savings on flood insurance. FEMA’s general estimate of
potential savings is summarized in Figure 11.

Increasing Freeboard
Elevating a building’s lowest
floor above predicted flood
elevations, typically 1 to 3 feet
above the National Flood
Insurance program minimum
height requirements
MA CZM StormSmart
Communities

In Massachusetts, increasing freeboard can be initiated by communities through incentives, as
changing regulations is not allowed. In Hull, the program provides a discount on building permits if
freeboard is resilient to climate change effects. This program has been reportedly successful.
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FEMA Zone VE: Area inundated by 1% annual chance flooding with additional hazards due to storm induced velocity wave action.
FEMA Zone AE: Area inundated by 1% annual chance of flood.

Figure 11: Maximum Coverage for a $25,000 residential building and $100,000 contents (Source:
FEMA Building Higher in Flood Zones: Freeboard – Reduce Your Risk, Reduce Your Premium)

Local Regulations and Planning Documents
Potential changes to the planning documents and regulations that could support coastal resilience
and protection are provided below, and are intended for discussion purposes only. Any changes
would be developed through a public process by appropriate local, state, and federal entities prior
to adoption of any suggestions in Table 5.
Table 5: Potential Changes to Local Regulations and Planning Documents
Planning
Document
General
Wetlands
Protection ByLaw (2001)
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Section

Title

Considerations (For Discussion Only)

I.

Purpose

Consider adding a reference to “change in
sea level.”

II.

Areas Subject to
Jurisdiction

Consider expanding local regulations to
include entire FEMA flood zone and make
provisions for incremental increased flood
zone area.

Lynn Coastal Resiliency Assessment

Planning
Document

General
Wetlands
Protection ByLaw (2001)

Section

Considerations (For Discussion Only)

III.

Notice of Intent

Through a revision of the application forms
and guidelines, consider requiring a
discussion of whether (and how) the
proposed action would be affected by sea
level rise and storm surge.

VII.

NOI and
Conditions

Consider clarifying the basis for requiring
conditions by adding jurisdiction to lands
subject to inundation due to projected sea
level rise and storm surge.

XIX.

Application
Procedures

Consider showing “Flood Zones”
designated in the latest FEMA Flood
Insurance Maps

Design Criteria

Consider adding explicit mitigation
objectives for storm surge due to projected
sea level rise. Clarify the level of function
that facilities must retain during and after
storm surge. Allow a benefit cost analysis in
the analysis of alternatives to address the
design criteria.

Performance
Standards

Consider providing performance standards
for use of temporary flood barriers and
elevation of existing structures to meet
storm surge with 50 year sea level rise
projection. (page 20).

Definitions

Consider increasing the width of the buffer
zone to allow review of projects that may
affect wetlands based on predicted sea
level rise.

XX.

XXI.

Appendix A

36 | P a g e

Title

Appendix B
and C

Consider adding FEMA flood zones to the
maps

Appendix D

Consider including recommendations to
prevent release of hazardous material
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Planning
Document
Zoning
Ordinance
(2009)

Section
1

Purpose

2

Definitions

3

4

7

12

16

Lynn Zoning
Map (2011)
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Title

Considerations (For Discussion Only)
Consider adding references to flooding and
inundation
Consider adding FEMA flood zones
Consider adding Sea Level Rise

Establishment of
Districts

Consider a Floodplain Overlay District ByLaw based on FEMA 0.2% flood level to
control development in high hazard zones
(such as V zones).

Use Regulations

Consider adding a Flood Hazard Overlay
District. Consider limiting permitted uses to
avoid risk of hazardous materials spill,
minimize damage to new and substantially
renovated structures,

Non-Conforming
Uses

Consider limiting rebuilding of nonconforming structures unless they
incorporate flood resistant or flood proof
design features. (7.4 Damaged or
Destroyed)

Special Permits

Consider adding requirement that the City
make findings regarding mitigation of risk
from sea level rise for the life of the structure

Site Plan Review

Consider adding a requirement that
submittals discuss the risk and mitigation
from sea level rise and storm surge for the
expected live of the structure

Zoning Map, City
of Lynn

Consider establishing a flood risk zoning
district overlay that includes entire FEMA
flood zone and make provisions for
incremental increased flood zone area with
time.

Lynn Coastal Resiliency Assessment

Planning
Document

Open Space
and Recreation
Plan (2005)

Section

Statement of
Purpose

Consider adding a discussion of the
benefits of utilizing open space to help
mitigate flooding.

IV.

Environmental
Inventory and
Analysis

Consider adding a discussion of nature of
predicted sea level rise and storm surge.

IV.C

Water Resources

Consider adding a discussion of the risk
and mitigation from sea level rise and storm
surge.

IV.G

Environmental
Challenges
(vision)

Consider adding a discussion of the
increased risk to these areas from sea level
rise and storm surge.

VIII

Goals and
Objectives

Consider adding a discussion of alternative
ways to improve public access consistent
with upgrading coastal protections facilities.

IX

Five-Year Action
Plan

Consider adding a discussion of these
improvements in the context of sea level rise
and storm surge.

Protected Open
Space, City of
Lynn

Consider adding areas that help mitigate
flood risk.

IV

Risk Assessment

Consider adding sea level rise to the hazard
discussion

VIII

Hazard
Mitigation
Strategy

Consider adding specific measures for
adaptation measures to prevent and
respond to: road flooding, chemical
releases, and erosion areas.

Hazard Mapping

Consider expanded scope to include the
FEMA flood zone and areas subject to sea
level rise and storm surge.

Appendix B
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Considerations (For Discussion Only)

II.A

Protected Open
Space Map
(2008)

Hazard
Mitigation Plan
(2012)

Title

Lynn Coastal Resiliency Assessment

Planning
Document

Waterfront
Master Plan
Report (2007)
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Section

Title

Considerations (For Discussion Only)

2

Existing
Conditions

Consider adding a discussion of existing
coastal protection structures.

2

Environmental
Issues

Consider adding plans to prevent
hazardous material releases related to
flooding (i.e. spill prevention, control and
countermeasure plans).

3

Design
Guidelines

Consider incorporating enhanced coastal
protection in the design guidelines

Lynn Coastal Resiliency Assessment

5.0 | References
Allan, Penny, 2013, Planning for Coastal Resilience: Best Practices for Calamitous Times, Journal
of Urban Design 18.1 (2013): 170-72. Web
City of Lynn, 2005. City of Lynn Open Space & Recreation Plan Update IV. Prepared by the City of
Lynn Office of Economic and Community Development, Park Department, and Inspectional
Services – Planning Division. July 2005.
City of Lynn, 2012, Lynn Hazard Mitigation Plan Update. Prepared by the Metropolitan Area
Planning Council (MAPC) under the direction of the Massachusetts Emergency
Management Agency (MEMA) and the Massachusetts Department of Conservation and
Recreation (DCR).
Federal Emergency Management Agency (FEMA), 2014. Homeowner’s Guide to Retrofitting Six
Ways to Protect Your Home From Flooding. FEMA P-312, 3rd Edition.
FEMA, 2014. “Building Higher in Flood Zones: Free-board-Reduce Your Risk, Reduce Your
Premium”. June 2014 Fact Sheet
Frumhoff, P.C., J.J. McCarthy, J.M. Melillo, S.C. Moser, and D.J. Wuebbles. 2007. Confronting
Climate Change in the U.S. Northeast: Science, Impacts, and Solutions. Synthesis report of
the Northeast Climate Impacts Assessment (NECIA). Cambridge, MA: Union of Concerned
Scientists (UCS).USA
Horton, R., G. Yohe, W. Easterling, R. Kates, M. Ruth, E. Sussman, A. Whelchel, D. Wolfe, and F.
Lipschultz, 2014. Ch.16: Northeast. Climate Change Impacts in the United States: The Third
National Climate Assessment, Washington D.C., U.S. Global Change Research Program,
579-618
Horton, R., and C. Rosenzweig. 2010. Climate Risk Information. In New York City Panel on Climate
Change. 2010. Climate Change Adaptation in New York City: Building a Risk Management
Response. C. Rosenzweig and W. Solecki, Eds. Prepared for use by the New York City
Climate Change Adaptation Task Force. Annals of the New York Academy of Science
2010. New York, NY. pp. 145-226.
Kirshen, Paul, Lauren Caputo, Richard M. Vogel, Paul Mathisen, Ana Rosner, and Tom Renaud
2014, Adapting Urban Infrastructure to Climate Change: A Drainage Case Study. J. Water
Resour. Plann. Manage. Journal of Water Resources Planning and Management 141.4
(2015): 04014064.
40 | P a g e

Lynn Coastal Resiliency Assessment

IPCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core
Writing Team, R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 pp.
Linnean Solutions, The Built Environment Coalition, and The Resilient Design Institute 2013,
BUILDING RESILIENCE IN BOSTON: Best Practices for Climate Change Adaptation and
Resilience for Existing Buildings. A Project For the Boston Society of Architects; Prepared
for the Boston Green Ribbon Comission Climate Preparedness Working Group, July 2013.
Little, Chris, 2016, “Predicting 21st Century Sea Level: scientific basis and key challenges,”
prepared for the Environmental Business Council of New England, Climate Change
Program Series: Part One – The Science, Modeling, and Implications of Climate Change for
Coastal New England. Presentation Accessible via:
https://www.scribd.com/doc/312910395/5-13-16-MASTER-Climate-Change-Series-Part-1
MA CZM, 2013. StormSmart Coasts-StormSmart Communities. May 2013
MACZM (Massachusetts Office of Coastal Zone Management), 2013. Sea Level Rise:
Understanding and Applying Trends and Future Scenarios for Analysis and Planning.
December 2013
MassGIS Moris (Massachusetts Department of Energy and Environmental Affairs), 2016. Moris:
CZM’s Online Mapping Tool. Accessed: January and March 2016. Available from:
http://maps.massgis.state.ma.us/map_ol/moris.php.
Moser, S. C., M.A. Davidson, P. Kirshen, P. Mulvaney, J. F. Murley, J. E. Neumann, L. Petes, D.
Reed, 2014: Ch. 25: Coastal Zone Development and Ecosystems. Climate Change Impacts
in the United States: The Third National Climate Assessment, Washington D.C., U.S. Global
Change Research Program, 579-618
National Climate Assessment, 2014. Northeast. U.S. Global Change Research Program
http://nca2014.globalchange.gov/report/regions/northeast#intro-section
NOAA (National Oceanic and Atmospheric Administration), 2016. Tides and Currents: Mean Sea
Level Trend for 8443970, Boston, MA. Available from:
https://tidesandcurrents.noaa.gov/sltrends/sltrends_station.shtml?stnid=844397
NOAA (National Oceanic and Atmospheric Administration), 2016a. Tides and Currents: Datums
for 8443187, Lynn, Lynn Harbor, MA. Accessed on: January 2016. Available from:
https://tidesandcurrents.noaa.gov/datums.html?id=8443187.
NOAA, 2016b. National Hurricane Center: Sea, Lake, and Overland Surges from Hurricanes
(SLOSH). Accessed February, 2016. Available from:
http://www.nhc.noaa.gov/surge/slosh.php.
41 | P a g e

Lynn Coastal Resiliency Assessment

NOAA, 2016c. Storm Surge Maximum of the Maximum. Accessed on: March 6, 2016. Available
from: http://www.nhc.noaa.gov/surge/momOverview.php.
NOAA, 2016d. Storm Surge Maximum Envelope of Water (MEOW). Accessed on March 6, 2016.
Available from: http://www.nhc.noaa.gov/surge/meowOverview.php.
NOAA Office of Coast Survey, 2010. Salem, Marblehead, and Beverly Harbors Chart 13276. Scale
1:10,000. October 2010 Updated: May 2016
NOAA Office of Response and Restoration, 2012. “Post Hurricane Sandy, NOAA Aids Hazardous
Spill Cleanup in New Jersey and New York” November 2012. Available from:
http://response.restoration.noaa.gov/about/media/post-hurricane-sandy-noaa-aidshazardous-spill-cleanup-new-jersey-and-new-york.html
New York City Department of Environmental Protection (DEP) 2013. "NYC Wastewater Resiliency
Plan: Climate Risk Assessment and Adaptation Study." NYC Wastewater Resiliency Plan.
New York City DEP. Available from:
http://www.nyc.gov/html/dep/html/about_dep/wastewater_resiliency_plan.shtml
NEW YORK CITY PANEL ON CLIMATE CHANGE, CLIMATE RISK INFORMATION, Feb. 17, 2009,
available at
http://www.nyc.gov/html/planyc2030/downloads/pdf/nyc_climate_change_report.pdf.
Parris, A., P. Bromirski, V. Burkett, D. Cayan, M. Culver, J. Hall, R. Horton, K. Knuuti, R. Moss, J.
Obeysekera, A. Sallenger, and J. Weiss, 2012. Global Sea Level Rise Scenarios for the
United States National Climate Assessment. NOAA Tech Memorandum OAR CPO-1.
Saugus River Watershed Council, 2015. Development Strategies for Promoting Coastal Resiliency
and Sustainability: Resources for community leaders, property owners, developers and
builders. Funded in part by the Massachusetts Environmental Trust. June 2015
The Commonwealth of Massachusetts Executive Office of Energy and Environmental Affairs (MA
EOEEA) and the Adaptation Advisory Committee, 2011. Massachusetts Climate Change
Adaptation Report: Chapter 8 – Coastal Zone and Ocean. September 2011
The Commonwealth of Massachusetts Executive Office of Energy and Environmental Affairs, 2010.
Decision on the City of Lynn’s Request for Approval of the Lynn Municipal Harbor Plan and
Designated Port Area Master Plan Pursuant to 301 CMR 23.00. June 2010
The Nature Conservancy, 2015. "Urban Coastal Resilience: Valuing Nature's Role." The Nature
Conservancy. Available from
http://www.nature.org/ourinitiatives/regions/northamerica/unitedstates/newyork/climateenergy/natural-infrastructure-study-at-howard-beach.xml

42 | P a g e

Lynn Coastal Resiliency Assessment

USEPA 2014, Office of Wetlands, Oceans, and Watersheds: National Estuary Program. COASTAL
STORMWATER MANAGEMENT THROUGH GREEN INFRASTRUCTURE: A HANDBOOK FOR
MUNICIPALITIES. EPA 842-R-14-004.
USA EPA 2015, Adaptation Strategies Guide for Water Utilities, Office of Water (4608-T) EPA 817-K15-001. United States Environmental Protection Agency/Climate Ready Water Utilities, Feb.
2015.
USA EPA 2015. King Tides and Climate Change. Last updated: October 27, 2015. Available
from: http://www.epa.gov/cre/king-tides-and-climate-change.
U.S. Department of Transportation (DOT) 2014, U.S. Department of Transportation (DOT) Climate
Adaptation Plan: Ensuring Transportation Infrastructure and System Resilience. 2014 DOT
Climate Adaptation Plan. 2014.
Woods Hole Group, UMass Boston, University of New Hampshire, and MassDOT, 2015.
MassDOT-FHWA Pilot Project Report: Climate Change and Extreme Weather Vulnerability
Assessments And Adaptation Options for the Central Artery. Available from:
https://www.massdot.state.ma.us/Portals/8/docs/environmental/SustainabilityEMS/Pilot_Pr
oject_Report_MassDOT_FHWA.pdf

43 | P a g e

Lynn Coastal Resiliency Assessment

Acronyms
CZM

Massachusetts Office of Coastal Zone Management

EDIC

City of Lynn Economic Development and Industrial Corporation

EPA

US Environmental Protection Agency

FEMA

Federal Emergency Management Agency

FIRMS

FEMA Flood Insurance Rate Maps

GIS

Geographic Information System

LLC

Limited Liability Company

MEOWS

Maximum of the Maximum Envelopes of Water

MHHW

Mean Higher High Water

MLLW

Mean Lower Low Water

MOMs

Storm Surge Maximums of the Maximum

MORIS

Massachusetts Ocean Resource Information System

NAVD88

North American Vertical Datum of 1988

NOAA

National Oceanic and Atmospheric Administration

NWS

National Weather Service

SLOSH

Sea, Lake, and Overland Surges from Hurricanes

SLR

Sea Level Rise
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Glossary of Terms
100-year Flood Event (1% event)
Flood event that has a 1% probability of occurring in any given year.
100-year Flood Plain
The land area covered by a 100-year flood as defined by FEMA.
10-year Flood Event (10% event)
Flood event that has a 10% probability of occurring in any given year.
Coastal Resilience
The capacity of shoreline areas to protect and preserve infrastructure and other
socioeconomic resources in response to predicted sea level rise and increased frequency
and intensity of coastal storms.
Dry Floodproofing
A combination of measures that results in a structure, including the attendant utilities and
equipment, being watertight with all elements substantially impermeable and with structural
components having the capacity to resist flood loads.
Elevation
The height of a geographic location above or below a fixed reference point.
Flood Barriers
A structure designed to prevent a storm surge or high tide from flooding the protected area
behind the barrier.
Green (Soft) Infrastructure
In the case of coastal protection, nature or nature-based systems that control flood or
surface water. Includes dunes, living shorelines, oyster reefs, as well as engineered
systems that mimic natural systems, such as pervious concrete.
Hard Infrastructure
In the case of coastal protection, engineered systems or structures that control flood or
surface water. Includes seawalls, tide gates, bulkheads, impervious surface drainage
systems and rip-rap drainage areas.
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Ice Sheet Melt
Melting of polar ice sheets due to increasing global temperatures, with meltwater resulting
in increases in global sea level rise.
Inundation
The extent of flood waters.
King Tide
An extreme high tide also referred to as a “perigean spring tide” that occur once or twice a
year when the orbits of the sun, moon and earth align. A king tide is not associated with a
storm.
Mean Higher High Water (MHHW)
The average of the higher high water height of each tidal day.
Relocation
Moving critical infrastructure assets to areas outside flood areas.
Sea Level Rise (SLR)
The increase in sea water levels as a result of land water storage, ice sheet melt, glacier ice
cap retreat, oceanographic processes, and vertical land motion (subsidence).
Shoreline Retreat
Landward movement of the shoreline due to sea level rise or erosion of coastal land.
Storm Surge
The temporary increase, at a particular locality, in the height of the sea due to extreme
meteorological conditions (low atmospheric pressure and/or strong winds). The storm
surge is defined as being the height above the level expected from the normal tide
elevation at that time and place.
Threshold Elevation
The water elevation of a flood that results in damage to a specific asset, resource or
infrastructure. This term is specific to the Lynn Coastal Resilience Study.
Wet Floodproofing
The use of flood-damage-resistant materials and construction techniques to minimize flood
damage to areas below the flood protection level of a structure, which is intentionally
allowed to flood.
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TO:

Patricia Bowie, Kathryn Glenn; Office of Coastal Zone Management

FROM:

Frank Ricciardi, Robert Almy; Weston & Sampson;
Erin Healy, Mark Mahoney; Anchor QEA, LLC

DATE:

February 29, 2016

SUBJECT:

Lynn Coastal Resiliency Assessment: Task 2 Technical Memorandum

CC:

Jim Cowdell, Bill Bochnak, Mary Jane Smalley; Lynn EDIC

The City of Lynn Economic Development and Industrial Corporation (EDIC) is completing a
community-based process to assess vulnerability and plan for adaptation to future climatic
conditions, specifically along the Lynn shoreline and Saugus River areas. The project is funded
through a grant provided by the Coastal Community Resilience Grant Program of the
Massachusetts Office of Coastal Zone Management (MACZM). The overall goal of this project
is to improve coastal resiliency, which refers to the capacity of shoreline areas to protect and
preserve infrastructure and other socioeconomic resources in response to predicted sea level
rise (SLR) and increased frequency and intensity of coastal storms.
The process to improve coastal resiliency will include identifying management measures that
can be integrated into ongoing hazard mitigation efforts and waterfront development plans, as
well as prioritizing new infrastructure projects and retrofits. The Lynn shoreline has a number of
areas that need careful consideration and mitigation to accommodate changing climatic and sea
level conditions. The Coastal Community Resilience Grant will allow the City to prioritize and
focus on projects that will have the greatest benefits in terms of adaptation.
This technical memorandum summarizes progress made during Task 1 of the project, which
includes the following:

•
•
•
•

Synthesis of available relevant technical analyses and reports
Compilation of data into a Geographic Information System (GIS)
Development of study scenarios
Preliminary review of relevant regulations

SYNTHESIS OF AVAILABLE RELEVANT TECHNICAL ANALYSES AND REPORTS
This section summarizes available technical reports relevant to the environmental setting of
coastal Lynn and coastal oceanographic processes that could factor into the effects of future
SLR and storm surges on the Lynn shoreline.
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Coastal Geomorphology
Lynn is located north of Boston, along a southeast-facing shoreline, as shown on the National
Oceanic and Atmospheric Administration (NOAA) navigation chart for the Lynn coastline
provided in Figure 1. The Nahant Causeway connects Nahant to the mainland at Lynn and
separates the Lynn shoreline into northern and southern sections. The Nahant Causeway runs
on top of a tombolo, which is a natural geologic deposit that connects an offshore deposit to the
mainland. The causeway provides a natural barrier that shields Lynn Harbor from the open
Atlantic Ocean.
Most of the Lynn shoreline is protected by hard infrastructure. North of the Nahant Causeway, a
seawall runs along the edge of Lynn Shore Drive. Sandy beaches (Kings and Lynn beaches)
and rocky intertidal areas (Red Rock Park) lie between the seawall and the ocean. Land use is
primarily single- and multi-family residential, and beach areas (City of Lynn 2005). The
approximately 4-mile-long shoreline is on Nahant Bay, which opens to the Atlantic Ocean.
Seawalls and bulkheads of varying types and condition run along the Lynn shoreline south of
the Nahant Causeway. Soft features, such as beaches and tidal flats are also present on the
water side of the seawalls (MassGIS Moris 2016). Land use is industrial intermixed with
residential and commercial uses, vacant land, and Heritage State Park (City of Lynn 2005).
Lynn Harbor lies between the Lynn shoreline and the Nahant Causeway and opens to Broad
Sound to the south. The Saugus River discharges into the southern portion of Lynn Harbor.
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Source: U.S. Department of Commerce et al. 2013

Figure 1 – Lynn Harbor and Nahant Bay Navigation Chart
Navigation
Lynn Harbor is accessed from Broad Sound via a main navigational channel (depth of -16.5 feet
mean lower low water [MLLW] at mid-channel and 150 feet wide), as illustrated in Figure 1. The
navigation channel leads from Broad Sound to the turning basin at the head of Lynn Harbor.
The turning basin depths range from 13 to 16 feet. A privately maintained subsidiary channel
leads west from the turning basin along a portion of the Lynn shoreline.
A smaller navigational channel (-7.5 feet MLLW depth at mid-channel and 75 feet wide) leads
from Broad Sound to the mouth of the Saugus River. Navigational water depths decrease with
distance upstream in the Saugus River.
Significant areas of tidal flats along the entrance to and within Lynn Harbor are exposed during
low tide. An approximate 10-foot change in tidal elevation occurs between MLLW and mean
higher high water (MHHW).
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Historical Shorelines
Massachusetts shorelines from the mid-1800s to 2009 were mapped as part of the
Massachusetts Shoreline Change Mapping and Analysis Project (USGS and MACZM 2013), a
joint effort by the U.S. Geological Survey (USGS) and MACZM. The map included in Figure 2
shows the shoreline locations over time for the Lynn coastline.
North of the Nahant Causeway, the shoreline has been relatively stable over time. South of the
causeway, significant filling occurred along the Lynn shoreline down to the mouth of the
Saugus River near the beginning of the 20th century. Following filling, the shoreline was
hardened with protective structures, and piers and docks were constructed.
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Source: MassGIS 2016

Figure 2 – History of Lynn Shoreline Changes
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Saugus River
The Saugus River discharges to the southern portion of Lynn Harbor and forms the boundary
between the cities of Lynn and Revere. The Saugus River watershed, including its Pine River
tributary, covers an area of approximately 47 square miles (USACE 1989a). The Saugus River
originates at the outfall of Lake Quannapowitt in Wakefield and flows southeast until it
discharges at Lynn. The lower approximately 4.7 miles of the river are a tidal estuary. Rumney
Marsh, which was designated as an Area of Critical Environmental Concern in 1988, is located
on the south shore of the river, and extends from the Boston Street Bridge to the mouth of the
river (LeBlanc 2013). A USGS stream gauge (No. 01102345) is located at Saugus Ironworks
and has been used to collect stage and discharge data since March 1994. Annual peak
streamflows are illustrated in Figure 3. Salt water influence on the river extends upstream to
this gauge.

Source: USGS 2016

Figure 3 – U.S. Geological Survey Stream Gauge at Saugus Ironworks
Coastal Oceanographic Processes
The Nahant Causeway forms a breakwater sheltering Lynn Harbor from the Atlantic Ocean.
North of the causeway, the Lynn shoreline is open to the Atlantic Ocean, although Nahant
provides some protection to Nahant Bay. The hardened nature of the Lynn shoreline has
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affected sediment transport processes. However, there is a general southwest to northeast
direction of sediment transport in the vicinity of Lynn due to exposure to waves from Broad
Sound on the south, and partial sheltering by Nahant Causeway to the east (USACE 1994).
History of Storms, Flooding, Erosion, and Coastal Damages
The New England coastline, including Lynn, is affected by tropical (hurricanes) and extratropical
(nor’easters) storms. The main causes of wave and storm surge within Broad Sound are the
nor’easters that travel northeast along the Atlantic coast and produce highest winds from the
east and north (USACE 1994). Wave propagation within Broad Sound is characterized by
complex refraction and diffraction processes due to Nahant Causeway, Winthrop Heights
headland, and irregular bathymetry. The sheltering of Lynn by Nahant Causeway significantly
decreases wave heights within Lynn Harbor. However, during the February 1978 nor’easter
storm (Blizzard of 1978), the Nahant Causeway was overtopped, record high tides flooded
thousands of homes and buildings, knocked out electricity, and forced the emergency
evacuation of more than 4,000 people in Lynn (USACE 1989b). Record flood depths were up to
7 feet and caused damage to thousands of buildings. The storm was considered a 100-year
storm event.
Tropical hurricanes also hit New England and can be stronger than nor’easters but are less
common in the northeast. Hurricane Bob in 1991 was the last major hurricane to hit New
England, and the Lynn area was spared the major devastation of Hurricane Sandy by a slight
shift of the storm trajectory. Hurricanes typically travel from south to north, and Lynn would be
susceptible to a storm surge traveling from the south into Lynn Harbor.
In addition to severe storms discussed in this memorandum, the area is impacted by smaller
storm events that cause coastal flooding.
COMPILATION OF DATA INTO GIS
To support the vulnerability and risk assessment, data from several sources have been
compiled into GIS. These data include infrastructure and natural resources and encompass the
shoreline and Saugus River areas. The data and their sources are listed in Table 1.
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Table 1 – City of Lynn GIS Data Summary
Data File Name
Data from City of Lynn (CAI)
Building_arc.shp
Building_poly.shp
Condo_points.shp
dualzones.shp
index_arc.shp
index_poly.shp
miscline_arc.shp
parcel_arc.shp
parcel_poly.shp
QMOnline_Streets.shp
RoaadNames.shp
Roads.shp
tanno.shp
townline.shp
water_arc.shp
water_poly.shp
zoning_overlay.shp
brooks.shp
coordinates.shp
dualzones-proposed.shp
Dualzones.shp
easements.shp
ease_poly.shp
golf.shp
hilltops.shp
linklines.shp
Lynn_Hydro.shp
Lynn_RR.shp
misc.shp
parcel_ward_info2.shp

Data Description
1

Reduced set (215) of building outlines—lines
Reduced set (215) of building outlines—polygon
Condominium parcel information
Zoning along east Lynn coast
Map set grid—lines
Map set grid—polygon
Miscellaneous line, such as paths, easements,
shorelines, railroad row, and parcels
Parcel boundaries—line
Parcel boundaries—polygon
Street centerlines (with names)
Road name anno as line
Roadway right-of-way
(unclear)
Town boundary—line
Streams and shorelines of waterbodies
ponds/rivers merged with town boundary—line
Waterbodies ponds/rivers—polygon
Set of 5 zoning overlay districts along the east
Lynn coast and into the Central Business District
Streams—partial coincidence with water_arc.shp
Tick marks expressed in latitude/longitude whole
minutes, single minute increments
Duplicate of dualzones.shp
Duplicate of dualzones.shp
Easement extents and dimension annotations
Reduced set of easement (27) as polygons
Gannon golf course
Named high points
(unclear)
Waterbodies ponds/lakes/swamps some named
Railroad centerlines
Miscellaneous lines—ball fields, Lynn English High
School walks
(corrupt—cannot open)

1 Cartographic Associates, Inc. (CAI), is the GIS service provider for the City of Lynn.
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Data File Name
paths.shp
playground-pt.shp
precinct-line.shp
precinct.shp
riveredge.shp
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Data Description
Trails in Lynn Woods, cemeteries, and walkways
of Lynn English High School
Playground locations with names—point
Ward/precinct boundary—lines
Ward/precinct boundary—polygon
Waterbodies ponds/lakes as diminishing
non-concentric shapes—line

SOBuffer.shp

Roadway right-of-way—mostly identical to
Road.shp but some differences exist
Paper street rights-of-way with annotation—line
Residential reuse district and Central Business
District intersection
School locations, named and type—point
Buffer from parcels with sex offender restrictions
(does not include Lynn Woods)—polygon

sobuffer1000.shp

1,000-foot buffer from parcels with sex offender
restrictions (includes Lynn Woods)—polygon

road-line-lynn_only.shp
row.shp
RRD.shp
schools.shp

sobuffer500.shp
SORestrictions.shp
squares2.shp
street-names.shp
towns.shp

towns_local.shp

towns_local_lines.shp
town_bound_par.shp
ward-labels.shp
ward-line.shp
ward.shp
wsco2.shp
zoning_overlays_proposed.shp
hp163.shp
eotroads_163.shp
*.tif files

500-foot buffer from parcels with sex offender
restrictions (includes Lynn Woods)—polygon
Parcels with sex offender restrictions
Named major road intersections (56)—point
Road annotation—line
All towns in Massachusetts—polygon
Lynn and surrounding communities boundaries
south to Chelsea, North to Beverly, west to
Reading—polygon
Lynn and surrounding communities boundaries
south to Chelsea, North to Beverly, west to
Reading—line
City boundary—polygon
28 ward and precinct labels—point
Ward boundary—line
Seven ward boundaries—polygon
Washington Street and Sagamore Hill district
bounds—polygon
Set of four zoning overlay districts along the east
Lynn coast into the Central Business District
3-meter contours
Street centerlines
Light Detection and Ranging (LiDAR) data
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Data File Name

Data Description

Data from City of Lynn (Utility data is East Lynn only unless noted) 2
Sewer_Utility_Lines.shp
Sewer mains, combined and separated—lines
buildings.shp
Building—polygon
contours.shp
1-foot contours (full city)—line
Curbs.shp
Curb or edge of pavement (full city)—line
Digital terrain model spot elevations (full city)—
dtm.shp
point
Paved_Driveway.shp
Paved driveway bounds (full city)—line
Paved_Parking.shp
Paved parking areas/lots (full city)—line
rr.shp
Railroad tracks (full city)—line
Unpaved_Driveway.shp
Unpaved driveway bounds (full city)—line
Unpaved_Parking.shp
Unpaved parking areas/lots (full city)—line
veg.shp
Tree/shrub lines (full city)—line
vegpts.shp
Tree points (full city)—point
CSO_Outfall.shp
Combined sewer overflow outfalls (7)—point
Stormwat.shp
Stormwater outfalls (17)—point
Zoning_Cama_Parcel_2_7_2006.shp
Cama parcels (full city)—polygon
Catch_Basins.shp
Drainage catch basins—point
Lynn_Boundary.shp
City boundary (full city)—polygon
HydrantPartialJan28_2013_2.shp
Hydrant locations—point
Road centerlines (full city)—line (coordinate
EOTROADS_ARC_163.shp
system needs correcting)
Lynn_Roads.shp
Road centerlines (full city)—line
Sewer mains, combined and separated, includes
portions along commercial, cottage, bennet, and
SewerLines.shp
others—lines
Sewer manholes, drain catchment basins and
other points corresponding to SewerLines.shp—
SewerPoints.shp
point
CADD file export of all lines; Neds projection
Lynn_Sewer_Drain_Overview_dwg_Polyline.shp definition—line
Water mains w/ diameter (mostly known) and
WaterLines.shp
material (mostly unknown)—line
WaterPoints.shp
Hydrants, gate valves, manhole locations—point
WaterPoints.shp
Duplicate of WaterPoints.shp
Raster data—ortho photographs of various quality
*.sid files
and age
MWRAWaterFittings
MWRA3 water fittings—point
2 City of Lynn is in the process of completing entry of utility data in its GIS for all City areas.
3 Massachusetts Water Resources Authority

Page 11

Lynn Coastal Resiliency Assessment
February 26, 2016

Data File Name
MWRAWaterMeters
MWRAWaterPipes

Data Description
MWRA water meters—point
MWRA water pipes—line

Reported sewer backups with address and
resolution, 2013 and some 2014 (27)—point
Reported sewer backups with address and
SSO_ReportedBackups2014
resolution, 2014 (179)—point
Data from MORIS (Massachusetts Ocean Resource Information System)
MORIS_BATHY_FATHOMS_POLY.shp
Bathymetry in number of fathoms—polygon
Federal Emergency Management Agency National
FEMA NHFL
Flood Hazard Layer—polygon
MORIS_SHORELINES_ARC.shp
Highwater shorelines—line
MORIS_TRANSECTS_ARC.shp
Shoreline change transcects—line
MORIS_CSI_PRIVATE_ARC.shp
Private shoreline stabilization structures—line
MORIS_CSI_PUBLIC_ARC.shp
Public shoreline stabilization structures—line
Reported_Backup

STUDY SCENARIOS
This section presents the proposed scenarios to evaluate future effects of changing climate and
predicted SLR on the Lynn shoreline, with the objective of providing information to support
planning to improve coastal resiliency. Based on these scenarios, inundation maps will be
developed depicting the depth and extent of inundation under the identified scenarios.
Technical Approach
Our approach is based on Sea Level Rise: Understanding and Applying Trends and Future
Scenarios for Analysis and Planning (MACZM 2013) and Global Sea Level Rise Scenarios for
the United States National Climate Assessment (Parris et al. 2012), the latter being the
guidance developed by NOAA and other federal agencies. We also reviewed the U.S. Army
Corps of Engineers’ (USACE’s) engineering technical guidance on evaluating SLR (USACE
2014). The elements of the scenarios are described below.
Sea Level Rise Scenarios
Future SLR is a combination of local/regional SLR due to land subsidence/uplift or regional
oceanographic changes, plus global SLR, which is due to climate change effects. These two
elements are discussed in the following sections.
Global Sea Level Rise
Global SLR is the projection of estimated future SLR due to the effects of climate change,
including increased sea water temperature and ice sheet melt. A wide range of estimates have
been developed by scientists throughout the world, as depicted in Figure 4.
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Source: USACE 2014
Figure 4 – Comparison of Maximum and Minimum Estimates of Global SLR by the
Year 2100
In Parris et al. (2012), United States agencies, led by NOAA (and including USGS, Department
of Defense, and USACE), considered available climate assessment data, including the
Intergovernmental Panel on Climate Change (IPCC) Fourth Assessment Report (IPCC 2007),
and identified four global SLR scenarios, which are described below and depicted in Figure 5:

•

Highest Global SLR. Calculated based on estimated ocean warming (IPCC 2007)
and maximum possible glacier and ice sheet loss by the end of the century. This is
the most extreme scenario and is only appropriate for situations with little tolerance
for risk (e.g., new critical infrastructure with a long anticipated life cycle, such as a
power plant).

•

Intermediate-High Global SLR. Average of high end of semi-empirical, global SLR
projections based on statistical relationship between ice sheet loss and air
temperature.

•

Intermediate-Low Global SLR. Based on upper end of IPCC (2007) global SLR
projections. This scenario is based primarily on ocean warming with little ice sheet
melt.

•

Lowest Global SLR. Based on historical (1900 to 2009) global SLR rate (1.7± 0.2
millimeters per year [mm/yr]) and assumes rates of ocean warming similar to recent
trends.
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Source: Parris et al. 2012

Figure 5 – National Climate Assessment Global Sea Level Rise Scenario Projections
Local/Regional SLR
Local/regional SLR can be determined based on local historical tide gage data. This SLR rate is
estimated as a linear trend based on historical water level data and includes local/regional land
subsidence or uplift, and regional oceanographic changes such as changes in circulation
patterns. We propose to use the Boston, Massachusetts, tide gage station data from 1921 to
2014, which provides both a location close to Lynn (9 miles distance) and long-term data
required to identify trends (Table 2).
Table 2 – Local/Regional Sea Level Rise—Boston, Massachusetts
Mean Sea Level Trend and
95% Confidence Interval
Station

Millimeter/Year

Inch/Year

Period

Century Rate
(feet/100 years)

Boston,
Massachusetts

2.81 ± 0.17

0.11 ± 0.007

1921 to 2014

0.92

Source: NOAA 2016

For the Lynn assessment, we recommend using the NOAA Intermediate-High Global SLR and
the Lowest Global SLR projections to estimate future SLR conditions. The NOAA Intermediate-
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High Global SLR projection accounts for both ice sheet loss and increased air temperature
effects and provides a reasonably conservative upper bound SLR scenario for planning
purposes. Note that although this is a high-end scenario, it is not the worst-case NOAA Highest
Global SLR, which is a lower probablity projection, and is intended to assess critical
infrastructure and resources with very small tolerance for risk and long operational life cycles.
The Lowest Global SLR projection is useful as a baseline evaluation for near-term vulnerability
analysis. We recommend the above range partially due to the uncertainties surrounding SLR
data and interpretions in scientific circles.
By comparing the global SLR historical rate of 1.7 mm/yr and the local/regional SLR historical
rate of 2.81 mm/yr, local/regional effects (such as land subsidence) can be estimated to be
approximately 1.1 mm/yr (2.8 mm/yr to 1.7 mm/yr). This rate will be added to the scenarios
outlined above in order to account local/regional effects.
To calculate SLR, we will follow methods outlined in Parris et al. (2012) and MACZM (2013). In
addition, we may use the USACE Sea Level Change Curve Calculator
(http://corpsclimate.us/ccaceslcurves.cfm) to generate SLR projections and perform additional
calculations as needed.
Sea Level Rise Time Horizons
We propose mapping inundation for the following time periods:

•

2041 (25 years from 2016). Twenty-five years is useful to evaluate future impacts
on existing infrastructure and will be used to support shorter term adaptation
planning. This also provides a timeframe for tracking future SLR trends and making
any refinements to adaptation planning that may be needed if SLR trends differ from
the current understanding.

•

2066 (50 years from 2016). Fifty years is the approximate average service life for
municipal infrastructure and is useful for longer term adaptation planning

Therefore, as previously discussed, due to the level of uncertainty, we are not currently
preparing inundation maps for the 100-year time horizon (2116). As shown in Figure 5, the
estimated projections vary widely at this time horizon, reflecting the very high level of
uncertainty associated with forecasting 100 years out. Further, 100 years is beyond the
anticipated life cycle of most municipal infrastructure.
Storm Surge Consideration
Storm surges pose a significant threat to coastal resources, particularly when combined with
rising sea levels. Water levels in Boston Harbor since 1920 and return rate of those storms are
illustrated in Figure 6. The Blizzard of 1978, which was a 100-year storm with a 1% probability
of occurrence, is the highest water level on the graph.
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MHHW = Mean Higher High Water, average height of the higher high waters over a 19-year period
1 year per 100 is equivalent to a 1% probability of a storm occurring in any 1 year; 10 years per 100 is 10%.
Source: USACE 2014

Figure 6 – Monthly Mean Sea Level Time Series (Boston Tide Gage)
We propose to consider storm surges with 1% probability (100-year return) and the 10%
probability (10-year return) in inundation analyses. The effects of storm surge and the resultant
water level elevations and inundation will be evaluated based on several lines of evidence. The
Sea, Lake, and Overland Surges from Hurricanes (SLOSH) model, which estimates storm surge
based on several thousand hypothetical hurricanes, will be the basis of the evaluation. The
results of the analysis will be compared with known flooding events associated with nor’easters
that have occurred in the area, such as the Blizzard of 1978 or the 1991 “No Name” storm. The
sensitivity of the shoreline to erosional effects will be evaluated, and the effects of wave run up
associated with storms will be calculated where relevant. The possible effects of Saugus River
flows will be considered in a more qualitative manner. The evaluation will also include a full
discussion of uncertainties associated with each line of evidence and the overall estimate of
inundation.
SUMMARY OF RELEVANT CITY OF LYNN REGULATIONS
Planning and regulatory documents are some of the tools the City has to address risk due to
predicted SLR. As part of this coastal resiliency assessment, local regulations and plans will be
reviewed, and opportunities will be identified to revise existing plans and make regulatory
modifications that could increase coastal resiliency. In general, the types of regulatory changes
would pertain to land use, zoning, and building codes.
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In Task 1, the regulations and plans were identified. These will be further reviewed, and
recommendations for modifications will be developed in Tasks 2 and 3.
The following is a list of local regulations and plans that are identified for review, and additional
details on each are provided in Table 3:
•
•
•
•
•
•

City of Lynn General Wetlands Protection By-Laws (Lynn Conservation
Commission Regulations)
City of Lynn Zoning Ordinance (2009)
Site Plan Review (Section 16B) Waterfront Zone Site Plan Review Committee
City of Lynn Open Space and Recreation Plan
City of Lynn Hazard Mitigation Plan, 2013 Plan Update
City of Lynn Waterfront Master Plan

In addition, other local regulations and plans that will be reviewed include the following:
•
•
•
•
•
•
•
•

Massachusetts Building Codes (adopted by the City of Lynn)
City of Lynn EDIC Economic Development Plan (2005)
Lynn Harbor Coastal Survey (map)
Lynn Habitats (map)
Lynn Protected Open Space (map)
Lynn Waterfront Growth District (map)
Lynn Zoning (map)
Lynn Shore Map (Massachusetts Department of Conservation and Recreation)
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Table 4 – Local Regulations and Planning Document Summary
Planning
Document

General Wetlands
Protection By-Law
(2001)

Section

Title

Scope of Section

I.

Purpose

Protect wetlands consistent with State Law

II.

Areas Subject to
Jurisdiction

General description

III.

Notice of Intent

Defines basis of analysis

VII.

NOI and Conditions

Basis for requiring mitigation and Order of
Conditions

XX.

Design Criteria

Calculation of impacts, detention/retention
basin design, riprap

XXI.

Performance
Standards

Areas protected, replication of damaged
areas, calculation of flooded areas, vernal
pools, lands within 100 feet, drainage
restrictions

Appendix A

Definitions
City of Lynn, Priority
Habitats and
Estimated Habitats

Delineates habitats for rare species

1

Purpose

Regulates use, construction, and repair of
buildings

2

Definitions

3

Establishment of
Districts

Establishes and delineates districts shown
on the City Zoning Map

4

Use Regulations

Defines permitted uses for each district

7

Non-Conforming
Uses

12

Special Permits

Priority Habitats Map
(2008)

Zone Ordinance
(2009)

16

Lynn Zoning Map
(2011)

Provides for rebuilding non-conforming
structures if damaged under certain
conditions
Establishes process for City Council to
permit certain uses not provided in zoning

Site Plan Review

Defines process and submittal
requirements for site plans, review criteria
Establishes Waterfront Zone Site Plan
Review Committee and process

Zoning Map, City of
Lynn

Delineates zoning districts at the individual
parcel level

Page 18

Lynn Coastal Resiliency Assessment
February 26, 2016

Table 4 Continued

Open Space and
Recreation Plan
(2005)

Statement of
Purpose

IV.

Environmental
Inventory and
Analysis

IV.C

Water Resources

IV.G

Environmental
Challenges (vision)

VII.C

Management Needs,
Potential Change in
Use

VIII

Goals and
Objectives

IX

Five-Year Action
Plan

Includes "Waterfront Improvements" as a
6.5-acre public park and "Saugus River" as
"conserve and utilize open spaces"

Protected Open
Space, City of Lynn

Delineates open space, public ownership
(municipal/state) and wetlands/ponds

Protected Open
Space Map (2008)

Hazard Mitigation
Plan (2012)

Waterfront Master
Plan Report (2007)

Waterfront Growth
District (2011)

Identifies open space and recreational
needs of City residents, identifies methods
to protect natural resources
Describes topographic, geologic
characteristics of the City with a summary
of hydrologic and biologic resources
Briefly discusses flood zones and
waterfront from a recreation perspective
Identifies steep slopes along the
Saugus River subject to erosion and sites
that have subsurface contamination
Summarizes challenges due to staffing
restrictions and constraints to change in
use at existing sites
Improve access to water front areas
Provide incentives to private waterfront
recreation

II.A

Based on available (2012) hazard and land
use data, identified critical infrastructure,
assessed the potential areas of flooding
per FEMA flood zones
Contains new measures and measures
carried forward from the 2005 plan; all
measures prioritized based on current
conditions

IV

Risk Assessment

VIII

Hazard Mitigation
Strategy

Appendix B

Hazard Mapping

2

Existing Conditions

2

Environmental
Issues

Provides a general discussion of site
contamination issues in waterfront parcels

3

Design Guidelines

Provide general guidance for buildings and
roadways focusing of aesthetics

Waterfront Growth
District in Lynn

Formerly delineates the area addressed in
the Waterfront Mater Plan Report

Shows flood zones and critical
infrastructure, as well as composite hazard
delineation
Describes built environment along ocean
front
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Although recommendations will not be developed to modify federal and state regulations, it will
be important to understand these regulatory frameworks that are relevant to coastal areas.
These regulations are listed below.
Federal Regulations and Orders
•
•
•
•
•
•

Coastal Zone Management Act
NOAA Federal Consistency Rules
Federal Emergency Management Agency, National Flood Insurance Program
USACE, Regulation ER 1100-2-8162
Floodplain Management, Executive Order, May 24, 1977
Preparing the United States for the Impacts of Climate Change, Executive Order,
(November 1, 2013)

Massachusetts State Regulations
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Oceans Act of 2008
301 Code of Massachusetts Regulations (CMR) 28.00 Implementing Regulations
for the Ocean Management Plan
301 CMR 20.00: Coastal Zone Management Program
Massachusetts Wetlands Protection Act (M.G.L. Chapter 131, Section 40)
310 CMR 10.00 Implementing Regulations for the Wetlands Protection Act
Massachusetts Office of Coastal Zone Management Policy Guide –
October 2011
Massachusetts Environmental Policy Act (MEPA) 301 CMR 11.00
301 CMR 22.00: Coastal Facilities Improvement Program and Harbor Planning
Program
301 CMR 23.00: Review and Approval of Municipal Harbor Plans
Chapter 91 Public Use of Tidelands and other Public Waterways
Massachusetts Contingency Plan (MCP) 310 CMR 40.00
Ocean Development Mitigation Fee
Ocean Resources and Waterways Trust Implementation Guidelines
Global Warming Solutions Act of 2008
Water Quality certification (Section 404 CWA)
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Attachment B

TO:

Patricia Bowie, Kathryn Glenn; Office of Coastal Zone Management

FROM:

Frank Ricciardi and Robert Almy, Weston & Sampson;
Erin Healy and Mark Mahoney, Anchor QEA, LLC

DATE:

April 1, 2016

SUBJECT:

Lynn Coastal Resiliency Assessment: Task 4 Technical Memorandum
Vulnerability Assessment Literature Synthesis and Study Scenarios

CC:

Jim Cowdell, Bill Bochnak, Mary Jane Smalley; Lynn EDIC

The City of Lynn Economic Development and Industrial Corporation (EDIC) is completing a
community-based process to assess vulnerability and plan for adaptation to future climatic
conditions, specifically along the Lynn shoreline and Saugus River areas (refer to Figure 1).
The project is funded through a grant provided by the Coastal Community Resilience Grant
Program (CCRGP) of the Massachusetts Office of Coastal Zone Management (CZM). The
overall goal of the CCRGP is to improve coastal resiliency, which refers to the capacity of
shoreline areas to protect and preserve infrastructure and other socioeconomic resources in
response to predicted sea level rise and increased frequency and intensity of coastal storms.
This technical memorandum summarizes the second of three tasks for the Lynn Coastal
Resiliency Assessment. The Task 1 Technical Memorandum included synthesis of available
relevant technical analyses and reports, compilation of data into a geographic information
system (GIS), development of study scenarios, and preliminary review of relevant regulations.
This Task 2 technical memorandum summarizes progress made during the second task of the
project, which includes the following:

•
•

Section 1: Estimates of inundation under future climate change scenarios; and
Section 2: Vulnerability and risk assessment of critical infrastructure and natural areas

SECTION 1: ESTIMATES OF INUNDATION UNDER FUTURE CLIMATE CHANGE
SCENARIOS
The science of forecasting weather, and specifically the intensity of storm events and
associated flooding, is complex. Consideration of climate change effects, in terms of sea level
rise and increasing precipitation/storm patterns, results in a higher level of uncertainty in
estimating future coastal conditions. Consistent with CZM guidance (CZM 2013), the approach
used to estimate inundation under future climate change scenarios for Lynn was developed to
provide a reasonable range of expectations based on a range of time horizons and rates of
climate change effects. The results of this study are intended to provide a basis for planning
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that is informed by the potential future changes that the Lynn coastal zone could undergo, with
the overall goal of increasing the resiliency of Lynn waterfront areas.
The Task 1 Technical Memorandum defined the future climate change scenarios to be
evaluated. In Task 2, the following factors were modeled/evaluated to map estimated inundation
of land areas under future sea level rise and storm scenarios:

•
•
•

Current tidal datum
Estimates of storm surge
Estimates of water levels under future climate change scenarios

The approach to evaluating each of these factors is described in the sections below, and maps
are presented to illustrate the results.
Inundation maps illustrate the elevation of the estimated water level over the land surface, but
do not account for the effects of sea walls and other coastal protection structures located along
the Lynn coastline. In general, coastal protection structures will offer some protection against
wave action but inundation from sea level rise and/or a storm can flow around the structures.
Also, the estimated water levels are “still water levels” and do not account for wave action.
Overall, the purpose of the mapping exercise is to provide estimates of inundation for planning
purposes, and to determine where vulnerabilities require additional technical analyses or
modeling.

Current Tidal Datum
To establish the current extent of tidal inundation in Lynn, current tidal datum, shown on the
table below and illustrated on Figure 1, were defined based on National Oceanic and
Atmospheric Administration (NOAA) online databases. Elevations are referenced to the
standard vertical datum: the North American Vertical Datum of 1988 (NAVD88). Because low
and high tide extents vary over the year based on lunar cycles, tidal datum are defined to
represent the elevations of the full range of tides from the mean higher high water (MHHW),
which represents the mean elevation of the highest of high tide elevations over a year, to the
mean lower low water (MLLW), which represents the mean of the lowest of low tide elevations
over a year.

Tidal Datum for Lynn, MA
Tidal Datum – Lynn, MA
Mean higher high water (MHHW)

Feet NAVD88
4.79

Mean high water (MHW)

4.35

Mean sea level (MSL)

-0.15

Mean low water (MLW)

-4.81
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-5.15

* Tidal datum taken from NOAA Lynn Harbor gage (Station #443187) (NOAA 2016a)
NAVD88 = North American Vertical Datum of 1988

Estimates of Storm Surge
During storms, surges and wave action result in increased inundation beyond the range of tidal
datum presented in the previous section. Impacts to shoreline communities can be devastating,
as the Northeast United States has recently experienced. The increase in the water level
beyond the normal tidal range associated with a storm (i.e., storm surge) is one of the most
influential factors in storm damage and flooding and is therefore a primary focus of this
evaluation. Lynn is particularly vulnerable to storm flooding, and much of the city is within the
100-year flood elevation established by the Federal Emergency Management Agency (FEMA).
The effects of a storm depend on many factors including the intensity of the storm, the direction
of the storm trajectory relative to the coastline, the tide level when the storm hits, and wind
direction. Many approaches to forecasting weather are in use, but there is always uncertainty
associated with any forecast, especially given the increasing intensity of storms expected under
future changing climatic conditions.
Several lines of evidence were considered in combination to estimate storm surge water
elevations, including the results of forecasting models and historic storms experienced by the
Boston area. In general, the evaluation focuses on storms that could produce storm surges with
a 1% probability of occurring in any given year (100-year storm surge elevation) and 10%
probability of occurring (10-year storm surge elevation).
Flood elevations for historic storms that have occurred near Lynn, including both hurricanes and
nor’easters, are summarized in Table 1. Nor’easters have occurred more frequently in New
England than hurricanes, particularly over the past several decades. Although not associated
with a storm, the extreme high tide (sometimes referred to as a “perigean spring tide” or “King
Tide”) that occurred in November 2015 is also included for reference. King tides occur once or
twice a year when the orbits of the Sun, Moon, and Earth align (EPA 2015). The November
2015 King Tide resulted in a tidal elevation of 7.2 feet, which was 2.4 feet higher than the
current MHHW tidal datum. The extents of inundation associated with the Blizzard of 1978,
Hurricane Bob, and the November 2015 King Tide are illustrated in Figure 1.
Model-based Approaches
Two model-based approaches to estimating storm surges were used for this evaluation: Sea,
Lake, and Overland Surges from Hurricanes (SLOSH) model and FEMA flood elevations. Both
of these flooding estimates are based on the evaluation of large databases of historic storms.
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FEMA still water flood elevations are determined based on statistical evaluation of historic tide
gage and water level data. In addition, wave heights and wave crest heights higher than the still
water flood elevation are estimated along the shoreline and immediately overland using models.
Results are included on the FEMA Flood Insurance Rate Maps (FIRMS).
The SLOSH model was developed by the National Weather Service (NWS) and is the National
Hurricane Center’s primary model to forecast storm surge (NOAA 2016b). The model estimates
storm surge heights resulting from historical, hypothetical, or predicted hurricanes and accounts
for atmospheric pressure, size, forward speed, and track data. These parameters are used to
create a model of the wind field that drives the storm surge. The model is computationally
efficient and provides a full database of storms of varying intensities (Category 1, 2, 3, and 4
storms). The model does not account for wave impacts in addition to the storm surge (including
wave setup), nor’easters (only hurricanes are included in the database), normal river flow, rain
flooding, or tidal interaction. Although the SLOSH model provides an estimate of still level
elevations, it is important to consider wave action and height above the still water level to
complete the vulnerability assessment. Our approach will be to select specific areas of
vulnerability for additional analysis of potential wave action and erosion.
The SLOSH model includes predictions for the maximum storm surge for a specific location
based on running the model several thousand times with hypothetical hurricanes under varying
storm conditions. Storm Surge Maximums of the Maximum are referred to as the “MOMs,”
which are the Maximum of the Maximum Envelopes of Water (MEOWs). MOMs are generated
for specified tidal condition and storm intensity (category) (NOAA 2016c, 2016d). A comparison
of the MOMs generated for Lynn to the FEMA 100-year (1% probability) and 10-year (10%
probability) flood levels is presented below:

Estimated Storm Surge Water Levels
FEMA 10-year
Return-interval Still
Water Level
(feet NAVD88)
8.4

FEMA 100-year
Return-interval
Still Water Level
(feet NAVD88)
10

SLOSH MOMs Water Level
(feet NAVD88)
High Tide (2 feet)
Category 1
7.1

1

Category 2
11.1

2

Category 3
15.2

Notes
1. Estimate of a 10% probability storm (10-year return) to be used for assessment
2. Estimate of a 1% probability storm (100-year return) to be used for assessment

For purposes of this evaluation, the SLOSH Category 2 storm under 2-foot-high tide conditions
(mid-high tide) is considered to represent a 100-year storm, and the SLOSH Category 1 storm
for the same tidal conditions will be used to roughly represent a 10-year storm. The SLOSH
100-year storm water level estimate of 11.1 feet is higher than the 9.5-foot elevation reported for
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the Blizzard of 1978. This higher SLOSH estimate will account for increasing storm intensity
forecasted for future climate change conditions.
High water levels do not happen only during storms. A “King Tide” may raise water level well
above the MHHW level. For example, the predicted 10-year storm elevation estimate is
comparable to the measured November 2015 King Tide and therefore water elevation at that
level should be considered a greater than 10% probability occurrence under existing sea level
conditions.
Estimates of Water Elevations under Future Climate Change Scenarios
As outlined in the Task 1 Technical Memorandum, changes in the MHHW level under future
climate change scenarios were calculated based on:

•
•

Global sea level rise projections developed by NOAA (Parris et al. 2012); and
Local sea level change based on local historic tide records.

The NOAA sea level rise projections are based on extensive modeling of climate change
scenarios and associated sea level rise, and are standardly used to predict the range of
potential general increases in future sea levels. Additional details on approach used for the
Lynn assessment, discussion of the sea level rise projections, and calculations of local sea level
changes are provided in the Task 1 Technical Memorandum.
The estimated changes in MHHW levels due to climate change for the 25-year time horizon
(2041) and 50-year time horizon (2066) are listed in the table below:

Estimates of Sea Level Rise under Future Climate Change Scenarios for Lynn, MA
Estimated Sea Level Rise including Local Effects
Relative to 20161 (feet)
Year
NOAA Low

NOAA
Intermediate
High

NOAA High

2041

0.23

0.75

1.16

2066

0.46

1.86

2.97

Notes
1. Estimates include local sea level changes from subsidence calculated from historic record plus global SLR
estimates

These were calculated by adding the projected global sea level rise for each time horizon
described by NOAA (Parris et al 2012), plus the current local sea level change of 1.1 mm/yr
(0.043 inches), calculated based on historic tide records from Boston Harbor (See Task 1
Technical Memorandum). The 25-year time horizon was selected to support short-term
planning, and the 50-year time horizon was selected to support longer term planning of
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municipal projects and multi-use development. The NOAA-Low projection assumes that sea
level will rise at the current rate, while the Intermediate-High and High projections assume more
rapid sea level rise rates.
The estimated level of MHHW under future sea level rise scenarios plus the estimated storm
surges for 10- and 100-year storms at Lynn are summarized in the table below.

Estimated Water Surface Elevations including Projected Sea Level Rise and Storm Effects
2041

Scenario
Mean higher high water
(MHHW)
(based on Lynn Datum)
Category 1 Storm Results
from SLOSH (approximately
10% exceedance probability)
Category 2 Storm Results
from SLOSH (approximately
1% exceedance probability)

2066

2016

NOAA Low

NOAA
Intermediate
High

4.8

5.0

5.5

6.0

5.3

6.7

7.8

7.1

7.3

7.8

8.2

7.5

8.9

10.0

11.1

11.3

11.8

12.2

11.5

12.9

14.0

NOAA
High

NOAA
Low

NOAA
Intermediate
High

NOAA
High

Notes
All elevations in North American Vertical Datum 1988 (NAVD88)

SECTION 2: VULNERABILITY AND RISK ASSESSMENT
The vulnerability/risk assessment focuses on facilities and other resources essential to public
safety and health and the economic viability of the City of Lynn. Federal and State owned
facilities that are not critical to protecting public health and safety were not included in the
assessment. Assets within the areas subject to inundation were identified from the City’s
Hazard Mitigation Plan, analysis of available GIS information and discussions with City and
state officials. The results of the vulnerability assessment will support planning to further define
and implement adaptation measures to reduce hazards and increase resiliency. The process
used to assess risk/vulnerability for this study follows the following steps:
1. Identify areas subject to inundation for each scenario using the estimated future water
elevations described above;
2. Identify/list critical assets subject to inundation (both natural and built assets);
3. Identify threshold water elevation that would result in impacts for each asset;
4. Identify the probability associated with the threshold elevation for each impact;
5. Identify the consequences and calculate the total consequence score for each asset; and
6. Calculate Risk for each Time Horizon and List Critical Assets by Weighted Risk Score.
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The final list of critical assets will then be carried forward to the next step in the process, which
will include identification of potential adaptation strategies that may make each asset more
resilient to sea level rise/storm surge.
Each step of the risk assessment process is described in further detail below.
Step 1: Identify areas subject to inundation for project scenarios
Based on the estimates of water levels under project scenarios described in Section 1 areas
subject to inundation are delineated on the following figures:
•
•
•
•
•

Figure 1: Inundation Based on Historic Storm Water Elevations with Current Tidal
Datums
Figure 2: 2041 Preliminary Estimated Inundation under Future Sea Level Rise Scenarios
Figure 3: 2066 Preliminary Estimated Inundation under Future Sea Level Rise Scenarios
Figure 4: 2041 - Preliminary Estimated Inundation under Future Sea Level Rise
Scenarios 1% -Probability Storm
Figure 5: 2066 - Preliminary Estimated Inundation under Future Sea Level Rise
Scenarios - 1% Probability Storm

The scenarios represented in these maps represent a range of storm surge and sea level rise
scenarios, including a reasonable worst case for both 2041 and 2066. For reference, Figure 1
includes a map illustrating water levels under historic storms. Estimated inundation for MHHW
for the three sea level rise projections (NOAA-Low, NOAA-Intermediate High, and NOAA-High)
for the years 2041 and 2061 are illustrated on Figures 2 and 3. Estimated inundation
considering both sea level rise and the storm surge for a 1% probability (100-year) storm is
illustrated on Figures 4 and 5.
Depth and duration of inundation are considered in the evaluation of consequence. For each
scenario, water depth at any location may be calculated by comparing the difference between
water elevation and land surface elevation. Duration is considered to be short term (on the order
of hours) for storm surge, or long term for base sea level rise. These factors are considered in
steps 3 and 4 discussed below.
Step 2: List all critical assets subject to inundation
The City’s Hazard Mitigation Plan, available GIS information and discussions with City and State
officials were used to identify critical assets/facilities located within the worst-case inundation
scenario (2066 SLR estimate and 1% probability storm; Figure 5). These assets/facilities include
transportation and utility infrastructure, emergency response facilities, hazardous waste
sites/landfills, recreational facilities and historic structures. Natural resource areas (e.g.
wetlands, critical habitat, riverfront area, etc.) and coastal protection structures identified by the
state1 were also considered. Coastal protection structures were included for identification only.
1 RPS ASA, 2013, Mapping and Analysis of Privately-Owned Coastal Structures along the Massachusetts
Shoreline. Prepared for: Massachusetts Office of Coastal Zone Management
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The performance of these structures relative to sea level rise and storm surge was not
evaluated. This analysis could be done as a subsequent study, which would evaluate wave
action, geotechnical and structural considerations, and effectiveness in protecting critical
assets/facilities for each study scenario.
A full list of the critical assets/facilities subject to inundation is provided in Appendix A. A
qualitative analysis of natural resources areas in the study area is provided in Appendix B.
Step 3: Identify threshold elevation for impact(s) for each asset in each scenario
The threshold elevation is the level of inundation that would cause damage/impact to
functionality of each critical facility. These elevations have been calculated for each
asset/critical facility that would be inundated due to sea level rise or storm surge. For each
facility the threshold elevation was obtained from one or more sources including onsite
observation, estimates from aerial photography and contour data, owner supplied information
and published data2. The threshold elevation for each asset is provided in Appendix A.
Step 4: Identify the probability associated with the threshold elevation for each impact
For each of the project scenarios, the probability that water levels would reach a given level was
assigned as follows:
•
•
•

100% for the predicted MHHW level
10% for the predicted 10-year storm water level
1% for the predicted 100-year storm water level

Probabilities are expressed as percent probability that water level will reach the threshold
elevation in a given year.
In this approach, predicted SLR is assigned 100% probability
because inundation in areas at or below MHHW elevation would be a recurring and frequent
event. For the purpose of our analysis, we will look at sea level rise (100% probability) as the
basis for long term inundation and 10% and 1% probability storms in terms of short term
inundation.

Step 4 Example
A representative example of the calculation of the probability of exceeding the critical flood
depth for a specific site is described below for the Reed Street Pump Station (see location on
Figure 5). For this facility, the threshold elevation is 8.35 ft. NAVD88, the site elevation,
because the emergency shutoff is in a below ground vault which is subject to flooding. Water

2 BCE, 2009, Massachusetts Coastal Infrastructure Inventory and Assessment Project. Prepared for Massachusetts
Department of Conservation and Recreation.
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level above ground surface would enter and fill the below ground vault forcing the facility to shut
down. The following observations are made from the modeled inundation data:
•

•

•

For the present year time frame, the pumping station site would not be inundated by
MWWH (100% probability) or a 10 year storm (10% probability), but would be inundated
by a 100 year storm (1% probability) because the elevation of the storm surge would be
elevation 11.0 ft., which equates to a water depth of approximately 2.7 ft above ground
surface elevation. Since the threshold elevation is the ground surface elevation, the 100
year storm would cause 2.7 ft. of inundation above the threshold elevation.
For the 2041 scenario, the pumping station site would not be inundated by high tide or a
10 year storm, but would be inundated by a 100 year storm because the elevation of the
storm surge would be elevation 12.2 ft. The storm surge would result in a water depth of
approximately 3.9 ft. which would be 3.9 ft. above the threshold elevation.
For the 2066 scenario, the pumping station site would not be inundated by high tide, but
would be inundated by either a 10 year or a 100 year storm. The storm surge from a 10
year storm would be at elevation 10.0 ft. and result in a water depth of approximately 1.7
ft. which would be 1.7 ft. above the threshold elevation. The storm surge from a 100
year storm would be at 14.0 ft. elevation and result in a water depth of approximately 5.7
ft., which would be 5.7 ft. above the threshold elevation.
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Inundation Scenarios at the Reed Street Pump Station
Present

2041

2066

%
Probability

Inundation
Elevation

Depth
Above
Threshold
Elevation

1%

11.0

2.7

12.2

3.9

14.0

5.7

10%

7.1

N/A

8.2

N/A

10.0

1.7

100%

4.8

N/A

6.0

N/A

7.8

N/A

Notes:

Inundation
Elevation

Depth Above
Threshold
Elevation

Inundation
Elevation

Depth Above
Threshold
Elevation

2041 and 2066 inundation based on NOAA highest estimate for Sea Level Rise
All elevations show are in feet, NAVD 88
Site elevation equals the threshold elevation of 8.35.

Step 5: Identify the consequences and calculate the total consequence score for each
asset/resource
Risk was determined based on the probability of water reaching the threshold elevation
multiplied by the consequence of the failure of the specific asset. The following matrix illustrates
risk based upon severity of consequence and probability2:

Probability/Frequency

Risk Severity Matrix
High (10% per
year)
Medium (1% to
10% per year);
Low (0.1% to
1% per year)
Very Low (less
than 0.1% per
year)
Minor

Serious

Extensive

Catastrophic

Severity of Consequence

In order to address the range of potential consequences from the various facilities at risk, more
detailed criteria were developed in matrix form.
Using these criteria the individual
consequences of failure at each facility were given a severity score on a scale of 1 to 5. The

2 Definitions used in the Commonwealth of Massachusetts State Hazard Mitigation Plan
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severity scores for each critical asset/facility were used to calculate a composite consequence
score as discussed below. .

Criteria Describing Consequence
Public Safety,
Emergency
Services

Public Health,
Environment

Repair cost

Reduced
Economic
Activity

Public
Services;
Duration

5

Regional
Emergency

Regional
Emergency

>$20MM

Regional
Emergency

4

City Emergency

City Emergency

3

High

High

2

Moderate

Moderate

$2MM $20MM
$200K $2MM
$20K - $200K

Moderate

>1
Month
15-30
Days
7-14
days
1-6 days

1

Low

Low

<$20K

Low

< 1 day

Severity

Score

City Emergency
High

The severity scores for each criteria were added together and a composite consequence score
was “normalized” using the following formula:
/

= Consequence Score

The composite scores for each facility are shown in Table 2. The calculations showing the
individual severity scoring, probabilities and total consequence score for each critical
asset/facility are provided in Appendix C.

Example Step 5
The consequence score for the Reed Street Pump Station developed by the project team is
shown below.

Consequence of Failure for the Reed Street Pump Station (2041, 100 year storm)

Rating

Public
Safety,
Emergency
Services

Public
Health,
Environment

Repair cost

Reduced
Economic
Activity

Public Services;
Duration

Consequence
Score

4

4

3

2

3

64

It is important to note that the consequence score of facility failure does not change if the depth
of water above the threshold elevation were to be higher in a different scenario. That is, if the
pump station failure has a consequence score or 64 due to a failure under 2014 1% storm
conditions, the consequence score would be the same due to a failure under 2066 10% storm
conditions even if the depth of water above the threshold elevation were different.
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Roads and Intersections
Inundation of roads is treated differently than inundation of other infrastructure facilities. Roads
are lineal facilities and impacts may occur only in limited sections. Inundation of a critical
intersection may affect an entire road network, while flooded neighborhood roads may affect a
more limited area.
For the purposes of this evaluation, inundation of 1.0 ft. was considered the level at which the
road segment or intersection would be impassable to general traffic and emergency vehicles.
Therefore the threshold elevation of arterials and intersections was 1.0 ft. above their roadway
elevation. Roadways in residential neighborhoods that are subject to inundation are listed in
Appendix D, but the detailed impact assessment was focused on major intersections. Five major
intersections would be inundated to a depth of 1.0 ft. or more as a result of a 100 year storm in
2041:
•
•
•
•
•

Lynnway and Commercial Street
Lynnway and Broad Street
Nahant Circle
Summer and River Street (Camden)
Lynnway and Blossom Street

These intersections would also be inundated by a 10 year storm in 2066, with the exception of
the intersection at Lynnway and Broad Street. The roadway sections that would be impassible
under future conditions are summarized in Appendix D. The consequences of inundation of
major intersections are included in Table 2 and Appendix C.
Step 6: Calculate Risk for each Time Horizon and List Critical Assets by Weighted Risk
Score
To calculate the risk score, the probability of water level exceeding the threshold elevation for
each facility (from each time horizon in Step 4) was multiplied by the composite consequence
score calculated for failure (in step 5). A “0” value was assigned for scenarios which the
threshold elevation was not exceeded. Since the consequence of failure for a particular facility
was considered to be the same in any failure, the difference in probability of reaching the
threshold elevation for each facility was the variable in the risk calculation.
Once the risk was calculated for each time horizon a composite risk score was developed. The
composite risk score was weighted for each time horizon, with risk under present conditions
being weighted more heavily than the risk in 2041 or 2066. This resulted in some facilities that
are not at risk for decades receiving a lower risk score than facilities with more immediate
vulnerability. Despite some facilities being given a lower weighted risk score due to their failure
being predicted only in a future scenario, consideration should be given to mitigate risk at these
facilities if they are renovated or otherwise modified in the future.
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Step 6 Example
For the Reed Street Pump Station the probability of failure for each time horizon (calculated in
Step 4) was multiplied by the consequence score calculated in Step 5 (composite score 64).
This resulted in risk scores of 0.64 under present conditions, 6.4 under 2014 conditions and 6.4
under 2066 conditions, as shown in the table below.
A weighted risk score was then calculated based on a “weighting” factor for each time horizon
(present, 2041 and 2066) to weight the score for more imminent vulnerabilities. The weighting
factors used are:
•
•
•

Present conditions
2041 conditions
2066 conditions

0.65
0.30
0.05

The formula for calculating the weighted risk score is therefore:
Weighted Risk = (0.65 * Present Risk Score) + (0.30 * 2041 Risk Score) + (0.05 * 2066 Risk Score)

Applying the formula to the Reed Street Pump Station, as follows:
Weighted Risk = 0.65(.64) + 0.30 (6.4) + 0.05(6.4) = 2.7
Based on this calculation the Reed Street Pump Station is given a weighted risk score or 2.7. This is
a comparative score and is shown along with the other critical facilities in Table 2. The probability,
consequence and risk scores are shown in more detail in Appendix C.

Weighted Risk Score, Reed Street Sewer Pump Station
Probability

Risk Score

Weight

Present

0.01

0.64

0.65

2041

0.01

0.64

0.30

2066

0.1

6.4

0.05

Weighted Risk
Score
0.93

Note: Reed Street Pump Station is vulnerable to a 100 year storm under present sea level conditions and predicted
sea level rise in 2041, and a 10 year storm under predicted sea level rise in 2066.

Due to the function of the Reed Street Pump station, the consequences of failure remain
constant throughout the life of the facility. If the function of the facility was to change, or there
was a change in the area the pump station serves, the consequences of inundation may
change.
The final list of critical assets, including roadways, showing the score and weighted risk is
provided on Table 2. The consequence scores, probabilities and risk scores are provided in
Appendix B.
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Finally, a significant number of private residences and businesses are located within the
inundation zone of each scenario. Although risk scores were not calculated for each property,
the vulnerable residential and commercial areas are illustrated on the inundation maps in
Figures 1-5.
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the United States National Climate Assessment. NOAA Tech Memorandum OAR CPO1. December 6, 2012.
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Table 1 – Summary of Historic Storm Flood Elevations
Storm Name

Date1

Storm Not Named

4/14/1905

Flood Elevation (feet
NAVD884)
8.0

Storm Not Named

4/21/1940

7.8

Storm Not Named

11/30/1944

7.9

Storm Not Named

12/29/1959

8.3

The Kennedy Inaugural Snowstorm

1/20/1961

7.9

Storm Not Named

5/26/1967

8.1

1972 Nor'easter

2/19/1972

8.2

Blizzard of 1978

2/7/1978

9.5

Storm Not Named

1/25/1979

8.4

Storm Not Named

1/2/1987

8.5

8/19/1991

3.9

The No Name Storm
(also known as The Perfect Storm)

10/30/1991

8.7

December 1992 Nor'easter

12/12/1992

8.5

10/29/2012

7.4

10/29/2015

7.2

Hurricane Bob

2,3

Hurricane (Superstorm) Sandy
November 2015 King Tide

3

3

Notes
1. Dates from National Oceanic and Atmospheric Administration (NOAA) for high water extremes exceeding the
10% annual exceedance probability levels (NOAA 2016a)
2. Storm caused extensive damage but not as a result of coastal flooding
3. Storms not in NOAA maximum event lists but included for name recognition
4. NAVD88 – North American Vertical Datum of 1988

Table 2 – Weighted Risk Scores, Critical Infrastructure and Intersections
Facility

Location

Type

Consequence
Score

Weighted Risk
Score

Critical facilities
C.L. Hauthaway

638 Summer St

Hazardous Materials

64

5.54

National Grid Power Station

Marine Blvd

Power Station

88

2.9

Camden Street Sewer Lift Station

Camden Street

Sewer Pumping Station

68

2.8

Lynn EDIC Pier

Riley Way

Transportation Facility

56

2.3

MBTA Bus Terminal

Western Ave

Transportation Facility

44

1.6

General Electric Aircraft Engines

1000 Western Ave

Hazardous Materials

76

1.1

Garelick Farms - Lynn

626 Lynnway

Hazardous Materials

68

0.99

National Grid Gas

255 Blossom St

Hazardous Materials

68

0.99

Blossom Street Sewer Lift Station

Blossom Street

Sewer Pumping Station

64

0.93

Reed Street Sewer Lift Station

Reed Street

Sewer Pumping Station

64

0.93

Hanson Street Sewer Lift Station

Hanson Street

Sewer Pumping Station

64

0.93

Gear Plant Heliport

1000 Western

Heliport

48

0.70

Price Rite of Lynn

395 Lynnway

Grocery

44

0.64

Ford Annex

100 Bennet St.

Special Needs

40

0.58

Volunteer Yacht Club

68 Lynn Way

Recreation

36

0.52

St Michaels House

Elmwood

Place of Assembly

36

0.52

Barry Park

Waterford Street

Recreation/

32

0.46

DCR Skating Rink

Shepherd St

Emergency Mortuary

36

0.36

Bridge No. 6 Substation

Bridge Street

Power Substation

52

0.18

Habit Management Center

11 Circle Avenue

Medical Facility

40

0.14

Harbor Loft 2

680 Washington St

Large Residential Facility

32

0.11

Lynn WWTP

2 Circle Ave.

Maint Bldg.

64

0.03

North Shore Community College

300 Broad St

School

64

0.03

All Welding Supplies Inc

101 Harbor St

Hazardous Materials

52

0.03

Ocean Shores

50 Lynnway

Large Residential Facility

32

0.02

Critical Intersections
Lynnway and Commercial

Lynnway and
Commercial

Intersection

52

0.75

Nahant Circle

Nahant Circle

Intersection

52

0.75

Lynnway and Blossom

Lynnway and
Blossom

Intersection

52

0.75

Lynnway and Broad

Lynnway and Broad

Intersection

52

0.75

Summer and River (Camden)

Summer and River
(Camden)

Intersection

44

0.44
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LIST OF CRITICAL ASSETS/FACILITIES AT RISK
NAME

ADDRESS
C.L. Hauthaway
638 Summer St
Garelick Farms - Lynn
626 Lynnway
National Grid Gas
255 Blossom St
General Electric Aircraft Engines
1000 Western Avenue
DCR Skating Rink
Shepherd St
Barry Park
Waterford Street
Ford Annex
100 Bennet St.
Reed Street Sewer Lift Station
Reed Street
Camden Street Sewer Lift Station
Camden Street
Hanson Street Pump Sewer Lift Station Hanson Street
Blossom Street Sewer Lift Station
Blossom Street
Lynn WWTP
2 Circle Ave.
MBTA Bus Terminal
Western Ave
Lynn Yacht Club
86 Lynn Way
Volunteer Yacht Club
68 Lynn Way
Ocean Shores
50 Lynnway
Lynn EDIC Pier
Riley Way
National Grid Power Station
Marine Blvd
Gear Plant Heliport
1000 Western
Habit Management Treatment Center 11 Circle Avenue
All Welding Supplies Inc
101 Harbor St
Harbor Loft 2
672-680 Washington St

North Shore Community College

300 Broad St

Price Rite of Lynn
395 Lynnway
St Michaels House
Elmwood
Bridge No. 6 Substation
Bridge Street
Elevations in Feet (NAVD88)

TYPE
Hazardous Materials
Hazardous Materials
Hazardous Materials
Hazardous Materials
Emergency Mortuary
Recreation
Special Needs
Sewer Pumping Station
Sewer Pumping Station
Sewer Pumping Station
Sewer Pumping Station
Maint Bldg. Ground Floor
Transportation Facility
Recreation
Recreation
Large Residential Facility
Recreation
Power Station
Helliport
Medical Facility
Hazardous Materials
Large Residential Facility

Potentially Protective Structure
Site Elevation
Structure ID
Top Elevation
8.12
9.87
8.63 038-050-752-073-100
9.72
10.12
9.15
8.29
8.35
8.02
8.97
7.92 038-066-751-015-100
9.91
6.92
7.66 163-066-749-105-001
9.25 163-066-749-105-001
12.70 163-066-749-105-001
8.01 038-050-752-073-100
9.26 163-050-752-067-002
9.13
11.73
11.52
11.22

School

163-066-749-105-001
038-067-749-110-100
13.44
163-067-749-124-001
038-067-749-110-200

Grocery
Place of Assembly
Power Substation

9.67
9.06
12.12

14.2

14.2

9.5
9.5
9.5
14.2
6.9

9.5
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Qualitative Analysis of Natural Resource Area Vulnerability
Natural resources in Lynn that are vulnerable to sea level rise include intertidal areas along the waterfront (tidal
mudflats) as well as estuarine mudflats and marsh along the lower Saugus River (Figures B-1 and B-2). The
3
National Wetlands Inventory (NWI) indicates wetlands immediately adjacent to the Lynn waterfront comprise
16.2 acres of marine mudflats. This Inventory also indicates wetland areas along the Lynn side of the Saugus
River comprising approximately 18.8 acres of estuarine marsh fringed at lower elevation by approximately 37
acres of estuarine mudflats. Under predicted sea level rise scenarios, the nature of these marshes would likely
be altered with some areas of marsh converted to mudflats and some areas of mudflats converted to open
water. Because no space is available for retreat, little new estuarine marsh could become established.
Table B-1 Summary of National Wetlands Inventory Wetlands, Lynn Massachusetts
Location
Wetlands Type
Description
Area (Acres)
Saugus River

E2EM1P

Estuarine Marsh

18.78

Saugus River

E2USN

Estuarine Mudflats

37.39

Lynn Waterfront

M2USN

Marine Mudflats

16.16

Source: US Fish and Wildlife Service National Wetlands Inventory Wetlands Mapper

NWI Explanation of Lynn Area Wetlands Types Shown on Figures B-1 and B-2
Saugus River Wetlands

E

2

Description for code E2USN :
System ESTUARINE: The Estuarine System describes deepwater tidal habitats and adjacent tidal wetlands
that are influenced by water runoff from and often semi-enclosed by land. They are located along low-energy
coastlines and they have variable salinity.
Subsystem INTERTIDAL: This is defined as the area from extreme low water to extreme high water and
associated splash zone.

US Class UNCONSOLIDATED SHORE: Includes all wetland habitats having two characteristics: (1)
unconsolidated substrates with less than 75 percent areal cover of stones, boulders or bedrock and; (2) less
than 30 percent areal cover of vegetation. Landforms such as beaches, bars, and flats are included in the
Unconsolidated Shore class.
Subclass :
N WATER REGIME Regularly Flooded: Tidal water alternately floods and exposes land surface at least once daily.
Description for code E2EM1P :
System ESTUARINE: The Estuarine System describes deepwater tidal habitats and adjacent tidal wetlands
that are influenced by water runoff from and often semi-enclosed by land. They are located along low-energy
coastlines and they have variable salinity.
2 Subsystem INTERTIDAL: This is defined as the area from extreme low water to extreme high water and
associated splash zone.
EM Class EMERGENT: Characterized by erect, rooted, herbaceous hydrophytes, excluding mosses and lichens.
This vegetation is present for most of the growing season in most years. These wetlands are usually
dominated by perennial plants.
1 Subclass Persistent: Dominated by species that normally remain standing at least until the beginning of the
next growing season. This subclass is found only in the Estuarine and Palustrine systems.
E

P WATER REGIME Irregularly Flooded: Tidal water floods the land surface less often than daily.

3 http://www.fws.gov/wetlands/Data/Mapper.html
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Lynn Waterfront Wetlands
Description for code M2USN :
M System MARINE: The Marine System describes open ocean and high energy coast lines with salinities
exceeding 30 parts per thousand (ppt) and little or no dilution except outside the mouths of estuaries.
2 Subsystem INTERTIDAL: This is defined as the area from extreme low water to extreme high water and
associated splash zone.
US Class UNCONSOLIDATED SHORE: Includes all wetland habitats having two characteristics: (1)
unconsolidated substrates with less than 75 percent areal cover of stones, boulders or bedrock and; (2) less
than 30 percent areal cover of vegetation. Landforms such as beaches, bars, and flats are included in the
Unconsolidated Shore class.
Subclass :
N WATER REGIME Regularly Flooded: Tidal water alternately floods and exposes land surface at least once daily.
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Risk Calculation for Critical Facilities and Intersections Subject to Inundation above Critical Depth
Consequence Criteria1

Facility

Location

Type

Step 5 ²

Step 4³

Public Safety,
Emergency
Services

Public Health,
Environment

Repair
Cost

Reduced
Economic
Activity

Public
Services;
Duration

Consequence
Sum

Consequence
Score

Probability
2016

Probability
2041

Probability
2066

Risk by Time Horizon-Step 6⁴

Step 6⁵

Risk Score Risk Score Risk Score
2016
2041
2066

Weighted Risk
Score

Critical facilities
C.L. Hauthaway

638 Sum mer St

Hazardous Materials

5

5

2

2

2

16

64

0.01

0.10

1.00

0.64

6.4

64

National Grid Power Station

Marine Blvd

Power Station

5

5

4

5

3

22

88

0.01

0.01

0.10

0.88

0.88

8.8

2.9

Cam den Street Sewer Lift Station

Camden Street

Sewer Pumping Station

4

5

3

2

3

17

68

0.01

0.10

0.10

0.68

6.8

6.8

2.8

Lynn EDIC Pier

Riley Way

Transportation Facility

3

2

3

3

3

14

56

0.01

0.10

0.10

0.56

5.6

5.6

2.3

MBTA Bus Terminal

Western Ave

Transportation Facility

2

2

2

3

2

11

44

0.01

0.10

0.01

0.44

4.4

0.44

1.6

General Electric Aircraft Engines

1000 Western Ave

Hazardous Materials

5

5

3

3

3

19

76

0.01

0.01

0.10

0.76

0.76

7.6

1.1

Garelick Farms - Lynn

626 Lynnway

Hazardous Materials

5

5

3

3

1

17

68

0.01

0.01

0.10

0.68

0.68

6.8

0.99

National Grid Gas

255 Blos som St

Hazardous Materials

5

5

2

3

2

17

68

0.01

0.01

0.10

0.68

0.68

6.8

0.99

Blossom Street Sewer Lift Station

Blossom Street

Sewer Pumping Station

4

4

3

2

3

16

64

0.01

0.01

0.10

0.64

0.64

6.4

0.93

Reed Street Sewer Lift Station

Reed Street

Sewer Pumping Station

4

4

3

2

3

16

64

0.01

0.01

0.10

0.64

0.64

6.4

0.93

Hanson Street Sewer Lift Station

Hanson Street

Sewer Pumping Station

4

4

3

2

3

16

64

0.01

0.01

0.10

0.64

0.64

6.4

0.93

Gear Plant Heliport

1000 Western

Heliport

3

3

2

3

1

12

48

0.01

0.01

0.10

0.48

0.48

4.8

0.70

Price Rite of Lynn

395 Lynnway

Grocery

2

2

3

2

2

11

44

0.01

0.01

0.10

0.44

0.44

4.4

0.64

Ford Annex

100 Bennet St.

Special Needs

2

2

2

1

3

10

40

0.01

0.01

0.10

0.4

0.4

4

0.58

Volunteer Yacht Club

68 Lynn Way

Recreation

1

1

3

1

3

9

36

0.01

0.01

0.10

0.36

0.36

3.6

0.52

5.54

St Michaels House

Elmwood

Place of Assembly

2

2

2

1

2

9

36

0.01

0.01

0.10

0.36

0.36

3.6

0.52

Barry Park

Waterford Street

Recreation/

1

1

2

1

3

8

32

0.01

0.01

0.10

0.32

0.32

3.2

0.46

DCR Skating Rink

Shepherd St

Emergency Mortuary

1

2

2

1

3

9

36

0.01

0.01

0.01

0.36

0.36

0.36

0.36

Bridge No. 6 Subs tation

Bridge Street

Power Substation

4

3

2

2

2

13

52

0.00

0.01

0.01

0

0.52

0.52

0.18
0.14

Habit Management Center

11 Circle Avenue

Medical Facility

2

3

2

1

2

10

40

0.00

0.01

0.01

0

0.4

0.4

Harbor Loft 2

680 Was hington St

Large Residential Facility

2

2

2

1

1

8

32

0.00

0.01

0.01

0

0.32

0.32

0.11

Lynn WWTP

2 Circle Ave.

Maint Bldg.

4

5

2

3

2

16

64

0.00

0.00

0.01

0

0

0.64

0.03

North Shore Comm unity College

300 Broad St

School

2

3

3

4

4

16

64

0.00

0.00

0.01

0

0

0.64

0.03

All Welding Supplies Inc

101 Harbor St

Hazardous Materials

3

3

2

3

2

13

52

0.00

0.00

0.01

0

0

0.52

0.03

Ocean Shores

50 Lynnway

Large Residential Facility

2

2

2

1

1

8

32

0.00

0.00

0.01

0

0

0.32

0.02

Critical Intersections
Lynnway and Commercial

Lynnway and
Comm ercial

Inters ection

3

2

2

4

2

13

52

0.01

0.01

0.10

0.52

0.52

5.2

0.75

Nahant Circle

Nahant Circle

Inters ection

3

2

2

4

2

13

52

0.01

0.01

0.10

0.52

0.52

5.2

0.75

Lynnway and Blossom

Lynnway and
Blossom

Inters ection

3

2

2

4

2

13

52

0.01

0.01

0.10

0.52

0.52

5.2

0.75

Lynnway and Broad

Lynnway and Broad

Inters ection

3

2

2

4

2

13

52

0.01

0.01

0.10

0.52

0.52

5.2

0.75

Summer and River (Cam den)

Summer and River
(Camden)

Inters ection

2

1

2

4

2

11

44

0.01

0.01

0.01

0.44

0.44

0.44

0.44

APPENDIX D

Arterial roadways and intersections vulnerable to flooding

Arterial roadways and intersections vulnerable to flooding
Arterials

Roadway
2041 MHHW (100%)

Roadway Segment Subject to Greater than 1ft. Inundation
2041 (1% )
2066 MHHW (100%)

Lynnway (Rt. 1A)

Bridge Approach to Pleasant
Street

Western Avenue (SR 107)

SW of Burns St.

Summer Street
Ashland to Albion
Neptune Park
Commercial

Commercial St
Bennett St.

Railroad Underpass

Lynnshore Drive

to

Pleasant Street to Washington St.
Route 107 Bridge approach
1. Summer St at GEAA Field
culvert
2. Summer
at
Linden
(intersection)

SW of Minot St

Railroad underpass

Neptune Blvd. to Circle St.

Orchard to South Street

Elmwood to Commercial

Ames to Ashland

225

Elmwood to Commercial
Nahant Circle to Beach Road
Farr St. to Lynnway rt. turn
lane

Washington St (lower)

2066 (1%)

Nahant St to Beach Road
1. Washington St at Lynnway
2. Washington St. at Farr

Intersections
Depth of Inundation (Ft)
Intersection

Elevation of Intersection (LiDAR
NAVD88 Ft)

Depth of Inundation (Ft)

NOAA 2041 Scenario
10% Storm (8.2')

1% Storm (12.2')

NOAA 2066 Scenario
10% Storm (10.0')

1% Storm (14.0')

Lynnway and Commercial

8.46

0.00

3.74

1.54

5.54

Lynnway and Broad

9.81

0.00

2.39

0.19

4.19

Nahant Circle

8.32

0.00

3.88

1.68

5.68

Summer and River (Camden)

8.39

0.00

3.81

1.61

5.61

Broad and Market

13.78

0.00

0.00

0.00

0.22

8.41
Critical Depth of intersection is 1.0 FT
Shading indicates conditions that exceed 1.0 ft. depth in intersection

0.00

3.79

1.59

5.59

Lynnway and Blossom
Note:

ACRONYM LIST
Acronyms

CZM
EDIC
EPA
FEMA
FIRMS
GIS
LLC
MEOWS
MHHW
MLLW
MOMs
NAVD88
NOAA
NWS
SLOSH
SLR

Massachusetts Office of Coastal Zone Management
City of Lynn Economic Development and Industrial Corporation
US Environmental Protection Agency
Federal Emergency Management Agency
FEMA Flood Insurance Rate Maps
Geographic Information System
Limited Liability Company
Maximum of the Maximum Envelopes of Water
Mean Higher High Water
Mean Lower Low Water
Storm Surge Maximums of the Maximum
North American Vertical Datum of 1988
National Oceanic and Atmospheric Administration
National Weather Service
Sea, Lake, and Overland Surges from Hurricanes
Sea Level Rise

Attachment C

TO:

Patricia Bowie, Kathryn Glenn; Office of Coastal Zone Management

FROM:

Frank Ricciardi, Julie Eaton, and Rob Almy, Weston & Sampson;
Erin Healy and Mark Mahoney, Anchor QEA, LLC

DATE:

May 26, 2016

SUBJECT:

Lynn Coastal Resiliency Assessment: Task 6 Technical Memorandum
Coastal Protection and Adaptation Strategies for Critical Infrastructure

CC:

Jim Cowdell, Bill Bochnak, Mary Jane Smalley; Lynn EDIC

The City of Lynn Economic Development and Industrial Corporation (EDIC) is completing a
community-based process to assess vulnerability associated with sea level rise/storm surge and
plan for adaptation to these future climatic conditions, specifically along the Lynn shoreline and
Saugus River areas (refer to Figure 1). The project is funded through a grant provided by the
Coastal Community Resilience Grant Program (CCRGP) of the Massachusetts Office of Coastal
Zone Management (CZM). The overall goal of the CCRGP is to improve coastal resiliency,
which refers to the capacity of shoreline areas to protect and preserve infrastructure and other
socioeconomic resources in response to predicted sea level rise (SLR) and increased frequency
and intensity of coastal storms.
This technical memorandum summarizes the third of three tasks for the Lynn Coastal Resiliency
Assessment and Adaptation Project. Results of the first two tasks were presented in previous
technical memoranda, as follows:
•

•

Task 1 included synthesis of available relevant technical analyses and reports,
compilation of data into a geographic information system (GIS), development of study
scenarios, and preliminary review of relevant regulations; and
Task 2 presented estimates and maps of inundation under future climate change
scenarios, and preliminary risk ranking for critical resources and infrastructure.

Task 3, which is summarized in this technical memorandum, is focused on further evaluation of
potential coastal vulnerabilities and risk, and presentation of adaptation alternatives that Lynn
can consider to increase the resiliency of the community and coastal infrastructure. The
memorandum is organized as follows:
•
•
•

Section 1: Vulnerability and Risk Assessment Summary
Section 2: Coastal Protection and Vulnerabilities
Section 3: Adaptation Strategies
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SECTION 1: VULNERABILITY AND RISK ASSESSMENT SUMMARY
The vulnerability/risk assessment completed in Task 2
of this study focused on facilities and other resources
essential to public safety and health and the
economic viability of the City of Lynn. Federal and
State owned facilities that are not critical to protecting
public health and safety were not included in the
assessment.
Assets within the areas subject to
inundation were identified from the City’s Hazard
Mitigation Plan, analysis of available GIS information
and discussions with City and state officials. The
results of the vulnerability assessment will support
planning to further define and implement adaptation
measures to reduce hazards and increase resiliency.
The risk assessment looked at coastal conditions
under projected high tide conditions as sea level
rises, and possible storm inundation given the rise in
sea level. Risk ranking was developed based on the
consequence of flooding and the probability that it
would occur in 25 years (2041) and 50 years (2066).
These time horizons were selected because they are
typically considered for municipal planning and
engineering designs.
In addition to the risk assessment and ranking of
infrastructure based on the probability of inundation,
vulnerability and risk can also result from shoreline
erosion from increasingly intense storms, and
changes in wave patterns as sea level rises. A review
of coastal physical processes and the existing
seawalls and coastal structures that currently protect
the Lynn shoreline was conducted to evaluate the
potential of risk due to shoreline erosion. A summary
of findings is provided in Section 2 below, and results
were considered when identifying the top ten publicly
owned facilities and assets list. A full list of vulnerable
facilities with risk ranking scores is included in
Attachment A. The top ten list to the right includes
publicly owned facilities and assets, with the
exception of the Gear Plant Heliport and the Habit
Management Center, which have public importance.
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SECTION 2: COASTAL PROTECTION AND VULNERABILITIES
Lynn is located north of Boston, along a southeast-facing shoreline, as shown on the National
Oceanic and Atmospheric Administration (NOAA) navigation chart for the Lynn coastline
provided in Figure 1. The Nahant Causeway connects Nahant to the mainland at Lynn and
separates the Lynn shoreline into northern and southern sections. The Nahant Causeway runs
on top of a tombolo, which is a natural geologic deposit that connects an offshore land mass to
the mainland. The causeway provides a natural barrier that shields Lynn Harbor from the open
Atlantic Ocean.
Most of the Lynn shoreline is protected by hard infrastructure. North of the Nahant Causeway, a
seawall runs along the edge of Lynn Shore Drive. Sandy beaches (Kings and Lynn beaches)
and rocky intertidal areas (Red Rock Park) lie between the seawall and the ocean. Land use is
primarily single- and multi-family residential, and beach areas (City of Lynn 2005). The
approximately 4-mile-long shoreline is on Nahant Bay, which opens to the Atlantic Ocean.

Source: U.S. Department of Commerce et al. 2013

Figure 1: Lynn Harbor and Nahant Bay Navigation Chart

Seawalls and bulkheads of varying types and condition run along the Lynn shoreline south of
the Nahant Causeway. Soft features, such as beaches and tidal flats are also present on the
water side of the seawalls (MassGIS Moris 2016). Land use is industrial intermixed with
residential and commercial uses, vacant land, and Heritage State Park (City of Lynn 2005).

Lynn Coastal Resiliency Assessment
May 26, 2016

Page 4

Lynn Harbor lies between the Lynn shoreline and the Nahant Causeway and opens to Broad
Sound to the south. The Saugus River discharges into the southern portion of Lynn Harbor.
Much of the Lynn shoreline along the Saugus River is protected by earthen berms or in some
cases, small retaining walls. Land use is industrial near the mouth of the Saugus River, and
primarily residential, with some industrial/commercial, upstream in the river. Riverfront property
is not as susceptible to wave action as the eastern, Atlantic-facing shoreline. However,
residents indicated during Public Meetings that they are experiencing increasing flooding under
normal tidal conditions, and especially during extreme high tides such as King Tides. Although a
King Tide is an unusually high water elevation, it is a natural phenomenon resulting from the
alignment of the moon and earth. As sea level rises due to global climate change, these high
tides will reach higher levels and increased flooding will occur.
Coastal Protection Structures
A high-level evaluation of coastal structures that protect the Lynn shoreline was primarily based
on a database developed by the Commonwealth of Massachusetts and available on the MORIS
website (MORIS link); discussions with EDIC and City department managers; and input during
public meetings conducted during this study. Coastal protection structures located in Lynn are
depicted on Figure 2 and included in Attachment B, which is color coded to indicate if the
structure will be overtopped under a current storm or future climate change scenario. The
ownership of the structures–either public or private–is also indicated. Based on this mapping
and anecdotal information from EDIC, the protective structures are generally effective flood
protection for the Lynn shoreline.
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The shoreline in front of a closed landfill located between the Riley Way Extension and the Lynn
Wastewater Treatment Plant was identified as a potential erosional area that could affect the
stability of the landfill. The seawall protecting this area is extremely damaged and offers no
protection from wave erosion or flooding. Further, future sea level rise would result in landward
advancement of the high tide level. Also, increases in local sea level would allow larger waves
to propagate closer to the shore and thus increase the potential for erosion and landward
migration of the shoreline (shoreline retreat).
Erosion Analysis
An analysis including estimates of waves and erosion under future climate change conditions
was conducted as a first level screening to evaluate the potential for erosion of the shoreline
and risk to the landfill at the Riley Way Extension.
The erosion analysis was based on the NOAA-High sea level rise projection for 2041 and 2066
(See Task 1 and Task 2 Technical Memoranda for a full description of the sea level rise
projections). Results indicate that waves impacting the Lynn Harbor shoreline would likely have
significant wave heights between four to five feet during a 100-year (1% probability) storm
event. The resulting erosion under these scenarios is estimated to result in approximately 7 and
18 feet of shoreline loss, respectively.
Based on this analysis, there is a potentially high risk of erosion and landward migration of the
shoreline bordering the landfill at the Riley Way Extension. The seawall that was constructed to
protect this shoreline is not functional, and the shoreline, along with the landfill and protective
cap, is currently at risk. An engineering feasibility study and alternatives analysis, including a
more detailed assessment of risk of failure of the landfill, is recommended in the very near term.
This study should look at the Lynn shoreline holistically in the context of planning for future
development and economic invigoration of the City. By starting the engineering evaluation now,
the potential for having to react to a catastrophic failure during a storm, along with the possible
resulting environmental impacts and need for stop-gap engineering followed by longer term
planning and engineering, could be avoided. Also starting to consider the level of risk and
possible solutions before a failure occurs allows for more measured consideration of alternative
approaches, and a more sustainable and resilient plan for the coastline.
From a cost–benefit perspective, failure of the integrity of this landfill protective cap side slope
could result in potential environmental impacts, and would require immediate reaction, which
overall would be a high-cost, short-term solution. Based on results of the feasibility study, plans
should be developed, and further analysis should be undertaken to evaluate adaptation
feasibility and design.
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SECTION 3: ADAPTATION STRATEGIES
A variety of approaches are available to increase resiliency and adapt to changing coastal
conditions, as illustrated in Figure 3. A general overview and descriptions of specific adaptation
strategies is provided in Attachment C, and those strategies that could be used to address risk
and vulnerabilities for the top ten list of facilities at risk for Lynn are described in more detail in
the following sections. The Task 2 memorandum identified several privately owned properties
that are at risk from flooding events, including the National Grid Power Station and C.L.
Hauthaway. Since the focus of this study is on public assets, this memorandum does not
provide adaptation strategies for privately owned facilities, but recommends working with
stakeholders to coordinate adaptation strategies.

Figure 3: Coastal Adaptation Approaches to Address Coastal Climate Change Vulnerability

In general, adaptation strategies can be categorized as programmatic measures or capital
investments. Programmatic measures typically include: administrative measures; community
involvement; zoning and regulatory measures; operations and management; and acquisitions.
Capital investments are generally measures that retreat from, protect, and/or accommodate
flood waters. Adaptation strategies developed for this study will draw on a wide array of options
for adapting to the long-term effects of sea level rise. The strategies outlined in the sections to
follow are meant to serve as an “a-la-cart” menu of alternatives that can be used in conjunction
with other strategies for compounded adaptation planning. No alternatives analysis or feasibility
assessment has been completed for this study at this time.
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Coastal Protection
The City of Lynn is protected from the Atlantic Ocean by a series of seawalls of varying heights
and conditions. Industrial facilities on the Saugus River, such as General Electric (GE), are also
protected by seawalls, as are many residential properties.
Green or integrated flood protection typically requires space between the normal high tide line
and the infrastructure or resource to be protected. In many cases in Lynn, this space is not
available, and maintenance of the seawalls at elevations that will protect against current and
future flood conditions may be the preferred adaptation alternative. This type of situation was
identified by the Commonwealth in the Massachusetts Climate Change Adaptation Report
(Chapter 8 - Coastal Zone and Ocean; MA EOEEA 2011):
In urban areas with large populations – especially those that are environmental
justice communities – implementation of highly engineered structural protection
measures will likely be a high priority for extensive public infrastructure and private
development.
The graphics below illustrate generalized resilient coastal protection measures for three cases:
1. New commercial or public development where space is available between the high tide
line and infrastructure (Figure 4)
 Green design including natural coastal protection elements
 Provides recreational space
 Living with Water concept
 Commercial or public development
 Space is available between infrastructure and the high tide line
 Consider for new development
2. A lower cost option for residential infrastructure with limited space between the high tide
line and the house (Figure 5)
 Lower cost solutions for existing residential areas
 Minimal space between high tide line and structures
 Deployable seawall would be deployed prior to extreme storms, and allows the
permanent hard structure to be low enough to allow an ocean view
 Habitat enhancement on vegetated rock revetment
 Raising house freeboard improves resiliency
3. Commercial or public development, either existing or new, with limited space between
the high tide line and infrastructure (Figure 6)
 Hard coastal protection
 Habitat provided in subtidal shelf seaward of the hard structure
 Deployable seawall would be deployed prior to extreme storms, and allows the
permanent hard structure to be low enough to allow an ocean view
 Consider for existing commercial and industrial areas

Figure 5: Existing Residential Coastal Protection

Figure 4: New commercial or public development

Figure 6: Commercial Development with limited
space between the high tide line and infrastructure

Transportation
Transportation is critical for evacuation and emergency access and response before, during,
and after storm events. Nuisance flooding due to high tides is also a concern for traffic and
access to commercial and residential properties. Utilities buried in roadways and electrical
conduit boxes may not be accessible during flooding events. An incremental approach to
adaptation for climate impacts is typically recommended for transportation corridors. Plans to
elevate roadways, access to buildings, and utilities should be incrementally adapted as part of
capital improvements. Considerations to grading roadways and sidewalks, using pervious
pavement, and developing green infrastructure solutions, such as bioswales and rain gardens,
will improve infiltration and manage stormwater runoff. Short term solutions may include road
closures with advance notice to residents. Evacuation routes should be evaluated for potential
inundation in coordination with emergency services and state transportation agencies and
relocation of routes may be considered.

Figure 7: Rendering of Camden Street before (left) and after (right) a 100-year storm event.

Several of the transportation features identified during the risk and vulnerability study include
the Lynn Ferry Pier, two critical intersections (Lynnway and Blossom and Nahant Circle), and
the gear plant heliport (for emergency transportation). An overview of each site, including the
risk and vulnerability, and several adaptation strategies are included in this section.

Lynn Ferry Pier
The Lynn Ferry Pier is protected by a seawall that would not be overtopped under any of the
evaluated future climate change scenarios. However, results of the vulnerability and risk
assessment indicate that given the elevation of the pier, if the seawall was ineffective, the area
could be inundated by a 10 year (10% probability) storm in 2066. Thus, it is important to
maintain the wall so that it remains in good condition to avoid flooding in the long term. Also,
the boat launch adjacent to the seawall provides a possible pathway for flooding as sea level
rises and storm intensity increases. Discussions with EDIC indicate that flooding has not
occurred, but if the area does start to experience flooding through the boat launch, an additional
evaluation of vulnerability and adaptation alternatives should be undertaken.

CRITICAL INTERSECTION:

Lynnway & Blossom Street

The intersection of
Lynnway & Blossom is
a critical intersection in
Lynn, MA.

INTERSECTION AT LYNNWAY & BLOSSOM ST.

The height of water
where travel is no longer
safe is the threshold
elevation: El. 9.41.
RISK AND VULNERABILITY – Reference Task 2 Memorandum for Method and RVA

Possible Inundation Scenarios

INTERSECTION ADAPTATION STRATEGIES
The critical concern is safe travel during and after a storm event. The following adaptation strategies should be
reviewed by emergency services and state transportation agencies. They are provided in order of likelihood of
implementation and feasibility. These strategies do not consider the repair and/or construction of coastal protection
measures. The risk and vulnerability to the intersection should be re-assessed if coastal protection measures are
adapted. A thorough alternatives analysis feasibility assessment should be performed to prioritize adaptation
strategies.
ADAPTATION STRATEGY
EMERGENCY PLANS
(Programmatic)
PERMANENT FLOOD
BARRIERS BETWEEN
LYNNWAY AND
WATERFRONT
(Protection)

DEPLOYABLE FLOOD WALLS
BETWEEN LYNNWAY AND
WATERFRONT
(Protection)

STORMWATER
INFILTRATION & RETENTION
(Accommodation)

ELEVATION
(Retreat)

DESCRIPTION
Work with state agencies and emergency services to evaluate evacuation routes and alert systems
that notify community during flood events (water level monitoring system). Emergency access to
inundated areas should also be evaluated.
A permanent dike or barrier can be constructed
between Lynnway and the waterfront. Temporary
floodwalls or stoplogs could be used so access to the
waterfront is possible in fair weather. Additional
stoplogs can be placed to accommodate increases in
flood elevation and storm surge.
Deployable floodwalls or a temporary dike structure provide a short
term solution to flood defense. The effectiveness of this method is
moderate and depends on installation prior to a storm surge event. It
less costly than permanent structures, and typically installation and
removal can be accomplished with moderate effort.
The roadway should be prepared for innundation and rapid
drainage following heavy percipitation or inundation. On-site
retention features including such as storage tanks and
detention ponds can retain water, which also can be used as
emergency fire protection. Measures such as grading the roads
and french drains can be used in addition to green
infrastructure solutions (ex. Bioswales) and pervious surfaces
to improve infitration and slow stormwater runoff. These
methods will help the site rebound from flooding more quickly.
Elevate components of electrical distribution system to above the flood
elevation. Larger scale roadway and drainage elevation or bridge
construction should be considered. Innovations such as floating sidewalks
should be assessed as technology develops.

REFERENCES
• “Ensuring Transportation Infrastructure and System Resilience: U.S. Department of Transportation (DOT) Climate Adaptation Plan,”
prepared by U.S. DOT; 2014.
• “MassDOT-FHWA Pilot Project: Climate Change and Extreme Weather Vulnerability Assessment and Adaptation Options for the Central
Artery/Tunnel, Boston, MA,” prepared by UMass Boston, UNH, Woods Hole Group, MassDOT, FHWA; September 16-18, 2015.
• “Adapting Urban Infrastructure to Climate Change: A Drainage Case Study,” Kirshen, Paul et. Al. DOI: 10.1061/(ASCE)WR.19435452.0000443; 2014.
• “Building Resilience in Boston,” prepared by Linnean Solutions, The Built Environment Coalition, The Resilient Design Institute, July 2013.
• “Homeowner’s Guide to Retrofitting,” FEMA P-312, 3rd Edition; June 2014.
• “Urban Coastal Resilience: Valuing Nature’s Role,” prepared by the Nature Conservancy; 2015.
• “Adaptations Strategies Guide for Water Utilities,” prepared by the Environmental Protection Agency; February 2015.

CRITICAL INTERSECTION:

Nahant Circle

NAHANT CIRCLE is a critical
intersection in Lynn, MA. A seawall
protects the beach located east of
the circle, but it terminates at a
Nahant/Lynn Beach access parking
lot. Sea water floods in through a
topographic low at the end of the
sea wall.
The height of water where travel is
no longer safe is the threshold
elevation: El. 9.32.

NAHANT CIRCLE

RISK AND VULNERABILITY – Reference Task 2 Memorandum for Risk Assessment Method
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INTERSECTION ADAPTATION STRATEGIES
The critical concern is safe travel during and after a storm event. The following adaptation strategies should be
reviewed by emergency services and state transportation agencies. They are provided in order of likelihood of
implementation and feasibility. Adaptation measures to protect Nahant Circle from current and future flooding
would likely involve improving coastal protection. As with any coastal project, the effects on coastal dynamics such
as depositional patterns, waves and currents, should be considered. The risk and vulnerability to the intersection
should be re-assessed if coastal protection measures are adapted. A thorough alternatives analysis and feasibility
assessment should be performed to prioritize adaptation strategies.
ADAPTATION STRATEGY
EMERGENCY PLANS
(Programmatic)
DEPLOYABLE FLOOD WALLS
ALONG THE WATERFRONT
(Protection)

PERMANENT HARD FLOOD
BARRIERS ALONG
WATERFRONT
(Protection)

NATURAL COASTAL
PROTECTION - DUNES

STORMWATER
INFILTRATION & RETENTION
(Accommodation)

ELEVATION
(Retreat)

DESCRIPTION
Work with state agencies and emergency services to evaluate evacuation routes and alert systems
that notify community during flood events (water level monitoring system). Emergency access to
inundated areas should also be evaluated.
Deployable floodwalls or a temporary dike structure provide a short term
solution to flood defense. The effectiveness of this method is moderate and
depends on installation prior to a storm surge event. It less costly than
permanent structures, and typically installation and removal can be
accomplished with moderate effort.
There is a gap in the seawall at the Nahant Rotary that allows flooding of the roadway. The seawall
could be extended to protect this areas. The seawall from the Nahant/Lynn Beach could be extended
and possibly increased in height to block flows from the sea.
Since the public beach is an important amenity, the seawall
would need to be designed to allow access to the beach.
Also, it should be designed as to not interfere with natural
coastal processes that result in beach deposition.
The dune system that runs along the Nahant Causeway south of Nahant Circle could possibly be
extended to protect the roadway. As an alternative to a hard shoreline solution, construction of
stabilized, vegetated dunes as a natural barrier to flooding could be considered. Large dunes are
present along the Nahant Beach to the south, and could possibly be extended into this area. A dune
system would enhance the aesthetic and recreational aspects of the beach. Also, the slope of the
beach could be altered to modify coastal dynamics and water circulation that could help to suppress
nuisance algae accumulations that are problematic in this area. If a natural coastal protection such
as dunes is implemented, improving drainage along the road to aid in infiltration and
directing/draining water away from the roads would also help to minimize flooding potential.
The roadway should be prepared for innundation. On-site
retention features including underground storage tanks and
detention ponds can retain water, which also can be used as
emergency fire protection. Measures such as grading the roads
and french drains can be used in addition to green infrastructure
solutions (ex. Bioswales) and pervious surfaces to improve
infitration and slow stormwater runoff. These methods will help
the site rebound from flooding more quickly
Elevate components of electrical distribution system to above the flood elevation. In some cases,
roads can be elevated above the expected inundation level. However, this is likely not a good option
for the rotary. Innovations such as floating sidewalks should be assessed as technology develops.

REFERENCES
• “Ensuring Transportation Infrastructure and System Resilience: U.S. Department of Transportation (DOT) Climate Adaptation Plan,”
prepared by U.S. DOT; 2014.
• “MassDOT-FHWA Pilot Project: Climate Change and Extreme Weather Vulnerability Assessment and Adaptation Options for the Central
Artery/Tunnel, Boston, MA,” prepared by UMass Boston, UNH, Woods Hole Group, MassDOT, FHWA; September 16-18, 2015.
• “Adapting Urban Infrastructure to Climate Change: A Drainage Case Study,” Kirshen, Paul et. Al. DOI: 10.1061/(ASCE)WR.19435452.0000443; 2014.
• “Building Resilience in Boston,” prepared by Linnean Solutions, The Built Environment Coalition, The Resilient Design Institute, July 2013.
• “Urban Coastal Resilience: Valuing Nature’s Role,” prepared by the Nature Conservancy; 2015.
• “Adaptations Strategies Guide for Water Utilities,” prepared by the Environmental Protection Agency; February 2015.

CRITICAL INFRASTRUCTURE:

Gear Plant Heliport

GEAR PLANT HELIPORT
is located at 1000 Western
Avenue in Lynn, MA. Access
to the heliport could be
critical if needed for
emergency transportation.

GEAR PLANT HELIPORT

The elevation of the helipad
is the threshold elevation:
El. 9.13.
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Possible Inundation Scenarios

GEAR PLANT HELIPORT ADAPTATION STRATEGIES
The critical concern is access to the heliport during and after a storm event, which will require a quick recovery time.
The following adaptation strategies should be reviewed by emergency services and the property owners. They are
provided in order of likelihood of implementation and feasibility. These strategies do not consider the repair and/or
construction of coastal protection measures. The risk and vulnerability to the facility should be re-assessed if coastal
protection measures are adapted. A thorough alternatives analysis, including evaluating alternative helipad
locations, should be performed to prioritize adaptation strategies.
ADAPTATION STRATEGY
ALTERNATIVE LOCATIONS
(Programmatic and
Retreat)

ELEVATION
(Retreat)

DRY FLOODPROOFING
(Protection)

STORMWATER
INFILTRATION &
RETENTION
(Accommodation)

DESCRIPTION
If the helipad is identified as an emergency evacuation area, an alternative facility or area
outside the inundation zone should be identified. This may require coordination with local
emergency services to determine another suitable location on site or a different location.
Currently, the park behind the Lynn High School is can be used for emergency helicopter
transport.
Elevating the heliport pad above the predicted flood elevation will
prevent flooding.
Access to the helipad must also be maintained if it is determined to
be an emergency evacuation area, so elevating roadways or
constructing bridges should be considered. This may have a high
associated cost and will likely be deemed unfeasible.
The surface of the helipad may be sealed and graded to make the
surface dry during storm events (provided that it is above or outside
of the inundation zone).
Access to the helipad must also be dry so that emergency services can
access the helipad during storm or flood events.
The surrounding site should be prepared for innundation.
On-site retention features including detention ponds can
retain water, which also can be used as emergency fire
protection. Measures such as grading the site and french
drains can be used in addition to green infrastructure
solutions (ex. bioswales) and pervious surfaces to improve
infitration and slow stormwater runoff. These methods
will help the site rebound from flooding more quickly.

REFERENCES
• “Building Resilience in Boston,” prepared by Linnean Solutions, The Built Environment Coalition, The Resilient Design Institute, July 2013.
• “Homeowner’s Guide to Retrofitting,” FEMA P-312, 3rd Edition; June 2014.
• “NYC Wastewater Resiliency Plan,” prepared by the Department of Environmental Protection; October 2013.
• “Urban Coastal Resilience: Valuing Nature’s Role,” prepared by the Nature Conservancy; 2015.
• “Adaptations Strategies Guide for Water Utilities,” prepared by the Environmental Protection Agency; February 2015.
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Utilities and Energy
The goal of resiliency is to adapt, survive, and rebound from natural catastrophic events. Successful
operation of functioning building utilities is a crucial part of adaptation. Attachment C provides
several general strategies that can be applied to utility and energy infrastructure.
In general, building managers should prepare in advance of flood events to protect utilities and
energy sources, which may include:
 elevating utilities above flood elevation;
 making utilities or access to utilities watertight or waterproof;
 creating a barrier around utilities;
 evaluating system redundancy;
 preparing easy hook-ups for generators; and
 developing an emergency plan.
The Wastewater Treatment Plant (WWTP)
Maintenance Building was identified during the risk
and vulnerability study. The WWTP is located
behind the landfill, which provides some flood
defense due to its elevation. According to the Lynn
Water and Sewer Commission, no flooding has
occurred at this site in the past. The building has a
basement that is currently used for storage. An
overview of the building, including the risk and
vulnerability and several adaptation strategies are
included in this section.

Figure 8: Entrance to Lynn WWTP

CRITICAL INFRASTRUCTURE:

WWTP Maintenance Building

WASTEWATER TREATMENT PLANT
(WWTP) MAINTENANCE BUILDING
is located at 2 Circle Avenue in Lynn,
MA. It is partially protected by the
landfill south of the building.
The building has a basement that is
currently used for storage. The
threshold elevation is El. 12.41,
which corresponds to 1.5 ft. above
the main ground floor.

LYNN WWTP MAINTENANCE BUILDING
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WWTP MAINTENANCE BUILDING ADAPTATION STRATEGIES
The critical concern is access to the maintenance building during and after a storm event. Inundation to the basement of
the structure is not critical to the function of the building. The following adaptation strategies are provided in order of
likelihood of implementation and feasibility. These strategies do not consider the repair and/or construction of coastal
protection measures. The risk and vulnerability should be re-assessed if coastal protection measures are adapted. A
thorough alternatives analysis and feasibility study should be performed to prioritize adaptation strategies.
ADAPTATION STRATEGY
SANDBAGS or DEPLOYABLE
FLOOD WALLS
(Protection)

WET FLOOD PROOFING
(Accommodation)

PERMANENT FLOOD
BARRIERS
(Protection)

DRY FLOODPROOFING
(Protection)

ELEVATION
(Retreat)

REDUNDANCY
(Programmatic)

STORMWATER
INFILTRATION & RETENTION
(Accommodation)

DESCRIPTION
Short term solution to provide flood defense. Involves
temporarily placing defenses around building
doorways, vents, and windows before a surge event.
The effectiveness of this method is very limited, but
cheaper than permanent structures.
The basement of the building is an ideal location for wet floodproofing because it prevents or
provides resistance to damage from flooding while allowing floodwaters to enter the building.
Generally, this includes properly anchoring the structure, using flood resistant materials, protection
of mechanical and utility equipment, and/or use of openings or breakaway walls. A benefit is that
the structures do not need to withstand hydrostatic pressures. Sump pumps would be used after a
storm event to remove the standing water from the basement.
A more permanent alternative is to create a permanent dike or barrier around the structure. The
barrier would be designed for flood loads and predicted elevations. Sluice gates could be used in
front of door ways to preserve access to the structure in dry conditions.
Sealing the doors and windows of the maintenance building
effectively makes the building water tight, assuming there are
no vents in flood zones or cracks elsewhere in the structure.
The effectiveness of this method is moderate; while it does not
require the notice of a storm event to protect the building, the
seal integrity is based on the design limitations. If the water
level exceeds the maximum water
pressure, the seal may fail and cause
flooding. Additionally, the structural
integrity of building walls should be
evaluated for flood loads.
Moving critical functions above the predicted flood elevation is a method to
prevent flood damage. Electrical equipment should be elevated to above the
flood elevation. All hazardous materials should be elevated above the flood
elevation.
Design building systems to provide overlapping services, so that when a system is damaged, some
of its services can be provided by a different system. Conduct regular maintenance and inspection
of resilience-related equipment. Choose reliable backup power and prioritize facility power needs.
More than one adaptation strategy should be considered for redundancy. Additional measures could
include installing a water level monitoring or alert system.
The surrounding site should be prepared for innundation and rapid
drainage. On-site retention features including underground storage
tanks and detention ponds can retain water, which also can be used
during fire emergencies. Measures such as grading the site and
french drains can be used in addition to green infrastructure
solutions (ex. bioswales) and pervious surfaces to improve infitration
and slow stormwater runoff. These methods will help the site
rebound from flooding more quickly..

REFERENCES
• “Building Resilience in Boston,” prepared by Linnean Solutions, The Built Environment Coalition, The Resilient Design Institute, July 2013.
• “Homeowner’s Guide to Retrofitting,” FEMA P-312, 3rd Edition; June 2014.
• “NYC Wastewater Resiliency Plan,” prepared by the Department of Environmental Protection; October 2013.
• “Urban Coastal Resilience: Valuing Nature’s Role,” prepared by the Nature Conservancy; 2015.
• “Adaptations Strategies Guide for Water Utilities,” prepared by the Environmental Protection Agency; February 2015.
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Wastewater and Drainage
Current climate change projections indicate increased rainfall over short periods and more frequent
nuisance flooding, which have the potential to overwhelm existing drainage systems. Low-lying areas
are vulnerable to flood events which may additionally impact gravity-based sewage collection during
flood events. Several programmatic measures are recommended for study in coordination with the
Lynn Water and Sewer Commission:
 Conduct a Drainage System Capacity Study to
evaluate current system capabilities.
 Evaluate installation and/or upgrade of Stormwater
Lift Stations.
 Evaluate installation and/or upgrade of tide gates
at outfalls. Several options might include a
duckbill/tide flex, buoyant front flap, or another
self-regulating structure.
 Consider options for stormwater storage including,
but not limited to, above or below ground storage
containers, nature based storage (bioswales or
bioretention ponds), and/or permeable concrete or
asphalt.
 Evaluate merits of a water level monitoring and
alert system to identify inundation and manage
water and sewer operations during storm and flood
events.
Figure 9. Duckbill Valves at Outfalls (Source: TideFlex)

According to the Lynn Water and Sewer Commission, the increased rainfall would create high flows
in the stormwater drainage collection system. If the stormwater collection system is combined with
the sewer (also known as a combined sewer overflow or CSO, then the system would eventually
reach capacity and overflow at the weir locations and discharge at the CSO outfalls. Flooding from
rainfall occurs in low-lying areas where there is poor drainage, primarily due to impervious surfaces,
not because the system is at capacity and cannot take any more flow. Green infrastructure solutions
or pervious pavements should be considered to reduce stormwater runoff volume in the system.
Additionally, the Lynn Water and Sewer Commission has plans to separate the combined system in
the future which will significantly increase the capacity for drainage and essentially eliminate CSO
discharges.
Several sewer lift stations were identified during the risk and vulnerability study including the Camden
Street Sewer Lift Station and the Reed Street Sewer Lift Station. An overview of each pump station,
including the risk and vulnerability scores and several adaptation strategies are included in this
section.

CRITICAL INFRASTRUCTURE: Camden Street Sewer Lift Station
CAMDEN STREET SEWER
LIFT STATION is located at

CAMDEN STREET SEWER LIFT STATION

the intersection of Ida Street
and Camden Street in Lynn,
MA. The station does not
have submersible pumps.
The elevation of ground
surface is the threshold
elevation: El. 8.02.

RISK AND VULNERABILITY –

Possible Inundation Scenarios

Reference Task 2 Memorandum for Method and RVA

CAMDEN STREET SEWER LIFT STATION ADAPTATION STRATEGIES
The critical concern is pump failure from flooding, followed by electrical panel failure due to flooding at this pump
station. The following adaptation strategies are provided in order of likelihood of implementation and feasibility.
These strategies do not consider the repair and/or construction of coastal protection measures. The risk and
vulnerability should be re-assessed if coastal protection measures are adapted. A thorough alternatives analysis
should be performed to prioritize adaptation strategies.
ADAPTATION STRATEGY

WET FLOODPROOFING
(Accommodation)

DRY FLOODPROOFING
(Protection)

ELEVATION
(Retreat)
PERMANENT FLOOD
BARRIERS
(Protection)

REDUNDANCY
(Programmatic)

DESCRIPTION
Wet flood proofing prevents or provides resistance to damage from
flooding while allowing floodwaters to enter the structure or area.
Generally, this includes properly anchoring the structure, using flood
resistant materials, protection of mechanical and utility equipment,
use of openings or breakaway walls, submersible pumps, and
watertight boxes around electrical equipment. A benefit is that the
structures do not need to withstand hydrostatic pressures.
This station should switch to using submersible pumps. A watertight
box around the electrical panel may be a viable alternative.
Sealing the doors and windows of the pump
station effectively makes the station watertight, assuming there are no vents in flood
zones or cracks elsewhere in the structure.
The effectiveness of this method is moderate
because the seal integrity is based on the
design limitations. If the water level exceeds
the maximum water pressure, the seal may fail
and cause flooding.
Additionally,
the
structural integrity of
the pump station walls
should be evaluated
for flood loads.
The electical panel should be elevated to above the flood elevation.
Elevation of the entire pump station could be considered as a more
expensive alternative, but is likely unfeasible.
Building a permanent dike or barrier around the structure can protect it from flood waters.
The barrier would be designed for flood loads. Systems with stop logs or gates can be used
to access the structure in dry conditions. This method is expensive and has extensive
programmatic requirements associated with regulations and codes.
More than one adaptation strategy should be
considered for redundancy. Additional
measures could include installing back up
power or a water level monitoring or alert
system.

REFERENCES
• “NYC Wastewater Resiliency Plan,” prepared by the Department of Environmental Protection; October 2013.
• “Building Resilience in Boston,” prepared by Linnean Solutions, The Built Environment Coalition, The Resilient Design Institute, July 2013.
• “Adaptations Strategies Guide for Water Utilities,” prepared by the Environmental Protection Agency; February 2015.
• “Homeowner’s Guide to Retrofitting,” FEMA P-312, 3rd Edition; June 2014.

CRITICAL INFRASTRUCTURE:
REED STREET SEWER LIFT
STATION is located at the

Reed Street Sewer Lift Station

REED STREET SEWER LIFT STATION

intersection of Dearborn Ave
and Reed Street in Lynn, MA.
The station has submersible
pumps and the electrical
panel is located 6 inches
above the ground surface.
The elevation of the
electrical panel is the
threshold elevation: El. 8.85.

RISK AND VULNERABILITY – Reference Task 2 Memorandum for Method and RVA

Possible Inundation Scenarios

REED STREET SEWER LIFT STATION ADAPTATION STRATEGIES
The critical concern is electrical panel failure due to flooding and resulting in pump failure at this pump station. The
following adaptation strategies are provided in order of likelihood of implementation and feasibility. These strategies
do not consider the repair and/or construction of coastal protection measures. The risk and vulnerability should be
re-assessed if coastal protection measures are adapted. A thorough alternatives analysis should be performed to
prioritize adaptation strategies.
ADAPTATION STRATEGY

WET FLOODPROOFING
(Accommodation)

DRY FLOODPROOFING
(Protection)

ELEVATION
(Retreat)
PERMANENT FLOOD
BARRIERS
(Protection)

DESCRIPTION
Wet floodproofing prevents or provides resistance to damage from
flooding while allowing floodwaters to enter the structure or area.
Generally, this includes properly anchoring the structure, using flood
resistant materials, protection of mechanical and utility equipment,
use of openings or breakaway walls, submersible pumps, and
watertight boxes around electrical equipment. A benefit is that the
structures do not need to withstand hydrostatic pressures.
This station already uses a submersible pump. Creating a watertight
box around the electrical panel may be a viable alternative.
Sealing the doors and windows of the pump station effectively makes the station water
tight, assuming there are no vents in flood zones or cracks elsewhere in the structure. The
effectiveness of this method is moderate; while it
does not require the notice of a storm event to
protect the station, the seal integrity is based on the
design limitations. If the water level exceeds the
maximum water pressure, the seal may fail and
cause
flooding.
Additionally,
the
structural integrity of the
pump station walls should
be evaluated for flood
loads.
The electical panel should be elevated to above the flood elevation.
Elevation of the entire pump station could be considered as a more
expensive alternative, but is likely unfeasible.
Building a permanent dike or barrier around the structure can protect it from flood waters.
The barrier would be designed for predicted flood loads. Systems with stop logs or gates
can be used to access the structure in dry conditions. This method is expensive and has
extensive programmatic requirements associated with regulations and codes.

REDUNDANCY
(Programmatic)

More than one adaptation strategy should be
considered for redundancy. Additional
measures could include installing back up
power or a water level monitoring or alert
system.

STUDIES
(Programmatic)

A comprehensive capacity study could be performed in coordination with Lynn Water &
Sewer Commission that also evaluates opportunities for green infrastructure.

REFERENCES
• “NYC Wastewater Resiliency Plan,” prepared by the Department of Environmental Protection; October 2013.
• “Building Resilience in Boston,” prepared by Linnean Solutions, The Built Environment Coalition, The Resilient Design Institute, July 2013.
• “Adaptations Strategies Guide for Water Utilities,” prepared by the Environmental Protection Agency; February 2015.
• “Homeowner’s Guide to Retrofitting,” FEMA P-312, 3rd Edition; June 2014.
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Hazardous Materials
Hazardous materials can be discharged or mobilized during a storm event by several means.
Hazardous materials, including fuel, solvents, and other chemicals used in industrial and
commercial facilities can be discharged and mobilized if their containers are damaged by flood
waters. Contaminated sites may be flooded and contaminants mobilized under certain
conditions.
Flooding from storm surges and wave action can disperse stored hazardous materials often
present in commercial and industrial facilities. Figure 10 shows various types of debris and
small quantities of oily material washed onshore following Hurricane Sandy in New York. On a
larger scale, approximately 819,000 gallons of crude oil was released when an aboveground
storage tank was damaged during Hurricane Katrina. The Resource Conservation and
Recovery Act (RCRA) regulations require management and storage of hazardous waste and
materials that minimize the risk of release, and provide for containment of spills. Facilities
located within inundation zones that store and use hazardous materials and waste should be
made aware of potential future climate change flooding risks, and advised to account for that
possibility in their containment and storage facilities, and in their spill prevention plans.

Figure 10: Oily Debris Field after Hurricane Sandy. November 2, 2012 (Source: USCG in NOAA
Office of Response and Restoration http://response.restoration.noaa.gov/about/media/posthurricane-sandy-noaa-aids-hazardous-spill-cleanup-new-jersey-and-new-york.html)
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Contaminated Sites
The primary effects of storms and flooding contaminated land are offsite transport of
contaminated media, or erosion/damage of controls on remediated sites (i.e. damage of a cap
preventing contact with contaminated soils). Operating remediation systems, such as
groundwater treatment or thermal desorption systems, may also be damaged by storms and
flooding. Any identified disposal sites impacted with oils or hazardous materials within the
inundation zones should be reviewed for climate change resiliency based on projections of
future conditions presented in the Task 1 and Task 2 memorandums.
Healthcare and Medical Services
Access to medical care and emergency services is critical to maintain during and after a storm event.
Transportation is a vital part of emergency services and related adaptation strategies are included in
the section above. This section will focus on adaptation strategies for health care and medical related
buildings and services.
Emergency plans should be developed by property owners and emergency services. These plans
may include contingencies for shelter-in-place. If a building will be a viable option for shelter, state
requirements should be met including, but not limited to, maintaining backup power, developing an
emergency communication plan (possibly wireless), ability to supply drinking water and sewer without
power, evaluating elevator safety and temperature control capabilities, and keeping a hardcopy of
plan in every building above flood elevation.
Adaptation strategies that reduce the flooding recovery
period are important so that medical services can be
restored as quickly as possible. These strategies may
include preparing the surrounding area for inundation
by providing stormwater retention. Classic “gray”
infrastructure strategies may include underground or
above ground storage tanks. Green infrastructure
strategies may include detention ponds, bioswales,
and/or rain gardens. These methods improve
infiltration and reduce stormwater runoff. Pervious
surfaces, including grass or permeable pavements,
will also improve infiltration.

Figure 11: Rain gardens can improve
stormwater infiltration and reduce runoff.
(Source: Massachusetts Stormwater
Handbook)

The two facilities identified during the risk and vulnerability study include the Habit Management
Center (i.e. Methadone Clinic) and the DCR Connery Skating Rink, which serves as an emergency
mortuary in case of a catastrophic event. The Habit Management Center is a privately-run facility, but
due to the statewide heroine epidemic, it was included as a critical public facility. An overview of
each facility, including the risk and vulnerability scores and several adaptation strategies are included
in this section.

CRITICAL INFRASTRUCTURE:

Habit Management (Methadone) Center

HABIT
MANAGEMENT
(METHADONE) CENTER is
located at 11 Circle Avenue in
Lynn, MA. The privately-owned
facility provides methadone
treatment to those struggling
with an opioid addiction.

HABIT MANAGEMENT CENTER

The elevation of the building
entrance is the threshold
elevation: El. 11.73.

RISK AND VULNERABILITY – Reference Task 2 Memorandum for Method and RVA

Possible Inundation Scenarios

HABIT MANAGEMENT CENTER ADAPTATION STRATEGIES

The critical concern is access to the treatment center during and after a storm event, which will require a quick
recovery time. The following adaptation strategies should be reviewed by emergency services and the property
owners. They are provided in order of likelihood of implementation and feasibility. These strategies do not consider
the repair and/or construction of coastal protection measures. The neighboring landfill provides some additional flood
defense. The risk and vulnerability to the facility should be re-assessed if coastal protection measures are adapted. A
thorough alternatives analysis, including evaluating a “pop-up” clinic location, should be performed to prioritize
adaptation strategies.
ADAPTATION STRATEGY
SANDBAGS or DEPLOYABLE
FLOOD WALLS
(Protection)
PERMANENT FLOOD
BARRIERS
(Protection)

DRY FLOODPROOFING
(Protection)

EMERGENCY PLANS
(Programmatic)

STORMWATER
INFILTRATION & RETENTION
(Accommodation)

ELEVATION
(Retreat)

REDUNDANCY
(Programmatic)

DESCRIPTION
Short term solution to provide flood defense. Involves
temporarily placing defenses around building
doorways, vents, and windows before a surge event.
The effectiveness of this method is very limited, but
cheaper than permanent structures.
A more permanent alternative is to construct a dike or barrier around the structure. The barrier
would be designed to withstand predicted flood loads. Sluice gates could be used in front of door
ways to preserve access to the structure in dry conditions.
Sealing the doors and windows of the building effectively makes
the building water tight, assuming there are no vents in flood
zones or cracks elsewhere in the structure. The effectiveness of
this method is moderate because the seal integrity is based on
the design limitations. If the water
level exceeds the maximum water
pressure, the seal may fail and
cause flooding. Additionally, the
structural integrity of building walls
should be evaluated for flood loads.
Develop an emergency plan for the site and evaluate evacuation and/or shelter-in-place plans.
Facility managers should be included in the creation of this plan. Back up wireless communication
systems should be considered. Providing a backup clinic location should be considered if access to
the building will not be possible during and after a storm event.
The surrounding site should be prepared for innundation. On-site
retention features including underground storage tanks and detention
ponds can retain water, which also can be used during fire emergencies.
Measures such as grading the site and french drains can be used in
addition to green infrastructure solutions (ex. bioswales) and pervious
surfaces to improve infitration and slow stormwater runoff. These
methods will help the site rebound from flooding more quickly.
Moving critical functions above the predicted flood elevation is a method to
prevent flood damage. Electrical equipment should be elevated above the flood
elevation. All hazardous materials should be elevated above the flood elevation.
Raising the entire structure is a more expensive and likely unfeasible alternative.
Design building systems to provide overlapping services, so that when a system is damaged, some
of its services can be provided by a different system. Conduct regular maintenance and inspection
of resilience-related equipment. Choose reliable backup power and prioritize facility power needs.
More than one adaptation strategy should be considered for redundancy. Additional measures could
include installing a water level monitoring or alert system.

REFERENCES
• “Building Resilience in Boston,” prepared by Linnean Solutions, The Built Environment Coalition, The Resilient Design Institute, July 2013.
• “Homeowner’s Guide to Retrofitting,” FEMA P-312, 3rd Edition; June 2014.
• “Urban Coastal Resilience: Valuing Nature’s Role,” prepared by the Nature Conservancy; 2015.

CRITICAL INFRASTRUCTURE:

DCR Skating Rink (Emergency Mortuary)

DCR (CONNERY) SKATING
RINK is located at 190
Shepard Street in Lynn, MA.
This location would serve as
the emergency mortuary for
the City of Lynn.

DCR SKATING RINK
(EMERGENCY MORTUARY)

The elevation of the building
entrance is the threshold
elevation: El. 10.12.

RISK AND VULNERABILITY – See Task 2 Memorandum for Method and RVA

Possible Inundation Scenarios

DCR SKATING RINK (EMERGENCY MORTUARY) ADAPTATION STRATEGIES
The critical concern is access to and use of the emergency mortuary after a storm event, which will require a quick
recovery time. The following adaptation strategies are provided in order of likelihood of implementation and
feasibility. These strategies do not consider the repair and/or construction of coastal protection measures. The risk
and vulnerability should be re-assessed if coastal protection measures are adapted. A thorough alternatives analysis,
including evaluating an alternate mortuary location, should be performed to prioritize adaptation strategies.
ADAPTATION STRATEGY

DESCRIPTION

ALTERNATE LOCATION
(Programmatic)

Consider another location to serve as emergency mortuary. This may involve working with state
agencies, private stakeholders, and neighboring municipalities.
Elevating critical functions above the predicted flood elevation is a method to
prevent flood damage to the structure. Electrical equipment should be
elevated to above the flood elevation. All hazardous materials should be
elevated above the flood elevation. Raising the entire structure is a more
expensive and likely unfeasible alternative.
Short term solution to provide flood defense and
prevent flood damage to the structure. Involves
temporarily placing defenses around building
doorways, vents, and windows before a surge event.
The effectiveness of this method is very limited, but
cheaper than permanent structures.
A more permanent alternative is to construct a dike or barrier around the building. The barrier would
be designed for flood loads and would prevent flood damage to the structure. Sluice gates could be
used in front of doorways to preserve access to the structure in dry conditions.
Sealing the doors and windows of the building effectively
makes the building water tight, assuming there are no vents in
flood zones or cracks elsewhere in the structure. The
effectiveness of this method is moderate; it does not require
the notice of a storm event to protect the building, but the
seal integrity is based on the design limitations. If the water
level exceeds the maximum water
pressure, the seal may fail and cause
flooding. Additionally, the structural
integrity of building walls should be
evaluated for flood loads.
The surrounding site should be prepared for innundation and rapid
drainage. On-site retention features including underground
storage tanks and detention ponds can retain water, which also
can be used during fire emergencies. Measures such as grading the
site and french drains can be used in addition to green
infrastructure solutions (ex. bioswales) and pervious surfaces to
improve infitration and slow stormwater runoff. These methods
will help the site rebound from flooding more quickly.

ELEVATION
(Retreat)

SANDBAGS or DEPLOYABLE
FLOOD WALLS
(Protection)
PERMANENT FLOOD
BARRIERS
(Protection)

DRY FLOODPROOFING
(Protection)

STORMWATER
INFILTRATION & RETENTION
(Accommodation)

REFERENCES
• “Building Resilience in Boston,” prepared by Linnean Solutions, The Built Environment Coalition, The Resilient Design Institute, July 2013.
• “Homeowner’s Guide to Retrofitting,” FEMA P-312, 3rd Edition; June 2014.
• “Urban Coastal Resilience: Valuing Nature’s Role,” prepared by the Nature Conservancy; 2015.

Lynn Coastal Resiliency Assessment
May 26, 2016

Page 30

Programmatic Adaptation
Planning and regulatory documents are some of the tools the City has to address risk due to
predicted SLR and increased storm surge. As part of this coastal resiliency assessment, local
regulations and plans have been reviewed, and opportunities are identified for potential
revisions of existing plans and regulatory modifications that could increase coastal resiliency,
including along the Saugus River. In general, the types of regulatory changes would pertain to
land use, zoning, and building codes.

Administrative Adaptation Measures
Other adaptation alternatives include raising the Increasing Freeboard- elevating a
elevation of the structures (see Hull building’s lowest floor above predicted flood
Massachusetts Coastal Resiliency report), elevations, typically 1 to 3 feet above the
Flood
Insurance
program
implementing zoning and planning approaches National
minimum
height
requirements
that discourage development close to the high
- MA CZM StormSmart Communities
tide line or encourage integration of flood
protections into development plans. Increasing
the amount of space between the anticipated high water level and building floors, referred to as
the freeboard, can provide both protection against flooding and property loss, and savings on
flood insurance. FEMA’s general estimate of potential savings is summarized in Figure 12.

Figure 12: Maximum Coverage for a $25,000 residential building and $100,000 contents
(Source: FEMA Building Higher in Flood Zones: Freeboard – Reduce Your Risk, Reduce Your Premium)
FEMA Zone VE: Area inundated by 1% annual chance flooding with additional hazards due to storm induced velocity wave action.
FEMA Zone AE: Area inundated by 1% annual chance of flood.
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Local Regulations and Planning Documents
Local Regulations pertaining to the City of Lynn were reviewed as a part of this study and
presented in the Task 1 memorandum. Potential changes to the planning documents are
provided below in Table 1 and are intended for discussion purposes only. Any changes would
be developed through a public process by appropriate local, state, and federal entities prior to
adoption of any suggestions below.
Table 1 – Potential Changes to Local Regulations and Planning Document
Planning
Document

General Wetlands
Protection By-Law
(2001)

Section

Title

Considerations (For Discussion Only)

I.

Purpose

Consider adding a reference to “change in sea
level.”

II.

Areas Subject to
Jurisdiction

III.

Notice of Intent

VII.

NOI and Conditions

XIX.

Application Procedures

XX.

Design Criteria

XXI.

Performance
Standards

Appendix A

Definitions

Appendix B and C
Appendix D

Zoning Ordinance
(2009)

1

Purpose

2

Definitions

Consider expanding local regulations to include
entire FEMA flood zone and make provisions
for incremental increased flood zone area.
Through a revision of the application forms and
guidelines, consider requiring a discussion of
whether (and how) the proposed action would
be affected by sea level rise and storm surge.
Consider clarifying the basis for requiring
conditions by adding jurisdiction to lands
subject to inundation due to projected sea level
rise and storm surge.
Consider showing “Flood Zones” designated in
the latest FEMA Flood Insurance Maps
Consider adding explicit mitigation objectives
for storm surge due to projected sea level rise.
Clarify the level of function that facilities must
retain during and after storm surge. Allow a
benefit cost analysis in the analysis of
alternatives to address the design criteria.
Consider providing performance standards for
use of temporary flood barriers and elevation of
existing structures to meet storm surge with 50
year sea level rise projection. (page 20).
Consider increasing the width of the buffer zone
to allow review of projects that may affect
wetlands based on predicted sea level rise.
Consider adding FEMA flood zones to the
maps
Consider including recommendations to
prevent release of hazardous material
Consider adding references to flooding and
inundation
Consider adding FEMA flood zones
Consider adding Sea Level Rise

Lynn Coastal Resiliency Assessment
May 26, 2016

Zoning Ordinance
(2009)

3

Establishment of
Districts

4

Use Regulations

7

Non-Conforming Uses

12

Special Permits

Consider a Floodplain Overlay District By-Law
based on FEMA 0.2% flood level to control
development in high hazard zones (such as V
zones).
Consider adding a Flood Hazard Overlay
District. Consider limiting permitted uses to
avoid risk of hazardous materials spill, minimize
damage to new and substantially renovated
structures,
Consider limiting rebuilding of non-conforming
structures unless they incorporate flood
resistant or flood proof design features. (7.4
Damaged or Destroyed)
Consider adding requirement that the City
make findings regarding mitigation of risk from
sea level rise for the life of the structure

Site Plan Review

Consider adding a requirement that submittals
discuss the risk and mitigation from sea level
rise and storm surge for the expected live of the
structure

Zoning Map, City of
Lynn

Consider establishing a flood risk zoning district
overlay that includes entire FEMA flood zone
and make provisions for incremental increased
flood zone area with time.

II.A

Statement of Purpose

Consider adding a discussion of the benefits of
utilizing open space to help mitigate flooding.

IV.

Environmental
Inventory and Analysis

Consider adding a discussion of nature of
predicted sea level rise and storm surge.

IV.C

Water Resources

IV.G

Environmental
Challenges (vision)

VIII

Goals and Objectives

Consider adding a discussion of alternative
ways to improve public access consistent with
upgrading coastal protections facilities.

Five-Year Action Plan

Consider adding a discussion of these
improvements in the context of sea level rise
and storm surge.

Protected Open
Space, City of Lynn

Consider adding areas that help mitigate flood
risk.

IV

Risk Assessment

Consider adding sea level rise to the hazard
discussion

VIII

Hazard Mitigation
Strategy

Consider adding specific measures for
adaptation measures to prevent and respond
to: road flooding, chemical releases, and
erosion areas.

16

Lynn Zoning Map
(2011)

Open Space and
Recreation Plan
(2005)
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IX
Protected Open
Space Map (2008)

Hazard Mitigation
Plan (2012)

Consider adding a discussion of the risk and
mitigation from sea level rise and storm surge.
Consider adding a discussion of the increased
risk to these areas from sea level rise and
storm surge.
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Hazard Mitigation
Plan (2012)

Waterfront Master
Plan Report (2007)
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Appendix B

Hazard Mapping

2

Existing Conditions

2

Environmental Issues

3

Design Guidelines

Consider expanded scope to include the FEMA
flood zone and areas subject to sea level rise
and storm surge.
Consider adding a discussion of existing
coastal protection structures.
Consider adding plans to prevent hazardous
material releases related to flooding (i.e. spill
prevention, control and countermeasure plans).
Consider incorporating enhanced coastal
protection in the design guidelines
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Acronyms

CZM
EDIC
EPA
FEMA
FIRMS
GIS
LLC
MEOWS
MHHW
MLLW
MOMs
NAVD88
NOAA
NWS
SLOSH
SLR

Massachusetts Office of Coastal Zone Management
City of Lynn Economic Development and Industrial Corporation
US Environmental Protection Agency
Federal Emergency Management Agency
FEMA Flood Insurance Rate Maps
Geographic Information System
Limited Liability Company
Maximum of the Maximum Envelopes of Water
Mean Higher High Water
Mean Lower Low Water
Storm Surge Maximums of the Maximum
North American Vertical Datum of 1988
National Oceanic and Atmospheric Administration
National Weather Service
Sea, Lake, and Overland Surges from Hurricanes
Sea Level Rise
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ATTACHMENT A: VULNERABLE FACILITIES DETERMINED IN TASK 2 MEMORANDUM
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The vulnerability/risk assessment focused on facilities and other resources essential to public safety
and health and the economic viability of the City of Lynn. Federal and State owned facilities that are
not critical to protecting public health and safety were not included in the assessment. Assets within
the areas subject to inundation were identified from the City’s Hazard Mitigation Plan, analysis of
available GIS information and discussions with City and state officials. The process used to assess
risk/vulnerability involved 6 steps:
1. Identify areas subject to inundation for each scenario using the estimated future water elevations
described above;
2. Identify/list critical assets subject to inundation (both natural and built assets);
3. Identify threshold water elevation that would result in impacts for each asset;
4. Identify the probability associated with the threshold elevation for each impact;
5. Identify the consequences and calculate the total consequence score for each asset; and
6. Calculate Risk for each Time Horizon and List Critical Assets by Weighted Risk Score.

Facility

Location

Type

Consequence
Score

Risk
Score
2016

Risk
Score
2041

Risk
Score
2066

Future Risk
Score
(2041 and
2066 Only)

64

0

0

0.06

0.03

68

0.68

6.8

6.8

6.80

64

0.64

0.64

6.4

2.37

64

0.64

0.64

6.4

2.37

64

0.64

0.64

6.4

2.37

56

0.56

5.6

5.6

5.60

48

0.48

0.48

4.8

1.78

Energy/Utilities
Lynn WWTP

2 Circle Ave.

Maint. Bldg.

Drainage and
Sewer
Camden Street
Sewer Lift Station
Blossom Street
Sewer Lift Station
Reed Street Sewer
Lift Station
Hanson Street
Sewer Lift Station

Camden Street
Blossom Street
Reed Street
Hanson Street

Sewer Pumping
Station
Sewer Pumping
Station
Sewer Pumping
Station
Sewer Pumping
Station

Transportation
Lynn EDIC Pier

Riley Way

Gear Plant Heliport

1000 Western

Transportation
Facility
Heliport

Critical Intersections
Lynnway and
Commercial

Lynnway and
Commercial

Intersection

52

0.52

0.52

5.2

1.92

Nahant Circle

Nahant Circle

Intersection

52

0.52

0.52

5.2

1.92

Lynnway and
Blossom

Lynnway and
Blossom
Lynnway and
Broad
Summer and
River (Camden)

Intersection

52

0.52

0.52

5.2

1.92

Intersection

52

0.52

0.52

5.2

1.92

Intersection

44

0.44

0.44

0.44

0.44

Lynnway and Broad
Summer and River
(Camden)

Health care
Habit Management
Center

11 Circle Avenue

Medical Facility

40

0

0.4

0.4

0.40

DCR Facility

Shepherd St

Emergency
Mortuary

36

0.36

0.36

0.36

0.36

Lynn Coastal Resiliency Assessment
May 26, 2016

ATTACHMENT

B:

COASTAL

Page 39

STRUCTURE

OVERTOPPING

SCENARIOS

Lynn Coastal Resiliency Assessment
May 26, 2016

Page 40

Lynn Coastal Resiliency Assessment
May 26, 2016

ATTACHMENT C: ADAPTATION STRATEGIES GUIDELINES

ADAPTATION STRATEGIES GUIDELINES
This technical attachment serves as a supplementary guide to infrastructure resiliency adaptation
planning with respect to sea level rise and increased flooding events. This guide is meant to provide an
overview of the available adaptation strategies and not to be used as a planning document. The most
effective approach is when several adaptation strategies are used in conjunction with each other as shown
in the graphic below:

Source: Army Corps of Engineers

The strategies outlined in this attachment are methods that enable infrastructure ability to adapt, thrive,
and survive changes in the natural environment. Some of the methods also provide strategies to prepare
in advance or rebound quickly from a storm or flood event. These adaptation strategies can be categorized
as programmatic measures or capital investments, which can include measures that protect infrastructure
from flooding, accommodate the flood waters, or retreat from the inundation. The following strategies
will be discussed in this technical attachment.

Zoning & Regulatory
Zoning and regulatory changes are programmatic measures that can be used to help communities prepare
for and recover from flood events. These measure affect land use and can be used in conjunction with
development efforts, for example, adapting the Phase II Waterfront Plan to incorporate sea level rise and
storm surge measures. Other measures can include adopting and enforcing updated building codes as
they are available. Land acquisition is also an option where protection is not feasible, but is often an
unattractive solution due to feasibility and cost.
Additional programmatic measures
Site specific programmatic measures can include maintaining resilient backup power and systems. This
involves site managers choosing reliable backup power and prioritizing critical power needs, which may
include cogenerations, solar power, and/or natural gas generators. Simple solutions, such as installing
easy hookups for temporary generators and boilers can save time during a crisis.
Systems should be evaluated for redundancy. Design building systems to provide overlapping services, so
that when a system is damaged, some of its services can be provided by a different system. Conduct
regular maintenance and inspection of resilience-related equipment.
Increased flooding from sea level rise and frequent storm events lead to increased volumes for drainage
systems. Studies should be considering in coordination with the Lynn Water & Sewer Commission,
including opportunities for green infrastructure.
Public awareness in advance and during flooding events are important for public safety. Opportunities
such as implementing a Water Level Monitoring System will provide real-time information that can be
used for emergency planning. Road closure notifications should be coordinated with state agencies.
Emergency plans should be developed by property owners. These plans may include contingencies for
shelter in place. If a building will be a viable option for shelter, state requirements should be met including,
but not limited to, maintaining backup power, developing an emergency communication plan (possibly
wireless), ability to supply drinking water and sewer without power, evaluating elevator safety and
temperature control capabilities, and keeping a hardcopy of plan in every building above flood elevation.
Current state and federal regulations, such as those published by MEMA and FEMA should be considered
prior to any programmatic measures.

Relocation
Relocation is classified as a retreat adaptation strategy and involves relocating a facility outside of the
zone of inundation or to an area less prone to flooding or flood related hazards (such as erosion). This
may involve on-site relocation or to a different site. This method has the highest risk reduction capability.
This method may also provide room for green infrastructure in the flood plain which provides risk
mitigation for the surrounding areas. This method is often not desirable or feasible and should only be
considered for high risk and vulnerable areas.

Elevation
Elevation is typically classified as a retreat adaptation strategy and
involves raising the structure to prevent floodwaters from reaching
critical facility functions. This method may be used in conjunction with
alternative methods, such as dry or wet floodproofing where elements
of the building, such as utility hook ups, IT services, hazardous material
storage, tank-less water heaters, service equipment, and/or electrical
services raised above expected flood levels. Raising elements of the
building feature may be less cost prohibitive than the entire structure.

Flood Barriers
Flood barriers are classified as a protection adaptation strategy
and involve creating a barrier between the flood waters and the
structure. The barriers can be permanent or temporary and range
in cost. Temporary flood barriers range from rudimentary
sandbags to more sophisticated deployable flood walls and are
less costly than permanent measures. More permanent flood
barriers range from levees (earthen embankments) to floodwalls
to tide gates. These structures require permitting and are
regulated by zoning and building codes. Additional programmatic
measures should be considered to develop a comprehensive
adaptation plan.

Dry Floodproofing
Dry floodproofing is classified as a protection adaptation strategy and involves making a structure
watertight below flood water elevation. This method may involve installing impermeable membranes,
waterproofing compounds, sheeting, impermeable wall systems (such as cast-in-place) concrete, and/or
permanent or removable door/window shields or valves.
This method is limited to the strength of the seal
and the duration and height of flood waters. Ice
may damage the sealant systems over time. The
structural integrity with respect to additional
hydrostatic and buoyant pressures should be
evaluated, as well as possible impact from debris
or items that are not anchored to the ground.
This may include retrofitting facilities to
withstand new flood, wind, and snow/ice loads
and/or replacing existing non-ductile utility
connectors with ductile-utility connectors to
reduce breakage during high floods.

Wet floodproofing
Wet floodproofing is classified as mainly an accommodation adaptation strategy. This method involves
modifying a structure to allow floodwaters to enter and minimizing damage to the structure and its
contents. Critical facility components should be elevated or made impermeable, such as submersible
pumps and watertight boxes around
electrical equipment. Basements and pump
stations are appropriate areas where wet
floodproofing may be applied. Sump pumps
and back-water flow valves should be
considered in areas that will be inundated.
The structural integrity from possible impact
from debris or items that are not anchored
to the ground should be evaluated. This
method is not appropriate in locations
where toxic materials are stored, unless
they are stored and secured above the flood
elevation.
Source: http://image.slidesharecdn.com/waterproofing150123124800-conversion-gate02/95/water-proofing-inbuildings-6-638.jpg?cb=1422019671

Nature and nature-based
Nature-based adaptation strategies are classified as an accommodation measure and include using
natural systems or nature-based systems to reduce the severity of flood events and help sites recover
more quickly after inundation. These can effectively be used in conjunction with hard or gray
infrastructure solutions to provide hybrid adaptation planning.

Source: The Nature Conservancy, 2015. URBAN COASTAL RESILIENCE: VALUING NATURE’S ROLE.

Nature-based solutions can help a site prepare for inundation by
providing on-site retention. Classic gray solutions such as
underground or above ground storage tanks and site grading can
be supplemented or substituted by natural systems such as
detention ponds, bioswales, and/or rain gardens. These methods
improve infiltration and reduce stormwater runoff. Pervious
surfaces, including grass or permeable pavements, will also
improve infiltration. For all site improvements, regular drainage
maintenance should be performed including sediment and/or
debris clearance to ensure optimal performance.
Living shorelines provide multiple benefits for climate change adaptation. These systems require space to
be effective. Other nature-based strategies to consider include marsh and wetland restoration, beach and
dune nourishment, and green roofs.

Source: http://www.northrichmondshoreline.org/ecosystem.htm.
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