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CERTIFICATE OF ADOPTION
TOWN OF NANTUCKET SELECT BOARD

A RESOLUTION ADOPTING THE TOWN OF NANTUCKET NATURAL HAZARD
MITIGATION PLAN UPDATE, 2019

WHEREAS, the Town of Nantucket has historically experienced severe damage from natural hazards and
it continues to be vulnerable to the effects of those natural hazards profiled in the plan (e.g. flooding, high
wind, thunderstorms, winter storms, earthquakes, droughts, dam failure, and wildfires), resulting in loss
of property and life, economic hardship, and threats to public health and safety; and,

WHEREAS, the Nantucket Select Board (previously called Board of Selectmen) approved the previous
version of the Plan in 2007; and,

WHEREAS, the Town of Nantucket has developed and received conditional approval from the Federal
Emergency Management Agency (FEMA) for its Natural Hazard Mitigation Plan Update, 2019 under the
requirements of 44 CFR 201.6; and,

WHEREAS, committee meetings were held, and public input was sought in 2017 and 2018 regarding the
development and review of the Natural Hazard Mitigation Plan Update, 2019; and,

WHEREAS, the Plan specifically addresses hazard mitigation strategies and Plan maintenance procedure
for the Town of Nantucket; and,

WHEREAS, the Plan recommends several hazard mitigation actions/projects that will provide mitigation
for specific natural hazards that impact the Town of Nantucket, with the effect of protecting people and
property from loss associated with those hazards; and,

WHEREAS, adoption of this Plan will make the Town of Nantucket eligible for funding to alleviate the
impacts of future hazards; now therefore be it

RESOLVED by the Select Board:
1. The Plan is hereby adopted as an official plan of the Town of Nantucket;

2. The respective officials identified in the mitigation strategy of the Plan are hereby directed to
pursue implementation of the recommended actions assigned to them;

3. Future revisions and Plan maintenance required by 44 CFR 201.6 and FEMA are hereby adopted
as a part of this resolution for a period of five (5) years from the date of this resolution.

4. An annual report on the progress of the implementation elements of the Plan shall be presented to
the Select Board.

il
Adopted this day of /”WDA » 2019 by the Select Board of Nantucket, Massachusetts

C 2 AT

Se};c(goard Chair P

IN WITNESS WHEREOF, thg undeysigneq has affixed his/her signature and the corporate seal of the
Tow%Nantucket this day of ,2019.
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U.S. Department of Homeland Seeurity
FEMA Regionl

99 Iigh Street, Sixth Floor

Boston, MA 02110-2132

Samantha C. Phillips, Director

Massachusetts Emergency Management Agency
400 Worcester Road

Framingham, MA 01702-5399

Dear Director Phillips:

The U.S. Department of Homeland Security, Federal Emergency Management Agency (FEMA)
Region [ Mitigation Division, Risk Analysis Branch has approved the Town of Nantucket Natural
Hazard Mitigation Plan effective March 15, 2019 through March 14, 2024 in accordance with the
planning requirements of the Robert T. Stafford Disaster Relief and Emergency Assistance Act
(Stafford Act), as amended, the National Flood Insurance Act of 1968, as amended, and Title 44
Code of Federal Regulations {CFR) Part 201.

With this plan approval, the jurisdiction is eligible to apply to the Massachusetts Emergency
Management Agency for mitigation grants administered by FEMA. Requests for mitigation funding
will be evaluated according to the specific eligibility requirements identified for each of these
programs. A specific mitigation activity or project identified in your community’s plan may not meet
the eligibility requirements for FEMA funding; even eligible mitigation activities or projects are not
automatically approved.

The plan must be updated and resubmitted to the FEMA Region I Mitigation Division for approval
every five years in order to remain eligible for FEMA mitigation grant funding.

Thank you for your continued dedication to public service demonstrated by preparing and adopting a
strategy for reducing future disaster losses. Should you have any questions, please contact Melissa
Surette at (617) 956-7559 or Melissa. Surettet@wifema.dhs.gov.

Sincerely,

L)
Paul ¥. Ford ‘
Acting Regional Administrator

PFF: ms

cc:  Sarah White, State Hazard Mitigation Officer, MEMA
Jeffrey Zukowski, Hazard Mitigation Planner, MEMA
Beth Dubrawski, Hazard Mitigation Contract Specialist, MEMA
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EXECUTIVE SUMMARY

Town of Nantucket Hazard Mitigation Plan Update, 2019

The Town of Nantucket has prepared this Hazard Mitigation Plan (HMP) to identify natural
hazards and risks, infrastructure vulnerabilities, existing capabilities, and activities that can be
undertaken by the community to prevent loss of life and reduce property damages associated
with identified hazards. It represents actions and priorities that should be considered and
addressed in the following five years (2019 to 2023) and will be updated on a regular basis. The
Federal Disaster Mitigation Act of 2000 requires local communities to have a FEMA-approved
mitigation plan in order to be eligible to receive Pre-Disaster Mitigation Program grants and Post-
Disaster Hazard Mitigation Grant Program funds under the Hazard Mitigation Assistance program.
This Plan will also help Nantucket identify projects and activities eligible for funding from other
sources including a range of State of Massachusetts grants and the Town’s Capital Improvement
funds.

The Nantucket Planning & Land Use Services (PLUS) Office, with assistance from the Nantucket
Emergency Management Agency, will administer this HMP under the authority of the Board of
Selectman. Holly Backus, Land Use Specialist at PLUS, will be the Local Coordinator of the Hazard
Mitigation Plan, and the Chief of Police and Emergency Management Director (a single position)
will be the deputy Local Coordinator. PLUS will coordinate with responsible departments and
ensure that the recommendations of this HMP are considered or enacted.

This HMP is an update to the previous Nantucket HMP, adopted in 2007. Information sources
used to update this version of the plan included:

O Project initiation meeting on September 18, 2017.
Public meeting on October 23, 2017.
Public meeting geared toward stakeholders was held on November 27, 2017.

OO0 0O

Interviews with Town staff and others were held by phone between December 4 and
December 12, 2017.

O A public online-survey between October 20 and December 15, 2017.

O Feedback from Town staff on winter storm events in early 2018.

Key changes since the previous edition of the HMP include the following:

Vision
In meetings with municipal staff, a plan vision was developed. The vision of this Hazard
Mitigation Plan is “To mitigate the detrimental impacts of natural hazards to Nantucket while
maintaining and enhancing the Island’s quality of life, historic essence, aesthetic beauty, and
natural and habitat resources.”

Goals
The previous HMP’s eight goals have been reclassified as objectives aimed at achieving five new,
central goals. The new goals are:
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O Reduce the loss of or damage to life and property caused by natural disasters.

O Protect Town infrastructure, and natural, cultural, historic and economic resources from
natural disasters.

O Maintain the Island’s emergency response capabilities.

O Reduce public and private natural disaster damage and insurance costs.

O Reduce the social, emotional, and economic disruption associated with a natural disaster.

Objectives
The eight goals from the previous HMP have been retained in this update as objectives, and two
new objectives have been added. Objectives are now as follows:

Increase access to and awareness of funding sources for hazard mitigation projects.
Identify mitigation initiatives to be implemented if and when funding becomes available.
Connect hazard mitigation planning to other community planning efforts.

Improve the mechanisms for pre- and post-disaster decision making efforts.

Improve the ability to implement post-disaster recovery projects

Enhance and preserve natural resource systems.

Inform protection of historic resources.

Inform efforts to build resilience.

Educate residents and policy makers about natural hazard risk and vulnerability.

[ I Iy Ay N Ny B Iy Iy Ny My

Complement future Community Rating System efforts.

Additionally, five specific areas of concern have been listed to help guide mitigation efforts;
these are:

O Access To The Mainland

Isolation Within The Island

Historic Resources

Power Supply Resiliency

OO0 DO

Climate Change

New Emergency Management Organizational Framework

The Nantucket Emergency Management Agency (NEMA), through the Fire Department,
coordinated and oversaw the development of the initial 2007 Hazard Mitigation Plan. Since that
time, Nantucket has reorganized its government structure and NEMA is now operated from the
Nantucket Police Department. The Police Chief is the Emergency Management Director and a
Police Sergeant is the Emergency Management Coordinator.

The Comprehensive Emergency Management Plan (CEMP) was prepared in 2013 and is being
updated in 2018. It provides a framework wherein the community can plan and perform their
respective emergency functions during a disaster or emergency situation on the local, state or
national level. The CEMP takes an all-hazards approach, addressing both natural and
technological (man-made) hazards. The plan is an important component in community
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Homeland Security efforts, building on an all-hazards foundation. The CEMP supersedes any
previous emergency plans promulgated for this purpose. It is structured in four parts. Part |
deals with the Basic Plan. Part Il deals with the Emergency Management Response Organization.
Part Ill deals with Emergency Management Processes and Protective Procedures. Part IV deals
with natural and technological hazards.

The Hazard Mitigation Plan coordinator position has been shifted away from NEMA, and
responsibility for ongoing maintenance of and updates to the plan has been given to the
Department of Planning and Land Use Services (PLUS).

PLUS was established in 2012 by consolidating the former Code Enforcement Department with
the offices of Planning and Zoning. PLUS consists of the Building Division (previously the Building
Department), the Planning Division and Zoning Board of Appeals (previously the Department of
Planning & Zoning) and the Historic District Commission. Within the Planning Division is the
Energy Office, Planning & Economic Development Commission, and Planning Board.

New Planning Capabilities and Resources
Nantucket has completed many initiatives that support updates to the HMP including a Coastal
Management Plan, Harbor Action Plan, and an Island-wide Master Plan and associated
neighborhood plans.

The Master Plan, completed in 2009, identifies the Downtown neighborhood as the symbolic
center of the Island, but the Mid-Island area as a node for current and future growth and
development. Natural and cultural resources are highlighted, emergency services needs are
noted, and a number of policies recommended that address various natural hazards. Area plans
were developed as part of the Master Plan process for the neighborhoods of Madaket, Mid
Island, Siasconset, Tom Nevers, and Surfside. These neighborhood plans each include many
actions relevant to Hazard Mitigation.

The Harbor Action Plan, adopted 2009, addresses issues related to maintaining the operation of
Nantucket’s harbors and connection to the mainland, both under typical conditions and in
response to storm events.

The Nantucket Coastal Management Plan, adopted in 2015, establishes priorities and
procedures for protecting and managing town-owned infrastructure, access points, and roads
adjacent to the coastline. The CMP lists many Coastal Management Principles, including five
relevant to coastal hazards and erosion. A number of specific actions relevant to natural
hazards, including a recommendation to update the Hazard Mitigation Plan, are listed in the
CMP.

Nantucket has updated its Flood Hazard Overlay District regulations (Zoning 139-12 (A)) to be in
line with Massachusetts state standards.

The Center for Coastal Studies at Provincetown with funding from the Massachusetts Office of
Coastal Zone Management prepared a GIS based model for simulating storm-related inundation
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using actual topographical information and water levels from previous storm events as recorded
in Nantucket Harbor. This report was provided in 2009 and the data are available on the Town’s
public facing website https://nantucketma.mapgeo.io.

A report of actions and priorities to protect critical infrastructure in the downtown area of
Nantucket was prepared by Worcester Polytechnic Institute in 2015. The report provides a very
thorough examination of vulnerabilities to public and privately-operated infrastructure due to
storm surge. Recommended actions and alternatives to reduce and eliminate the risks of
loss/failure are provided.

Recently, the State of Massachusetts launched a website that provides information on shoreline
trends, including erosion and accretion rates for use by coastal managers, shorefront
landowners, and potential property buyers. The Massachusetts Ocean Resource Information
System (MORIS) is a very robust GIS based online mapping tool with data layers and high-
resolution imagery. MORIS coverage includes all of Nantucket. https://www.mass.gov/service-
details/massachusetts-shoreline-change-project The site is hosted by the Office of Coastal Zone
Management and is intended to distribute scientific data that will support local land-use
decisions by coastal management professionals and the others interested in the data and maps.

Climate/Coastal Resilience Plan
Like other coastal communities, Nantucket has recognized the growing need for a broader range
of planning related to climate change, coastal resilience and community resilience planning. In
December 2017, the Town began working with the consulting firm Milone & MacBroom, Inc., to
begin examining policy and regulatory tools that can be implemented to ensure the continued
resilience of the Island in the face of rising seas and increasingly severe and frequent coastal
storms. The document will include and implementation plan for integration of
recommendations into the municipal code the town’s Master Plan, and other town plans
(including this HMP). The plan will also be a first step in a more comprehensive climate
resilience plan process that will follow the Massachusetts Municipal Vulnerability Planning
(MVP) program framework and will make the Town a certified MVP community.

Historic Storm and Water Level Events in 2018
Nantucket experienced two major nor’easters in the first three months of 2018. Winter Storm
Grayson, in January, brought water levels in Nantucket Harbor up to 5.27 feet NAVDS88, and
winds up to 76 mph. High water volumes and extreme cold temperatures may have contributed
to the failure of a 16-inch diameter sewer force-main from the downtown pump station and the
resulting discharge of sewage directly into the harbor until emergency repairs were completed.

In March 2018, Winter Storm Riley brought a long-lasting surge driven by strong winds to
Nantucket Harbor, with water peaking at 4.69 feet NAVD88. Wind gusted as high as 89 mph,
and waves damaged a bridge and caused erosion. Flood levels from these storms were among
the highest ever recorded; Winter Storm Grayson had the second highest coastal flood crest on
record in Nantucket, while Winter Storm Riley, over the course of three high tides, had the
fourth, fifth, and seventh-highest crests on record. Incredibly, a blizzard on January 30, 2018,
brought the tenth-highest recorded storm surge ever measured in Nantucket Harbor, meaning
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five of the top ten flood elevations measured in Nantucket history occurred in the first three
months of 2018. The top ten historic flood crests are summarized below (source: NOAA), with
2018 events bolded. All values in feet NAVD8S.

5.78 feet on 10/30/1991 - Perfect Storm

5.27 feet on 01/04/2018 - Winter Storm Grayson
5.12 feet on 01/27/2015 - Winter Storm Juno
4.69 feet on 03/03/2018 - Winter Storm Riley
4.61 feet on 03/03/2018 - Winter Storm Riley
4.58 feet on 12/12/1992 - nor’easter

4.53 feet on 03/02/2018 - Winter Storm Riley
4.48 feet on 01/03/2014 - blizzard

4.25 feet on 01/02/1987 - nor’easter

10 4.25 feet on 01/30/2018 - blizzard

CRONOUVAWNR

Community Profile

The Town of Nantucket consists of 48 square miles of land and approximately 88 miles of
shoreline and includes the islands of Nantucket, Tuckernuck, and Muskeget. Key physical features
include high bluffs, long systems of beaches and dunes, several north-south trending elongated
ponds that are typically cut off from the ocean by narrow beaches, extensive moorlands, and
numerous areas of tidal wetlands. Nantucket does not have many non-tidal fresh watercourses.

Nantucket’s main population and economic centers are located in the Downtown/Brant Point,
‘Sconset, Madaket, and Mid-Island Areas; ongoing development is focused mostly on the Mid-
Island area. 55% of the total land area of Nantucket is conservation land. The Town is home to
between 10,172 (according to the 2010 Census) and 17,200 (according to the Nantucket Data
Platform) permanent residents, with seasonal tourism boosting the population to over 46,000 at
times. The Island is accessible via two ferry lines that dock in the Downtown, and the airport.

Natural Hazard Profile

Natural hazards addressed in this Plan include inland flooding, coastal flooding, hurricanes and
tropical storms, shoreline change and erosion, summer storms and tornadoes, winter storms,
wildfires, and earthquakes. The effects of climate change, including rising sea levels and
intensifying precipitation extremes, are also discussed within the context of each hazard. For each
of these natural hazards, the Plan presents risk-locations, likelihood of occurrence, and potential
for loss of life and property, with the understanding that a particular type of damage can be
caused by a variety of hazard effects, which in turn can be caused by a variety of hazard events
(for example, the hazard event of a hurricane and a winter storm can each cause the hazard effect
of both high wind and high precipitation, and either of those can cause tree limbs to fall on utility
lines and take out power).

The primary hazards for Nantucket are coastal flooding, erosion, shoreline change, and high
winds. The Downtown and Brant Point neighborhoods, along with Madaket and Codfish Park, are
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particularly at risk to coastal inundation. Erosion is a major concern along the southern shore of
the Island, where it threatens key airport and wastewater treatment infrastructure, and in
‘Sconset on the eastern end of the Island. High winds are a concern across the entire Town.

Flooding

There are very few inland watercourses on Nantucket that pose a risk of flooding; these are:

O  Phillips Run
O Sesachacha Pond (areas west and southwest of the pond)
0 Miacomet Pond Tributary

Flooding in areas that are not along watercourses but are unable to support effective gravity
drainage to an outfall is a more significant problem. This type of flooding, often called flash-
flooding or urban flooding, is common in the more developed areas of the Island including the
Downtown and Mid-Island neighborhoods, and in particular Airport Road, Raceway Road, and
Somerset Road. Loss of access due to flooded roads is also a concern, in particular in ‘Sconset.

Nantucket has 1,136 buildings located within coastal FEMA flood hazard zones (AE and VE zones),
including a number of critical facilities. Particularly at-risk areas include Downtown and Brant
Point, Madaket, Polpis and Wauwinet, and Codfish Park in ‘Sconset.

In addition to the risk of severe storm flooding represented by FEMA flood hazard zones,
Nantucket is concerned about two less-severe forms of flooding, which they define as follows:

O Nuisance Flooding is a combination of poor local storm water drainage and high tides that
cause flooding to a depth of several inches in some location a few times per year. Nuisance
flooding can occur on days without precipitation or high winds and is sometimes referred to
as “sunny day flooding.”

O High Tide Flooding is caused when higher-than-normal tides, typically related to storm
events, flood low-lying areas. These events are less frequent and more extensive than
nuisance flooding, and cause inconveniences such as road closures, overwhelmed drainage
systems, and compromised infrastructure.

Nantucket’s capabilities to mitigate flooding include participation in the National Flood Insurance
Program (the most recent FIRM and FIS for Nantucket was made effective August 5, 2014),
regulations and codes that restrict development near hazard areas and require buildings be built
to certain standards, and ongoing Drainage System Upgrades, especially a long-term upgrade of
the downtown drainage infrastructure. Nantucket’s land conservation organizations own, and
continually pursue acquisition of additional, coastal land that will be preserved as open-space,
decreasing the exposure of residents to coastal hazards

Sea Level Rise, Shoreline Change, and Erosion

The entire shoreline of Nantucket is vulnerable to sea level rise, shoreline change, and erosion.
Areas of particular concern include ‘Sconset, the Island’s southern shore near Madaket, and Cliff
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Beach along the north shore. A continuing trend of rising sea levels exacerbates coastal flooding
hazards, and also increase problems created by inland flooding by diminishing the capacities of
drainage infrastructure.

While erosion and other shoreline changes tend to affect a small number of structures slowly over
time, the high-energy coastal waters make the highly-dynamic Nantucket coastline susceptible to
relatively rapid erosion that threatens important transportation routes and other infrastructure.

A particularly at-risk location for exposure to erosion and direct wave action is Millie’s Bridge, the
only connection between Smith Point and the rest of the Island. This bridge provides access to
approximately 52 homes. The southern edge of the airport, at the end of runway 6-24, as well as
both of the locations for the Town’s wastewater treatment facilities, are also threatened by
erosion.

The Town has historically mitigated coastal erosion and shoreline change through beach and
dune nourishment projects, bank stabilization projects, public education, and passive owner-
driven retreat of property from the shoreline. The Town is developing a Community and Coastal
Resilience Plan following the guidelines of the State of Massachusetts and build upon information
in this Hazard Mitigation Plan.

High Wind Events (Hurricanes, Tropical Storms, Nor’easters, Tornadoes)

The entire Town is at risk from high wind events, with Nor’easters posing the most frequent
threat, followed by tropical storms. The location of Nantucket at the extreme southeast corner of
the New England region, protruding into the Atlantic Ocean toward the north-northeast path
taken by many tropical systems, places it in the potential path of many tropical storms and
hurricanes. Tornadoes and other summer-storm-related high wind events are relatively rare on
Nantucket.

Most of Nantucket is shrubby, with only ‘Sconset and the Downtown particularly at risk to
damage from high winds due to heavily treed landscapes and high residential densities. In the
winter, high winds create a significant snow-drift problem, with a number of roads regularly
experiencing snow depths that make them impassible, despite actions that have been taken in
recent years to reduce the drifts.

Wind-hazard mitigation capabilities focus on building code enforcement and public warning
systems.

Winter Storms

Aside from drifting snow, winter precipitation and cold-weather conditions can cause problems
for Nantucket, many of which are similarly transportation-related. There is a high propensity for
traffic accidents during heavy snow and even light icing events. Prolonged cold and wind can push
ice into the harbor or freeze the harbor itself, cutting off access to the mainland.
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Nantucket’s winter storm mitigation capabilities include flood and harbor damage prevention
programs, snow and ice removal procedures, and installation of wind-breaks along vulnerable
roads.

Wildfire

Nantucket is at a higher risk of wildfire than other parts of Massachusetts because of its rural
character, extensive wildland/urban interface areas, isolation from mutual aid assistance, and dry
sandy soil. Areas at risk on the Island include Maddequet, Mid-Island, Quaise, Polpis, Wauwinet,
Quidnet, and Tom Nevers. Many areas are not served by the public water supply and therefore
do not benefit from fire suppression.

Wildfire mitigation capabilities include mutual aid agreements between the Fire Department, the
airport, and land conservation and management groups. Public education, prescribed burning,
and maintenance of fire cuts in forested area are also capabilities.

Earthquake

Nantucket is within the area of lowest risk for earthquakes in the State; the potential for a
damaging earthquake to occur in Nantucket in any given year is low. The fact that wood
construction is preferred to masonry further limits the Town’s vulnerability.

Mitigation capabilities include enforcement of building codes, public education, and general
preparation for isolating events

Loss Estimates

Loss estimates were calculated for each hazard type using a number of sources and tools. When
applicable, these estimates were annualized. Non-annualized loss estimates include estimates
from specific historical events or models of events of specific magnitudes; these losses are
included in the plan but not in the annualized loss table below. Annualized loss estimates for all
hazards are summarized in Table ES-1; each row presents estimates from a different set of data
and taken as a whole present a range of potential annualized hazard costs. Annualized losses are
estimated to be between $700 and $12,000 from inland flooding, $16,000 and $412,000 from
coastal flooding, $520 and $10-million for hurricanes, $200 and $500 for summer storms, $22,000
and $75,000 for winter storms, $2,000 and $9,000 for wildfires, and $41,000 for earthquakes.
These wide ranges, along with the non-annualized loss estimates provided in the plan, are a first
step towards considering the relative impacts of different hazards on the community and can help
prioritize mitigation actions and contextualize mitigation costs. More detailed analysis would be
required to perform a true benefit-cost analysis of specific mitigation actions.
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Table ES-1: Annualized Loss Estimates for All Hazards

Source Annualized Estimated Loss

Inland Coastal Hurricane Summer Winter Wildfire | Earthquake

Flood Flood Storms Storm
HAZUS-MH! | noannual | noannual | $10,026,000 - - - -
PA & NFIP? $11,597 $411,705 $521 - $74,497 - -
NCEI® S$714 $16,143 $7,857 $194 $21,905 - -
State HMP* - - - - - $2,000 $40,802
Town Estimates® - - - $524 - $8,699 -

Mitigation Strategies and Actions

Nantucket has an appropriate variety of formal and informal hazard mitigation capabilities. The
Plan update identifies and assesses these existing capabilities and proposes new strategies that
address identified gaps in current mitigation efforts. An updated list of mitigation strategies and
actions that the Town will attempt to achieve over the next five years is also included. This list of
actions was prioritized through a combination of municipal input and used of the “STAPLEE”
method, as outlined in FEMA planning documents such as Developing the Mitigation Plan (FEMA
386-3) and Using Benefit-Cost Review in Mitigation Planning (FEMA 386-5). STAPLEE stands for
the "Social, Technical, Administrative, Political, Legal, Economic, and Environmental" criteria for
making planning decisions. Each proposed mitigation strategy was evaluated according to each of
the STAPLEE criteria and quantitatively assigned a score. The top-priority actions are listed in
Table ES-2.

It is understood that not all mitigation actions may be able to be completed in the next five years
depending on the ability to obtain grant funding, availability of local funding and staff time,
and/or permission from pertinent property owners. Nantucket plans to conduct an annual
Hazard Mitigation Plan maintenance process to review the status of proposed mitigation actions.

In addition to these top-priority actions, the Town plans to focus on the two actions “Implement a
project to map the near shore sand and sediment transport to develop a sand-budget model for
monitoring island wide coastal erosion. Side scan sonar will be used to measure bathymetry in
extremely shallow water, between 0 and 20 ft. deep. Mapping in high resolution monitors the
movement of sand shoals and identifies location of marine habitat on the sea floor” and

1 HAZUS-MH is FEMA's loss estimation methodology software for flood, wind, and earthquake hazards.

2 Public Assistance (PA) reimbursements and NFIP (National Flood Insurance Program) claim payments. Note that
PA funding is only granted for public projects, while NFIP claims are only granted for private property; therefore,
the two are considered as a single unit (“PA & NFIP”).

3 The National Centers for Environmental Information (NCEI) maintains a database of historic storm events across
the country.

4The State Hazard Mitigation Plan includes loss estimates developed from a variety of sources.

5 Additional estimates were developed through personal communication with municipal officials.
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Table ES-2: Top Priority Mitigation Actions

Hazards Mitigated
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Complete the Community/Coastal Resilience Plan and Become an MVP Community

Participate in a limited public-private partnership with Nantucket Engineering &
Survey to complete a study of the Fulling Mill Brook watershed, in particular the
hydrologic conditions at Polpis Road, to identify alternatives for improvements to this
area.

Complete mutual aid agreement with the NCF, Nantucket Land Council, Nantucket
Land Bank, and/or Massachusetts Audubon Society for firefighting assistance.

Review the Nantucket Intermediate School and the Elementary School and
determining their abilities to serve as emergency shelters.

Conduct a targeted hazard vulnerability assessment of historic structures and offer
technical assistance to property owners.

Develop a comprehensive storm water management plan that addresses needs and
priorities to reduce flooding and improve drainage. Include a funding model and
possible revenue sources to sustain ongoing maintenance and capital improvements.
The Plan should review policy and regulations that govern the discharge of waterinto | X X X | X X
the Town's ROW and those that have direct connection to the Town's storm drainage
system. The rising sea level and water table is leading to more sump pumps
discharging into the drains or on the roadway.

Relocate important hard-copies of Town records (including Finance Department
records and Health Department records) to a new storage location outside of the X X
SFHA (currently located on Washington Street)

Develop a protocol or formal Standard Operating Procedure for opening and closing
of the tide gate at Children’s Beach boat ramp. Work with local citizens to make sure X
they are aware of the protocol.

Develop local capacity for housing emergency equipment and personnel in Madaket
village during a storm, in case of isolation due to road closure.

F10

A5 WF2

A10

F6

F19

F25

ws1

“Implement a project to map the harbor floors (Madaket, Polpis and Nantucket) to measure
and monitor sediment transport. Information will be used to develop dredging and disposal
plan, as well as the Harbor management Plan. Side scan sonar will be used to measure
bathymetry in extremely shallow water, between 0 and 20 ft. deep.” These two actions will
help position the Town for improved erosion and sand management in relation to beach
nourishment and other projects that may arise.
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INTRODUCTION

Background and Purpose

Defined by FEMA, the term hazard means “an event or physical condition that has the potential to
cause fatalities, injuries, property damage, infrastructure damage, agricultural loss, damage to the
environment, interruption of business, or other types of harm or loss.®” In a simpler context, a
hazard may be described as a condition with the potential for harm to the community or
environment. In the context of disasters, hazard mitigation is commonly defined as any sustained
action that reduces or eliminates long-term risk to people, property, and resources from hazards
and their effects.

Examples of hazard mitigation actions include outreach programs that increase risk awareness,
projects to protect critical facilities, and the removal of structures from flood hazard areas. Local
mitigation actions and concepts can be incorporated into land use plans and building codes.

The primary purpose of a hazard mitigation plan (HMP) is to identify natural hazards and risks,
existing capabilities, and activities that can be undertaken by a community to prevent loss of life
and reduce property damages associated with the identified hazards. In addition to natural
hazards, the Town has considered selected technological hazards and human-caused threats to
the community in the plan. Technological hazards result from accidents or the failure of systems
and structures, such as hazardous materials spills or pollution of the water supply. Public safety
and property loss reduction have been the traditional driving forces behind this plan. However,
careful consideration also must be given to the preservation of history, culture and the natural
environment of the region. The plan is relevant not only in emergency management situations,
but also should be used within the community's land use, environmental, and capital
improvement frameworks.

The 2018 HMP presents hazard mitigation actions and priorities that will be considered and
addressed in the following five years (2019 to 2023); the plan will be updated on a regular basis.

The Nantucket Planning & Land Use Services Office (PLUS), with assistance from the Nantucket
Emergency Management Agency, will administer this HMP under the authority of the Board of
Selectman. Holly Backus, Land Use Specialist at PLUS, will be the Local Coordinator of the Hazard
Mitigation Plan, and the Chief of Police and Emergency Management Director (a single position)
will be the Deputy Local Coordinator. PLUS will coordinate with responsible departments and
ensure that the recommendations of this HMP are considered or enacted.

8 FEMA, Multi Hazard ldentification and Risk Assessment, 1997, p. xxi
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The Disaster Mitigation Act

The Disaster Mitigation Act of 2000 (DMA), commonly known as the 2000 Stafford Act
amendments, was approved by Congress and signed into law in October 2000, creating Public Law
106-390. The purpose of the DMA is to establish a national program for pre-disaster mitigation
and streamline administration of disaster relief.

The DMA requires local communities to have a Federal Emergency IR
Management Agency (FEMA)-approved mitigation plan in order to |

be eligible to receive post-disaster Hazard Mitigation Assistance
(HMA).

The HMA "umbrella" contains three competitive grant programs
deigned to mitigate the impacts of natural hazards: the Pre-Disaster
Mitigation (PDM) grant program, the Hazard Mitigation Grant
Program (HMGP) for post-disaster mitigation activities, and the
Flood Management Assistance (FMA). Note that HMA programs
are funded at the discretion of Congress. These programs are

briefly described below. Hazard Mitigation Assistance

Pre-Disaster Mitigation (PDM) Program

The PDM program was authorized by Part 203 of the Robert T.
Stafford Disaster Assistance and Emergency Relief Act (Stafford Act),
42 U.S.C. 5133. The PDM program provides funds to states,
territories, tribal governments, communities, and universities for
hazard mitigation planning and implementation of mitigation
projects prior to disasters, providing an opportunity to reduce the
nation's disaster losses through pre-disaster mitigation planning and
the implementation of feasible, effective, and cost-efficient
mitigation measures.

Funding of pre-disaster plans and projects is meant to reduce overall PRE-DISASTER
risks to populations and facilities. PDM funds should be used
primarily to support mitigation activities that address natural MITI G ATI 0 N

hazards. In addition to providing a vehicle for funding, the PDM
program provides an opportunity to raise risk awareness within communities.
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Hazard Mitigation Grant Program (HMGP)

The HMGP is authorized under Section 404 of the Robert T. Stafford
Disaster Relief and Emergency Assistance Act. The HMGP provides
grants to States and local governments to implement long-term
hazard mitigation measures after a major disaster declaration.

The purpose of the HMGP is to reduce the loss of life and property

due to natural disasters and to enable mitigation measures to be
implemented during the immediate recovery from a disaster. A key
purpose of the HMGP is to ensure that any opportunities to take HAZARD
critical mitigation measures to protect life and property from future MITIGATION

disasters are not "lost" during the recovery and reconstruction GRANT PROGRAM
process following a disaster.

Flood Mitigation Assistance (FMA) Program

The FMA program was created as part of the National Flood
Insurance Reform Act (NFIRA) of 1994 (42 U.S.C. 4101) with the goal
of reducing or eliminating claims under the National Flood Insurance
Program (NFIP). FEMA provides FMA funds to assist States and
communities with implementing measures that reduce or eliminate
the long-term risk of flood damage to buildings, homes, and other

structures insurable under the NFIP. F L o 0 D

The long-term goal of FMA is to reduce or eliminate claims under M |T|GAT i 0 N

the NFIP through mitigation activities. Three types of grants are ASS'STANC E
available under FMA. These are Planning, Project, and Technical

Assistance grants.

Changes Since 2007

The Biggert-Waters Flood Insurance Reform Act of 2012 eliminated the Repetitive Flood Claims
(RFC) and Severe Repetitive Loss (SRL) programs and made the following significant changes to
the FMA program:

O The definitions of repetitive loss (two
or more NFIP claims of more than Effective August 15, 2013, acquisitions and
elevations will be considered cost-effective if the
project costs are less than $276,000 and $175,000,

$1,000) and severe repetitive loss

properties have been modified respectively. Structures must be located in Special
O Cost-share requirements have changed Flood Hazard Areas (the area of the 1-percent-
to allow more Federal funds for annual-chance flood). The benefit-cost analysis

. . - . BCA) will jred.
properties with repetitive flood claims (B el s o e

and severe repetitive loss properties; and
@ There is no longer a limit on in-kind contributions for the non-Federal cost share.
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The NFIP provides the funding for the FMA program. The PDM and FMA programs are subject to
the availability of appropriation funding, as well as any program-specific directive or restriction
made with respect to such funds.

One important change to the PDM, HMGP, and FMA programs since the adoption of the initial
Nantucket Hazard Mitigation Plan is that "green open space and riparian area benefits can now be
included in the project benefit cost ratio (BCR) once the project BCR reaches 0.75 or greater." The
inclusion of environmental benefits in the project BCR is limited to acquisition-related activities.

Table 1-1 presents potential mitigation project and planning activities allowed under each FEMA
grant program described above as outlined in the most recent HMA Unified Guidance document.
Many of the strategies and actions developed in this plan fall within the above list of eligible

activities.
Table 1-1: Eligible Mitigation Project Activities by Program
Eligible Activities HMGP PDM FMA
1. Mitigation Projects v 7 7
Property Acquisition and Structure Demolition 4 4 4
Property Acquisition and Structure Relocation v v v
Structure Elevation v v v
Mitigation Reconstruction v v v
Dry Floodproofing of Historic Residential Structures v v v
Dry Floodproofing of Non-residential Structures v v v
Generators v v
Localized Flood Risk Reduction Projects v v v
Non-localized Flood Risk Reduction Projects v v
Structural Retrofitting of Existing Buildings v v v
Non-structural Retrofitting of Existing Buildings and Facilities v v 4
Safe Room Construction v v
Wind Retrofit for One- and Two-Family Residences 4 4
Infrastructure Retrofit v v v
Soil Stabilization v v v
Wildfire Mitigation v v
Post-Disaster Code Enforcement 4
Advance Assistance v
5 Percent Initiative Projects v
Aquifer and Storage Recovery** v v v
Flood Diversion and Storage** v v v
Floodplain and Stream Restoration** 4 4 4
Green Infrastructure** v v v
Miscellaneous/Other** 4 4 4
2. Hazard Mitigation Planning v v v
Planning Related Activities v
3. Technical Assistance v
v

4. Management Cost v v
Source: Table 3 — HMA Unified Guidance document, February 27, 2015
** indicates that any proposed action will be evaluated on its own merit against program requirements.
Eligible projects will be approved provided funding is available.
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1.2 Hazard Mitigation Vision, Goals, and Objectives

To frame the development and implementation of this Hazard Mitigation Plan (“Plan” or “HMP”),

municipal officials identified a Vision, a set of Goals, and a suite of supporting Objectives, for the

Plan.

Vision:

To mitigate the detrimental impacts of natural hazards to Nantucket while maintaining and
enhancing the Island’s quality of life, historic essence, aesthetic beauty, and natural and habitat

resources.
Goals:

O Reduce the loss of or damage to life and property caused by natural disasters.

O Protect Town infrastructure, and natural, cultural, historic and economic resources from
natural disasters.

O Maintain the Island’s emergency response capabilities.

O Reduce public and private natural disaster damage and insurance costs.

O Reduce the social, emotional, and economic disruption associated with a natural disaster.

Objectives:

Development, adoption, and implementation of this hazard mitigation plan will:

a

Increase access to and awareness of funding sources for hazard mitigation projects.
Certain funding sources, such as the PDM and the HMGP, may be available if the hazard
mitigation plan is in place and approved.

Identify mitigation initiatives to be implemented if and when funding becomes available.
This HMP will identify a number of mitigation recommendations, which can then be
prioritized and acted upon as funding allows.

Connect hazard mitigation planning to other community planning efforts. This HMP can
be used to guide community development through inter-departmental coordination.
Improve the mechanisms for pre- and post-disaster decision making efforts. This plan
emphasizes actions that can be taken now to reduce or prevent future disaster damages. If
the actions identified in this plan are implemented, damage from future hazard events can
be minimized, thereby easing recovery and reducing the cost of repairs and reconstruction.
Improve the ability to implement post-disaster recovery projects through development of
a list of mitigation alternatives ready to be implemented.

Enhance and preserve natural resource systems. Natural resources, such as wetlands and
coastal floodplains, provide protection against disasters such as floods and hurricanes.
Proper planning for and protection of natural resources can provide hazard mitigation at
substantially reduced costs.

Inform protection of historic resources. Historic resources present unique challenges with
regards to protection and recovery from natural hazard events.
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O Inform efforts to build community and social resilience. As Nantucket faces an uncertain
future, this Plan will help guide development of systems allowing the community to resist,
absorb, recover from, and adapt to, natural disasters and changing baselines.

O Support efforts to build economic resilience. Nantucket is a small island with an economy
driven primarily by tourism. This plan will help identify and prioritize locations for action
that are fundamental to sustain the local economy, tourism and tax base.

O Educate residents and policy makers about natural hazard risk and vulnerability.
Education is an important tool to ensure that people make informed decisions that
complement Nantucket's ability to implement and maintain mitigation strategies.

O Complement future Community Rating System efforts. Implementation of certain
mitigation measures may increase a community's rating, and thus the benefits that it
derives from FEMA.

In addition to the general objectives listed above, Town personnel have highlighted a number of
specific concerns and interests to be listed as priorities in this Plan. These are as follows:

O Access to the Mainland: freight and vehicular traffic, as well as nearly all individual travel,
between the island and the mainland occurs via ferries that must travel through a relatively
narrow channel around Brant Point, and that dock at one of two wharfs downtown. The
incapacitation of this mode of transportation by a natural disaster, through damage to the
wharfs or blockage of the channel, would present a major obstacle to response and recovery
operations. Ensuring continued access to the mainland following hazard event is a high
priority for Nantucket

Q Isolation Within the Island: Many roads on Nantucket are threatened by erosion or
inundation, and the inability to travel along some of those roads would lead to isolation of
certain neighborhoods during or following hazard events.

O Historic Resources: As noted previously, Historic resources present unique challenges with
regards to hazard mitigation due in part to the impacts that many mitigation actions would
have on their historic characters. The entire island of Nantucket is listed as a National
Historic Landmark, and both the downtown area and the ‘Sconset neighborhoods are
locally-designated historic districts. Both districts are essential parts of the Town’s economy
and culture, and both are highly vulnerable to natural disasters, especially flooding and
erosion.

O Power Supply Resiliency: Most of Nantucket’s electric power is sourced from the mainland
through underwater cables. As part of ongoing climate adaptation and resiliency efforts,
the Town is pursuing and implementing a range of initiatives aimed at increasing the Island’s
capacity to generate and store electricity on-island using renewable energy technologies.
These efforts will mitigate potential impacts of natural disasters on the Town’s electric grid
by providing emergency power generation, local power storage on batteries, and localized
power distribution through microgrids.
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O Water Supply Resiliency: The Town operates the Wannacomet Water Company that
supplies drinking water to the public. Water is pumped from three different groundwater
wells located in Nantucket’s Sole Source Aquifer from two different levels at locations in
mid-island. On the eastern end of the island, the Siasconset Water Department (operated
by Wannacomet Water Company) draws water from a sole source aquifer using two well
systems in the Siasconset area. The water company uses resilience planning to address
vulnerabilities such as having standby generators installed and used when there is a loss of
electric power supply. Additional resiliency measures are being planned to protect the
aquifer and well head locations from contamination due to a hazardous material spill and
pollution.

O Climate Change: As an island community, Nantucket recognizes the present and future
effects that climate change will have on the Town. Animportant priority that will be
brought into mitigation of many natural hazards will be addressing these impacts, including
sea level rise and the increased severity and frequency of coastal flooding, erosion, high
wind events, precipitation events, and droughts.

O Evaluation of the Storm Water Pump System: In 2009 the Town made improvements to the
Children’s Beach storm water system draining the Brant Point watershed including the
installation of a tide gate and pump system to reduce the duration and frequency of street
flooding. Operational and performance issues were recorded with the pump system later
that year and enhancements were made in 2011. Additional problems have plagued the
system in 2017 and 2018 including two pump failures and complete loss of pumping
capability during flooding events in early 2018. During seasonal high tide events, water was
observed backflowing through the system and into the streets, questioning the
effectiveness of the tide gate and check valves. In June 2018, DPW hired an engineering
firm to review this system and provide recommendations for improvements.

O Children’s Beach Boat Ramp: provides popular access to the Harbor and a manually
positioned flood gate that can be closed to reduce tidal flooding of the Brant Point area.
Closure of the gate is performed by DPW and coordinated with the Harbor Master to ensure
sufficient opportunity for owners/captains to remove their boats from the water. During
several storm events in the winter of 2018, the gate was closed and reinforced following the
standard practice; however, on several occasions private individuals have opened the gate
during a storm’s low tide to more rapidly drain the area and have not returned to close the
gate before the next high tide cycle. The 2018 winter storms spanned several tide cycles,
and these behaviors led to flooding of the area, exacerbated by not having the pump station
fully operational. Animproved protocol or formal Standard Operating Procedure should be
considered for opening and closing of the tide gate at Children’s Beach boat ramp.

O Roadbed Construction Material for Emergency Use: The rapid succession of 2018 winter
storms depleted all on-island rip-rap and gravel needed to reopen a key section of roadway.
Post-storm material transport was hampered by continued rough seas. In addition to what
is generally available from local contractors, The Town may consider having selected types
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and quantities of construction materials stored at the DPW yard and reserved for
emergency use.

O Sanitary Sewer Collection System: The Town of Nantucket is required by an Order for
Compliance on Consent, Docket No. CW A-AO-R01-FY17-02, the United States
Environmental Protection Agency (USEPA) Region 1 versus the Town of Nantucket, MA, to
complete a Capacity, Management, Operation and Maintenance (CMOM) Program for its
Sanitary Sewer Collection System for the Town Sewer District and Siasconset Sewer District.
The CMOM Program is intended to help the Town be proactive versus reactive to operation
and maintenance of its sewer systems, and thus prevent costly repairs and potential
violations to the Clean Water Act. The CMOM program will be a tool for the Town for
budgeting future Capital Improvement Projects.
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1.3

Identification of Hazards and Document Overview

As stated in Section 1.1, the term hazard refers to an extreme natural event that poses a risk to
people, infrastructure, or resources. The following have been identified as natural hazard events
that can affect the Town of Nantucket:

Q Inland Flooding

Coastal Flooding

Hurricanes and Tropical Storms including High Wind Events
Sea Level Rise, Shoreline Change, and Erosion

Summer Storms and Tornadoes

Winter Storms

Wildfires

Q Earthquakes

Coo0o0Co

The hazards profiled in the Massachusetts 2013 State Hazard Mitigation Plan but not addressed in
the Nantucket Hazard Mitigation Plan Update are drought, extreme temperatures, and tsunamis.
These natural hazards are the lowest-ranked of those discussed in the state's plan, as shown in
table 5-1 from that document. Drought is found to have a low frequency with a likely severity
level of “minor” statewide. Extreme temperatures are found to have a medium frequency with a
minor likely severity level. Tsunamis are found to have a very low frequency with an extensive
likely severity. Furthermore, no annual estimated losses are provided for drought, extreme
temperatures, or tsunamis in the 2013 state plan, underscoring their low ranks. As such, their
inclusion was considered not necessary in the Nantucket Hazard Mitigation Plan Update.

This document has been prepared with the understanding that a single hazard effect may be
caused by multiple hazard events. For example, flooding may occur as a result of frequent heavy
rains, a hurricane, or a winter storm. Table 1-2 relates natural hazard effects to their causes.
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Table 1-2: Effects of Natural Hazards

Natural Hazard

Inland Flooding
Flooding from Poor Drainage
Coastal Flooding
Storm Surge

Coastal Erosion

Wind

Falling Trees/Branches
Lightning

Hail

Snow

Blizzard

Ice

Fire/Heat

Smoke

Shaking

Dam Failure

Power Failure

X X X X X X X X Hurricanes & Tropical Storms

Sea Level Rise & Shoreline Change

x X

< < Summer Storms & Tornadoes

X X X X

Causes

Winter Storms

X X X X X

Wildfires

= [}
£ 3
g
t £
S o
X
X
X X
X

Table 1-3 and Table 1-4 rank the hazard events and hazard effects that impact Nantucket based
on size of the area impacted by the hazard, the frequency of occurrence of the hazard, and the
magnitude or severity of the hazard. The analysis performed to determine this ranking took into
account historic trends and damages (from the NOAA NCEI database) and hazard zone maps.
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Natural Hazard Event

Winter Storms

Hurricanes & Tropical Storms
Sea Level Rise & Shoreline Change

Coastal Flooding

Summer Storms and Tornadoes

Earthquakes
Wildfires
Inland Flooding

Location
1 =small
2 = medium
3=large

Frequency of Occurrence
0 = unlikely

1 = possible

2 = likely

3 = highly likely

Magnitude / Severity
1 = limited

2 = significant
3 =critical

4 = catastrophic

Table 1-3: Hazard Event Ranking

Location Frequency of Magmtt'xde/
Occurrence Severity
1 = small 0= unllk.ely 1 =.I|rrT|Fed Rank
. 1 = possible 2 = significant
2 = medium . .
3 = large 2 = likely 3 = critical
=larg 3 = highly likely 4 = catastrophic

3 3 3 9
3 1 4 8
2 3 2 7
2 3 2 7
2 3 2 7
3 0 2 5
1 2 1 4
1 1 1 3

isolated to specific area during one event
multiple areas during one event
significant portion of the town during one event

less than 1% probability in the next 100 years

between 1 and 10% probability in the next year; or at least one chance in next 100 years
between 10 and 100% probability in the next year; or at least on chance in next 10 years
near 100% probability in the next year

injuries and/or illnesses are treatable with first aid; minor "quality of life" loss; shutdown of critical facilities
and services for 24 hours or less; property severely damaged < 10%

injuries and / or illnesses do not result in permanent disability; shutdown of several critical facilities for
more than one week; property severely damaged <25% and >10%

injuries and / or illnesses result in permanent disability; complete shutdown of critical facilities for at least
two weeks; property severely damaged <50% and >25%

multiple deaths; complete shutdown of facilities for 30 days or more; property severely damaged >50%

Frequency of Occurrence, Magnitude / Severity, and Potential Damages based on historical data from NOAA NCEI
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Natural Hazard Effect

Nor’easter Winds
Snow

Blizzard
Hurricane Winds
Ice

Nor’easter Storm Surge

Coastal Flooding
Coastal Erosion

Thunderstorm & Tornado Winds

Shaking

Hurricane Storm Surge
Flooding from Poor Drainage

Lightning
Inland Flooding

Falling Trees/Branches

Hail
Fire/Heat
Smoke

Location
1 =small
2 = medium
3 =large

Frequency of Occurrence
0 = unlikely

1 = possible

2 = likely

3 = highly likely

Magnitude / Severity
1 = limited

2 = significant
3 =critical

4 = catastrophic

Table 1-4: Hazard Effect Ranking
Some effects may have a common cause; for example, a hurricane causes high winds, inland flooding, and a storm
surge. Some effects may have similar causes; for example, hurricanes and nor’easters both cause storm surges.

Location
1=small
2 = medium
3 =large

3
3
3
3
3
2
2
2
2
3
2
1
1
1
1
1
1
1

isolated to specific area during one event
multiple areas during one event

Frequency of

Occurrence

0 = unlikely

1 = possible

2 = likely

3 = highly likely
3
3
3
1
2
3
2
3
2
0
1
3
3
2
2
2
2
2

significant portion of the town during one event

less than 1% probability in the next 100 years
between 1 and 10% probability in the next year; or at least one chance in next 100 years
between 10 and 100% probability in the next year; or at least on chance in next 10 years

near 100% probability in the next year

Magnitude/

Severity

1 = limited

2 = significant

3 = critical

4 = catastrophic

Rank

2

P P RPPRPPRPRPRPBPNNNRERNNNWNN
SR DDA DUUUIUOOOSNSNSN O ®

injuries and/or illnesses are treatable with first aid; minor "quality of life" loss; shutdown of critical facilities

and services for 24 hours or less; property severely damaged < 10%

injuries and / or illnesses do not result in permanent disability; shutdown of several critical facilities for

more than one week; property severely damaged <25% and >10%

injuries and / or illnesses result in permanent disability; complete shutdown of critical facilities for at least
two weeks; property severely damaged <50% and >25%
multiple deaths; complete shutdown of facilities for 30 days or more; property severely damaged >50%

Frequency of Occurrence, Magnitude / Severity, and Potential Damages based on historical data from NOAA NCEI
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Table 1-5: Geography of Hazard Effects

[-14]
5 &
. 5
Neighborhoods Total Relative £ g 5 8 ] . %
& . -] %’ o (] n [ © []
Population Property S £ ] o e ] I 5,
Areas 2 © o 5 o] = o0
Values Y B K ‘g ® w = e g g &
5 5§ & 5 &8 B £ £ =z 3§ 8§ T 3 3
c & 8§ 8 8 = & 2 2 § ® & 5 = §
Central Nantucket
Downtown High High X X X X X X X X X X X
Brant Point High High X X X X X X X X X X
Cliff Road Area Moderate High X X X X X X X X X
Mid-Island High Moderate X X X X X X X X X X X X
Monomoy Moderate High X X X X X X X X
Airport/Old South Road Moderate Moderate X X X X X X X X X X
Surfside/South Shore High Moderate X X X X X X X X X X
Miacomet Moderate Moderate X X X X X X X X X X
Cisco/Hummock Pond Moderate Moderate X X X X X X X X X X
Northeast Nantucket
Polpis Low High X X X X X X X X X X X
Pocomo Low Moderate X X X X X X X X X X X
Shawkemo/Quaise Low Moderate X X X X X X X X X X X
Wauwinet Low Low X X X X X X X X X X X
Coatue Low Low X X X X X X X X X
Great Point Low Low X X X X X X X X X
Quidnet Low High X X X X X X X X X X X
Southeast Nantucket
Milestone Road Low Low X X X X X X X X
Siasconset High High X X X X X X X X X X X
Tom Nevers/Southeast Quarter  High High X X X X X X X X X X X X
Western Nantucket
Madaket High High X X X X X X X X X X X
Sheep Pond Rd Low High X X X X X X X X X X
Smith Point Moderate Moderate X X X X X X X X X X
Maddequet/Eel Point Moderate Moderate X X X X X X X X X
Tuckernuck Low Moderate X X X X X X X X X X X X
Muskeget Low Low X X X X X X X X X X X
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To identify current vulnerabilities and potential mitigation strategies associated with hazard
events, each hazard event has been individually discussed in a separate chapter. The exception is
flooding. The hazard effects of coastal and non-coastal flooding have been addressed individually
in two separate chapters prior to the chapters dedicated to discussing their causes.

After the introductory chapter, this document continues with a general discussion of the Town of
Nantucket's community profile, including the physical setting, demographics, development
trends, governmental structure, and sheltering capacity. Next, each chapter of this Plan
pertaining to a natural hazard is broken down into six or seven different parts. These are Setting;
Hazard Assessment; Historic Record; Existing Capabilities; Vulnerabilities and Risk Assessment;
Mitigation Strategies and Action; and Recommended Actions. These are described below.

Q Setting identifies the general areas of Nantucket that are at risk from the hazard.

Q Hazard Assessment describes the specifics of a given hazard, including characteristics and
associated effects. Associated return intervals, probability and risk, and relative magnitude
are also discussed.

Q Historic Record is a discussion of past occurrences of the hazard, and associated damages.

Q Existing Capabilities gives an overview of the measures that the Town is currently
undertaking to mitigate the given hazard. These may take the form of ordinances and
codes, structural measures such as seawalls and jetties, or public outreach initiatives.

Q Vulnerabilities and Risk Assessment focuses on the specific areas at risk to the hazard.
Specific land uses in the given areas are identified. Critical buildings and infrastructure that
would be affected by the hazard are also identified.

Q Mitigation Strategies and Actions identifies mitigation alternatives.

O Recommended Actions is a list of the recommended mitigation measures that would be
beneficial to protect against a given hazard, based on social, technical, administrative,
political, legal, economic, and environmental factors (i.e. the "STAPLEE" method).

This document concludes with a strategy for implementation of the Hazard Management Plan,
including a schedule, a program for monitoring and updating the plan, and a discussion of
technical and financial resources.

1.4 Documentation of the Planning Process

Holly Backus of the Planning & Land Use Services (PLUS) Department coordinated the
development of this Hazard Mitigation Plan Update. The following individuals were also involved
with the update:

Q Chief William Pittman - Police Department (Emergency Management Director)

O Sergeant Brendan Coakley - Police Department (Emergency Management Coordinator)
Q Chuck Larson - Manager of Strategic Projects

O Dave Fronzuto - Emergency Management Coordinator (Retired)

Q David Gray Sr. - Director, Sewer Department

Q Diane O’'Neil - Nantucket Public Schools
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Q Elizabeth Gibson - Town Manager

Q Jeff Carlson - Natural Resources Coordinator

O Lauren Sinatra - Energy Coordinator

O Martha Lake-Greenfield - Nantucket Cottage Hospital

O Michael Burns, AICP - Transportation Planner / Planning
O Michael Cozort - Nantucket Public Schools

O Nathan Porter - GIS Coordinator

O Rob McNeil - Director, Public Works Department
O Roberto Santamaria - Health Director, Health Department
Q Stephen Murphy - Chief, Fire Department

During the development of the initial HMP adopted in 2007, representatives from the Building

Department, the Marine Resources Department, the Wannacomet Water Company, and

Nantucket Airport were also involved.

An extensive data collection, evaluation, and outreach program was undertaken to compile

information about existing hazards and mitigation in the Town of Nantucket, as well as to identify

areas that should be prioritized for hazard mitigation. The following is a list of meetings that were

held or attended to develop this Hazard Mitigation Plan Update:

a

A project initiation meeting was held September 18, 2017. This meeting addressed the
scope of services necessary to develop this HMP. Significant input was provided by the
project team about the HMP update, including changes to the Towns capabilities and
vulnerabilities with respect to each of the hazards covered by the HMP. Actions to
include moving forward were also discussed.

A public meeting was held on October 23, 2017 at 6 pm. All residents of the Island were
invited to attend. The meeting discussed the basics of hazard mitigation planning and the
purpose and process for developing local plans. Residents were invited to share their
specific concerns and recommendations.

A public meeting geared toward stakeholders was held on November 27, 2017 at 6 pm.
This meeting was advertised to stakeholders with whom relationships had been formed
during development of the previous HMP, such as:

Chamber of Commerce

Civic League

Sustainable Nantucket

Nantucket Conservation Foundation

Nantucket Land Council

Trustees of Reservation

The ‘Sconset Trust

Nantucket Preservation Trust

O O O O 0O O O ©O

‘Sconset Beach Preservation Fund

Town of Nantucket
Hazard Mitigation Plan

February 2019

/,J\ MILONE &
g 4% MACBROOM



o Rotary Club
o UMass Field Station
o Nantucket Land Bank

Q Interviews with Town staff and other attendees of the initiation meeting were held by
phone between December 4 and December 12, 2017. Participants were asked to give
input on hazard mitigation based on their specific areas of expertise, and from the
perspectives of their specific roles. Individuals interviewed were:

Chamber of Commerce

Diane O'Neil

Jeff Carlson

Steve Murphy

Nathan Porter

Robert McNeil

Chuck Larson

Holly Backus

Lauren Sinatra

William Pittman

Brendan Coakley

Martha Lake-Greenfield

Libby Gibson (Town Manager)

Gregg Tivnan (Assistant Town Manager)

O O 0O O 0o 0O 0O oo O o O o o

Brian Turbitt (Director of Municipal Finance)

O Results of this survey are discussed below.
Q Updates to this Hazard Mitigation Plan were made after recovery of the Winter 2018
storm events, using experience gained by staff and lessons learned.

Appendix B contains copies of meeting minutes and other records that document the
development of this Hazard Mitigation Plan. Appendix C contains results of the online survey;
these are also summarized below.

Online Survey

A public survey was posted online through the website www.surveymonkey.com. The primary
goal of the survey was to educate local officials of the general public awareness regarding natural
hazards, with the secondary goal being to collect information that may lead to potential
mitigation strategies. The survey was posted from October 20 through December 15, 2017. The
survey was advertised on the Nantucket town website, the local newspaper “The Inquirer and
Mirror,” website (www.ack.net) Public (www.publicnow.com), and on the Nantucket Coastal
Conservancy Facebook page.
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The responses provide an indication of the public perception regarding the level of risk,

awareness of natural hazard
mitigation planning, and

emergency response on Nantucket.

Some write-in responses deemed
relevant to this plan are included in
this summary.

Respondent Information

A total of 113 responses were
collected, with respondents mostly
concentrated in the Madaket, Mid-
island, and Surfside areas (see
Figure 1-2, to the right). Individual
neighborhoods were represented
as shown in Figure 1-3; note that
many survey respondents work in
Madaket and Downtown. A
majority of respondents have lived
on Nantucket (or maintained a
seasonal residence on Nantucket)
for more than 10 years; see Table
1-6, below.

Table 1-6: For how long have you
lived or worked on Nantucket?

Years # Responding
Less than 1 3
1-2 0
2-5 14
5-10 13
10-30 39
>30 41
Awareness

Only 44 respondents (39%) were
aware that Nantucket maintains an
HMP.

Participants were asked which
recent events, if any, have
generated awareness of natural

Figure 1-2: Residences of Survey Respondents

Madaket  — 1o o
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Smith Point g™} 9
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Maddequet/Eel Point " ;!

B Work

Tuckemuck g

Milestone Road

ke e

Brant Point g .

Great Point g °;

None of These e ———— s

0 20 40
Number of Respondents

Figure 1-3: Home & Work Locations of Respondents |
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hazards. Table 1-7 summarizes the responses. The majority of respondents reported that
Tropical Storm Jose in September of 2017 raised their awareness.

Table 1-7: Contributors to Awareness of Natural Hazards

Events Number Selecting
Tropical Storm Jose in September 2017 64
Winter Storm of February 2016 52
Winter Storms of February 2013 and January 2015 56
"Superstorm" Sandy in October 2012 47

Many respondents noted other events or trends that had raised their awareness; these write-in
responses included:

O

A wind and rain storm from October 30 to November 1, 2017 (4 responses)
Awareness of climate change and sea level rise (4 responses)

The Perfect Storm or Unnamed Storm of 1991 (4 responses)

Awareness of Erosion, including through Inquirer & Mirror coverage (3 responses)
Hurricane Bob in 1991 (3 responses)

The ongoing California wildfires in November and December of 2017

Snow events of February 2014

History of wildfires on Nantucket

Rising groundwater table in the Cisco area causing home flooding every 3-4 years

[N Uy oy Iy Iy Iy Ny Ny

Hurricane Katrina in 2005

(]

Have been aware of Natural Hazards for a long time (2 responses)
Note that the responses above have been edited for clarity and are not verbatim.

The next question asked responders to rate hazards on a scale of 1 (low threat) to 3 (high threat),
indicating the level of perceived threat or concern each presents to their homes or to the
functions of their businesses. Responses are presented in Table 1-8.
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Table 1-8: Perception of Hazard Threat Level

Hazard Threat level (Number Selecting) Average
Low (1) Moderate (2) | High (3) Rating

Hurricanes and Tropical Storms 2 27 64 2.67
Other High Wind 4 39 49 2.49
Wlnter Storms (including snow or ice) 12 47 34 594
and Blizzards
Sea Level Rise 23 25 42 2.21
Flooding from the Coast 27 22 41 2.16
Erosion (coastal) 33 7 47 2.16
Direct Damage from Wave Action (coastal) 41 12 32 1.89
Flash Flooding /
Flooding due to Poor Drainage 38 3 16 1.75
Severe Thunderstorms
(including hail, lightning, or downbursts) 36 42 13 1.75
Wildfires and Brush Fires 52 27 10 1.53
Tornadoes 64 12 4 1.25
Earthquakes 77 5 3 1.13

The hazards with the highest perceived threat for the majority of respondents include hurricanes
and tropical storms, other high wind events, winter storms, sea level rise, and coastal flooding. 47
respondents felt erosion posed a high threat, and 33 felt it posed a low threat; only 7 classified
the threat from erosion as moderate, indicating that those for whom erosion is at all a concern
feel that it is a high concern.

Respondents wrote-in additional or more specific hazards of concern, including:

O Groundwater pollution

Q Urban interface [possibly referring to the urban-wildland interface that is correlated to
wildfire occurrence]

O Ocean breaching beach and flooding Hither Creek opposite Millie’s bridge

O Catastrophic events, such as tsunamis

The follow-up question asked which hazards have affected the participant's selves or businesses.
Table 1-9 summarizes these results.
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Table 1-9: Hazards that Have Impacted Respondents

Hazard Number Selecting
Other High Wind 49
Winter Storms and Blizzards 44
Hurricanes and Tropical Storms 37
Erosion 28
Flooding from the Coast 26
None; | have not been impacted 22
Sea Level Rise 20
Flash Flooding / Flooding due to Poor Drainage 19
Direct Damage from Wave Action (coastal) 19
Severe Thunderstorms 10
Wildfires 3
Tornadoes 0
Earthquakes 0

Many respondents reported being affected by high winds from tropical and other storms. Winter
storms have also impacted many respondents. One respondent noted that extreme heat and
humidity has also had an effect.

68 participants entered answers when asked if any specific areas of Nantucket were vulnerable to
any of the above hazards. Their responses are summarized in the table below.

Table 1-10: Specific Areas Vulnerable to Hazards

Location Number of Mentions
Smith Point 17
Ames Ave & Madaket Rd 16
Millie's Bridge 16
Madaket South Shore
Hither Creek
Easy St
Madaket
North Cambridge St
Downtown

[y
o

Maine Ave & New Jersey Ave

Ames Ave

Ferry Terminals

'Sconset

Sheep Pond Rd
Brant Point

Broad St & Easy St
Coskata-Coatue

Friendship Lane

Long Pond

Wwwwlwiw|bld|db|ldlWujcojloo|o | O

Tom Nevers
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Location Number of Mentions
Washington St 3
Baxter Rd
California Ave
Madaket Marine
Main St
North Cambridge St Culvert
Starbuck Rd
32 Madaket Rd
Airport
Broad St & South Water St
Chicago Beach Rd
Cisco

Consue Springs

transmission towers at Stop & Shop

Jetties

Madaket Rd

Milestone Rd

Open Space Along Milestone Rd
Red Barn Rd Beach

Tuckernuck Coast

Polpis Rd

Raceway Drive & Somerset Rd

Orkorwaw Ave

Sea St Pumping Station

Sewer Plant
Easton & Beach St
Wauwinet

Chuck Hollow
Tristram's Beach
Winter St

RlIRr|IRIRIRPR(RPR|R|RPR|IR|R|RPR(RPR[R[RPR|R|R|R|[R[R[(R[R|R|R|IN|INMINNNMN

Responders were asked about their thoughts on flood insurance, specifically with regards to
increasing insurance premiums. The results are presented in Table 1-11.

Table 1-11: Opinions about Flood Insurance

Statement Number Selecting
| do not have flood insurance & have no opinions about it 36
| currently have flood insurance & am not concerned about changes in the premiums 8
| currently have flood insurance & will be looking for ways to reduce my premiums 16
I would be supportive of looking for ways to reduce the cost of flood insurance policies a4
for all policyholders
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A number of interesting comments were made about this question:

O Potential Misunderstanding: one resident explained that they don’t have flood insurance
because they are not in a flood zone; similarly, another respondent claimed that they
cannot buy flood insurance. Flood insurance is available to every property owner, even if
they are not in a 1% annual-chance flood zone.

O Apparent Lack of Support: eight respondents expressed dissatisfaction with the relative low
cost of flood insurance, and their perception that it encourages building and rebuilding in
flood prone areas, and costs other taxpayers money.

O Apparent Lack of Trust: two respondents expressed distrust in the NFIP; one described
FEMA declining payment after a loss they suffered, and the other was concerned that FEMA
budget problems would make money unavailable after a disaster.

Survey-takers were also asked about their thoughts about planning for climate change and sea
level change. Most responders (71) believed that it was appropriate to plan for sea level rise to
accelerate, with more than one foot of rise experienced by 2100. Furthermore, most responders
(65) believed that it is appropriate to plan for storm events to become more severe and more
frequent in the future.

Table 1-12: Planning for Sea Level Change

Statement Number Selecting
“It is appropriate to plan for sea level rise to...”
Continue at the current rate, with less than a foot of rise by 2100 23
Accelerate, with more than one foot of rise by 2100 41
Accelerate dramatically, with several feet of rise by 2100 30

Table 1-13: Planning for Changing Storm Patterns

Statement .
e . ” Number Selecting
It is appropriate to plan for storm events to...
Occur more frequently 9
Become more severe 5
Become more severe and more frequent 65
Occur at a similar frequency and severity as in the past 13

Mitigation
The survey asked residents whether they were aware of any activities that had been performed
by the Town of Nantucket to prepare for disasters. Table 1-14 summarizes the results.
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Table 1-14: Mitigation Actions Performed by Nantucket

Statement Sli T;:z:;
Conducted drainage and flood control projects 31
Improved warning and response systems 31
Conducted erosion control projects 29
Provided outreach and education to help residents, businesses, and organizations 26
Conducted wildfire control and prevention projects 22
Enacted regulations, codes, and ordinances designed to protect from natural hazards 18
Hardened and improved utility infrastructure 12
Conducted general/other hazard preparedness and mitigation projects 11
Conducted winter storm mitigation projects 10
Improved disaster response capabilities 8
Provided technical assistance to help residents, businesses, and organizations 6
Conducted high wind mitigation projects 5
Made it easier for residents, businesses, and organizations to take their own mitigation actions 3
Conducted earthquake mitigation projects 0
I am not aware of any improvements to the town's hazard mitigation capabilities 29

Respondents noted that the Nantucket Conservation Foundation is cutting fire breaks and raising
money and awareness for wildfire mitigation. Other respondents stated that the Town had begun
some mitigation planning, but not followed through on project completion.

Survey takers were asked what actions they had taken to protect their own families, homes, or
businesses. Table 1-15 presents their answers.

Table 1-15: Mitigation Actions Performed by Individuals

Statement Number Selecting
Elevated home or business to reduce flood damage 4
Floodproofed business to reduce flood damage 1
Relocated home away from eroding shoreline 5
Installed storm shutters or braces to reduce wind damage 9
Took measures to reduce snow build-up on roofs 2
Cut back or removed vegetation from overhead utility lines or roof 7
Replaced overhead utility lines with underground lines 4
Managed vegetation to reduce risk of wildfire reaching home or business 14
Developed a disaster plan for family, home, or business 14
Maintain a disaster supply kit for family, home, or business 23
Participated in public meetings to discuss plans 24
Participated in public meetings to discuss regulations 15
| have not taken any of these actions 24

One respondent noted that they had elevated their utilities above the flood elevation.
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When asked "What are the most important things that Nantucket’s government and leaders can
do to help residents and businesses be prepared for a disaster and become more resilient over
time?" respondents answered as presented in Table 1-16.

Table 1-16: Most Important Municipal Mitigation Measures

Statement Number Selecting
Provide outreach and education to help understand risks and be prepared 47
Provide technical assistance to help reduce losses from hazards & 31
disasters
Conduct projects, such as drainage and flood control projects, to mitigate 57
and minimize impacts from disasters
Make it easier for residents, businesses, and organizations to take their 34
own actions to mitigate for hazards
Improve warning and response systems to improve disaster management 22
Enact municipal regulations, codes, and ordinances designed to protect 35

residents and businesses from natural hazards and disasters

Specific suggestions included the following:

O Protect existing dunes

O Protect shorelines to reduce erosion

Q Publish articles in the newspaper to educate the public
O Build offshore reefs to protect coast from waves

O Replace all overhead utility lines with underground lines

Survey-takers were asked to rank a set of activities, intended to restore daily life after a hazard
event, from most important (1) to least important (10). The average rating of each action was
taken to calculate the overall importance of each. These results are presented in Table 1-17.

Table 1-17: Most Important Recovery Actions

Action Score
Address Injuries and Casualties 8.27
Restore Water Service 7.22
Restore Communication 7.06
Restore Wastewater Collection and Disposal 6.43
Re-open Roads 6.29
Make Home Livable 5.46
Repair Damaged Buildings 481
Reopen Businesses 4.40
Restore Parks, Beaches, and other Natural Resources 3.48
Resume Tourism Activities 2.73

This table shows that, after addressing injuries and casualties, restoring critical infrastructure is
seen as the most important action after a hazard event.
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Participants were asked what one action could be taken in their community to reduce risks of
hazards and disasters. Responses are summarized in Table 1-18.

Table 1-18: Suggestions for Single Mitigation Actions
Action Number Selecting

Limit erosion 13

Place utilities underground

Improve communication

Educate residents

Protect and replenish dunes

Install breakwaters

Protect beaches

Protect Hither Creek overwash area

Protect Smith Point roads

Mitigate climate change

Improve education about climate change

Improve warning systems

Improve drainage

Move buildings away from the coast

Protect ponds from hazardous waste

Stop discussing climate change

Redesign Millie's Bridge
Mitigate Madaket Rd & Ames Ave erosion
Provide reliable insurance

Enact codes & regulations to promote mitigation

Improve emergency response & readiness

Mitigate overwash of Coskata Pond barrier dune

Eliminate new construction in the 100-year flood zone

Develop a comprehensive coastal resiliency plan

Protect Brant Point and downtown

Ensure town has sufficient food supplies

Improve on-island debris disposal

Distribute battery-operated emergency radios

R R Rr(R(RPR|IPIR[RP[RPR|IRP|IRRP|R|R[RIINIMIMININININN|(W|Ww w (oo

More interdepartmental collaboration on project review

Finally, participants were asked for additional comments, which included:

O Add beach grass at Hither Creek Beach
Hazard mitigation is an unnecessary use of tax-payer money
Establish a reverse-911 system

(M Wy

Educate the public about the meaning of the public alert sirens, and where to get more
information
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Explore micro-power units for homeowners

Distribute emergency communication tools (such as radios) to homeowners
Improve zoning and building regulations and codes to limit runoff
Develop evacuation plan for Madaket

Perform public education about hazards

Ensure rapid power restoration following cold-weather hazard events
Strengthen community involvement

Install valves on storm water outflows to prevent surcharging

Plan for significant sea level rise

Increase homeowner responsibility if they build in at-risk areas
Retreat from the waterfront

Develop wildfire evacuation routes

Ensure local food security in the event of isolation from the mainland
Address erosion

A total of 42 participants provided contact information and expressed interest in following the

progress of this plan update.

Summary and Key Takeaways

From the responses above, a number of key patterns and takeaways can be seen:

Q

Engagement and Investment: the relatively large number of respondents indicates that the
community is engaged and informed. Respondents tended to have long-term connections
to the Island, indicating investment in the Town’s success.

Wind, Flooding, and Erosion: primary concerns for respondents were high wind events
(including Hurricanes and Tropical Storm), winter storms, coastal flooding, and erosion.
Respondents indicated concern about climate change and sea level rise.

Madaket: Many respondents reported that the Madaket area, including Smith Point, is at
high risk.

Town-Driven Mitigation: Respondents have noticed mitigation actions taken by the Town,
and support further action. Individual mitigation activities are relatively minor, mostly
limited to participation in public meetings and maintaining disaster supplies. Respondents
feel that conducting structural hazard mitigation projects and providing outreach and
education are the most important hazard mitigation measures for the Town to take.
Mitigating Erosion: Addressing erosion was noted as a top priority.

Mitigate Utility Failure: Protecting the services provided by utilities — whether by hardening
or burial of utilities, rapid restoration after an event, or creation of microgrids — was
repeatedly noted as important.

From this survey we conclude that Nantucket should strongly pursue hazard mitigation, with a

focus on erosion mitigation and utility protection, and a particular focus on Madaket. It will be

important to involve the community through education and outreach. It is important to note
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that, despite the relatively high response rate, this survey only represents a small segment of the
Nantucket population, and the needs and interests of the rest of the Island’s residents should be
solicited and addressed.

Coordination with Neighboring Communities

Nantucket has coordinated with neighboring municipalities in the past relative to hazard
mitigation and emergency preparedness and will continue to do so. Emergency evacuation plans
direct populations from at-risk areas to safer portions of the Island, but do not include evacuation
to the “mainland.” While the fire department has mutual aid agreements with departments on
Cape Cod, the time it would take to receive that aid requires Nantucket to be mostly self-reliant.
At the same time, electricity, fuel, food, and other critical supplies and equipment must travel to
Nantucket from the mainland; however, these services are provided by companies and
organizations outside the jurisdiction of any specific municipality (such as the Steamship
Authority), and Nantucket coordinates closely with those entities. For these reasons,
coordination with neighboring communities on this Hazard Mitigation Plan was limited.

In order to give communities directly connected to Nantucket an opportunity for comment,
copies of this document were provided to the Cape Cod Commission and to the Town of
Barnstable in January 2019.
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2 COMMUNITY PROFILE

2.1

2.2

Physical Setting

The Town of Nantucket is located off the coast of Massachusetts approximately 20 miles east of
Martha's Vineyard and 25 miles south of Cape Cod. The Town of Nantucket is coincident with the
County of Nantucket and includes the islands of Nantucket, Tuckernuck, and Muskeget. Refer to
Figure 2-1 for a location plan of the Town, and Figure 2-2 for a more detailed map of the Town on
a USGS topographic base.

Nantucket has an area of 48 square miles and approximately 88 miles of shoreline. Nantucket
Sound is located north of the Town, and the open Atlantic Ocean is located to the east and south.
Sheltered and semi-sheltered marine systems include Nantucket Harbor, connected to Nantucket
Sound; Polpis Harbor, an embayment of Nantucket Harbor; and Madaket Harbor, at the west end
of Nantucket Island toward Tuckernuck. Extensive sandy shoals are located east and west of
Nantucket.

Key physical features of Nantucket Island include high bluffs at Sankaty Head and the Nantucket
Cliffs, long systems of beaches and dunes (Great Point and Coatue) formed by longshore currents,
several north-south trending elongated ponds that are typically cut off from the ocean by narrow
beaches (such as Hummock Pond and Miacomet Pond), extensive moorlands, and numerous
areas of tidal wetlands. Nantucket does not, however, have many non-tidal fresh watercourses,
due to the sandy nature of the soil and the flat terrain. Exceptions include the stream known as
Phillips Run and a tributary of Miacomet Pond.

Geology

Geology is important to the occurrence and relative effects of natural hazards such as shoreline
change, erosion, earthquakes, and flooding. Thus, it is important to understand the geologic
setting and variation of geologic formations in Nantucket.

Nantucket is located in the Atlantic Coastal Plain, a broad belt along the eastern seaboard of the
United States and the Gulf of Mexico, extending from the mouth of the Rio Grande to Cape Cod.
The region is generally characterized by sedimentary rock formations and thick unconsolidated
sediment deposits that extend to the continental shelf.

Nantucket was formed by the Laurentide continental ice sheet associated with the last North
American glaciation, less than 25,000 years ago. Cape Cod, Martha's Vineyard, Block Island, and
Long Island have similar origins. Sometime after 23,000 years ago, the glacier reached its
maximum advance at a position marked by the islands of Nantucket and Martha's Vineyard. The
terminal moraine of this glacier consists of unsorted glacial till (ranging from clay, silt, and sand to
boulders) and extends from Nantucket Harbor to Siasconset ("Sconset"), including the Shawkemo
Hills, Sauls Hills, Folger Hill, and the cliffs at Sankaty Head. Refer to Figure 2-5 for a depiction of
surficial geology.
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Other parts of the island are smoother and flatter, as they were formed as the outwash plain of
the glacier. Outwash plains are made up of silt, sand, and gravel deposited by meltwater streams
that flowed across the plain in a braided pattern. This resulted in a flat depositional surface that
slopes gently away from the ice front. Outwash deposits can form an irregular morphology called
kame and kettle terrain. A kame is a hill composed of outwash deposits, which originally filled a
hole in the ice. When ice melted away, the deposits formed a hill. Kettles formed where outwash
was deposited around and over an ice block. When the ice block melted, the outwash collapsed
to form a hole.

By 18,000 years ago, the Laurentide ice sheet had retreated northward into the Gulf of Maine. By
roughly 15,000 years ago, the ice had retreated from the Gulf of Maine and the remainder of New
England.

Not all of the surficial materials of Nantucket were deposited directly by the glaciers or by glacial
meltwater. Beach and dune deposits were laid down by waves and wind, respectively. Of course,
these deposits were derived from the tills and outwash.

Climate

Nantucket's island setting provides for moderate temperature variation characterized by distinct
seasons. According to the county’s 2014 FEMA Flood Insurance Study (FIS), average temperatures
range from 32.5 degrees Fahrenheit in January to 67.5 in July. Extreme conditions can raise
summer temperatures to near 100 degrees and winter temperatures to below zero, although
these occurrences are very infrequent.

Northeast Temperature Time Series (Spring)
55~
50 -

45 -

Temperature

40-

* 1900 1920 1940 1960 1980 2000
Northeast Regional Climate Center
Figure 2-3: Three-Month-Average Temperatures (Fahrenheit) Spring (Mar-May) 1895 — 2018
Red-dotted line indicates 1981-2010 normal
www.nrcc.cornell.edu/regional/tables/tables.html

It is important to note that hazards from extreme temperatures include direct impacts to health
(such as heat stroke or frostbite), exacerbation of existing health issues (such as respiratory
disorders, impacts to infrastructure (softening of pavements, increased power demands, bursting
pipes), and negative impacts to natural systems.
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Mean precipitation is 43.66 inches (from the FEMA FIS), spread evenly over the course of a year
with average precipitation of three to four inches per month. Snowfall ranges from 12 to 24
inches per year.

Average annual precipitation in Massachusetts has been increasing over the last century. The
National Climatic Data Center (2017) reports that the trend within the Massachusetts coastal area
from 1895 through 2017 is an increase of 0.55 inches of precipitation per decade; note that this
upward trend is less significant than the trend of 1.18 inch per decade calculated through 2006
and cited in the previous plan; this decrease in the rate of increasing precipitation is due to a
decrease in annual precipitation since 2012. According to the Massachusetts Hazard Mitigation
Plan (2013) and the UMass Amherst Northeast Climate Science Center (NECSC), precipitation in
Massachusetts is predicted to increase by 10% in spring and summer, 15% in autumn, and 20 to
60% in winter. The continued increase in precipitation only heightens the need for hazard
mitigation planning, as the occurrence of floods and snow hazards may change as a result of
greater precipitation.

Massachusetts, Climate Division 3, Precipitation, January-December
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Town of Nantucket /,'\ MILONE &
Hazard Mitigation Plan ‘ ~
d 4 MACBROOM

February 2019 2-5



Legend

Sand and Gravel
(Ice Contact, Outwash, Beach, and Dune Deposits)

- End Moraine

SOURCE(S): N Map By: MER

XXXXX Town of Nantucket MMI#:  2967-09
: . T e . Lt 99 Realty Dri
Figure 2-5: Surficial Geology Natural Hazard Mitigation Plan Original: - 3/7/2018 Cheshire, Conneciicut 06410
Revision: Phone: (203) 271-1773 Fax: (203) 272-9733

MXD:  Y:\2967-09\Maps\Fig2_3surficiall.mxd LOCATION: Nantucket, MA Scale: 1:120,000 www.miloneandmacbroom.com




2.5

History and Land Use

Nantucket was discovered by Bartholomew Gosnold in 1602, but the first Englishmen to settle
Nantucket arrived in 1659 when the land was owned by ten men. By 1670, the island was owned
by only 27 men. After they laid out land for homesteads, approximately 60% of the island was set
aside for sheep pasture. Owners of these sheep commons were known as "Proprietors of the
Common and Undivided Lands of Nantucket." The expanses of common lands persisted until the
19" century when private ownership increased. By 1970, 92% of the island was privately-owned,
yet still largely undeveloped.

Although Nantucket has only a few formally-named villages such as Madaket and Siasconset
("Sconset"), numerous neighborhoods are located throughout the Town. These are depicted on
Figure 1-1 along with a cross-reference table of hazard effects. Many of these localities date back
to the original pattern of settlement and land ownership on Nantucket. Unlike many cities and
towns, Nantucket does not delineate boundaries between neighborhoods and localities. Thus,
the patterns on Figure 1-1 are meant to be approximate and are intended to aid the discussions
herein, and do not imply any formal demarcations.

Whaling began in the late 1600s but first came to prominence in Nantucket in the early 1700s. By
the 1820s, Nantucket had become a wealthy city and the whaling capital of the world. This
prominence continued until the 1840s, but as whaling ships increased in size, Nantucket Harbor
was too shallow to accommodate them. Whaling moved to New Bedford, and in 1846 a large part
of downtown Nantucket was destroyed by a fire. By the end of the decade, many residents had
departed for gold exploration in California. The last whaling ship operated from Nantucket until
1869.

At the same time as the decline in whaling and the passing of the sheep pastures, agriculture also
declined in Nantucket. By the 1870s, tourism was beginning to be viewed as a viable means of
economic growth, although it did not take off until the 1890s. As recently as 1893, a railroad ran
from downtown Nantucket to Surfside, turned at a right angle to the east running along the south
shore, ending in ‘Sconset. The railroad was abandoned in the 20%" century in favor of other means
of transportation.

Zoning ordinances did not exist on Nantucket for many years. The first historic districts were
established in 1955, "Old and Historic Nantucket" and "Old and Historic Siasconset," to promote
exterior design standards.

Current land use in Nantucket primarily consists of residential, commercial, institutional, and
conservation lands. Some agricultural uses have remained as well. Refer to Figure 2-6 for a map
of land use. Commercial uses are concentrated in the downtown and mid-island areas.
Institutional uses such as schools, municipal buildings, and transportation centers are
concentrated in the population centers of downtown, ‘Sconset, and Madaket; and at the airport.
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Approximately 16,419 acres of land in Nantucket are classified as conservation lands, owned by
the Nantucket Conservation Foundation (NCF), Massachusetts Audubon Society, Madaket Land
Trust, ‘Sconset Trust, Nantucket Land Bank, Nantucket Land Council, The Nature Conservancy, the
Trustees of Reservations, the Town of Nantucket, State and Federal governmental agencies, and
other conservation groups. Overall, the 16,419 acres make up 55% of the total land area of
Nantucket. NCF owns 30% of Nantucket Island, and is the largest landowner in the Town. Refer
to Figure 2-7 for a map of conservation lands.

Town wide land use has not changed significant in the last ten years. Specific projects that have
been undertaken since the adoption of the initial hazard mitigation plan include redevelopments,
rebuilds, and modifications to properties and buildings. These are described below.

2.6 Population and Demographic Setting

Nantucket was the third largest city in Massachusetts while its whaling economy was booming. At
the end of its whaling heyday in the 1840s, Nantucket had a population of 9,712. By the 1870s,
the town's population was only 4,000.

The suburbanization that characterized the U.S. from the late 1940s through the 1970s, with the
construction of new roads and the enhanced availability of the automobile and federally funded
housing programs, did not affect Nantucket. Instead, from the 1930s through the 1970s, the
year-round population of Nantucket remained approximately 3,500. In the 1970s, the summer
population was 16,000.

According to the 2000 U.S. Census, Nantucket had an enormous population increase of 58%
between 1990 and 2000, growing from 6,025 to 9,520 permanent residents. This growth was due
in large part to the attractive setting and high quality of life, as well as the influence of tourism
and the need for workers to support the tourism industry. The population in 2010 was 10,164, a
more stable 6.76% increase over the preceding five years, but still representing substantial
growth and nearly twice the statewide trend for the Massachusetts. The projected estimated
population in 2016 was 11,008, reflecting continued growth of about 8% percent over 2010.

The local nonprofit Nantucket Data Platform was formed in 2017 to collect and consolidate
reliable data on the Island, including population. In July 2018 they estimated that the Island has a
permanent population of 17,200, with an additional 11,000 seasonal residents, 6,590 seasonal
workers, and 365 commuters. The nonprofit estimated peak summer population at 46,580
people, total. These figures were derived from assessor’s records, voting records, transportation
counts, and cell-phone records, and were reported in The Inquirer and Mirror on July 19, 2018.
These estimates highlight both the difficulty in obtaining accurate population estimates, as well as
the wide range in populations on Nantucket over the course of a year.

According to the 2010 Census, 21% of the population of Nantucket was younger than 18 years of
age, 67% was between the ages of 18 and 64, and only 12% was 65 years and older.
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Table 2-1: Nantucket Population Trends

AREA POPULATION 2010 DENSITY
2000 2010 # Change | % Change | 2016 Projection | (PER SQ MI)
Nantucket 9,520 10,164 +644 6.76 11,008 226
Massachusetts | 6,349,097 | 6,565,524 | +216,427 3.41 6,811,779 838

The downtown, Madaket, and ‘Sconset neighborhoods are home to more residents than any
other areas in the community; additionally, the Mid-Island area has become more developed over
time and is expected to continue to grow as a residential and commercial center in the future.
More than 1,000 commercial and residential buildings are located downtown.

According to the University of Massachusetts Donahue Institute (Renski & Strate, 2015), the
projected Town population in 2025 will be 10,895, and in 2035 will be 12,004. These projections
are based on the 2010 Census as a baseline; along with US Census Bureau projections, they
estimate that continued population growth will occur at a moderate rate. The anticipated
locations of this growth are discussed in the following section.

2.7 Development Trends

Unlike many coastal communities in the United States, residential development on Nantucket is
not concentrated along the shoreline. This is mainly because many of these areas are
substantially protected as conservation lands, and the remaining private land is already developed
in accordance with previously accepted densities or more recent zoning.

Instead, residential development is projected to remain scattered among available parcels located
in the central and eastern portions of the Town. The potential for large developments is believed
to be low. Very little development is occurring in the northeast and western parts of the Town. A
limited number of projects are underway:

O Construction of “Richmond Great Point” is underway off Old South Road between the
downtown area and the airport. This includes 225 apartments and 52 house lots off Old
South Road.

O Development is planned for 6 Fairgrounds Road along Waitt Drive.
O Development is being considered off South Shore Rd (“Surfside Crossing”).

The Town has participated in specific projects that provide benefit to the entire community. For
example, the Town completed and opened a new Intermediate School to accommodate the
growing population; and the Town is completing a major addition to the Nantucket Cottage
Hospital.

Commercial development projects are more likely than residential projects to be located in
mapped floodplains, though most of these nonresidential projects likewise involve renovations
and redevelopment. The mid-island area, farther from the waterfront, had been identified by the
Town as a node for future commercial development.
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2.8

The Town is not aware of any specific projects that have increased development in areas of flood
risk, erosion risk, or risks to other hazards discussed in this plan. In fact, numerous buildings have
been lost to erosion since the adoption of the initial hazard mitigation plan, without rebuilding in
the same location. When applicable, projects that have exceeded the thresholds for substantial
improvement have resulted in floodproofing or building elevation.

Governmental Structure

The Town of Nantucket is managed by a Select Board. The Board oversees many of the municipal
departments, commissions, and boards. According to the most recent report of the Nantucket
Government Study Commission, local government has three broad components consisting of
voters and the Town Meeting, elected officials and appointed committees, and administration.

Elected boards and officials include the Select Board, Town Clerk, Planning Board, Planning &
Economic Development Commission, School Committee, Historic District Commission, and the
Water Commission. Boards and Commissions appointed by the Selectmen include Airport,
Conservation, Parks & Recreation, Zoning Board of Appeals, Finance, and Local Emergency
Planning. The directors or chiefs of the Fire, Police, Public Works, Health, Building, and Marine
Resources Departments report to the Town Administrator. In turn, the Town Administrator
reports to the Select Board.

Many municipal departments, commissions, and boards are involved with natural hazard pre-
disaster mitigation. The following subsections describe general departmental responsibilities, and
duties related to natural hazard pre-disaster mitigation. Where applicable, one or more of the six
types of hazard mitigation (prevention, property protection, natural resource protection, structural
projects, emergency services, and public education) are identified as relevant for each
department.

Emergency Management Agency

The Nantucket Emergency Management Agency (NEMA) is operated from the Nantucket Police
Department. NEMA staff include the Police Chief as the Emergency Management Director (EMD),
and a Police Sergeant as the Emergency Management Coordinator (EMC). The previous EMC
retired during the update of the HMP.

The NEMA Emergency Operations Center (EOC) is located at the newly constructed Police
Department and Emergency Operations Facility at 4 Fairgrounds Road. This change represents a
significant increase in hazard mitigation capability relative to the Town’s position when the
original HMP was adopted.

The mission of the agency is stated on the Town website as follows:

The Nantucket Emergency Management Agency (NEMA) seeks to maximize survival of persons
and preservation of property in the County and Town of Nantucket in the event of a natural or
man-made disaster by effective planning and coordinated use of all personnel, equipment,
available shelter, and any other resources during an actual emergency.
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NEMA is also responsible for mitigation and financial recovery from such incidents and also for
formulating and exercising emergency plans for natural disasters and hazardous materials
accidents, which may occur at facilities and transportation routes within the county and town.

According to the 2013 CEMP, the Emergency Management Director's responsibilities relative to
mitigation and preparedness include:

O Coordinates and carries out all Emergency Management activities and ensures smooth
operation of the department and the EOC.

Q Coordinates public emergency education/awareness.

O Develops and maintains the local Comprehensive Emergency Management Plan. Refer to
the Forms Section for suggested forms and lists to be used in the EOC.

O Develops EOC procedures to assure activation on short notice and adequate staffing

O and communications, including maintaining lists of resources and personnel to be notified
when emergency situation occurs.

O Oversees the planning and development of basic warning/notification functions.

Q Trains public officials and EOC personnel on EOC operations.

O Ensures stocking and/or tracks availability of food, water, administrative supplies, and other
essential supplies and equipment needed for emergency operations.

O Designates facilities to be used as EOC and alternate EOC.

O Ensures that adequate resources are available at alternate EOC.

O Consults with coordinators of all individual emergency functions to ensure readiness for
management of potential emergency/disasters.

O Activates EOC and initiates response procedures and activities.

O Coordinates all EOC activities and emergency response activities of other agencies, and
interfaces with the on-site Incident Command. Refer to Part 3 for protective procedures
such as evacuation and sheltering and to Part 4 for hazard specific response actions.

O Continues or phases out response operations as needed.

QO Initiates recovery activities including damage assessment, compilation of damage
assessment data, and applying for federal and state disaster relief funds. (In some cases, a
separate individual may be appointed by the Chief Executive Official to be in charge of
coordinating disaster relief applications). Refer to the Massachusetts Emergency
Management Agency’s Disaster Assistance Program Guide, a manual of information and
instructions on damage assessment and applying for state and federal disaster relief
assistance.

O De-activates EOC.

The Emergency Management Agency also runs emergency event training drills, including for
natural hazard emergencies.
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NEMA, through the Fire Department, coordinated and oversaw the development of the initial,
2007 Hazard Mitigation Plan; however, responsibility for ongoing maintenance of and updates to
the plan has been given to the Planning and Land Use Services (PLUS) Department.

The types of mitigation that are directly administered by the Emergency Management Agency
include mainly emergency services and public education. However, as the department
responsible for emergency planning, all six types of natural hazard mitigation may be influenced
by the actions of the department.

Fire Department

Day-to-day duties of the Fire Department include fire response, emergency medical response, fire
prevention and safety education, ambulance response, and fire alarm plan review. Duties related
to natural hazard mitigation include planning and coordination of personnel, equipment, shelters,
and other resources necessary during an emergency. The types of mitigation that are directly
administered by the Fire Department include mainly emergency services and public education, as
well implementation of wildfire hazard mitigation efforts on Town owned land. Communication
and coordination with conservation-land owners, such as the Nantucket Conservation
Foundation, is essential to wildfire management on those lands. Coordination and
communication with the Police Department (below) is critical before, during, and after natural
hazard emergencies.

According to the 2013 CEMP, the Fire Department's other responsibilities relative to mitigation
and preparedness include:

O Provides fire code enforcement and fire prevention services including inspections and public
education.

O Maintains plans for providing resources and services needed during disaster/emergency
periods.

O Maintains fire department resources. Refer to Resource Manual (Emergency Services) for
fire service inventory.

O Provides emergency disaster training for primary and auxiliary fire personnel.

O Ensures hazardous materials safeguards are in place. Refer to Part 4.

O Maintains readiness of all fire service equipment, supplies, procedures, and mutual aid
agreements needed for emergency disaster response activities.

Q Provides fire response and control during disaster/emergency period.

O Provides communications and warning/notification support, including operation of fixed and
mobile siren units.

O Provides search and rescue operations.

O Provides radiological monitoring and decontamination support.

O Provides hazardous material incident response, control, and operations support, including
biochemical decontamination.

Q Provides primary or secondary emergency medical services.
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Provides EOC support.

Provides fire control in shelters.

Performs incident command duties when appropriate.

Conducts and/or supports damage assessment activities including fire inspection of
damaged facilities.

Continues to provide EOC support until no longer needed.

Police Department

Day-to-day duties of the Police Department include crime prevention, criminal investigations,

traffic enforcement, motor vehicle accident investigations, beach patrol, and bicycle patrol.

Duties related to natural hazard mitigation include planning and coordination of personnel,

equipment, shelters, and other resources necessary during an emergency. The types of
mitigation that are directly administered by the Police Department include mainly emergency
services and public education. Communication and coordination with the Fire Department

(above) is critical before, during, and after natural hazard emergencies.

According to the 2013 CEMP, the Police Department's other responsibilities relative to mitigation

and preparedness include:

Q Plans for maintaining law and order, traffic and crowd control during disasters emergencies.

O Maintains law enforcement resources. Refer to Resource Manual (Emergency Services) for
law enforcement equipment inventory.

Q Provides training for primary and auxiliary law enforcement personnel.

O Ensures that law enforcement mutual aid agreements are in place.

O Provides law enforcement during disaster emergency period

Q Provides traffic control, crowd control, and restricted area control, including patrolling

O evacuated areas. Refer to Flood and Hurricane Traffic Control Points and Evacuation Routes
the Maps and Tables annex.

Q Provides security to Critical Infrastructure and Facilities, including Mass Care Shelters.

O Provides warning and notification support, which may include the use of mobile warning
units.

O May provide back-up communications for shelter operations and other communications
support.

O Conducts and/or supports search and rescue operations.

O May issue restricted area passes to appropriate personnel. Refer to the Forms Section for a
sample emergency pass. The following vehicles and occupants are typically allowed access
to controlled areas with valid ID: marked utility company vehicles, military and government
vehicles, marked town/city vehicles, and relief agency vehicles.

O Provides liaison and coordination with other law enforcement groups and mutual aid.

Q Provides EOC support.

O Directs and carries out evacuation and relocation of prisoners in jail/lock-up facility.
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O Coordinates with State Police to provide traffic control on state highways, and additional
support to local operations.
O Performs Incident Command duties if appropriate.

Department of Public Works

Day-to-day duties of the Department of Public Works (DPW) include engineering, solid waste
disposal and recycling, storm water management, snow removal, tree maintenance, and roadway
maintenance. The types of mitigation that may be administered by DPW include prevention,
property protection, natural resource protection, and structural projects.

Specifically, with regard to disaster mitigation, roadway/infrastructure maintenance and
complaint logging/tracking are the two primary duties of the DPW. For example, DPW tracks,
plans, prepares for, and responds to flooding, inundation, and/or erosion of roads and
infrastructure. DPW also conducts snow removal and deicing on roads; tree and tree limb
removal in rights-of-way; and maintains and upgrades storm drainage systems to prevent flooding
caused by rainfall. The DPW has improved its tree inspection and maintenance program over the
last decade. The DPW is responsible for the deployment of sandbags to protect municipal
facilities and barricades to inundated roadways; the operation of the Children’s Beach storm
water pump station as well as for opening and closing the flood gate at the Harbor View Way boat
ramp.

According to the 2013 CEMP and the DPW, other responsibilities relative to mitigation and
preparedness include:

O Maintains plans for providing equipment and services needed during emergency/disaster
period.

O Provides training as needed to DPW and other response personnel for optimal utilization of
resources during emergency/disaster periods.

O Maintains DPW resources. Refer to Resource Manual (Core Functions) for DPW inventory.

O Maintains roads, bridges, waterways, water and sewer systems and services

O Maintains flood control systems.

Q Provides engineering services and consultation.

Q Provides snow and debris removal.

O Maintains readiness of all DPW equipment, supplies, and personnel needed in connection

with emergency/disaster response activities. Refer to Resource Manual (Core Functions) for
location of regular DPW staging area, and designated additional staging area(s).

O Ensures written agreements are in place with emergency response organizations for use of
equipment.

O Provides fuel storage.

Q Provides distribution and management for emergency/disaster equipment and related
resources for emergency use through EOC.

Q Identifies and staffs resource distribution centers.
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Provides fuel for emergency generators.

Provides for pre-positioning of traffic control devices. Refer to traffic control point list.
Provides EOC support.

Provides potable water.

ocoo0ooo

Provides debris clearance supporting emergency response activities and access to affected
areas.

O

Performs incident command duties at emergency scene, if appropriate.

(W]

Provides damage assessment of public buildings, roads, bridges, and other facilities and
infrastructure.

Assesses impact of emergency on available equipment and resources.

Provides estimates of costs to provide needed recovery resources.

Coordinates record keeping related to damage assessment and recover resources.
Provides debris clearance and disposal.

Coordinates with public health on water testing.

Provides road, bridge, and other public facility repair.

Coordinates with utility companies to restore services.

Deploys barriers to inundated areas for vehicular/pedestrian protection.

o000 00OooO

Deploys sandbags to protect municipal facilities.

O

Operates the Harbor View Way tide gate.

Because of the duties described above, DPW is often the de-facto first responder during
emergencies. Disasters are extremely taxing on the resources of the Department, and the island
setting of Nantucket prevents opportunities for mutual aid agreements with other municipalities,
such as those enjoyed by mainland communities. On-call and emergency contracts are in place
with local contractors, and these are used when necessary during large storms. Although DPW
typically is supplied by the Town with needed equipment, staffing sometimes is not optimal to
operate the equipment during emergencies. Even with these potential problems, DPW has
succeeded in maintaining access for the Police and Fire Departments to respond to emergencies.

Specific issues related to the DPW hazard mitigation capabilities have been identified following
recent storm events:

O The storm water pump station at Children’s Beach can become overwhelmed by
floodwaters when the Children’s Beach tide gate (also known as the Harbor View Way tide
gate) is closed, allowing flooding to occur in the neighborhood.

O Operation of the Children’s Beach tide gate is not always consistent, in part due to
interference by local residents; this results in the gate being left open during flood events.

O Due to the rapid succession of 2018 winter storms, the Town has run low on the
construction materials needed for emergency roadway construction and repairs. The
limitations on travel to the Island that go hand-in-hand with such storm events slowed
replenishment of those resources.
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Actions to address these issues are listed in sections 0 and 3.7.2.

Sewer Department

The Sewer Department operates and maintains Nantucket’s wastewater systems, which consists
of two Wastewater Treatment Facilities (Surfside and ‘Sconset), 13 pumping station, and over 60-
miles of sewer mains. Responsibilities include inspection and verification of proper operation of
all facilities and bi-annual cleaning of the sewer main pipelines. The Sewer Department’s stated
mission is to protect public health and the environment for the community by providing high-
quality wastewater-treatment services in an effective, efficient, and responsive manner.

With regard to pre-disaster mitigation the Sewer Department, plans, prepares for, and responds
to flooding, inundation, and/or erosion of sewer infrastructure such as the sewer pumping
stations and the wastewater treatment plants.

Planning and Land Use Services Department

The Planning and Land Use Services (PLUS) Department was established in 2012 by consolidating
the former Code Enforcement Department with the offices of Planning and Zoning. PLUS consists
of the Building Division (previously the Building Department), the Planning Division and Zoning
Board of Appeals (previously the Department of Planning & Zoning) and the Historic District
Commission. Within the Planning Division is the Energy Office, Planning & Economic Development
Commission, and Planning Board.

Recall that two important types of natural hazard mitigation are prevention and natural resource
protection. Because the subdivision regulations, zoning regulations, and several master and area
plans directly and/or indirectly address hazard mitigation, PLUS staff have a unique opportunity to
enforce and encourage pre-disaster mitigation.

Planning Board

The Planning Board regulates secondary and tertiary dwelling permits, residential subdivisions,
and special permits for major commercial development, Moorlands Management District
developments, major residential developments, multi-family developments, and second curb
cuts. The Board is elected separately than other municipal commissions. Planning Board staff
administer subdivision regulations, amend zoning regulations and zones as needed, and
coordinate planning studies and documents.

Planning & Economic Development Commission

The mission of the Nantucket Planning & Economic Development Commission (NP&EDC) is to plan
for the orderly and coordinated development and protection of the physical, social, and economic
resources of Nantucket. The commission is responsible for preparation and implementation of
development planning documents. Documents include studies, research reports, and maps of
natural resources, land utilization, economic development, recreation and conservation,
transportation and population characteristics.
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Enerqgy Office

The Energy Office was established in 2011 to assist the town in identifying and implementing
energy efficiency, conservation, and renewable energy programs that are economically viable,
environmentally responsible, and socially respectful for Nantucket. One goal of the office is to
contribute to overall community sustainability. With respect to natural hazard planning, a
number of mitigation actions intended to limit or quickly respond to power outages fall under the
purview of the Energy Office.

The Energy Office is particularly interested in installation of solar panels on the roofs of critical
facilities, as well as batteries for local energy storage, in order to provide both a local clean energy
source, and a potential source of backup power following hazard-related outages.

Building Department

The Building Department issues permits for building, electrical, plumbing, gas, and siding; issues
zoning violations; and issues certificates of occupancy and certificates of inspection. Although
other departments and commissions may review development plans and develop or revise
regulations, many important types of pre-disaster mitigation are funneled through, and enforced
by, the Building Department. For example, the Building Department enforces A and V-zone
standards for flood-proof construction and building elevations, maintains elevation certificates,
and enforces building codes that protect against wind and fire damage. Thus, the types of
mitigation that are administered by the Building Department include prevention and property
protection.

Health Department

The Health Department was consolidated into PLUS in 2012, then made into a free-standing
department in 2015. The department is responsible for licensing, inspections, regulation
enforcement, water quality testing, and complaint investigations as related to sanitary issues.

The Health Department coordinates much of the education and outreach that is necessary for
successful hazard mitigation. For example, the Health Department has educated of property
owners, merchants, and residents in flood zones about moving critical equipment and property
off the first floor, above flood elevations. Thus, the types of mitigation that are administered by
the Health Department include prevention, property protection, and public education.

Conservation Commission

The Massachusetts Wetlands Protection Act requires that no person shall remove, dredge, or
alter any bank, freshwater or coastal wetlands, beach, dunes, flat, marsh, meadow or swamp
bordering on any resource area as defined in the Act without filing written notice of the intention
to perform such work with the Conservation Commission of the Town in which the land is located
and receiving a permit from the Commission to perform the work. This mandated authority was
reinforced by the 1963 Annual Town Meeting which authorized the establishment of a
Conservation Commission for the Town.
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The Conservation Commission is comprised of seven members appointed by the Select Board. The
Commission function is to review, condition and permit activities within 100 feet of inland and
coastal wetlands. The Town has a separate Wetlands By-law, Chapter 136, that increases
protection over the State Wetlands Protection Act.

In February 1988, the Conservation Commission passed local regulations which provide for more
strict controls in and around both inland and coastal wetlands than are provided by the State's
enabling legislation and ensuing regulations. The Commission's protected interests of public and
private groundwater protection, prevention of pollution, erosion control and storm damage
prevention provide great benefit to the Town's seasonal and year-round economy.

Nantucket Memorial Airport

The Nantucket Memorial Airport is one of the two important transportation hubs serving the
community. The Nantucket Memorial Airport is governed by the Town's Airport Commission.
According to the Town of Nantucket web site, the airport has operated for more than 60 years
and is open seven days a week, year-round. The airport serves over 500,000 commercial
passengers each year.

According to the airport web site, Nantucket Memorial Airport is responsible for operating and
maintaining airport facilities; and ensuring that runways, taxiways and other facilities are in good
working condition, meet FAA regulations, and are available for use. The FAA is responsible for
managing Nantucket's airspace and for ensuring the safe and expeditious flow of traffic. This is
accomplished through a coordinated effort between Nantucket Air Traffic Control Tower located
at the Airport and Cape Terminal Radar Approach Control located at Otis Air Force Base on the
Cape. Nantucket Air Traffic Control Tower is responsible for selecting the runway(s) in use at any
particular time.

With regard to pre-disaster mitigation, the Nantucket Memorial Airport is mainly involved with
the element of emergency services. The Town and the Airport staff coordinate sharing heavy
equipment, such as loaders, firefighting equipment and snow removal equipment, when
necessary.

Wannacomet Water Company

Wannacomet Water Company provides potable water and fire protection to the Island. The
water company is a municipal department that is overseen by two separate elected commissions
(the Siasconset service area, previously served by the Siasconset Water Department, continues to
have its own commission).

The water company provides support roles as related to natural disaster preparation and
response. Water company equipment and personnel is available to assist the Emergency
Management Agency. Before storms, water tanks are filled, and equipment is secured. Through
careful preparation, fire protection and potable supply are available during and after natural
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disasters. Natural disasters specifically addressed in the water system emergency plans include
hurricanes, fires, and earthquakes.

Tanker leaks or hazardous material spillage within the groundwater wellhead source areas is a
significant concern for the Town. Natural hazard events that may degrade or damage equipment
are seen as potential catalysts of groundwater contamination. The Town will conduct a table-top
exercise in 2019 for a simulated tanker leak adjacent to a Town well head. Findings will improve
capabilities and identify additional needs for emergency response. Nantucket is also concerned
about safety and runoff on the roadways adjacent to Town water supply wellfields.

Selectman's Office and the Town Administration Department

The mission of the Select Board is to "serve the community by providing clear, concise goals and
policies that ensure quality in the delivery of town services and improved efficiencies in operating
town government." The Office of the Selectmen oversees administration of Town government,
licensing, personnel administration, and administration of policies and procedures.

The Town Manager oversees the Administration department, and has responsibilities ranging
from supervision of town departments, coordinating major projects and preparation of the Town
budget.

Although the selectmen and the Town Manager may not directly participate in hazard mitigation,
they oversee most of the other departments described in this section, including Health, Building,
Fire, Police, Public Works, and Marine and Coastal Resources; and appoint the Airport
Commission, Conservation Commission, and Zoning Board of Appeals.

Former Marine and Coastal Resources Department

One major change since the adoption of the initial hazard mitigation plan is that the Marine and
Coastal Resources Department was dissolved, and its duties transferred between 2007 and 2018.
The former department had five primary areas of responsibility:

O Harbor Management — The department operates the Town's 100-slip marina, seasonal
transient slips, and pump out facilities; permits and inspects 1,600 private moorings;
negotiates and monitors the 125 rental mooring contracts; performs search and rescue

missions, firefighting, and oil spill response throughout all waters of Nantucket; and deploys
and maintains 78 navigational aids.
O Law Enforcement — Enforces state and local boating laws, safety regulations, boat

registration, jet skis, and speeding; enforces fisheries (within the three-mile limit) and
shellfishing state and local laws; issues 1,800 non-commercial shellfish permits; patrols and
regulates 100 commercial bay scallop boats for a five-month season; and posts and patrols
all areas open/closed to shellfishing.

O Water Quality — Maximizes the number of non-commercial and commercial shellfish beds
open to the public; performs water sampling and analysis for all waters of Nantucket;
maintains parameters outlined for the continuance of a Federal No-Discharge Zone with
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emphasis on education and enforcement; coordinates Title V sampling with the Health
Department to reduce the number of septic sources of pollution; and monitors single source
and ground water run off pollution points.

O Beach-Pond Management — Rescues individuals endangered while swimming and boating

and provides first aid; coordinates marine-related missing person searches with other
agencies; continuously checks barrier beaches for marine mammal stranding events and
monitors areas for endangered species prior to pond opening and dredging activities; and
issues beach stickers and provides educational materials to individuals driving on the
authorized beaches.

O Support and Maintenance — Provides technical assistance to state and local agencies upon

request in the development of recommendations for environmental issues; maintains
department buildings, piers, boats and equipment on a year-round basis; and develops bid
specifications, coordinates grant awards, and monitors contract performance (for example,
related to major repairs of department structures).

With regard to hazard mitigation, the Department had many roles, reflecting all six mitigation
types (prevention, property protection, natural resource protection, structural projects,
emergency services, and public education). Department staff posted weather and surf advisories
and conduct informal education of boaters regarding the potential for storm damage. Before
storms, the Department recommended that people leave Nantucket, and then assisted remaining
boaters with removal of boats from the harbor and securing crafts that remain in the harbor. The
Department was responsible for maintaining, repairing, and improving piers and boat ramps that
are used to remove and secure boats. Finally, through its beach management duties, the
Department helped protect natural resources that reduce hazard effects, such as dunes and
barrier beaches. These duties are now accomplished by other departments. The Town’s overall
capabilities have not been hindered by the reorganization.

Summary of Department and Agency Roles in Hazard Mitigation

Table 2-2 summarizes the roles of the municipal departments, agencies, and groups described
above.
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Table 2-2: Municipal Roles in Hazard Mitigation

RELEVANT MITIGATION TYPE
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Emergency Management v | v
Fire Department v | v
Police Department v | v
Public Works v v
Sewer Department v
Planning & Land Use Services | v/
Health Department v v
Conservation Commission
Nantucket Memorial Airport v
Water Companies v v
Town Administration v v | v |V

2.9 Review of Existing Plans and Regulations

It is important that the HMP be consistent with, build off of, and inform other municipal and
regional plans, regulations, and other documents. This section summarizes relevant aspects of
such documents and can be used as a tool to ensure continued integration.

Nantucket Zoning and Ordinances

The Town of Nantucket has a number of regulations on the books that fall within the categories of

natural hazard mitigation formally known as "property protection,

natural resource protection,"

"emergency services," and "prevention." These regulations are incorporated into a number of
locations within Nantucket’s code and zoning regulations (zoning regulations are incorporated
into the Town’s code as chapter 139). Relevant sections are listed below.

Chapter 66: Protection of Coastal Areas and Open Spaces

O 66-1: Purpose
To protect the beaches, coastal areas and other open unimproved spaces of

O

Nantucket by regulating activities deemed to have a significant effect on the

environment, scenic views, or the natural, scenic, historic and aesthetic qualities

of these spaces. Protection is extended to private as well as to public open space

areas
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O 66-3: Prohibited Activities
o Activities prohibited are short term disruptive activities (possession of alcohol,
open burning, operation of generators)

Chapter 136: Wetlands

The Massachusetts Wetlands Protection Act Regulations (310 CMR 10.00) provide guidance to all
local municipalities in the State relative to inland and coastal wetland and coastal resource
protection. The Town has a Wetlands Bylaw, Chapter 136 of the Code of the Town of Nantucket,
that increases protection above the State Wetlands Protection Act. Flood and erosion hazard
mitigation are important considerations set forth in the bylaws.

Section 136-2 of the wetland regulations require that projects be reviewed in the context of not
only impacts to wetlands, but potential effects on flood control, erosion control, and storm
damage prevention. Section 136-3 of the wetland regulations prevents filling, altering, dredging,
or construction on or within 100 feet of land subject to tidal action, coastal storm flowage, inland
or coastal flooding or inundation, or within 100 feet of the 100-year storm line, without a permit.

The Town of Nantucket Conservation Commission has published Wetland Protection Regulations
(revised through May 18, 2005) to administer Bylaw Chapter 136. These regulations set forth
certain performance standards for activities that are designed to protect the ability of resources
to protect against flood damage and erosion, and prevent or limit construction near areas prone
to flood damage and erosion. Examples of these performance standards include:

Q For "Land Under the Ocean"
o "No new bulkheads or coastal engineering structures shall be permitted to

protect structures constructed or substantially improved after 8/78. Bulkheads
may be rebuilt if the Commission determines that there is no environmentally
better way to control the erosion problem, including in appropriate cases the
moving of the threatened building. Other coastal engineering structures may be
permitted only upon a clear showing that no other alternative exists to protect a
structure built prior to 9/78, but not substantially improved, from imminent
danger."

o "Water dependent projects shall be designed and performed so as to cause no
adverse effects on... erosion control... storm damage prevention, flood control...."

O For "Coastal Beaches"
o "No new bulkheads or coastal engineering structures shall be permitted to

protect structures constructed or substantially improved after 8/78...[same as
above].”

o "Clean fill of similar grain size may be used on a coastal beach nit not on a tidal
flat, only if the Commissioner authorizes its use, and only if such fill is to be used
for a beach or dune nourishment project."
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o "In areas of eroding shoreline, the distance from all buildings to the coastal beach
shall be at least 20 times the average annual shoreline erosion or 100 feet,
whichever is the lesser.”

QO For "Coastal Dunes”

o "Fill may be used only if the Commissioner authorizes its use and only if such fill is
to be used for a beach or dune nourishment project."

o "Any activity allowed on a coastal dune or within 100 feet of a dune shall be
restricted to such activity that is determined by the Commissioner not to have
any adverse effect on the dune... by causing any modification of the dune form or
slope that would increase the potential for erosion, storm or flood damage...."

Q For "Coastal Banks"

o "No new bulkheads or coastal engineering structures shall be permitted to
protect structures constructed or substantially improved after 8/78...[same as
above]."

o "In areas of eroding shoreline, the distance from all buildings to the coastal beach
shall be at least 20 times the average annual shoreline erosion or 100 feet,
whichever is the lesser."

o "All permits issued for the construction of buildings under the Bylaw within 100
feet landward of the top of coastal bank shall contain the specific condition that
no coastal engineering structure of any kind shall be permitted on an eroding
bank in the future to protect the project allowed by this permit.”

Q For "Land Subject to Coastal Storm Flowage"

o "The work shall not reduce the ability of the land to absorb and contain flood
waters, or to buffer inland areas from flooding and wave damage."

o "Building upon areas subject to coastal storm flowage in locations where such
structure would be subject to storm damage may not be permitted. If permitted,
all construction must be in compliance with state and local building code
regulations for flood hazard areas."

O For "Vegetated Wetlands"

o Proposed projects shall not use procedures that the Commission determines
changes the flood protection function (leveling out of storm surges by storing and
slowly releasing water) of vegetated wetlands by significantly changing the rate of
water flow through the wetlands (by channelization or other means)."

O For "Land Subject to Flooding"
o Projects on land subject to flooding shall be permitted only in connection with
such procedures determined by the Commission as not having the effect of
reducing the ability of the land to absorb and contain floodwaters."
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o "The Commission may require compensating or greater flood storage capacity in
the same watershed if it permits any filling of land subject to flooding, and all
filling of areas subject to flooding shall be strictly minimized."

o Building upon areas subject to flooding shall be in compliance with appropriate
state and local building code requirements."

Chapter 139: Zoning

Most of the Zoning regulations relevant to hazard mitigation specifically address flood hazard
zones. Building height restrictions, in part designed to mitigate wind damage, are also included in
these regulations. Relevant sections are listed below:

Q 139-4: Location of Districts [approved 5/7/2014]

o Defines the Flood Hazard Overlay District as coincident with Zones A, AE, and VE
on the Nantucket County Flood Insurance Rate Map (FIRM) from June 9, 2014

QO 139-12 (A): Flood Hazard Overlay District [approved 5/7/2014]

o All development in the Flood Hazard Overlay District must comply with the

following state regulations:

Massachusetts General Law c. 181, § 40

Massachusetts State Building Code addressing floodplain and coastal high
hazard areas (780 CMR)

Wetlands Protection Regulations, DEP (310 CMR 10.00)

Inland Wetlands Restriction, DEP (310 CMR 13.00)

Coastal Wetlands Restriction, DEP (310 CMR 12.00)

Minimum requirements for subsurface disposal of sanitary sewage, DEP
(310 CMR 15, Title 5)

o Specific local requirements are:

VE Zones: All new construction, except water-related structures such as
piers, groins, and similar structures shall be located landward of the reach
of mean high tide. Man-made, alteration of sand dunes which would
increase potential flood damage is prohibited.

In Zones A and AE, along watercourses that have not had a regulatory
floodway designated, the best available federal, state, local or other
floodway data shall be used to prohibit encroachments in floodways
which would result in any increase in flood levels within the community
during the occurrence of the base flood discharge.

Base flood elevation data is required for subdivision proposals or other
developments greater than 50 lots or five acres, whichever is the lesser,
within unnumbered A Zones.
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= |na riverine situation, the Natural Resources Coordinator shall notify the
following of any alteration or relocation of a watercourse:
e Adjacent communities
e NFIP State Coordinator
e Massachusetts Department of Conservation and Recreation

NFIP Program Specialist
= All subdivision proposals must be designed to assure that:
e Such proposals minimize flood damage;
e All public utilities and facilities are located and constructed to
minimize or eliminate flood damage; and
e Adequate drainage is provided to reduce exposure to flood
hazards.
O 139-13: Moorlands Management District [approved 5-31-2017]
o A. Purpose: protect areas of the island known to be excellent examples of

temperate zone health; often located along coastal areas.
o B. Limits uses to conservation & recreation and single-family structures.
QO 139-17(C.7): Height Limitations [approved 12/29/2009]
o Defines the maximum allowable heights of new construction, depending on which

zone the building is in
o In “one-hundred-year” flood zones, defines height limits based on the first floor
elevation as required by floodplain management regulations [updated 7/12/2016]
O 139-22:Island Perimeter Restrictions [approved 8/18/2008]
o Prohibits construction seaward of the primary coastal bank

o Limits construction of new, or expansion of existing, docks, piers, wharfs or
related structures
O 139-23: Site Plan Review [approved 8-5-2015]
o Requires Base Flood Elevation and the existing or proposed Lowest Floor

Elevation if the structure is within the Flood Hazard Overlay District

Previously, the purpose of the Zoning Regulations as noted in Chapter 139 was directly tied to
flood damage mitigation. Since adoption of the previous HMP, however, the purpose has been
rewritten, and now reads:

To promote the health, safety, convenience, morals and general welfare of its inhabitants, to
lessen the danger from fire and congestion and to improve the Town...” (§139-1)

Additionally, the previous version of this HMP referenced an Open Space District proposed in
2006, and thought to be beneficial to hazard mitigation; this district appears to have been
removed from the Nantucket code.
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Subdivision Regulations

In Nantucket, the Planning Board is charged with administering subdivision regulations.
Components of the regulations that address natural hazard mitigation are listed below:

O Section 2.0 of the subdivision regulations requires that a site analysis report answer the
following questions relative to flood hazards: "Has the layout of streets and lots fully
reflected the need to protect life and property by properly locating building lots out of
areas of Special Flood Hazard as delineated by the Federal Government? Will floodway
easements be used to protect these areas from encroachment and advise lot purchasers
of the nature of their prospective property? Has the proposed system of drainage taken
severe storm damage into account?"

O Section 3.04 of the subdivision regulations requires that subdivisions be designed to
prevent loss of life and property due to flooding. Parts a, b, and c of Section 3.04 specify
additional requirements for flood damage prevention as follows:

o ..new structures will be able to be safely sited within areas of each lot so that
the lowest floor (including basement) is elevated to above the 100-year flood;

o Designate flood hazard areas as common open space to be deeded fee simple to
the Nantucket Conservation Commission, a homeowners association or a
suitable conservation organization;

o Include conservation easements in the plan to accommodate flood hazard
areas.

O Section 3.04 further requires that all public utilities and facilities such as sewer, gas,
electrical, and water systems shall be located, elevated, and constructed to minimize or
eliminate flood damage. Special drainage measures shall be taken to reduce exposure
of areas, both on and off-site, to flood damage.

O Section 3.08 of the subdivision regulations requires that "land subject to hazard to life,
health, or property shall not be subdivided for residential purposes until such hazards
have been eliminated or unless adequate safeguards against such hazards are
provided."

O Section 4.07 of the subdivision regulations requires certain easements for providing
underground electrical, cable, and telephone lines; and provision of easements along
watercourses or channels to provide for the possibility of flood and protection of banks.

O Part (a) of Section 4.08 of the subdivision regulations requires that access be adequate
to "ensure direct ingress and a rapid response time for emergency vehicles." Part (b)
requires that electrical and telephone service be installed underground.
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Nantucket Master Plan (Accepted April 6, 2009)

Massachusetts State law (MGL Chapter 41, Section 81D) requires every municipality to produce a
Master Plan, “... a statement, through text, maps, illustrations or other forms of communication
that is designed to provide a basis for decision making regarding the long-term physical
development of the municipality” (M.G.L. Ch. 41-81D). Stated purposes of the 2009 Nantucket
Master Plan (NMP) include:

Q Fulfill the MGL 41-81D requirement

O Update the Goals and Objectives for Balanced Growth: A Broad Policy for the Island’s
Future document of 1990

O Advance and clarify aspects of the Comprehensive Community Plan of 2001

O

Provide a legally defensible basis and consistency standard for zoning changes
O Enable the community to be in compliance with anticipated changes to the State’s
enabling laws, allowing greater local control

The 2009 NMP was intended to be relevant for a ten- to twenty-year period, with certain
elements updated more frequently, such as:

O Annually: demographic information, implementation measures, and capital programming
Q Four Year Cycle: transportation (circulation) goals)
O Five Year Cycle: housing and open space

Natural Hazard Mitigation Implications within the Master Plan

The Economic Development section of the 2009 NMP identifies the Downtown neighborhood
(adjacent to Nantucket Harbor) as the “symbolic center” of the Island, with a high density of code-
non-conforming buildings built prior to code adoption. The 2009 NMP also identifies the Mid-
island area as a node for current and future growth and development.

Chapter 5 of the 2009 NMP addresses natural and cultural resources. Beaches, the harbor, the
great ponds, and five scenic landscapes are noted as being Nantucket’s natural resources.
Renewable energy resources such as wind, solar, wave power, and tidal action are also noted.
The Island-wide State-designation as a Historic District, the Federal designation of the Island as a
Historic Landmark, and the plentiful individual historic buildings, sites, lighthouses, burial grounds
and archaeological sites area specifically called out as critical cultural resources for the Island
community.

Chapter 6 of the 2009 NMP discusses open space and recreation, and has a section on water
resources. One action listed in this section is relevant to natural hazard mitigation:

Q Strengthen regulations governing development, and prioritization of the acquisitions of
land, within the 100-year coastal flood plain and in buffers to other wetland resource
areas

Town of Nantucket 'e MILONE &

antuc /
Hazard Mitigation PI
February 2019 229 % MACBROOM



This section also calls for the implementation of the Harbor Management Plan and a Coastal
Management Plan (once created on 2012). Both of these plans, and their relevance to hazard
mitigation, are discussed elsewhere in this HMP.

Chapter 7 covers municipal services and facilities. This section noted that the Nantucket Fire
Department and the Nantucket Police Department are both deficient for current use and will
need to be upgraded to meet future demand. The plan suggests construction of new facilities, or
of a new shared facility, in a centralized location. Both will be the new location in 2019.

Table 2-3: 2009 Nantucket Master Plan Policies with Hazard Mitigation Implications
As identified in the 2009 Plan

Policy # Policy Relevance
4.1.2 Encourage expansion in the mid island area Risk Profile
5.1.2 Encourage environmentally responsible technologies (including Shoreline Change

septic technologies) to protect beaches, dunes, and coastal banks & Erosion
5.1.3 Protect the shorelines from encroachment by development Coastal Flooding

Aggressively acquire land & conservation restrictions to protect
natural ecosystems

Provide adequate public-safety facilities for rapid response to
emergencies throughout the Island

Ensure public water-supply system provides adequate fire
7.4.1 protection (upgrade piping, extend service, increase pressure, Wildfire
install additional towers)

Continue program of placing utility lines underground in all new
development

6.1.1 Inland Flooding

7.3.1 Critical Facilities

7.7.1 All Hazards

Area Plans

To supplement the Island-wide Master Plan, Nantucket has developed six area plans to guide
development and planning in the relatively dense neighborhoods of Madaket, the Mid-Island
Area, Siasconset ('Sconset), Tom Nevers, Surfside, and Naushop Crossing. These Area Plans are
considered part of the Nantucket Master Plan and conform with the State MGL Ch. 41-81D
requirements. Recommendations put forth in these plans that are relevant to natural hazard
mitigation are summarized below. Note that many of these plans are over a decade old, and
recommended actions may have been completed or may no longer be relevant at this point.
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Area #

5.2

5.3

6.2

6.4

Madaket (2006)

7.5

7.6

8.1
LU1
Infl
Inf4

Mid-Island
(2003)

Infé

3.1

5.6

7.2

7.2
7.5

'Sconset (2007)

2.2

2.7

3.3

6.1
6.4

7.3
7.4

Surfside (2008)

7.13
8.1
8.7

8.9

Table 2-4: Nantucket Area Plan Policies with Hazard Mitigation Implications

Recommendation
Limit growth, maintain low density
Maintain open space & waterfront access

Purchase development rights to 270-acre Loring property
Study establishment of an Open Space Zoning district

Encourage Town to purchase FAA property & keep it as open space

Do not install town water service.

Avoid replacing septic systems with a central sewage treatment plant

Develop alternative access route via Eel Point Rd & Warren’s Landing

Promote growth (through infill)

Relocate & upgrade Fire Department at new Mid-Island site

Improve storm drainage system on Pleasant Street

Place utilities underground along Pleasant Street in connection with streetscape
improvements. If cost is prohibitive, at least install conduit, in anticipation of placing
utilities underground in the future.

Limit growth, no additional commercial development

Develop architectural guidelines for five “architectural neighborhoods”

Support research to abate erosion of easternmost coastline

Support open space preservation

Construct new water tower at the old ball field.

Continue to enhance water pressure for public safety

Support continuing presence of a fire department substation within village

Develop “Perimeter Beachfront Zoning District,” implement 25 ft height limit

Maintain & improve “paper roads” with public or emergency access benefits,
dispose others.

Implement design standards for 3 distinct neighborhoods

Preserve Open Space

Establish perimeter beachfront zoning district

Acknowledge critical importance of dunes and beach areas

Create reservoirs to provide sufficient water for suppression in areas not serviced by
municipal water. If not feasible, extend municipal water lines to surfside for fire
suppression.

Bury remaining utility lines to protect from elements and lessen visual impact
Develop alternate town road from Boulevarde to Monohansett Rd

Develop alternate access to South Shore Road to increase emergency access
Develop clear policy statement for improving & maintaining dirt roads for providing
emergency vehicular access

Relevance
Risk Profile
Risk Profile
Open Space/
Risk Profile
Open Space/
Risk Profile
Open Space/
Risk Profile
Wildfire / Critical
Facilities / Coastal
Flood
Critical Facilities/
Coastal Flooding
All Hazards
Risk Profile
All Hazards
Inland Flooding

All Hazards

Risk Profile
Potential code
conflicts
Shoreline Change
Open Space
Wildfires
Wildfires
All Hazards
Potential code
conflicts

All Hazards

Potential code
conflicts
All Hazards
Shoreline Change
Shoreline Change

Wildfires

All Hazards
All Hazards
All Hazards

All Hazards

Town of Nantucket
Hazard Mitigation Plan

February 2019

48

2-31

MILONE &
MACBROOM



Area #

5.B
6.C
6.3

7.B
7.6

7.B

Tom Nevers (2008)

7.B
7.B
7.4
6.1
6.2

7.2

7.3
7.7

Naushop Crossing
(2014)

7.9

8.7

Recommendation
Clear brush and reopen road from Milestone Road to Tom Nevers Pond to provide
additional water for firefighting
Address erosion (average loss of 15-feet per year in some places)
Install removable steps from Tom Nevers Field to beach to protect bluff from
erosion caused by pedestrian traffic
Drill more shallow wells that can provide firefighting water
Bury large water tanks around the area to store firefighting water
Clear brush in conservation areas, especially Nantucket Conservation Foundation
land, near Tom Nevers West, & near Wigwam Road
Create fire-lines in conservation areas
Prevent dumping of brush
Bury Tom Nevers Road utility lines under bike path, to be constructed
Promote open space preservation in development
Convert undeveloped portion of Hinsdale Road to open space.
Extend municipal water lines to Naushop Crossing to provide adequate system of
hydrants to aid in fire suppression
Extend sewer line to areas currently not served
Bury remaining utility service lines to protect from the elements
Improve and regularly maintain drainage on Old South Road to eliminate pooling
and freezing in the wintertime.
Pave Lovers Lane to provide alternative access.

Comprehensive Emergency Management Plan (CEMP)

Relevance
Wildfire
Shoreline Change
Shoreline Change

Wildfire
Wildfire

Wildfire

Wildfire
Wildfire
All Hazards
All Hazards
All Hazards

Wildfire

Critical Facilities
All Hazards
Flooding, Winter
Storms
All Hazards

The Nantucket CEMP underwent a significant rewrite and restructuring in 2013 in order to be
consistent with new guidelines from the Massachusetts Emergency Management Agency
(MEMA). The Hazard Identification section lists the natural hazards that impact Massachusetts in
order of frequency as follows:

Q F

H

H

u
D

Oo0C0O0D0D0O

oods
eavy rainstorms

“Nor’easter” storms
Coastal erosion

urricanes

Tornadoes

rban fires and wildfires
rought

Q Earthquakes

The hazards addressed in this HMP, as listed in section 1.3, align with the CEMP priorities. The
effects of climate change on those hazards are not specifically addressed in the CEMP, as they are
in this HMP.

The CEMP includes a suite of maps that useful for both emergency planning and hazard

mitigat

ion. These include maps depicting:
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O Emergency Operations Centers: a primary (Public Safety Facility), secondary (Mobile
Emergency Operations Center), and tertiary (Fire Department) EOC is shown.

O Health & Medical Facilities: six facilities are shown

Q Traffic Control Points: Fifteen control points are shown, along with two alternate pickup
points. Flood and Hurricane evacuation routes are mapped.

O Mass Care Shelters: Three shelters are shown.

O Flood & Hurricane Evacuation Routes: Evacuation routes are mapped, along with fifteen
special institutions.

O Fixed Hazardous Facilities: This map depicts fixed-location hazardous facilities as well as
critical infrastructure, health and medical facilities, public venues, and special institutions.

Q Critical Infrastructure: Critical infrastructure, health and medical facilities, and
transportation facilities are shown.

O Special Institutions: Special institutions are shown with cultural resources and public
venues.

O Hazardous Material Transportation: Fixed hazardous facilities are mapped with hazardous
transportation routes.

The CEMP should be referenced for maps and more information.

Nantucket and Madaket Harbors Action Plan (2009)

The Nantucket and Madaket Harbors Action Plan (HAP) presents the Town’s planning vision for
use and development within the harbor planning areas. The plan was developed in accordance
with Massachusetts State Law (MGL 21A Sections 2 and 4A), giving authority to the
Massachusetts Executive Office of Energy and Environmental Affairs (EOEEA) to review and
approve municipal harbor plans (301 CMR 23). MGL 21A also gives the EOEEA the agency to
implement the Massachusetts Coastal Zone Management (CZM) Act (16 USC 1451). The HAP was
found to be consistent with CZM program policies and management principles, as well as with the
state tidelands policy objectives (301 CMR 9).

General goals and associated objectives listed in the 2009 HAP include:

O Natural Resources: Protect and restore the valuable natural resources of the harbors.
o Maintain existing systems for natural resource protection
o Provide technical & scientific support for planning & decision-making on coastal
natural resource issues
O Commercial Waterfront: Preserve, promote, & support water-dependent uses
o Discourage displacement of existing water-dependent uses & activities
o Prioritize uses & activities requiring access to coastal waters when making land-
use decisions on waterfront redevelopment
O Harbor Operations, Safety, Navigation and Moorings: Promote safety and balanced uses
while maintaining the character & protecting the natural resources of the harbors
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These goals are consistent with hazard mitigation objectives by encouraging protection of coastal
natural resources, limiting the types of development that will occur along the shoreline in areas at
risk of coastal flooding, and maximizing the navigation capacity of the harbor (essential for access
following a hazard event).

Specific recommendation put forward in the 2009 HAP that are relevant to hazard mitigation are
summarized in the table below.

Table 2-5: Nantucket & Madaket Harbors Action Plan Policies with Hazard Mitigation Implications

Recommendation # Relevance
. N All Hazards
Repair and raise jetties at the entrance to Nantucket Harbor V.1 /
Access
. . - Critical
Study relocation of the fuel off-loading and storage facilities away from downtown V.2 Facilities
Study feasibility of developing a second commercial dock capable of handling large Vi1 All Hazards /
vessels carrying passengers, goods, and vehicles in an emergency ’ Access
Evaluate alternatives for addressing loss of vessel access to harbor, including
. N . I o . . All Hazards /
improving icebreaking capabilities and establishing immediate temporary off-loading VI.1 Access
facilities
Maintain haul-out capacity at levels that will allow for the safe and timely removal of Vil Hurricane /
boats from the water in an emergency situation ’ Coastal Flood
. . . All Hazards
Investigate options for developing a new boat ramp at the south end of town VII.2 Access /
Formalize in writing coordination of hauling of boats before an imminent storm Vil3 Hurricane /
between the Department of Marine and Coastal Resources and local businesses ’ Coastal Flood

Coastal Management Plan, 2014

The Nantucket Coastal Management Plan (CMP) was created for two purposes:

O To enable the Town to impose local control over activities occurring in local waters

O To comply with a 2008 Annual Town Meeting vote that created Chapter 67-1 of the local
code, placing “a moratorium on the use of Town properties located along the eastern
coastline... for new coastal engineering structures, bluff armoring projects, hard or soft
erosion control devices, bulkheads and the like...” until a Coastal Management Plan was
written.

The CMP establishes priorities and procedures for protecting and managing town-owned
infrastructure, public access points, and roads adjacent to the coastline.

The 2014 CMP lists many Coastal Management principles, a number of which are relevant to
coastal hazards and erosion:

Q Should any Town-owned coastal-infrastructure become damaged in a storm, the
Department of Public Works (or other appropriate parties) should remove debris and take
action to prevent it from becoming a hazard

Town of Nantucket 'e MILONE &

antuc /
Hazard Mitigation PI
February 2019 234 % MACBROOM



O Any license granted for the use of Town land for coastal management or erosion control
projects shall include a requirement to establish insurance that will provide funding for any
action necessary to stabilize the site or remove any debris that becomes hazardous

O The Town should use an established system to identify and mark all structures or debris that
pose a hazard

O Erosion control projects on Town property will minimize adverse impacts to the extent that
they can. The long-term viability or sustainability of projects must be carefully considered.

O The Town should be notified when a coastal erosion control project is proposed on property
adjacent to a “one big beach”” easement or other property in which the Town has interest.

The 2014 CMP breaks the Island’s coastline into a series of sectors and presents a suite of
recommended actions for each sector. Many actions are repeated as recommendations in
multiple sectors. A summary of these recommendations is provided below. All of these
recommendations are relevant to coastal flooding and shoreline change, unless otherwise
specified.

Q Repair return [wingwall] on Quaise Road bulkhead

O Use dredge spoils to nourish Quaise Road beach area

O Replace and upgrade Easy Street bulkhead

o Raise to reduce splash over at high tides
o Incorporate storm drain valves

O Permit maintenance dredging for existing boat channels in Madaket Harbor (relevant to
emergency access)

O Establish emergency access plan with the Tuckernuck Island Landowners Association
(relevant to emergency access)

O Monitor Ames Street & Madaket Road intersection

O Monitor distance from top of bank at the head of Hither Creek to nearby home

O Deposit dredge spoils at the head of Hither Creek to increase protection to that site, Millie’s
Bridge, and Smith Point

O Maintain new access road to neighborhood around Sheep Pond road (relevant to
emergency access)

O Establish actionable “trigger points” between the town’s sewer beds and the eroding
shoreline bank, and monitor erosion; when trigger points are reached, draw up plans to
either address the erosion or relocate the sewer beds.

O Install sand fencing and implement beach grass replanting in front of the airport runway

O Develop options for soft engineering, hard armoring, and relocation of infrastructure, at the
airport to prepare for continued erosion

" Nantucket’s “One Big Beach” program is a municipal effort to obtain public access to private beaches in exchange
for tax breaks, liability insurance, and Town maintenance and clean-up.
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Remove sand after Codfish Park storm inundation, and return that sand to the barrier beach
for nourishment (do not remove for other uses)

Plan native, salt-tolerant vegetation to stabilize bank slope (multiple locations)

Provide beach nourishment (multiple locations)

Slope road or parking-lot drainage away from eroding bank, redirecting runoff into
vegetative swale (multiple locations)

Ensure storm drains are maintained and functioning properly (multiple locations; relevant to
inland flooding)

Continually monitor coastline, inspect following storms, and maintain a photo record (all
locations)

The 2014 CMP condenses all of its sector-specific recommendations into a set of action items,

including:

a

000

(MR

a

a

Monitor implications of continued erosion in front of Dionis Beach infrastructure

Establish emergency access plan with Tuckernuck Island Landowners Association

Prioritize monitoring of erosion in front of sewer beds

Establish actionable trigger points in front of sewer beds - when point is reached, plans must
be drawn up to address erosion or relocate

Establish trigger points in front of Airport and monitor erosion

Develop a maintenance and alternate access plan for Codfish Park Road, including
management of sand and coastal dune and its natural migration

Maintain Jetties

Require insurance of all parties that construct or maintain coastal management or erosion
control projects on Town owned property

Produce a Vulnerability Study to identify properties and infrastructure in danger of being
damaged or compromised by erosion or coastal storms. These assets should be prioritized
and a Committee or Work Group should be established to plan for and implement
emergency response (including maintenance, protection, relocation, or removal) when
necessary.

Identify areas that are experiencing accelerated erosion from adjacent land use conditions
or infrastructure; begin implementing mitigation measures wherever possible

Address restricted building height in areas where it is in conflict with state requirements for
flood zone compliance

Update Hazard Mitigation Plan

Coastal Resilience Plan/Climate Resiliency Plan (underway)

Nantucket retained a consulting firm in December 2017 to begin development of a Coastal

Resilience Plan/Climate Resiliency Plan for the Town. This plan will focus on policy and regulatory

tools that can be implemented to ensure the continued resilience of the Island in the face of rising

seas and increasingly severe and frequent coastal storms. The document will include and

implementation plan for integration of recommendations into the municipal code the town’s
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Master Plan, and other town plans (including this HMP). The plan will also be a first step in a more
comprehensive climate resilience plan process that will follow the Massachusetts Municipal
Vulnerability Planning (MVP) program framework, follow the state’s workshop process, and will
lead to a report and recommended actions for designation as a state-certified MVP community.

Capital Improvement Plan

The Town of Nantucket, Massachusetts Capital Improvement Plan (CIP) lists all of Town projects
planned over the next ten years that will increase the overall value of the Town’s assets. The
most recently available CIP for the Town was completed in February 2018 and includes projects
expected to be initiated during the 2019 fiscal year (FY19) through the 2028 fiscal year (FY18).
Projects span all municipal departments.

Types of projects relevant to natural hazard mitigation include:

a Airport:
o Maintenance, infrastructure, and environmental projects planned over multiple
years
Q Facilities
o Facility roof repairs planned on an annual basis
O Fire Department
o Equipment and vehicle replacements planned on a rolling basis.
O Geographical Information Systems
o Updates to digital mapping capabilities.
Q Police Department
o Improvements to harbormaster building planned in FY19
o Public safety radio replacement planned in FY22
QO Public Works
o Maintenance, repair, and replacement of vehicles and machinery planned on an
annual basis
o Storm water projects planned for most years (over $12 million to be spent by 2028)
Q School Department
o Improvements to building and roofs — relevant to emergency shelter
O Sewer
o Evaluation and repairs to wastewater treatment plants (WWTP) and pump stations
o Assessment and inspections of force mains
O Water Utilities
o Maintenance and replacement of water tanks
o Water Main replacements
O Transportation
o Road maintenance, improvements, and reconstruction planned annually
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Wastewater Capacity, Management Operations and Maintenance (CMOM) Program

The Town'’s sanitary sewer infrastructure has been built over the last 100 years or more using a
variety of materials, design standards, installation techniques, and maintenance practices. As this
valuable infrastructure ages, the importance of preventive and predictive maintenance increases.

Nantucket is complying with the requirements of the EPA and performing a complete evaluation
of the Town-owned sanitary sewage collection systems to prevent sanitary sewer overflows and
basement back-ups. It includes framework to identify and incorporate widely-accepted
wastewater industry practices to:

O Better manage, operate, and maintain collection systems

O Investigate capacity constrained areas of the collection system

O Respond to sanitary sewer overflow (SSO) events
The Sewer Department is actively performing an inventory, closed-circuit-television (CCTV)
inspection, and condition assessment of its infrastructure. Data collected through these efforts
will shape the Town'’s Capital Program and will be incorporated into the Town’s Geographical
Information System (GIS) to facilitate planning and coordinating projects with Sewer, DPW, Water
Company, Transportation Planning and Coastal Resilience activities.

Storm Water Management Plan (SWMP)

Similar to the sanitary sewer system, Nantucket’s storm drainage infrastructure has been built
over the last 100 years or more using a variety of materials, design standards, installation
techniques, and maintenance practices. Managing storm water on Nantucket has used a variety
of solutions ranging from “doing nothing” to having a convenient connection to the sanitary
sewer system. The CMOM program is helping to identify these connections. Handling storm
water, increased runoff from development, climate change (increasingly more intense and more
frequent storms) as well as an increased addition of basement sump pumps has exacerbated
capacity issues within our drainage systems.

Building off the CMOM Program, DPW is actively performing an inventory, CCTV inspection and
condition assessment of the storm water and drainage systems.

2.10 Available Information to inform Planning and Taking Action

Massachusetts Shoreline Change Project, published by CZM, (current)
Provides information about changes to Nantucket’s coastal areas
https://www.mass.gov/service-details/massachusetts-shoreline-change-project

CZM’s Online Mapping Tool (current)
GIS based mapping tool to examine specific property locations
http://maps.massgis.state.ma.us/map_ol/moris.php

Nantucket Storm Tide Pathways (2016)
Report provides insight to rising sea levels and location susceptible to inundation.
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http://www.nantucket-ma.gov/DocumentCenter/View/19053/Storm-Surge-and-Inundation-
Pathways---2016

Worcester Polytech Institute, Storm Surge & Critical Infrastructure on Nantucket (2015)
Identifies locations of critical infrastructure in Town and recommended mitigation actions.
http://www.nantucket-ma.gov/DocumentCenter/View/19052/Storm-Surge-and-Critical-
Infrastructure-on-Nantucket---2015

Town of Nantucket GIS (current)

Provides information for parcels, land use and planning, topography, aerial imagery and
emergency management

https://nantucketma.mapgeo.io

Critical Facilities and Sheltering Capacity

The Town of Nantucket considers that several categories of facilities are critical, for these are
needed to ensure that emergencies are addressed while day-to-day management of the
community continues:

O

Emergency Services — Police, Fire, Coast Guard

Municipal Facilities — Town Hall, Municipal Buildings, DPW

Schools — Primarily for use as a Shelter

Health Care — Hospital, Assisted Living

Water Utilities — Tanks, Pumping Stations

Wastewater Utilities — Pumping Stations, Treatment Plants

Transportation — Steamship Dock, Airport, Transit Authority, Boat Ramps

Fuel Storage and Power Generation — Tank Farms, Alternate Generating Facilities
Communications — Telephone Stations, Mobile Phone Towers

I Iy Ny Ny Ny Iy Ny Ny

Power Supply from Mainland — National Grid and Power Transmission/Switching
Infrastructure
Supply Chain for the transportation of people, supplies, materials, equipment, etc., between

(M

the Island mainland (via sea or air)

Upon comparison to other Massachusetts communities, Nantucket has a larger proportion of
facilities that are considered critical. This is partly a reflection of the Town's character as an island
and 30 miles off the coast of Cape Cod. For example, docks, boat ramps, and an airport may not
be critical facilities for a community adjacent to another municipality with the same facilities,
because one community could offer mutual aid services to another during a disaster. This
arrangement is not possible for Nantucket. The inclusion of communications towers as critical
facilities is another example. Due to its isolation in the Atlantic Ocean, Nantucket must be able to
rely on many of its own facilities.

A list of critical facilities is provided in Table 2-6 on the next page. Figure 2-8 depicts locations of
critical facilities. A few notable categories of critical facilities are discussed below.

Town of Nantucket /"e MILONE &

Hazard Mitigation Plan
February 2019 2-39 g

MACBROOM


http://www.nantucket-ma.gov/DocumentCenter/View/19053/Storm-Surge-and-Inundation-Pathways---2016
http://www.nantucket-ma.gov/DocumentCenter/View/19053/Storm-Surge-and-Inundation-Pathways---2016
http://www.nantucket-ma.gov/DocumentCenter/View/19052/Storm-Surge-and-Critical-Infrastructure-on-Nantucket---2015
http://www.nantucket-ma.gov/DocumentCenter/View/19052/Storm-Surge-and-Critical-Infrastructure-on-Nantucket---2015
https://nantucketma.mapgeo.io/

Facility

Police Station (Emergency Operations)

Main Fire Station: new station under construction
Madaket Fire Station (unstaffed satellite)
‘Sconset Fire Station (unstaffed satellite)

Police & Coast Guard Barracks

Massachusetts State Police Barracks

Town Hall

Town Building
Town Building
Town Building
Marine Department
DPW Facility

High School

Intermediate School
Elementary School
Nantucket Cottage Hospital
Academy Hill Apartments
Our Island Home
Saltmarsh Senior Center
Landmark House
Sherburne Commons

The Homestead

Undersea Cable Entry Point
Candle Street Substation

Table 2-6: Critical Facilities

Address or Location Emergency
Power Supply?
Emergency Services
4 Fairgrounds Road Yes
131 Pleasant St Yes
292 Madaket Rd No
10 W. Sankaty Rd No
Low Beach Rd No
North Liberty St Unknown
Municipal Facilities
16 Broad St No
22 Federal Rd No
2 Fairgrounds Rd Yes
37 Washington St No
34 Washington St No

188 Madaket Rd

10 Surfside Rd
30 Surfside Rd
30 Surfside Rd
57 Prospect St
4 Westminster St
9 East Creek Rd
81 Washington St
144 Orange St
40 Sherburne Commons
115 Main St
Power Distribution
Jefferson Ave
Candle Street

Yes (garage only)
Schools and Health Care Facilities

Yes
Yes
No
Yes
No
No
No
No
No
No

NA
NA

Shelter?

Secondary
No
No
No
No
No

No
No
Yes
No
No
No

Yes
No
No
No
No
No
No
No
No
No

NA
NA

In Floodplain or Coastal

Near Erosion

Flood Hazard Area? Zone?
No No
No No
No?! No
No?! No
No?! Yes
No No
Yes (AE9) No
No No
No No
Yes (AE9) No
Yes (VE9) No
No No
No No
No No
No No
No No
No No
Margin? No
Yes (AE9, LimWA) No
Margin No
No No
No No
Yes (submerged) Yes
Yes (AE9)? No

1. Not located in floodplain or coastal flood hazard area, but potentially isolated during a 1% annual-chance flood event
2. Located in a hurricane storm surge area
3. Flood barriers have been installed at this site
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Table 2-6 Critical Facilities (Continued)

Facility Address or Location PoE\IlneerrgLe:::‘I,y? Shelter? In FIOOdzI:zlgr:r ::)eaas; al Flood NeazroEnr:: fon
Water and Wastewater Utilities
Wannacomet Water Company Facility 1 Milestone Rd Yes NA No No
Wannacomet Water Wyer’s Valley Wellfield Milestone Rd Yes NA No No
Wannacomet Water State Forest Wellfield Lovers Lane Yes NA No No
Wannacomet Water Pout Pond Wellfield Pout Pond Rd Yes NA No No
‘Sconset Water Siasconset Wellfield Milestone Rd Yes NA No No
Main Water Tank Cliff Rd NA NA No No
‘Sconset Water Tank Lincoln Ave NA NA No1 No
Sewer Pumping Sta. Sea Street Yes NA Yes (AES8) No
‘Sconset WWTP Low Beach Rd Yes NA No1 Yes
Surfside WWTP South Shore Rd Yes NA No Yes
Transportation Facilities
Steamship Dock Broad St No No Yes (AE9) No
Nantucket Airport Airport Rd Yes No No No
Airport Maintenance Building New South Rd Yes No No No
Transit Authority Office New South Rd No No No No
Transit Authority Garage New South Rd No No No No
Town Pier Washington St NA NA Yes (VE11) No
Children’s Beach Boat Ramp Harbor View Way NA NA Yes (VE10) No
Madaket Boat Ramp F Street NA NA Yes (AES8) No
Madaket Marine Boat Ramp 20 N. Cambridge St NA NA Yes (AES8) No
Great Harbor Yacht Club Boat Ramp 1S. Beach Street NA NA Yes (AES8) No
Fuel Storage and Power Generation
Fuel Tank Farm New Whale St NA NA Yes (AE10) No
Propane Tank Farm New South Rd NA NA No No
Alternate Generation Facilities New South Rd NA NA No No
Communications
Telephone/Microwave Eel Point Rd Yes NA No No
Telephone Switching Union St Yes NA Margin No
Telephone Switching Bunker Hill Rd Yes NA No: No
Mobile Phone Tower Eel Point Way Yes NA No No
Mobile Phone Tower Sankaty Ave Yes NA No No
1. Not located in floodplain or coastal flood hazard area, but potentially isolated during a 1% annual-chance flood event
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Communications
Emergency Services

Municipal Facilities
Power Distribution

Schools and Health Care Facilities
Transportation Facilities
Water and Wastewater Utilities

Fuel Storage and Power Generation

Legend

FEMA National Flood Hazard Layer
A: 1% Annual Chance of Flooding, no BFE

AE: 1% Annual Chance of Flooding, with BFE
- VE: High Risk Coastal Area
X: 0.2% Annual Chance of Flooding

Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri
Japan, METI, Esri China (Hong Kong), swisstopo, © OpenStreetMap contributors, and the GIS User Community

99 Realty Drive
Cheshire, Connecticut 06410

Phone: (203) 271-1773 Fax: (203) 272-9733
www.miloneandmacbroom.com
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Nantucket Cottage Hospital

Nantucket Cottage Hospital is a full-service emergency health center, and the only hospital on the
Island. The Hospital is currently constructing a new, larger building to replace the current facility;
the new building will include an emergency command center to direct the Hospital’s existing
incident response plan. The Hospital has the capacity to operate for 96 hours on its backup
generators.

Docks and Boat Ramps

Steamboat Wharf

The Steamship Authority Dock is the point of entry for almost all of the food, supplies, equipment,
and resources that are used in Nantucket. It is also one of only two major passenger ferry
terminals. An increase in truck traffic via the terminal has been realized over the past two
decades as population has increased. This has been accommodated, in part, by improving
operational efficiencies. Two freight boats were also increased in capacity.

Many Nantucket residents consider Steamboat Wharf to be the most important of all critical
facilities. Keeping the dock open and operable before and after any natural disaster is paramount
to the Town's ability to handle a disaster.

Steamboat Wharf is located in a 1-percent annual-chance coastal flood zone with wave velocity
hazards (VE Zone). Although the dock is relatively elevated and could remain dry during certain
storm surges, ships would not be expected to operate at such times. After subsidence of storm
surges, rapid recovery of the dock area would be imperative.

Several 10,000-gallon fuel tanker trucks arrive via the Steamboat Wharf each week during the
summer. It is important to maintain safe conditions for their arrival to avoid an accident or a fire,
as a fuel-related incident could cut off the Steamship Dock (and hence, all of Nantucket) from the
mainland. Similar to storm events, rapid recovery of the dock area after an accident or fire would
be imperative.

Straight Wharf

The other high-capacity ferry service to Nantucket is operated by Hy-Line Cruises off of Straight
Wharf. This facility is located in a 1-percent annual-chance coastal flood zone with wave velocity
hazards, just south of Steamboat Wharf. While Hy-Line Cruises does not transport freight,
supplies, or equipment in the way the Steamship Authority does, its ability to transport hundreds
of passengers to and from the Island make it a critical lifeline to the mainland.

Town Pier

The Town Pier and Harbormaster house are located on Washington Street, and are open to all
recreational boaters. The pier is vulnerable to storm surge and easterly wind conditions and was
damaged by the nor’easter storms of 2018. Additionally, the section of the pier built on floats
had been decaying under ocean conditions. A project to replace the floating docks began in the

Town of Nantucket 'e MILONE &

antuc /
Hazard Mitigation PI
February 2019 243 % MACBROOM



fall of 2018, with a project budget of over $500,000. It is estimated that complete repair of the
pier will cost over $1.3 million. Over the long term, the Town is considering upgrading the
structure to one that is more robust or installing a barrier wall. The Emergency Management
Agency considers this facility to be one of the most at-risk.

Public Boat Ramps

Q Children’s Beach: The Children’s Beach Boat Ramp is located at the end of Harbor View Way
and provides access to Nantucket Harbor north of Children’s Beach. Work to deepen the

boat launching ramp and to repair the piers and decking were completed in February 2018.
Previous repairs in fall of 2006 increased the width, pitch and depth of the ramp, making it
easier to remove two boats simultaneously. A storm water pump station and flood gate are
located on this site and present challenges relevant to coastal flood hazards; these are
discussed in Section 4.5.1.

O Washington Street Extension: A second boat ramp servicing the downtown area is located

near the end of Washington Street Extension. This facility is unpaved.

O Polpis: A boat ramp servicing the eastern end of Nantucket Harbor is located in the Polpis
neighborhood at the end of Wauwinet Road. This facility is unpaved.

O Madaket Boat Ramps: Two public boat ramps service the western part of Nantucket; the F-

Street Boat Ramp and the Massachusetts Avenue Boat Ramp (on Smiths Point).

O Several private docks serve Tuckernuck Island, and municipal officials report a single Town-
owned dock is available for Town use. Access to Tuckernuck Island before, during, or after
emergency events is a concern of the Town.

O Muskeget Island does not have any docking facilities.

O Other locations providing boat access to the waters around Nantucket are located around
the Island but are not maintained by the Town.

Gray Lady Marine provides large lift services on Nantucket Harbor. Great Harbor Yacht Club (96
Washington St. Ext.) now owns the property and maintains the facility and a boat ramp. Although
there has been some question from residents that the facility will no longer be available to lift
before storms or store boats with fixed masts/towers over 25 feet, Nantucket Planning Board
permit conditions require that the facility remain available.

Madaket Marine operates a large lift facility servicing the Madaket area.

All boat ramps, docks, and lift facilities, due to their water-dependent natures, are located in
coastal 1-percent annual-chance flood zones. The ramps would need to be used in advance of
storms with any possibility of storm surge.

The Nantucket Harbor Channel and Jetties

All ferry and freight traffic to and from Nantucket, as well as a majority of small boat traffic,
occurs via terminals and docks located within Nantucket Harbor. The Harbor is accessed through
the Nantucket Harbor Channel (“the Channel”), a relatively narrow dug channel protected by two
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U.S. Army Corps of Engineers jetties and maintained through regular dredging activities. The
eastern jetty has an opening toward the southern end with a small, also dredged, channel to
allow emergency access for small boats.

Significant concern has been expressed by Town personnel, and is reflected in other municipal
documents, about the risk of the channel being blocked by damaged ships or debris. This is of
particular concern following debris-generating storm events, which could conceivably carry debris
or damaged vessels and deposit them in a location that would prevent travel through the channel.

In the winter of 2018, the Nantucket Harbor and Hyannis Harbor both experienced extreme cold
temperatures causing ice to block passage of the freight and passenger ferries. The US Coast
Guard was contacted and reopened the channel when weather conditions allowed. As a result,
and like other coastal weather conditions, the ferries and supplies were delayed for several days.
Some trips required the ferry to run from Wood Hole due to the amount of ice in Hyannis Harbor.
Navigational buoys in Nantucket Harbor were dragged out of position by the ice and that
impacted the operation of the ferries until the situation was corrected.

Nantucket Airport

Nantucket Airport as a whole is considered the most critical transit facility after the Steamship
dock. The airport has its own emergency response personnel and they serve as the First
Responders during emergency incidents, until the Nantucket Fire Department arrives. The airport
has its own snow removal equipment. As with other areas in Nantucket, snow drifts are a
problem and they need to be cleared frequently. Before wind storms of any kind, airplanes are
moved to hangars and loose items are secured. They also maintain some emergency supplies for
employees (cots, etc.) in order to remain operable. Fuel storage at the airport includes 50,000
gallons of aviation gasoline and 100,000 gallons jet fuel. The airport has its own generating
facility. In summary, the airport can operate relatively autonomously, although it has a good
relationship with the Town.

Although the airport is not located in a flood zone, erosion rates directly south of the airport are a
concern. As explained in Section 6.0, the south shore of Nantucket is eroding at an average long-
term rate of nine feet per year south of the airport. Eventually, significant portions of the airport
will need to be relocated, including a runway, to retreat from the eroding coast. However, this
will not occur for another 50 to 100 years.

The critical nature of the airport was exhibited in January of 2018, after a sewer main burst under
the stresses of major temperature swings and precipitation. Nantucket Harbor was about 70-
percent iced over at the time, making supplies and workers from Cape Cod unable to access the
Island by Ferry. High winds prohibited typical air travel. In the end, an Air National Guard
Blackhawk helicopter delivered nine workers to the Nantucket airport from Joint Base Cape Cod.
Having the airport as an additional method of ingress and egress is critical in emergency
situations.

Town of Nantucket 'e MILONE &

antuc /,
H d Mitigation PI
F:é?urary IZ(I)glz?a o 2-45 " MACBROOM



Fuel Tank Farm

The fuel tank farm is considered a critical facility because fuels are stored at the site and
distributed from the site. According to the Nantucket Pipeline and Bulk Fuel Storage assessment
(VHB, 2005), the facility stores gasoline, heating oil, diesel fuel, and kerosene in 11 above-ground
storage tanks ranging in capacity from 10,000 gallons to 200,000 gallons, for a total storage of one
million gallons. The ages of the tanks range from the 1940s to the 1960s. Fuels are delivered to
the tanks by tanker trucks arriving at the Steamship Dock and by barges that dock at the
Nantucket Boat Basin Marina.

While the fuel tank farm is currently located on New Whale Street in the harbor area, it is slated
to be relocated to a site near Nantucket Memorial Airport in 2019. This relocation will remove a
potential fire, explosion, and hazardous spill condition from the densely developed downtown
area to a less-developed location. More specifically related to natural hazard mitigation, the
primary benefits of a relocation will be to remove the tank farm from the harbor's coastal flood
zone and site the facility in a location that is not only outside of a floodplain, but more accessible
during natural hazard events such as floods and winter storms.

All fuel will be shipped from the mainland by full-size tanker trucks via the Steamship Ferry. The
route from the Steamship Dock to the Tank Farm will transport the fuel through the water supply
wellfields that feed the Town's water system. At closest proximity, well heads are within 500 feet
of the roadway. The increased truck traffic and volumes of fuel along the corridor present a new
vulnerability that the Town must consider. The HMP includes this technological hazard and
human-caused threat (i.e. human error, not terrorism) due to its possible impact to the
community water supply.

Water Facilities

Nantucket residents get drinking water either from the Wannacomet Water Company (WWC) or
from private wells. The WWC sources its water from five wellfields, four in the central part of the
Island and one in the ‘Sconset area. Wellhead protection districts have been established around
these wellfields and regulations (such as limits on septic system size) applied to limit the risk of
contamination of the water sources.

Wastewater Facilities

The Town of Nantucket Sewer Department operates two wastewater collection systems and
treatment facilities. The larger system collects wastewater from the downtown and central areas.
The Surfside treatment plant serves the larger system. The smaller system collects wastewater
from the village of ‘Sconset. The ‘Sconset treatment plant serves the smaller system. The
effluent beds at each wastewater treatment facility are located near the edges of the coastal
dune/bluff, outside of mapped coastal flood zones but near eroding shorelines. It is understood
that the beds will need to be relocated when the shoreline has eroded to within certain distances
of each facility.
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The Sea Street sewer pumping station is a critical facility because it is the heart of the larger sewer
system that serves downtown and the central island. The pumping station sends up to nine
million gallons per day (mgd) to the treatment plant using three 3-mgd pumps. Failure of the
station would cause backups to most of the downtown customers and a major public health
threat. The pumping station is located within the 1% annual-chance coastal flood zone adjacent
to Nantucket Harbor. The site of the station was last flooded during the 1992 "No Name" storm.
Sandbags were used to prevent water from entering the masonry pumping station building at
doorways and other openings. Because sandbags work well to prevent flood damage, the Town
has not moved forward with other means of flood control, such as dikes or flashboard gates.

Another hazard and problem that occurs during storms is infiltration of storm water to the
wastewater system. It is believed that floodwaters can increase the demand to 14 mgd. During
the 1992 No Name storm, the pumping station could barely keep up with the increased flow. In
January 2018, the combined effects of high storm water volume and sub-zero temperatures
caused a sewer main to burst. The DPW believes that ongoing infrastructure improvements will
reduce the risk of floodwater infiltration, while simultaneously increasing the capacity of the
system.

The Sea Street sewer pumping station has a 230 KW diesel fueled generator, the Surfside
Treatment Plant is equipped with two diesel generators (1.3 MW and 75 KW), and the ‘Sconset
Plant has a 400 KW diesel generator protected with backup power. The pump stations at South
Valley and Surfside both have diesel generators installed for emergency operation and the Sewer
Department deploys trailer mounted generators for all other Town wastewater pump stations.
These locations include the Surfside, Kato Lane, Mizzenmast, Sherburne Commons, and Naushop
pumping stations; and the two lift stations on Monomoy Road.

The Sewer Department is currently working on a six-million-dollar project to update the Island’s
main pumping station in the downtown neighborhood at the edge of the harbor; one aspect of
this project is floodproofing the station to the 1% annual-chance flood elevation.

The Sewer Department has multiple generators, including four portable generators, that can be
used to maintain pumping station operation during power outages. The Nantucket Energy Office
recently applied for a grant to install solar panels at the wastewater treatment facilities and
intends to pursue installation of batteries for local energy storage if possible.

Shelters

Emergency shelters are considered to be an important subset of critical facilities, as they are
needed most in emergency situations. According to the 2013 Nantucket CEMP, "selection of mass
care shelter should consider potential vulnerability to hazards such as flooding, and exposure to
hurricane winds, and handicap accessibility, for example."

As such, Town officials have designated the Nantucket High School and the Police
Station/Emergency Operations Center at 4 Fairgrounds Road as the primary and secondary
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shelters, respectively. The high school shelter has a capacity of 500 people and is operated by the
American Red Cross through a memorandum of understanding signed with Nantucket Public
Schools. The shelter has a backup generator that is “pre-staged” through the US Army Corps of
Engineers; this means that if the generator were to fail, the USACE can bring in a replacement that
is pre-staged and would be able to be hooked up and used immediately.

The shelters are reserved mainly for residents. During minor emergencies when people cannot
leave Nantucket, the shelters will not be opened to tourists until every hotel is full. During major
emergencies, the shelters would be opened to everyone.

The Nantucket Intermediate School has been constructed recently and includes a backup
generator. While the school has not been designated as a shelter, the Town is interested in
reviewing the property and determining its ability to serve as such. The Town is also interested in
identifying buildings (such as the Police or Fire Department branches) in Madaket and ‘Sconset
that can serve as emergency shelters in case those areas are isolated following a storm event.

While Nantucket feels its sheltering capacity is sufficient for its residents (its shelters can hold
approximately 1,500 individuals), it does not currently have sufficient equipment, and is working
to acquire additional cots and sleeping gear.

Municipal officials have also expressed interest in providing temporary shelter or housing for
emergency personnel that come to the Island to assist with disaster response. For example,
National Grid has sent down workers to restore power after storms, and it was difficult to house
both those workers and displaced residents in shelters. The Town will explore options moving
forward as part of a general effort to expand and improve shelter capacity and quality.

Our Island Home

Our Island Home is a 45-bed Skilled Nursing Facility dually licensed in Medicaid and Medicare
owned by the Town of Nantucket. The facility is currently located at the edge of a 1% annual-
chance flood zone and is at-risk of isolation during flooding. The Town is exploring relocation to a
new facility. It is the Town’s priority to ensure any new facility, or the existing facility if it does not
relocate, is accessible during flooding, or has sufficient backup power and equipment to operate
in isolation.

2.12 Communication, Warning, and Evacuation

Public Communication and Warnings

Nantucket communicates with residents and visitors, and warns of impending disasters, in a
number of ways:

O Mobile Devices: The Town has implemented the Ping4alerts! system, enabling it to send
warnings, information concerning public health incidents, or general advisories to residents
and visitors through their smart-devices. The system allows for alerts to be sent to selected
geographic areas. Residents and visitors must install the application and have cellular
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reception to receive the warnings. A link to sign-up is on the Town website, informational
signs and pamphlets are located at transportation terminals, and the system is promoted on
the towns social media platforms. Ping4, Inc., is partnered with The Massachusetts
Emergency Management Agency (MEMA).

O Emergency Sirens: Nantucket has three emergency sirens located across the Island, which
can be heard in all the Island’s population centers. The sirens can be used to emit a general
alert signal prior to emergency events. Residents and visitors must then use other means to
discover the reason for the alert.

O Social Media: The Town posts emergency alerts on an official Twitter account, on the Town

website (www.nantucket-ma.gov), and through email distribution lists (including both a
municipal employee list and a public subscription announcement list). Some Town
departments have a Facebook presence, and the Town Administration is considering the
benefits and resources needed to establish and operate a Facebook presence of its own.

O Radio: Nantucket broadcasts emergency information as needed via its low-power FM-radio
station (105.5 FM).

O Local Media Outlets: Nantucket disseminates information through local FM radio, television

and news outlets.

Nantucket officials note that finding a way to inform visitors, especially during the high-volume
tourist season during the summer, is a challenge.

Internal Emergency Communication

As of July 2018, Nantucket Police completed an upgrade to the most current version of its radio
communication system. The system has Police, Fire/EMS and county government agencies divided
into “talk groups” on a single digital voice system that supports communication interoperability
when necessary. This system includes direct radio contact with Barnstable County Control and the
ability to communicate with state, federal or other local resources that may come to Nantucket in
a mutual-aid or emergency support scenario. All of the Town owned communication applications
and systems are supported by emergency power.

Winter storm events in January 2018 put several of the Town’s internal communication tools to
use; the Town found their internal emergency communications capabilities to be sufficient during
those events.

Evacuation
According to the 2013 CEMP, an emergency situation

...may require the evacuation of part of or all of the community. The characteristics and scope of
the emergency will determine where evacuation occurs, the number of people affected, and the
measures needed to ensure safety. The public will be advised to evacuate by public safety
officials. The primary means of transportation during an evacuation is private automobile.
Providing transportation to those without access to a vehicle or who require medical or other
assistance is an important factor in the evacuation process.
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The discussion in the 2013 CEMP pertains mainly to evacuation within portions of Nantucket.
Evacuation of the community is not practical or feasible, and it is understood by Town officials
that it could not be attempted. The population is too large, and transportation issues are too
complex. For example, ferry service and/or airline service would be suspended during storms.
Even if people could be brought to Hyannis, the Cape Cod Canal bridges are closed during major
disasters. This underscores the importance of emergency preparedness, hazard mitigation

planning, and ensuring adequate sheltering capacity.

Informal evacuation routes are depicted on Figure 2-9. It is anticipated that evacuations from
outlying areas would be directed toward the High School and the 2 Fairgrounds Road facility for
those instances where evacuation from the island is not possible; and toward the airport and

Steamship Dock in cases where sufficient time is available for leaving Nantucket. The Town

intends to pursue a memorandum of understanding with tour bus companies to provide transport
during emergencies.

Table 2-7 summarizes floodplain crossings for major roads such as arterials and collectors, and
minor roads that serve a number of residents. For the downtown and Brant Point areas,

numerous street segments are in floodplains, so not all streets are listed. Although the table
shows that numerous crossings are present, most of these are 0.2% annual-chance flood zones. A
small number of collector and arterial roadways do, however, cross 1% annual-chance
floodplains. These include Polpis Road, Wauwinet Road, Milestone Road, Madaket Road, and
Cambridge Road. Additional streets in the downtown and Brant Point areas are fully or partially

within 1% annual-chance flood zones. Floodplains are described in more detail in Sections 3.0 and

4.0, covering inland and coastal flooding, respectively.

Table 2-7: Floodplain Road Crossings

. Water Body or Base Flood

Road Locality Watersh!d Flood Zone Elevation
Wauwinet Rd Wauwinet Tidal creek 100-yr AE 8 feet
Wauwinet Rd Pocomo Near Polpis Harbor 100-yr AE 8 feet
Wauwinet Rd Pocomo Near Polpis Harbor 500-yr X Not mapped
Polpis Rd Near Quidnet | Sesachacha Pond 100 & 500-yr (road on line) 8 feet
Polpis Rd Polpis Near Polpis Harbor 500-yr X Not mapped
Polpis Rd Polpis Near Polpis Harbor 500-yr X Not mapped
Polpis Rd Quaise Near Polpis Harbor 500-yr X Not mapped
Polpis Rd Quaise Fulling Mill Brook 100-yr A5 8 feet
Milestone Rd Milestone Rd Phillips Run 100-yr A Not mapped
New South Rd Airport Coastal pond valley 500-yr X Not mapped
New South Rd Airport Coastal pond valley 500-yr X Not mapped
New South Rd Airport Coastal pond valley 500-yr X Not mapped
Orange St at Union Downtown Nantucket Harbor 500-yr X Not mapped
Street
N. Beach St Brant Point Nantucket Harbor 100-yr A 8 feet
S. Beach St Downtown Nantucket Harbor 100-yr A 8 feet
Easton St Brant Point Nantucket Harbor 100-yr A 8 feet
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. Water Body or Base Flood

Road Locality Watershg d Flood Zone Elevation
Easy St Downtown Nantucket Harbor 100-yr A 8 feet
Washington St Downtown Nantucket Harbor 100-yr A 8-9 feet
Union St (southern Downtown Nantucket Harbor 100-yr A 8 feet
part)
Atlantic Ave Mid-Island Miacomet valley 500-yr X Not mapped
W. Miacomet Rd Miacomet Miacomet Pond 100 & 500-yr (road on line) | 8 feet
Eel Point Rd Maddequet Head of Long Pond 500-yr X, B Not mapped
Eel Point Rd Maddequet Head of Long Pond 500-yr X, B Not mapped
Eel Point Rd Maddequet Creek 500-yr X, B Not mapped
Madaket Rd Madaket Head of Long Pond 100-yr AE 8 feet
Madaket Rd Madaket Madaket Ditch 100-yr AE 8 feet
Madaket Rd Madaket Long Pond 500-yr X Not mapped
Cambridge Rd Madaket Hither Creek 100-yr AE 8 feet
Cambridge Rd Madaket Long Pond 500-yr X Not mapped
Cambridge Rd Madaket Long Pond 100-yr AE 7 feet
Tennessee Ave Madaket Hither Creek 100 & 500-yr zones 8 feet
Ames Street Madaket Hither Creek 100-yr AE 8 feet

2.13 Historic and Cultural Resources

The Town of Nantucket has an abundance of historic sites and resources that are a defining
characteristic of the Island’s culture. The entire Island as a National Historic Landmark, the Town
contains two Local Historic Districts (The Downtown and Siasconset neighborhoods), and many
individual sites are listed on the State and National Historic Registers. Historic resource

inventories are included in Appendix F.

The Town recognizes that historic and cultural resources are increasingly at risk to natural hazards

and climate change. For example, at least 46 of the repetitive loss structures in Nantucket are

listed as historic structures. It is difficult to implement structural hazard mitigation measures,

such as wind-resistant retrofits, floodproofing and elevation, or relocation, on historic resources
without potential loss of their historicity. Therefore, a thorough understanding of the site-specific
options for each set of historic resources is necessary prior to disasters that could damage these
resources, in order to avoid damage during recovery.

States that received significant financial resources from the Hurricane Sandy appropriations have
been fortunate to fund historic resources resiliency planning. One example is Connecticut, which
funded a two-year planning effort to advance resiliency of historic resources. A set of reports
were produced for the Connecticut State Historic Preservation Office through this planning effort
in August 2017. These reports outline eight strategies that can be employed to make historic and
cultural resources more resilient to natural disasters. Those strategies are:

Q Identify Historic Resources
O Revisit Historic District Zoning Regulations
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Strengthen Recovery Planning

Incorporate Historic Preservation into Planning Documents
Revisit Floodplain Regulations and Ordinances

Coordinate Regionally and with the State

Structural Adaptation Measures

Educate

Because of Nantucket’s historic character, the specific vulnerabilities and mitigation constraints of

historic resources are considered when addressing each of the specific hazards included in this

Plan. The Town wishes to focus on a specific area of historic structures during the five-year

lifespan of this hazard mitigation plan and conduct a targeted vulnerability assessment with
technical assistance offered at the end of the study.

Additional resources to reference when pursuing hazard mitigation for historic properties include:

O Federal Emergency Management Agency, 2005, FEMA 386-6: Integrating Historic Property and
cultural resource considerations into hazard mitigation planning. May 2005

O US Department of the Interior National Park Service, The Secretary of the Interior’s Standards for
the Treatment of Historic Properties, with Guidelines for Preserving, Rehabilitation, Restoring &
Reconstructing Historic Buildings.

2.14 Potential Community Strategies and Actions

Through discussion of the current state, and changes since the previous HMP, of Nantucket’s

plans, regulations, critical facilities, and other community features, the following potential hazard

mitigation and emergency management actions were developed:

O Review the NMP, and associated Area Plans, for consistency with this HMP, and revise as
needed

O Add a five-year review of natural hazard mitigation priorities, to coincide with updates of
the HMP, to the NMP implementation schedule

O Review the Nantucket Intermediate School and the Elementary School and determining
their abilities to serve as emergency shelters.

O Develop a comprehensive checklist that cross-references bylaws, regulations, and codes
related to natural hazard damage prevention that may be applicable to proposed
development project.

Q Identify potential locations for development of an alternative shipping terminal capable of
accepting high-capacity ferries and/or freight boats to maintain critical access to the
mainland in case of blockage of the main channel. Outline steps to follow to develop such a
terminal.

O Conduct a targeted hazard vulnerability assessment of historic structures and offer technical
assistance to property owners.
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O Conduct a table-top exercise for a simulated tanker leak adjacent to a Town well head to
improve emergency response capabilities and identify additional needs. Specifically
consider how a natural hazard event may impact response capabilities.

O Complete a study and develop recommendations to improve safety and control runoff on
the roadways adjacent to Town water-supply wellheads.

O Design and construct roadway improvements that reduce the risk of contamination of the
Town's water supply due to new fuel transport.

Additionally, the Town is looking at developing microgrids for the core mid-island critical facilities,
including the Police Station, Fire Station, Hospital, Water and Sewer facilities, High School (and
Emergency Shelter), and possibly a grocery store. An action is being added to this plan:

O Explore development of one or more microgrid systems for core mid-island critical
facilities to determine potential costs and benefits.
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3 NON-COASTAL FLOODING

3.1 Setting

Nantucket is an island and flooding is all too common an event. Flooding hazards can be divided

into two overarching categories: coastal flooding (sea water rising above normal tide action) and

non-coastal flooding (caused by rain and runoff). On Nantucket the two types often occur

together in major storms. Listed in this section are the flooding hazards for non-coastal events;

coastal flooding associated with very high tides and storm surges is discussed in Section 4.0.

According to the 2013 Massachusetts Hazard Mitigation Plan, flooding in the State is often the

direct result of weather events in Massachusetts including coastal storms such as nor'easters,

heavy frontal rainstorms, tropical storms, and hurricanes. As a result of these events, Nantucket

is at risk of the following types of inland flooding:

O Riverine Flooding: Also known as overbank flooding, it occurs when channels receive more

rain or snowmelt from their watershed than normal, or the channel becomes blocked by

debris. Excess water spills out of the channel and into the channel's floodplain area. Spring

snowmelt or frozen ground conditions (which limits rainfall infiltration) can exacerbate

riverine flooding caused by heavy precipitation.

O

Ice Jams occur when ice accumulates in a channel and acts as a dam, restricting flow
and causing flooding

Flash Flooding is rapid rise of water along a water channel or low-lying urban area
that is usually a result of an unusually large amount of rain and/or high velocity of
water flow (particularly in hilly areas) within a very short period of time. Flash
floods can occur with limited warning.

Q Shallow Flooding: Occurs in flat areas where a lack of a water channel results in water

being unable to drain away easily. The three types of shallow flooding include:

O

O

O

Sheet Flow: Water spreads over a large area at uniform depth.

Ponding: Runoff collects in depressions with no drainage ability.

Urban Flooding: Occurs when human-made drainage systems are overloaded by a
larger amount of water than the system was designed to accommodate. Drainage
systems are designed to remove surface water from developed areas as quickly as
possible to prevent localized flooding on streets and other urban areas. They make
use of a closed conveyance system that channels water away from an urban area to
outfall areas or infiltration systems. Nantucket has a unique setting in that much of
the native ground is a sandy soil and usually very permeable, however the sand is a
loose material easily carried by water into the drainage systems that require regular
cleaning to maintain capacity.

This section addresses these categories of non-coastal flooding.
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Figure 3-1 depicts mapped coastal and non-coastal floodplains of Nantucket. Itis clear from the
map that most of the flood zones are associated with coastal areas. As an island community with
only a very few non-tidal watercourses, non-coastal flooding is a relatively minor natural hazard
that threatens Nantucket. Riverine or overbank flooding almost never occurs as a result of heavy
rainfall and runoff. Instead, most riverine flooding actually occurs along tidal estuaries and
ditches. Therefore, some of these areas are discussed in Section 4.0 as coastal flooding.

Nevertheless, non-tidal watercourses and floodplains that may experience minor, infrequent
inland flooding include the following:

Q Phillips Run, the stream connecting the cranberry bogs located north of Milestone Road to
the ponds between Tom Nevers Road and Low Beach (1% annual-chance flood zone without
mapped elevations)

O Area west of Sesachacha Pond (1% annual-chance flood zone without mapped elevations)

O Polpis Road along the southwest edge of at Sesachacha Pond (a 1% annual-chance
floodplain with a velocity zone)

O Floodplain extending from mid-island south (downstream) to Miacomet Pond, the only
freshwater pond on Nantucket (0.2% annual-chance and 1% annual-chance flood zones)

O Other 0.2% annual-chance floodplains draining in southerly directions to coastal ponds

Urban flooding (flooding caused by poor drainage) is a more common type of inland flooding
faced by Nantucket residents, specifically in the following areas:

O Bathing Beach Road in Brant Point

QO The Downtown / Harbor-front area, including Washington Street, Easy Street, Straight
Wharf, Broad Street, and Harbor View Way (1% annual-chance coastal flood zone)

Orange Street

Pleasant Street at Daves Street near the Post Office

Lovers Lane

Old South Road near Airport

O Between Madaket Road & Hummock Pond Road (including 0.2% annual-chance flood zones)

OO0 DO

Of course, urban flooding can occur in almost any developed area, even in communities such as
Nantucket that are characterized by well-drained sandy soils. This is because most of the Town's
drainage systems rely on infiltration and subsurface leaching. These types of systems can be
easily overwhelmed if undersized for any given storm.

Table 1-5 identifies the relationships between various Nantucket localities and the natural hazards
addressed in this plan. Note that the localities identified above are checked in the "inland
flooding" and "flooding from poor drainage" columns. Table 1-5 will be referenced again in
subsequent chapters of this plan.
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Zone A: Areas subject to inundation, hydraulic analysis not performed, no base flood elevations.

Zone AE: Areas subject to inundation determined with detailed methods. Base flood elevations available.
Zone AH: Areas of shallow flooding (ponding) at average depths of 1 to 3 feet.

Zone AO: Areas of shallow flooding (sheet flow along sloping terrain) at average depths of 1 to 3 feet.

Zone VE: Areas along coasts subject to inundation with additional hazards due to storm-induced velocity wave action.

Zone X: Areas with moderate to minimal flood hazard between 100 year and 500 year events.
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3.2 Hazard Assessment

Nantucket lies in the zone of westerly prevailing winds and often experiences cyclonic
disturbances that have crossed the country from the west or southwest. It is also exposed to
coastal storms, some of tropical origin, that move up the Atlantic coast with heavy rainfall. In late
summer and autumn these storms may attain hurricane intensity. Most inland flooding in
Nantucket is caused by storms with heavy rainfall.

Flooding presents several safety hazards to people and property and can cause extensive damage
and potential injury or loss of life. Floodwaters cause massive damage to the lower levels of
buildings, destroying business records, furniture, and other sentimental papers and artifacts. In
addition, floodwaters can prevent emergency and commercial egress by blocking streets,
deteriorating municipal drainage systems, and diverting municipal staff and resources.

Furthermore, damp conditions trigger the growth of mold and mildew in flooded buildings,
contributing to allergies, asthma, and respiratory infections. Snakes and rodents are forced out of
their natural habitat and into closer contact with people, and ponded water following a flood
presents a breeding ground for mosquitoes. Gasoline, pesticides, poorly treated sewage, and
other aqueous pollutants can be carried into areas and buildings by floodwaters and soak into
soil, building components, and furniture.

In order to provide a national standard without regional discrimination, the 1% annual-chance
flood (previously called the “100-year flood”) has been adopted by FEMA as the base flood for
purposes of floodplain management. The FEMA Special Flood Hazard Area (SFHA, described
below) is coincident with the base flood. This flood has a 1% chance of being equaled or
exceeded each year. Similarly, a 0.2% annual-chance flood (previously called the “500-year
flood”) has a 0.2% chance of being equaled or exceeded in a given year. The 0.2% annual-chance
floodplain indicates areas of moderate flood hazard. The risk of having a flood of this magnitude
or greater increases when periods longer than

one year are considered. For example, FEMA Floodplains are lands along watercourses
notes that a structure located within a 1% subject to periodic flooding.

Floodways are the areas within floodplains
that convey the majority of flood discharge;
they are subject to water being conveyed at
relatively high velocity and force.

The floodway fringe is the area of the 1%
annual-chance floodplain that is outside
the floodway and subject to inundation but
does not convey floodwaters at a high

annual chance flood hazard area has a 26%
change of suffering flood damage during the
term of a 30-year mortgage.

Community flood hazards are described by
FEMA in Flood Insurance Studies (FIS) that lay
out flood sources, areas, and elevations where

available. Flood hazard areas are mapped on velocity.

Flood Insurance Rate Map (FIRM) panels and in

digital format on Digital Flood Insurance Rate Given its relative lack of non-tidal inland
Maps (DFIRM). watercourses, floodways are not mapped

on Nantucket.
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3.2.1

The most recent FIRM and FIS for Nantucket was made effective August 5, 2014, replacing the
previous FIRM and FIS of 1996.

The Nantucket EMD notes that five letters of map amendment (LOMA) placing specific properties
mapped as being located within flood zones on the FIRM outside those flood zones, were
submitted to FEMA following adoption of the 2014 FIRM); all five have been approved.

This update reflects some notable changes from the flood-hazard profile described in the previous
HMP.

The most recent Nantucket FIRM & FIS

FEMA i f fl t li .
uses a variety of flood zones to delineate was made effective August 5, 2014

areas of annual chance flood hazard. Table 3-1
describes the various zones depicted on the FIRM

panels for Nantucket.

Table 3-1 : Firm Zone Descriptions
Zone Description
An area inundated by 1% annual-chance flooding, for which no base flood
elevations (BFEs) have been determined.
An area inundated by 1% annual-chance flooding, for which BFEs have been

AE determined.
An area inundated by 1% annual-chance flooding (usually an area of
AH ponding), for which BFEs have been determined; flood depths range from 1
to 3 feet.
An area inundated by 1% annual-chance flooding with velocity hazard
VE . .
(wave action); BFEs have been determined.
An area inundated by 0.2% annual-chance flooding (shaded X zone); an area
X inundated by 1% annual-chance flooding with average depths of less than 1

foot or with drainage areas less than 1 square mile; or an area protected by
levees from 1% annual-chance flooding.
Area Not An area that is located within a community or county that is not mapped on
Included (ANI) any published FIRM.

Urban flooding occurs from heavy rains with a much higher frequency than 1% annual-chance and
0.2% annual-chance events, and often in different areas than those depicted on the FIRM panels.
These frequent flooding events occur in areas with insufficient drainage; where conditions may
cause flashy, localized flooding; and where tidal influences may exacerbate drainage problems.

Climate Change

Flood risk is typically determined through a review of historic events (as will be done in section
3.3). However, research increasingly points to "non-stationarity" in hydrologic patterns. For
example, a 2016 paper (Barrett and Salis, 2016) finds that flow rates during peak annual floods, as
well as floods with recurrence intervals of 5, 10- and 20- years, have been increasing between
1962 and 2012. Average observed rates of increasing magnitude are from 0.9 to 1.8 percent per
year. Therefore, when planning for inland flood hazards, it is essential to consider not just the
past and present, but also potential future conditions.
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3.3

34

Historic Record

As identified earlier, Nantucket often experiences storms that cause both coastal flooding and
inland or non-coastal flooding; therefore, many specific events will be found included in both this
section and the coastal flooding historic record in Section 4. Since the adoption of the previous
edition of this Plan in 2007, the following inland flood events have occurred on Nantucket
(according to the National Centers for Environmental Information (NCEI) Storm Events Database):

O November 17, 2014: Heavy rain caused flooding that closed Union Street at Francis Street
and Orange Street, Washington Street at Coffin Street, and portions of Easy Street.

O December9, 2014: A strong coastal storm brought heavy rain to Nantucket, resulting in
several sections of Orange Street, Bartlett Road, and Sparks Avenue being flooded with up
to one foot of water. The rain was exacerbated by a simultaneous high tide that inhibited
drainage.

O May 7, 2016: A low pressure system to the southeast brought 3-4 inches of rain across
Nantucket within a couple of hours. Flooding was reported in the parking lot of the airport,
with cars stalled due to the depth of the water. Eight inches of water was reported flooding
Sparks Avenue. There was significant flooding in the main airport loop.

Prior to the adoption of the previous edition of the plan, other inland flood events impacted the
Town, although records are limited. On example is as follows (from the NCEI Storm Events
Database):

O June 7, 2006: A late season coastal storm brought heavy rainfall to much of eastern
Massachusetts. As many as 7 inches of rain fell in Bristol County and on Cape Cod. Flooding
affected Nantucket, where Orange Street was closed and an estimated $5,000 in damages
were incurred.

Existing Capabilities

The Town of Nantucket has a number of measures in place to prevent inland and urban flood
damage. These include regulations, codes, and ordinances; and a process for installing and
maintaining storm drainage systems.

According to the 2013 Nantucket CEMP, the municipal responsibilities relative to flood mitigation
and preparedness include:

O Identify areas in the community that are flood prone and define methods to minimize the
risk. Review National Flood Insurance Maps.

O Disseminate emergency public information and instructions concerning flood preparedness
and safety.

O Community leaders should ensure that Nantucket is enrolled in the National Flood Insurance
Program.

Q Strict adherence should be paid to land use and building codes (e.g. Wetlands Protection
Act), and new construction should not be built in flood prone areas.
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O Ensure that flood control works are in good operating condition at all times.

(W]

Natural water storage areas should be preserved.

O Maintain plans for managing all flood emergency response activities including addressing
potentially hazardous dams.

Q Place EOC personnel on standby during stage of flood watch and monitor NWS/New
England River Forecast Center reports.

O Ensure that public warning systems are working properly and broadcast any information
that is needed.

O Review mutual aid agreements.

O Monitor levels of local bodies of water.

O Arrange for all evacuation and sheltering procedures to be ready for activation when
needed.

O Carry out, or assist in carrying out, needed flood-proofing measures such as sand bag
placement, etc.

O Regulate operation of flood control works such as flood gates.

O Notify all Emergency Management related groups that will assist with flood response

activities to be ready in case of flood warning.

Participation in the NFIP

Nantucket has participated in the National Flood Insurance Program (NFIP) since September 13,
1974 (initial Flood Hazard Boundary Map identified), and plans to continue to participate in, and
comply with the requirements of, the program. It has incorporated the NFIP regulations into its
municipal codes and regulations (see next section).

Special Flood Hazard Areas (SFHA) in Nantucket County are delineated on a Flood Insurance Rate
Map (FIRM) and Flood Insurance Study (FIS) published June 9, 2014. Nantucket utilizes the
current effective FIRM to delineate flood prone areas under the NFIP.

As of August 31, 2017, there were 1,010 flood insurance policies within Nantucket, providing a
total of $330 million in protection

Regulations, Codes, and Ordinances

Regulations, codes and ordinances that apply to flood hazard mitigation include Chapter 136 of
the Nantucket Code and the accompanying Wetland Regulations; Chapter 139 of the Nantucket
Code and the provisions of the Flood Hazard Overlay Zone; and the Subdivision Regulations. The
components of these regulations, codes, and ordinances that apply to floodplain development
and flood damage prevention were listed in Section 2.9. The Conservation Commission, Planning
Board, and Building Department are all charged with administering portions of these regulations.

Nantucket enforces the Massachusetts State Building Code (MSBC). The ninth edition of the
MSBC was made effective statewide on October 20, 2017. The MSBC lays out Design Flood
Elevation (DFE) requirements or required elevations for new and substantially improved
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structures relative to flood surface elevations in FEMA-mapped flood zones. MSBC DFE
requirements (R322.1.4) are as follows:

O AO Zone: 3 feet above highest adjacent grade (or FIRM flood depth plus 1 foot)
Q AE Zone: 1 foot above Base Flood Elevation (BFE)
O VE Zone: 2 feet above BFE

The additional elevation above the BFE is known as “freeboard.”

Outreach and Education

Nantucket strives to create an educated and engaged community that considers, plans for and
takes action to most effectively reduce dangers and losses when experiencing a natural disaster.
It is also important to the Town that property owners, the business community, decision makers,
educators and developers understand that their actions can affect other people or the
environment in a disaster.

Nantucket maintains and shares publicly available data and information about resources,
references, and contacts related to:

Planning, zoning and building codes
Insurance industry guidance

Local Hazard mapping

Preparedness guides

Emergency response capabilities

Sheltering information

Public recovery assistance sources

Grants, loans and other applicable programs

[N Iy Iy Ny Ny Ny My

Methods of outreach the Town undertakes includes:

Making brochures available in common public places (town buildings, public transportation)
Engaging the public through local civic or business groups

Engaging neighborhood associations

Disseminating information through local media outlets (radio, television, print)
Disseminating information through internet-based media outlets

Posting information on municipal agency or community organization websites and social
media

O Having a presence at community events, fairs, and festivals

O Mailing information or references to property owners along with tax or utility bills

ocooooC

Infrastructure and Road Protection

The DPW tracks, plans, prepares for, and responds to flooding, inundation, and/or erosion of
roads and infrastructure such as the sewer pumping station and the wastewater treatment plants.
With regard to roads, bridges, and culverts at creeks, the DPW regularly maintains Town-owned
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34.1

roads and facilities and upgrades/improves them as needed. However, DPW does not have
sufficient equipment to barricade all roadways that could potentially flood.

Drainage Systems

With regard to installation and maintenance of drainage systems, the DPW tries to regularly
maintain Town-owned culverts, catch basins, leaching systems, and other drainage facilities. DPW
also maintains a database of drainage and flooding complaints, and addresses problems as they
arise. This helps pinpoint potential locations of hazard effects.

In 2013, the DPW is completed a major, 23-million-dollar Storm Water Improvement Program
with intended water quality and drainage improvement benefits. The program has involved
upgrading the storm drainage system by increasing outfall capacities, combining outfalls,
installing riprap and flap gates, installing structures to catch sediment, and calling for increased
street sweeping and catch basin sump cleaning. Drainage systems upgraded are those at
Children’s Beach, Orange Street, Consue Springs, Easy Street, Marine Fisheries, Broad Street, the
Francis Street Beach, New Whale Street, Commercial Street, and Commercial Wharf. The
existence of this Storm water Improvement Program, and the completed projects, are considered
to be capabilities. The areas served by this project will continue to be listed (in the next section)
as vulnerable areas until improvements are observed.

Natural Resource Protection

A long-term project to restore the Consue Springs Site has recently been rebooted. This project
involves a number of drainage upgrades (including the storm drain upgrade as part of the Storm
water Improvement Program, noted above) and Phragmites removal. The project is expected to
improve drainage and overlap with conservation and open space preservation goals.

Private Efforts

In addition to existing mitigation at the municipal level, private mitigation measures have been
implemented as needed over the last two decades in Nantucket. In the early 2000s, two residents
on Lovers Lane constructed low dikes along their property lines to prevent flooding from poor
drainage on the roadway.

Capabilities Summary

In summary, the Town of Nantucket primarily mitigates inland flood hazards by restricting
building activities in areas with flood risk and improving drainage systems across the Island. The
Conservation Commission, Planning Board, and Building Department administer flood-protection
regulations, the Health Department performs outreach and education activities, and the
Department of Public Works constructs drainage improvement projects.

Nantucket’s capabilities to mitigate for inland flooding have remained strong since the initial HMP
was adopted, largely through implementation of the downtown Storm water Improvement
Program and continued enforcement of floodplain regulations. The publishing and local adoption
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of the updated FEMA FIS and FIRM have also improved flood mitigation capabilities by improving
the local understanding of flood risks and by making NFIP insurance ratings more accurately
reflect those risks.

3.5 Vulnerabilities and Risk Assessment

There are nearly 17,000 structures on Nantucket. Of these, 1,578 are located within FEMA-
mapped flood hazard zones, though only 1,168 are within 1-percent-annual-chance flood zones
(A, AE, and VE zones).

Differentiating between inland and coastal flood areas is challenging in a small island like
Nantucket. For the purposes of this document, inland flood hazard areas are defined as those
extending inland of the flood zones with defined base-flood-elevations based on FEMA coastal
transect analysis. Based on this definition, 32 structures are located within inland 1-percent-
annual-chance flood zones (A zones), and 498 are located within all inland flood hazard areas
(including 0.2-percent-annual-chance flood zones). This information is summarized in Table 3-2,
which, for reference, also includes the number of buildings in all FEMA-mapped flood zones and
in coastal FEMA-mapped flood zones.

Table 3-2: Building Flood Risk Analysis

Parcels Value
" Number of
Title Zone Buildings of

& Parcels
All FEMA flood zones A, AE, VE, X 1,578 3160 $10,357,302,600
All 1%-annual chance flood zones A, AE, VE 1,168 2385 $8,667,337,000
Only coastal 1%-annual chance flood zones AE, VE 1,136 2327 $8,498,480,100

A, X
Only inland flood zones o 498 1433 $4,161,904,400
(noinland AE)
A

Only inland 1%-annual chance 32 59 $182,568,600

(noinland AE)

3.5.1 Vulnerable Areas

This section discusses specific areas at risk to inland flooding and urban flooding within
Nantucket. Critical facilities and evacuation routes are identified as applicable.

Downtown, Brant Point, and Mid-Island

The most populous area of urban flooding vulnerability is the region extending from Brant Point
through downtown to the mid-island area, including adjacent areas to the west. According to
DPW, the storm water system includes a network of approximately 8.5 miles of pipes, 340 catch
basins, infiltrators, grit chambers, and 21 outfall pipes. Many of the outfalls to Nantucket Harbor
are undersized and impacted by backwater from tides, causing upstream flows to surcharge and
deposit sediment in the systems, leading to urban flooding.

In short, minor flooding can occur each month along the harbor during the astronomical high tide
when the base level of the drainage system rises. More significantly, if Nantucket is experiencing
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rainfall at the same time as the high tide, storm water cannot drain, and the area will flood.

Lower Broad Street, Easy Street, Washington Street, and Brant Point reportedly flood at shallow
depths a few times each year. The Town’s ongoing Storm water Improvement Program may
impact some of these issues. Critical facilities in this area include the Steamship Dock, the fuel
tank farm, municipal buildings on Washington Street, the sewer pumping station, and a telephone
switching station.

Also near downtown, flooding occurs at Orange Street where a drainage pipe is overwhelmed
during storms, sometimes requiring the road to be closed. This pipe was enlarged as part of
Phase | of the Storm water Improvement Project, addressing some of the flooding issues. Slightly
west of downtown where Pleasant Street intersects with Daves Street, the low area at the post
office floods during many storms, as the drainage system was designed for a 20-year storm, but
additional development has occurred since that time. Flooding on Orange Street and Pleasant
Street does not directly affect critical facilities, but these are important roadways that would be
used during storms or storm surge events if evacuation was necessary.

At the intersection of Prospect Street, Atlantic Avenue, Sparks Avenue, and Surfside Road, next to
Cottage Hospital, the road often becomes inundated and water sometimes flows onto adjacent
properties. Residents report flooding has worsened at this site.

A broad region between Madaket Road and Hummock Pond Road includes some 0.2% annual-
chance flood zones, but the problem in this area is mainly related to poor drainage. Drainage
from much of the Town was previously directed west and south from this area to the coastal
ponds. As development has occurred where drainage ditches were located, the Town has
attempted to maintain drainage in the same direction. Critical facilities and roads are not
affected. The flooding mainly causes problems for private property owners.

Although urban flooding in the Brant Point/downtown/mid-island area is relatively frequent and
reduces the quality of life for residents in these areas, this type of flooding is not life-threatening
and does not result in significant flood damage to property. This is primarily because the flood
depths are typically nominal. Streets often remain passable to vehicles with more clearance, and
floodwaters drain within hours of their appearance.

‘Sconset

Sconset is not at great risk to urban flooding but is at risk of inland flooding because flooding can
reduce access to and from ‘Sconset via Milestone Road and Polpis Road. The Phillips Run corridor
crosses Milestone Road as a 1% annual-chance flood zone, although occurrences of flooding are
very rare. Risk to residents is minimal due to the rural nature of the area and its near-entire
occupation by designated conservation lands. The risk from flooding of this corridor is the
potential isolation of the eastern part of Milestone Road and the village of ‘Sconset. Likewise, a
vast area west of Sesachacha Pond is a 1% annual-chance flood zone, but occurrences of flooding
are very rare and risk to residents is minimal due to the rural nature of the area and the presence
of designated conservation lands. Where Polpis Road runs along the southwest edge of
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Sesachacha Pond within a 1% annual-chance flood zone, high northeast winds can cause water to
flood the road, cutting off ‘Sconset from this direction. If the pond is not drawn down in the
spring as it normally is, the road floods during more moderate northeast winds. If Milestone Road
and Polpis Road were flooded simultaneously, ‘Sconset residents would be isolated.

Critical facilities in ‘Sconset include the ‘Sconset Fire Station, the Police & Coast Guard Barracks, a
water tank, and the ‘Sconset sewage treatment plant. However, most of these facilities support
‘Sconset residents and are not needed by the remainder of Nantucket, such that their isolation
would not necessarily be a hardship.

Outlying Areas

At the southern end of the floodplain extending from the mid-island area to the south consisting
of 0.2% annual-chance and 1% annual-chance flood zones, Miacomet Pond can rise due to heavy
rainfall and comes very close to flooding the roads that are located on either side (Miacomet East
and Miacomet West). This occurs at least once each year. Urban flooding of residential
properties occurs at least once every five years along the "valley" where the 0.2% annual-chance
floodplain is mapped. Much of this flooding is due to encroachment into and within the
floodplain. Critical facilities are not located in this area, and only the residents of Miacomet
would be affected by the loss of access. Other 0.2% annual-chance floodplains draining in
southerly directions to coastal ponds are rarely believed to flood.

At Lovers Lane, Old South Road, and in many other parts of Nantucket, urban flooding along
roadways will occur during many storms, but is typically only severe in a five-year storm and
upward. The north side of Old South Road is lower than the south side near the Airport, and
water drains down to residential properties during most heavy rainstorms. Critical facilities are
generally not located in these areas, and mainly the residents on the subject streets are affected
by temporary poor access. In cases where storm water may flow onto individual properties,
property owners have utilized solutions such as building low dikes and walls. Two residents of
Lovers Lane have built dikes along their properties to mitigate for the flooding. Overall, although
Nantucket is at risk to this type of urban flooding, the problem areas are disparate and probably
more effectively addressed on a case-by-case basis.

Historic Resources

Historic resources may be particularly at risk from inland flooding, relative to other assets, for the
following reasons:

O Location: Historic properties built before modern zoning regulations may be located in
higher risk areas than what would be allowed under current laws.

O Construction: Historic buildings constructed before modern building codes may not be as
able to withstand flooding as those built more recently.

O Age: Buildings and materials degrade over time, and a historic property may not be able
to stand up to flooding as well as it could when first constructed.
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Additionally, hazard mitigation activities may be more difficult to implement to a historic property
without altering its historic character.

3.5.2 Loss Estimates

The economic losses faced by the community from natural hazards can be estimated by reviewing
historic, and modeling future, loss figures. It is difficult to accurately quantify losses, even after an
event; therefore, a number of different sources are provided in this section. Taken together, they
provide a range of possible loss estimates.

HAZUS-MH Vulnerability Analysis

HAZUS-MH is FEMA's loss estimation methodology software for flood, wind, and earthquake
hazards. The software utilizes year 2010 U.S. Census data and a variety of engineering
information to calculate potential damages (specified in year 2010 United States Dollars or USD)
to a user-defined region.

Hydrology and hydraulics for the streams and rivers are typically generated for HAZUS-MH
through the Flood Information Tool (FIT). The FIT utilizes FEMA cross sections for each
watercourse and Digital Elevation Model (DEM) data to calculate potential flood depths in the
user-specified areas. Due to the very limited extent of inland riverine 1%-annual chance flood
zones in Nantucket, the absence of FEMA cross sections for those zones, and a lack of at-risk
private property within those zones (only 32 properties are located within non-coastal A zones;
see Table 3-2), running HAZUS-MH for inland flooding would not have produced compelling
results; therefore the tool was not run. HAZUS-MH results for coastal flooding can be reviewed in
section 4.5.

Public Assistance Reimbursements

Loss estimates for flooding can also be generated from the value of Public Assistance grants
received by Nantucket and other entities within the Town. According to information from the
FEMA Public Assistance Funded Projects Summary (Open Government Initiative), there has been
one federal disaster declaration in Nantucket since 1999 that resulted from flooding events.

Table 3-3: Public Assistance Reimbursements for Nantucket

Disaster Declaration Incident Incident Number Federal Share Total
Number Date Type Dates of Projects Cost
3315 09/02/2010 Hurricane Earl 9/1/10 to 9/4/10 1 $4,656.82 $6,209.09

Given the ratio of structures located in inland flood zones to those in coastal flood zones (1:36.5,
see Table 3-2), it is estimated that $172.47 of the $6,209.09 of Public-Assistance-supported
projects have been due to inland flooding. Dividing that figure by the number of years over which
PA grant data has been tracked (1999 to 2017) provides an estimate of annualized losses due to
inland flooding.

Annualized Loss Estimate: Inland Flooding (PA-based): $9.58
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NFIP Payments

As of August 31, 2017, there were 1,010 flood insurance policies within Nantucket paying a total
annual premium of $1,73 million, or an average of $1,716 per policy per year. The total number
of paid losses (claims paid) since 1978 is 435 totaling $16.74 million, though an addition 107
claims have been made but not paid. This information is summarized in Table 3-4, below.

Table 3-4: NFIP Policy and Loss Statistics (as of 8/31/2017)

Total Losses Closed Losses Total Payments Policies In Force  Insurance In-Force Premium
(since 1978) (since 1978) (since 1978) In-Force
542 435 $16,741,745 1,010 $330,430,200 1,733,3100

Given the ratio of structures located in inland flood zones to those in coastal flood zones, it is
estimated that $458,678 of the $16,741,745 of paid flood-loss claims have been due to inland
flooding. Diving that figure by the number of years over which loss data has been tracked (January
1, 1978 to August 31, 2017) provides an estimate of annualized losses due to inland flooding.

Annualized Loss Estimate: Inland Flooding (NFIP-based): $11,539

Several severe flood events occurred in Nantucket in winter 2017-2018 as discussed in later
sections. NFIP claim data is still pending for these events, and they are not included in the above
calculations. However, even if available, these claims would have been decidedly related to
coastal flood events.

NCEI Storm Events Database

The National Centers for Environmental Information (NCEI, previously the National Climatic Data
Center or NCDC) maintains a database of historic storm events across the country. Inland flood
events (identified in the database as “Flood” or “Flash Flood” events, and differentiated from
“Coastal Flood” events) have been recorded since 1996.

According to this dataset, there have been six significant inland flood events on Nantucket since
1996, two of which caused measurable damage.

Table 3-5: NCEI Storm Events Database — Inland Flood Events

Date Type Estimated Property Damage
3/5/2001 Flood SO
10/25/2005 Flood $10,000
6/7/2006 Flood $5,000
11/17/2014 Flood SO
12/9/2014 Flood $0
7/5/2016 Flood SO
Total $15,000
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Dividing the total property damage from the NCEI figure by the number of years over which that
data has been tracked (1996 to 2017) provides an estimate of annualized losses due to inland
flooding.

Annualized Loss Estimate: Inland Flooding (NCEIl-based): $714

Loss Estimates Summary

Based on the loss estimates summarized above, an average expected annualized estimated loss
can be calculated. Note that Public Assistance funding is only granted for public projects, while
NFIP claims are only granted for private property; therefore, the two are considered as a single
unit (“PA & NFIP” in the table below).

Table 3-6: Annualized Loss Estimates for Inland Flooding

Source Annualized Estimated Loss
HAZUS-MH N/A
Public Assistance $9.58
NFIP Claims $11,539

PA & NFIP $11,597

NCEI S714

These annualized figures may be low estimates of actual annualized losses, as PA funding, NFIP
reimbursements, and NCEI loss records only account for damages reported through those
programs; Nantucket has likely experienced additional losses that did not result in damage claims
to FEMA or reported losses to NCEI.

3.6 Mitigation Strategies and Action

A number of measures can be taken to reduce the impact of an inland or urban flood event.
These include measures that prevent increases in flood losses by managing new development,
measures that reduce the exposure of existing development to flood risk, and measures to
preserve and restore natural resources. These are listed below under the categories of
prevention, property protection, structural projects, public education and awareness, natural
resource protection, and emergency services.

3.6.1 Prevention

Prevention of damage from flood losses often takes the form of floodplain regulations and
redevelopment policies. In most communities, these are administered by building, zoning,
planning, and/or wetland bylaw and regulation enforcement. The following general guidelines
are preventive tools that municipalities may have available:

Open Space Preservation:

Municipal departments should identify areas for acquisition to remove the potential for flood
damage. Acquisition of heavily damaged structures (particularly RLPs) after a flood may be an
economical and practical means to accomplish this.
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Planning and Zoning:

Zoning and subdivision ordinances should regulate development in flood hazard areas. Flood
hazard areas should reflect a balance of development and natural areas. Policies can also require
the design and location of utilities to areas outside of flood hazard areas and the placement of
utilities underground.

Floodplain Development Regulations:

Development regulations encompass subdivision regulations, building codes, and floodplain
ordinances. Site plan and new subdivision regulations should include the following:

v" Requirements that every lot have a buildable area above the flood level;

v" Construction and location standards for the infrastructure built by the developer,
including roads, sidewalks, utility lines, storm sewers, and drainage ways; and

v" A requirement that developers dedicate open space and flood flow, drainage, and
maintenance easements.

Building codes should ensure that the foundation of structures will withstand flood forces and
that all portions of the building subject to damage are above or otherwise protected from
flooding. Floodplain ordinances should at minimum follow the requirements of the National
Flood Insurance Program for subdivision and building codes. These could be included in the
ordinances for zoning and building codes or could be addressed in a separate ordinance.

Storm water Management Policies:

Development and redevelopment policies to address the prevention of flood losses should
include effective storm water management policies. Developers should be required to build
detention and retention facilities where appropriate. Infiltration can be enhanced to reduce
runoff volume, including the use of swales, infiltration trenches, vegetative filter strips, and
permeable paving blocks. Generally, post-development storm water should not leave a site at a
rate higher than under pre-development conditions.

In many communities, standard engineering practice is to avoid the use of detention measures if
the project site is located in the lower one-third of a watershed. The effects of detention are least
effective and even detrimental if used at such locations because of the delaying effect of the peak
discharge from the site that typically results when detention measures are used. By detaining
storm water in close proximity to the stream in the lower reaches of the overall watershed, the
peak discharge from the site will occur later in the storm event, which will more closely coincide
with the peak discharge of the stream, thus adding more flow during the peak discharge during
any given storm event. However, in Nantucket, the distinction is not considered to be important
because of the lack of inland watercourses.
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3.6.2

Drainage System Maintenance:

An effective drainage system should be continually maintained to ensure efficiency and
functionality. Maintenance should include programs to clean out blockages caused by
overgrowth and debris. Culverts should be monitored and repaired and improved when
necessary.

Education and Awareness:

Other prevention techniques include the promotion of awareness of natural hazards among
citizens, property owners, developers, and local officials. Technical assistance for local officials,
including workshops, can be helpful in preparation for dealing with the massive upheaval that can
accompany a severe flooding event. Research efforts to improve knowledge, develop standards,
and identify and map hazard areas will better prepare a community to identify relevant hazard
mitigation efforts.

Wetlands:

Inland Wetlands and Watercourses Commissions (or their tribal equivalent) typically administer
Wetland Regulations. The regulations simultaneously restrict development in floodplains,
wetlands, and other flood prone areas. Many mitigation projects take place in wetland areas or
the upland review zone and therefore are under the jurisdiction of the Wetland Commission.
Thus, close coordination with this agency is required.

Coordination:

The Nantucket Conservation Commission administers the
wetland regulations and the Nantucket Planning Board It is important to promote
coordination among the various
departments that are responsible for
different aspects of flood mitigation.
development meets the flood damage prevention codes. Coordination and cooperation among
The Health Department provides the education and departments should be reviewed
every few years as specific
responsibilities and staff change.

administers the subdivision regulations. The Nantucket
Building Department is charged with ensuring that

outreach that is often needed to reach owners of

properties that are not subject to regulatory programs
administered by the zoning, wetland, and subdivision regulations.

Regulations related to flood damage prevention often lie within several different regulations and
ordinances, and are the responsibility of several different departments. Development of a
checklist that cross-references the bylaws, regulations, and codes related to flood damage
prevention that may be applicable to a proposed project can help streamline the permitting
process and ensure maximum education of a developer or applicant.

Property Protection

Steps should be taken to protect existing public and private properties. Measures for public
property protection include acquisition and relocation of properties at risk for flooding; purchase
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of flood insurance; and relocating valuable belongings above flood levels to reduce the amount of

damage caused during a flood event.

All of the following property protection mitigation measures may be useful for Nantucket

residents to prevent damage from inland and urban flooding. Note that many of the buildings on
Nantucket are historic, posing additional complications with regards to elevating or performing
other flood mitigation activities. See Section 2.13.

Standard Flood Protection Technigques

Techniques applicable to property protection include elevating buildings, constructing barriers,

dry floodproofing, and wet floodproofing.

a

Home elevation involves the removal of the building structure from the basement and
elevating it on fill, foundation, or piers to a height such that the first floor is located above
the 1% annual-chance flood level. The basement area is abandoned and filled. All utilities
and appliances located within the basement must be relocated to the first-floor level.
Building elevation in VE zones have additional requirements intended to mitigate the effects
of waves on the elevated building (see section 4.6). Elevation is the only structural property
protection technique permitted for residential buildings.

Dry floodproofing refers to the act of making areas below the flood level water-tight. Walls
may be coated with compound or plastic sheathing. Openings such as windows and vents
should be either permanently closed or covered with removable shields. Flood protection
should only be two to three feet above the top of the foundation because building walls and
floors cannot withstand the pressure of deeper water. Dry floodproofing is only permitted
for non-residential structures.

Wet floodproofing should only be used as a last resort. Wet floodproofing refers to

intentionally letting floodwater into a building to minimize pressures. Furniture and
electrical appliances should be moved away from advancing floodwaters. Dry floodproofing
is only permitted for non-residential structures.

Barriers include levees, floodwalls, and berms, and are useful in areas subject to shallow
flooding.

General Improvements

FEMA offers a variety of suggestions regarding general improvements that can mitigate flooding:

Q

0000

Relocate or elevate water heaters, heating systems, washers, and dryers to a higher floor or
to at least 12 inches above the high-water mark (if the ceiling permits).

Anchor the fuel tank to the wall or floor with noncorrosive metal strapping and lag bolts.
Install a septic backflow valve to prevent sewer backup into the home.

Install a floating floor drain plug at the lowest point of the lowest finished floor.

Elevate the electrical box or relocate it to a higher floor and elevate electric outlets to at
least 12 inches above the high-water mark.
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Insurance

Although flood insurance does not prevent damage from occurring or remove structures from
harm's way, it does provide an excellent means of recovering from losses. Changes to the NFIP
insurance products in the 1990s added mitigation insurance coverage ("increased cost of
compliance") at a very low cost. This coverage can provide people a portion of the additional
financial resources needed to rebuild their repetitively flooded or substantially damaged homes
and businesses to comply with local floodplain management regulations and building standards,
therefore reducing the cost and amount of future flood damages.

3.6.3 Emergency Services

A natural hazard mitigation plan addresses actions that can be taken before a disaster event. In
this context, emergency services that would be appropriate mitigation measures for inland
flooding include:

Q forecasting systems to provide information on the time of occurrence and magnitude of
flooding;

O asystem to issue flood warnings to the community and responsible officials; and

O emergency protective measures, such as evacuation and emergency flood-water control.

Based on the above guidelines, a number of specific proposals for improved emergency services
are recommended to prevent damage from inland and urban flooding. These are common to all
hazards in this plan and are listed in Section 11.1.

3.6.4 Public Education and Awareness

The objective of public education is to provide an understanding of the nature of flood risk, and
the means by which that risk can be mitigated on an individual basis. Public information materials
should encourage individuals to be aware of flood mitigation techniques, including discouraging
the public from modifying channels and/or detention basins in their yards, and dumping in or
otherwise altering watercourses and storage basins. Individuals should be made aware of
drainage system maintenance programs and other methods of mitigation. The public should also
be told what to expect when a hazard event occurs, and the procedures and time frames
necessary for evacuation.

3.6.5 Natural Resource Protection

Floodplains can provide a number of natural resources and benefits, including storage of flood
waters, open space and recreation, water quality protection, erosion control, and preservation of
natural habitats. Retaining the natural resources and functions of floodplains can not only reduce
the frequency and consequences of flooding, but also minimize storm water management and
nonpoint pollution problems. Through natural resource planning, these objectives can be
achieved at substantially reduced overall costs.

Measures for preserving floodplain functions and resources typically include:
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O adoption of floodplain regulations to control or prohibit development that will alter natural
resources

O development and redevelopment policies focused on resource protection

Q information and education for both community and individual decision-makers

Q review of community programs to identify opportunities for floodplain preservation

Measures for restoring diminished or destroyed natural resources and functions provide for re-
establishment of an environment in which these functions can again operate. Such measures
include development of land reuse policies focused on resource restoration and review of
community programs to identify opportunities for floodplain restoration.

3.6.6 Structural Projects

3.7

3.7.1

Structural projects include the construction of new structures or modification of existing
structures to lessen the impact of a flood event. Storm water controls such as drainage systems,
detention controls such as dams and reservoirs, and conveyance structures such as culverts and
bridges can be employed to lessen the impact of floodwater runoff. On-site detention can
provide temporary storage of storm water runoff. Levees, floodwalls, and dikes physically control
the hazard to protect certain areas from floodwaters. Channel alterations can be made to confine
more water to the channel and accelerate flood flows. Care should be taken when using this
technique to ensure that problems are not exacerbated in other areas of the watershed.
Individuals can protect private property by constructing walls and levees around structures.

Recommended Actions

Based on the general mitigation strategies and actions discussed in the previous section,
recommendations specific to Nantucket have been developed and are presented in this section.
The status of actions recommended in the previous edition of the HMP is noted first, followed by
a list of actions to be pursued in the current planning period.

Status of Previous Actions

Each mitigation action addressing inland and urban flooding that was proposed in the previous
edition of this HMP is listed in the table below, along with its status and additional notes.

ACTION STATUS NOTES
Increase cooperation between the Nantucket
Conservation Commission, Planning Board, The reorganization of Town departments as
Building Department, and Health Department = Complete described in Section 0 has resulted in strong
with regard to controlling growth and communication between these departments.

development in inland flood zones.
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ACTION STATUS

Streamline the permitting process and ensure
maximum education of a developer or

NOTES
Due to the improved communication described
above, and no reports of permitting issues, this
action was previously not deemed necessary;

applicant. Develop a checklist that cross- Carry . .
. however, due to increasing development
references the bylaws, regulations, and codes Forward . . .
. pressure, the Town wishes to carry this action
related to flood damage prevention that may . . .
be aoplicable to the proposed proiect forward. This action is revised to refer to all
i prop project. hazards and is carried forward in section 2.
Following issuance of the current (2014) FEMA
FIRM, the Town spent considerable time working
Urge or petition FEMA to more critically with property owners to review questions related
evaluate LOMA applications that are received to potential LOMAs. Five LOMA applications were
such that redevelopments do not potentially Complete submitted and all five were granted. The Town
cause increased flooding or wave velocities to does not believe that many LOMAs are pending at
other properties. the time of this Plan development, and feels its
current capabilities are appropriate to handle
future LOMA requests.
Continue to draw down Sesachacha Pond
twice each year to prevent high water levels - This is part of the DPW'’s standard operating
. . Capability
as long as it protects Polpis Road from procedures.
flooding.
Increase the elevation of Polpis Road at . .
¢ Vet pis . Carry This has not yet been accomplished due to budget
Sesachacha Pond to the base flood (8') plus .
Forward  constraints
one-foot freeboard.
Some Madaket Area Plan conservation objectives
. . L have been completed; however, this action is
Selectively pursue conservation objectives .
. . Drop considered to be too general for the purposes of
listed in the Madaket Area Plan. . . . .
this Plan. It will be replaced with specific
objectives as deemed appropriate.
Purchase the devel t rights to the 270-
ure as? e deve opmen rightstothe Complete Completed by the Nantucket Land Bank
acre Loring Property in Madaket.
Some ‘Sconset Area Plan conservation objectives
. . . have been completed; however, this action is
Selectively pursue conservation objectives .
. . . Drop considered to be too general for the purposes of
listed in the ‘Sconset Area Plan. . . . .
this Plan. It will be replaced with specific
objectives as deemed appropriate.
Planning & Land Use Services is in the process of
developing an Open Space Plan, which will
Carr determine whether adoption of open space
Forwayrd zoning is necessary (given the Island’s strong
Adopt open space zoning. with private land conservation organizations, existing
.. municipal open space, and the value placed on
Revisions .
open space by residents and developers.) Carry
forward a revised action to complete the Open
Space Plan.
Town of Nantucket /,\\ MILONE &
Hazard Mitigation Plan ' ~
February 2019 3-75 g MACBROOM



ACTION STATUS NOTES

Conduct master drainage studies for problem

areas, such as the broad area between Town has been focused on implementing
Madaket Road and Hummock Pond Road, to Carry downtown Storm water Improvement Program.
ensure that individual repairs and upgrades Forward  Carry forward as “Conduct Master Drainage Study
fit seamlessly with upstream and for the Downtown area and its watershed.”

downstream drainage systems.

Improve the storm drainage system on
Pleasant Street to reduce flooding.

Complete the Orange Street drainage system
upgrade to reduce flooding and allow better Complete
drainage of upstream areas.

Ensure that the Milestone Road crossing of
Phillips Run can convey the 1% annual-chance
flood and make repairs if necessary to convey
the 1% annual-chance flood.

This has been completed as part of the downtown

Complete
Storm water Improvement Program.

This has been completed as part of the downtown
Storm water Improvement Program.

Conveyance of flood flows has not been a
Drop problem at this site; action is deemed
unnecessary.

3.7.2 New Actions and Actions to Carry Forward

New actions were developed over the course of this Plan update; along with the actions being

carried forward from the previous HMP, recommended inland flood mitigation actions to

implement are listed below.

Carried Forward Actions:

a

Q

Increase the elevation of Polpis Road at Sesachacha Pond and harden the embankment for
wave action. Final elevation to be examined and analyzed considering sea-level rise.
Complete development of an Open Space Plan

Conduct Master Drainage Study for the Downtown area and its watershed. Identify needs
for storm water drainage improvement, including backflow devices at outfalls at the harbor.
Develop an operations & maintenance policy for retention/detention and water quality
treatment (Stormceptors) systems for Town and privately-owned facilities

New Actions

a

a

In the Downtown area (including Brant Point to Orange St.), complete CCTV inspection and
Storm Water Management Program. Prioritize improvements to reduce flooding.

Complete Consue Springs project (including Orange St. and Pleasant St. systems) to improve
drainage and outfall discharge in that area. The outfall serves a drainage area of 36 acres
with several retention/detention systems. The project scope has been revised to address
the restoration of the pond and creek to improve water quality.

Conduct master drainage studies for problematic inland areas, such as that between
Madaket Road and Hummock Pond Road, to ensure that individual repairs and upgrades fit
seamlessly with upstream and downstream drainage systems.
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O Adopt a set of design guidelines to encourage flood proofing and elevation of structures
while maintaining their historic characters. The NFIP Floodplain Management Bulletin FEMA
P-467-2, “Historic Structures,” may be referenced.

O Develop a comprehensive storm water management plan that addresses needs and
priorities to reduce flooding and improve drainage. Include a funding model and possible
revenue sources to sustain ongoing maintenance and capital improvements. The Plan
should review policy and regulations that govern the discharge of water into the Town's
ROW and those that have direct connection to the Town's storm drainage system. The
rising sea level and water table is leading to more sump pumps discharging into the drains
or on the roadway.

O Document that the Milestone Road crossing of Phillips Run can convey the appropriate flood
event. Identify the flood event that will overtop the road.

Q Perform a network-level inventory and condition assessment of storm water infrastructure
to drive development of a dedicated cleaning and maintenance program for the drainage
systems. Current approach lacks the equipment and staffing in DPW. Use the same
information to identify and plan for capital and improvement projects. Integrate the
information with the Town's GIS and Work Order systems.

Q Install water tight sewer manholes in areas that experience regular street flooding.

Important recommendations that apply to all hazards are listed in Sections 2-14 and 11-1.
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4 COASTAL FLOODING

4.1

4.2

4.3

Setting

One of the greatest threats from a coastal storm is coastal flooding due to storm surge. This is the
inundation of land along the coast and estuarine shoreline by sea water and wind-driven waves
above normal tidal action. Coastal flooding is a well-documented natural hazard that threatens
the Town of Nantucket far more frequently, and in many more locations, than inland flooding. A
review of the flood zone map (Figure 3-1) reveals that the perimeter of Nantucket consists of AE-
zones (1-percent annual chance flood zones with base-flood-elevations identified) and VE-zones
(1% annual-chance flood zones with wave velocity hazards and base-flood-elevations identified).
The FEMA mapping implies complete inundation for areas such as Brant Point, Smith Point,
Muskeget Island, and Coatue/Great Point, during 1% annual-chance coastal flood events; and
partial inundation of the population centers in Madaket Village and downtown Nantucket. Many
of Nantucket's localities are checked in the "coastal flooding" column of Table 1-5.

In addition to the areas described above, flooding at tidal creeks and ponds can occur in the 1%
annual-chance coastal flood zones that extend inland from the shoreline, not necessarily affecting
structures but potentially cutting off access via roadways. The most notable examples include
Polpis Road at Fulling Mill Brook, Wauwinet Road at Polpis Harbor, Madaket Road at the Head of
Long Pond, and Madaket Road at Madaket Ditch.

Hazard Assessment

Refer to Figure 3-1 for the areas of Nantucket at risk of coastal flooding based on FEMA flood
zones. These flood zones are based on the 1% annual-chance and 0.2% annual-chance flood
events. coastal flooding is typically due to hurricanes, nor'easters, or other events that are
discussed in subsequent sections of this plan.

Smaller magnitude flood events occur on a more frequent basis. For example, coastal areas and
low-lying areas proximal to waters under tidal influence may be susceptible to frequent flooding.

Coastal flooding can occur as a result of astronomical high tides acting alone or concurrent with
storms; as a result of nor'easters, hurricanes and tropical storms; or simply as a result of
persistent strong winds. These causes will be discussed in Sections 5.0 and 8.0. In additional, it is
believed that coastal flooding will increase in frequency as sea level rises, as discussed in Section
6.0.

Historic Record

Most non-nuisance, widespread flooding in Nantucket is caused by coastal storms such as
nor'easters and tropical storms and hurricanes, which are frequently accompanied by low
pressures and strong winds that cause tidal flooding. Detailed discussions of hurricanes and
nor'easters are provided in Sections 5.0 and 8.0, respectively. A general record of significant
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coastal flooding in southeastern Massachusetts is presented below. This information was taken
from USGS Water-Supply Paper 2375, Massachusetts Flood and Droughts (1989) and the NCEI
storm event database. Other references are cited in Sections 5.3 and 8.3.

a

a

September 1938 — The Great New England Hurricane of 1938 caused strong hurricane storm
surge flooding of 18 to 25 feet in southeastern Massachusetts including the Cape Cod area.
September 1944 — The Great Atlantic Hurricane of 1944 caused strong hurricane storm
surge flooding in Cape Cod, Nantucket, and Martha's Vineyard.

August 1954 — Hurricane Carol caused strong hurricane storm surge flooding of 10 to 15 feet
in the Cape Cod area.

September 1954 — Hurricane Edna caused hurricane storm surge flooding of six feet in
southeastern Massachusetts, including the Cape Cod area.

February 1978 — Record tidal flooding occurred in the Cape Cod area.

August 1991 — Hurricane Bob caused strong hurricane storm surge flooding of 12 to 15 feet
in Southeastern Massachusetts and the Cape Cod area.

December 1992 — The "No-Name Storm" of 1992 is the most recent record of severe and
widespread coastal flooding on Nantucket. This nor'easter caused significant coastal
flooding along Nantucket Harbor in the downtown (with inundation up to Sea Street) and
Brant Point areas, and caused significant erosion along many ocean-facing beaches such as
Codfish Park in ‘Sconset. During this storm, the Fire Department had trouble reaching some
homes in Madaket to rescue residents.

December 1995 — A strong nor'easter caused coastal flooding in Nantucket and other
southeastern Massachusetts communities.

April 1997 — A strong storm with 50 to 90 mph winds on Nantucket caused flooding and
erosion in Codfish Park.

February 1998 — A strong nor'easter caused coastal flooding in Nantucket and other
southeastern Massachusetts communities. In addition, 12 to 20 feet of erosion occurred in
eastern Nantucket.

October 2005 — A strong fall nor'easter entrained with remnants of tropical storm Wilma
caused coastal flooding in Nantucket and other southeastern Massachusetts communities.
February 2006 — A strong nor'easter caused coastal flooding in Nantucket and other
southeastern Massachusetts communities.

April 16-17, 2007 — A very strong nor'easter caused coastal flooding and severe erosion in
Nantucket and other southeastern Massachusetts communities. A home on Sheep Pond
Road fell into the ocean after waves eroded the bluff underneath.

November 3, 2007 — The remnants of Tropical Storm Noel brought high winds and coastal
flooding to the Massachusetts coast. Several boats were beached on Nantucket, and five
roads in Brant Point were closed.

October 18, 2009 — A strong low pressure system passing to the southeast of Nantucket
brought rain, snow, and wind. Washington and Lafayette Streets were flooded with 6 inches
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of water, the parking lots at Jetty Beach and Children’s Beach were flooded, and several
Brant Point streets were flooded.

O September 3, 2010 — Tropical Storm Earl passed 98 miles southeast of Nantucket, bringing
tropical storm force winds and high surf to Nantucket. Madaket Beach was submerged, and
seawater overtopped the beach and entered Long Pond.

O October 29, 2012 - Hurricane Sandy brought high winds and coastal flooding to southern
New England. In general, moderate flooding occurred along the Massachusetts coastline,
with storm surges from 2.5 to 4.5 feet peaking between high tide cycles. On Nantucket,
Broadway and streets east of Broadway were impassable due to flooding. Stairs, ramps,
piers, docks, and a bulkhead were damaged at the harbor marina. Straight Wharf was
flooded.

Q February 9, 2013 - The Blizzard of 2013 brought very strong winds and snow to the
Massachusetts coast, and a storm surge of 3 to 4 feet on top of an astronomically high tide.
Easy Street and Washington Street were flooded up to three feet deep. Water up to two
feet deep flooded Beach Street. Wauwinet Road near Eat Fire Springs Road flooded. Water
was as far up as the Nantucket Hotel on Easton Street in the Brant Point area. Main Street
was flooded up to the Club Car Restaurant. Significant beach erosion occurred, damaging
sand fencing.

Q March 7, 2013 - Hulbert Avenue, Washington, Broad, Easton, and Easy Streets, were
flooded and impassable. Sheep Pond Road was flooded.

Q January 3, 2014 — A significant, rapidly developing coastal storm flooded several roads along
Nantucket Harbor, including Easy, Broad, and Washington Street. Those roads were
impassable.

O March 26, 2014 - Coastal flooding occurred at Straight Wharf, on Easy Street, and in Brant
Point.

O November 2, 2014 - Easy Street was closed to due minor coastal flooding.

Q January 27, 2015 — The January 2015 Blizzard produced very strong winds and significant
coastal flooding. A federal disaster declaration was issued. Moderate to major coastal
flooding occurred on Nantucket, particularly on north and northeastern facing beaches.
Francis Street at Union Street, Washington Street from Commercial Street and Easy Street,
Broad Street from Easy Street to South Water Street, and South Beach Street were closed
due to flooding. Parts of Brant Point were also flooded with ocean water. Three and a half
feet of ocean water flooded the downtown section of Nantucket. The town pier, weakened
by storms during the previous two years, was severely damaged.

O February 15, 2015 — Another heavy snow storm brought minor coastal flooding to the
Children's Beach boat ramp. The barrier beach at Folger's Marsh was breached. Francis
Street was closed at Union Street and Washington Street was closed from Commercial
Street to Francis Street.

Q January 24, 2016 — Boat ramps in Madaket were flooded. Easy Street was flooded with 4 to
12 inches of water.
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O February 8, 2016 — Front yards on Washington Street were flooded. Easy Street, lower
Broad Street, and Commercial Street were flooded. Several roads in the Brant Point section
were closed due to flooding. The traffic circle at Easton Street and Hulbert Avenue was
flooded and impassable.

Q January 3-5, 2018 — A powerful nor’easter called Winter Storm Grayson brought rain, wind,
and coastal flooding to Nantucket. Many low-lying areas of Downtown were flooded.
Easton Street was flooded by four feet of water, and a car was seen floating down the
street. A couple of homes on Washington Street were shifted on their foundations by
floodwaters. More than 20 people had to be rescued, and at least two families were
displaced. The Town opened the emergency shelter.

O January 30, 2018 — A coastal storm passed offshore of Nantucket and brought a storm surge
and several inches of snow to eastern Massachusetts. Easy Street, Easton Street, and
Washington were all reported flooded.

Q March 2-4 2018 — A powerful nor’easter called Winter Storm Riley brought a storm surge
that lasted multiple tide cycles. Multiple buildings sustained flood damage, and high winds
created waves that caused erosion and directly impacted some buildings. Many roads were
impassible due to flooding. Brant Point was cut off from both Easton Street and
Cobblestone Hill, making it completely inaccessible. Sesachacha Pond was breached by the
Atlantic Ocean, causing inundation to extend inland and overtop Polpis Road.

Even during lesser storm events, coastal flooding has the potential to occur. Consider the
following locations that have been identified by Nantucket town officials:

Q Polpis Road at Fulling Mill Brook — The road has come within six inches of flooding as water
levels in the tidal brook increase landward as a result of high winds;

O Wauwinet Road at Polpis Harbor — The road has flooded in the past when water levels in the
harbor increase as a result of high winds;

O Madaket Road at the Head of Long Pond and Madaket Road at Madaket Ditch — Although
these road crossings did not flood during the No Name storm in 1992, they have come close
to flooding. In March 2018, Winter Storm Riley and sustained wind from the north led to
wave-driven flooding that reached this site and caused scouring on the north side of the
roadway. DPW placed large concrete blocks to dissipate wave energy and mitigate erosion
of the roadway and culvert.
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Early 2018 Storm Events

2018 had a stormy start, with two major nor’easters in the first three months of the year. These storms highlight
some of the risks that Nantucket faces from natural disasters, and its capacity to mitigate and recover from those
hazards.

Winter Storm Grayson

January 3", 2018, Winter Storm Grayson rapidly intensified (bombogenesis) off
the East Coast, earning it the nickname of “Bomb Cyclone.”

The main impacts in New England were felt on January 4™, with high winds,
wintry precipitation, and storm surge. On Nantucket, some homes were
evacuated and the High School emergency shelter was opened.

Water in Nantucket harbor surged 3.48 feet; maximum flooding reached 5.27
feet NAVD88.

GOES-16 ABI GeoColor image
Winds were sustained at 45 mph, with a peak gust of 76 mph. Many burglar- Grayson. - NOAA

alarms were set off by the wind, but few tree limbs or power lines were
downed. No outages were reported through Thursday.

Wave heights of 6.6 feet were
reported, but mitigated within
Nantucket harbor by a layer of ice
that had formed during the preceding
deep freeze weather.

All ferry services were suspended

Thursday and Friday. Ferry service
had already been interrupted due to Nantucket Harbor tide data, NOAA Gauge: Winter Storm Grayson

icing in Hyannis Harbor. Cape Air
flights were suspended on Thursday.

Streets downtown were closed to traffic starting before noon on Thursday.

Unusually cold temperatures led to concern about icing. High stormwater volumes and cold weather combined to
cause the failure of a sewer main, and the discharge of sewage directly into the harbor.

Ice dampens wave effects. High Tide on Easy Street.
Photo: Nicole Harnishfeger/I&M Photo Photo: Nicole Harnishfeger/I&M Photo
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Early 2018 Storm Events

Winter Storm Riley

On March 2, 2018, Winter Storm Riley formed rapidly (bombogenesis) off the

East Coast, bringing a surge that lasted multiple tide cycles.

Nantucket saw flooding beginning on Friday March 2. The emergency shelter

was not opened.

Nantucket Harbor experienced 4.18 feet of storm surge; the maximum flood
elevation was 4.69 feet NAVD88. Multiple buildings sustained flood damage.

The top wind gust was 89 mph, downing trees and branches. Multiple

GOES-16 image of Riley. - NASA

neighborhoods lost power overnight. Multiple burglar alarms were set off by wind. One building experienced

significant wind damage. Many residential fences were blown over.

Waves damaged First Bridge on Madaket
Road, and were observed hitting buildings
on Washington Street. Large waves were
also present in Sconset, but limited erosion
was reported. The Sconset Beach
Preservation Fund geotube project
appeared to remain mostly intact.

Ferry Services were suspended after 6:30 Nantucket Harbor tide data, NOAA Gauge: Winter Storm Riley

am on Friday through Sunday morning.

Waves crash into Buildings Breached Sesachacha Pond
Photo: Susan Turer

Many roads were impassible due to flooding, undercutting, or
downed trees and power lines. First bridge on Madaket Road was
damaged but remained open. Brant Point was cut off from both
Easton Street and Cobblestone Hill, making it completely
inaccessible.

Sesachacha Pond was breached by the Atlantic Ocean, causing
inundation to extend inland and overtop Polpis Road, which was
subsequently washed out.

Wind damage

High Tide on Easy Street
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Lessons Learned from Recent Storm Events

Disasters cause extensive damage and hardship, however useful lessons can also be learned from

each event. Given the multiple, large-scale coastal storm events that impacted the Island over 2017
and 2018, the Community asked itself what lessons were learned and how they can be turned into
action. The following actions resulted from this reflection:

O Establish a policy to conduct a Post-Event-Review and complete an After-Action-Report within
one month of every major disaster event.

O Develop Standard Operating Procedures for Roadway Barrier Deployment that address barrier
locations, types, anchoring, and alternative route options).

O Ensure sufficient communication radios and vehicle chargers are available for municipal and

emergency response vehicles.

Maintain a sufficient stockpile of essential materials.

Establish a protocol for operation of the Children’s Beach Boat Ramp Flood Gate.

Train municipal staff on the Incident Command System.

000D

Improve organization of electronic project-plan storage, as well as practices to find and obtain
those plans, to decrease the time needed to find such plans in an emergency (it took several days
to locate plans showing valve locations on a sewer force-main following a rupture caused by
extreme weather conditions).

Map all buried infrastructure in the Town’s geographical information system.

Continue public communication practices, which were effective in the 2018 storms.

Continue tracking post event activities in VEOCI, which was effective following the 2018 storms.
Improve practices related to tracking labor, equipment, and materials for storm-related
activities.

000D

Many of these actions have been incorporated into this HMP.

4.4  Existing Capabilities

The Town of Nantucket has in place a number of measures to prevent coastal flood damage.
These include regulations, codes, and ordinances; a process for maintaining roads, bridges, and
culverts at tidal creeks; a variety of structural flood control features in coastal areas of Nantucket;
elevation of structures; and the use of warning systems. These were described in Section 3.4.
Additional information is provided in this section as related to coastal flood hazards.

Regulations, Codes, and Ordinances

Regulations, codes and ordinances that apply to flood hazard mitigation are described in section

3.4.
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Outreach and Education

Outreach and education efforts around coastal flooding hazards are generally the same as those
implemented around inland flooding, discussed in Section 3.4. Additional, coastal-flood-specific
outreach efforts include working with boat owners and marinas to ensure watercraft are removed
from the water or otherwise appropriately secured prior to predicted coastal flood events.

Infrastructure and Road Protection

The role of the DPW in tracking, planning and preparing for, and responding to flooding is
discussed in section 3.4.

Infrastructure constructed, at least in part, to reduce coastal flood damage include the jetties at
the mouth of Nantucket Harbor and seawalls that exceed coastal base flood elevations.
Bulkheads are common in the harbor area and a variety of other projects have been conducted in
oceanside areas to combat erosion, but these are meant for shoreline stabilization and erosion
control rather than coastal flood control.

The Children’s Beach Pump Station system was designed to improve water quality being
discharged to the harbor and to improve drainage from South Beach Street and Brant Point. The
project was considered complete and the system operational in October 2009, and therefore the
pump station was in place to support drainage efforts many of the major storm events identified
in Section 4.3. Recently, several operational issues have been reported with the pump station,
including those observed during inspections during high-water events as well as several pump
failures. These issues have led the DPW to hire an engineering team to evaluate the performance
of the system, identify improvements needed, and develop an Operations and Maintenance Plan
for this system.

Building Protection

In recent years, many buildings in coastal flood zones have been elevated above the base flood
level. This has been particularly true in the Brant Point neighborhood.

In the downtown area, high building density, the predominance of historic structures, and other
complicating factors, have been barriers to building elevation.

Open Space

Open space in coastal areas does not have the same type of flood-mitigation capacity as those in
inland areas because of the difference in the nature of inland versus coastal flooding.
Nevertheless, open space creation, preservation, and enhancement do provide a degree of
coastal-flood mitigation in the following ways:

O Removal of assets from and prevention of development in flood-risk zones along the coast
O Promote establishment of coastal ecosystems (such as tidal wetlands) that diminish wave
action and flood elevations.
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4.4.1

4.5

The Town of Nantucket owns a significant amount of open space on the Island, but tends not to
pursue additional acquisition. Local organizations active in land acquisition and preservation are
the Nantucket Conservation Foundation (NCF), the Nantucket Land Council, Inc. (NLC), and the
Nantucket Land Bank (NLB). Current open space development projects include

O Washington Street Waterfront: NLB is working to acquire and clear all waterfront parcels on
Washington Street (about five parcels have been purchased)

O Easy Street: NLB continues to work to acquire and clear waterfront parcels on Easy Street
(29 Easy Street is currently owned by the NLB)

Storm Surge & Ciritical Infrastructure Report

A project was completed by Worcester Polytechnic Institute (WPI) bachelor students in 2015 that
resulted in a report titled “Storm Surge & Critical Infrastructure on Nantucket.” The report
identifies and analyzes risks posed by storm surge for a suite of critical infrastructure. A set of GIS
layers depicting the pathways by which storm surge is able to access inland areas was also
prepared. The report and GIS layers represent an important increase in the Town’s knowledge of
its risk from hurricanes.

Capabilities Summary

In summary, the Town of Nantucket primarily mitigates coastal flood hazards by restricting
building activities in areas with flood risk, acquiring and preserving open space in flood-risk areas,
and constructing and maintaining structural coastal flood protections. The Conservation
Commission, Planning Board, and Building Department administer flood-protection regulations,
the Health Department performs outreach and education activities, and the Department of Public
Works constructs structural mitigation projects.

Nantucket’s capabilities to mitigate for coastal flooding have strengthened since the initial HMP
was adopted through acquisition and preservation of coastal open space, adherence to stricter
statewide floodplain regulation requirements, local adoption of the updated FEMA FIS and FIRM,
and completion of the Storm Surge & Critical Infrastructure Report. Implementation of the
downtown Storm water Improvement Program, though more focused on non-coastal poor-
drainage flooding, should have mitigating effects on coastal flooding as well due to the
interconnectedness of coastal- and non-coastal-flooding in this neighborhood. The update to the
MSBC, adding freeboard requirements to buildings in flood zones, also improves the Town’s
capability to protect future development from coastal flooding.

Vulnerabilities and Risk Assessment

Nantucket has 1,136 buildings located within coastal FEMA flood hazard zones (AE and VE zones).
Differentiating between inland and coastal flood areas was described in Section 3.5 and
summarized in Table 3-2.
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4.5.1 Vulnerable Areas

This section discusses specific areas at risk to coastal flooding within Nantucket. Critical facilities
and evacuation routes are identified as applicable.

Critical Facilities and Repetitive Loss Properties

Several critical facilities are located in coastal flood zones and are therefore at risk of flooding.
These include the municipal buildings 16 Broad Street, 34 Washington Street, and 37 Washington
Street; the Police Station; Our Island Home and Landmark House; the sewer pumping station on
Sea Street; the Steamship Dock, all four boat ramps listed in Table 2-1, and the fuel tank farm.

Repetitive-loss (RL) properties (two or more NFIP claims of more than $1,000) are located in
‘Sconset, Madaket, along the southwest shore, and in the downtown and Brant Point area. See
Table 4-1.

Table 4-1: Repetitive Loss Properties on Nantucket

Total FEMA
Reimbursements Paid to
Repetitive Loss Properties

Repetitive Severe Repetitive

Civic League District . .
& Loss Properties  Loss Properties

Downtown 11 0 $559,209
Brant Point 38 8 $4,071,746
Madaket Conservation 1 0 $169,235
Smith Point 6 1 $1,145,046
Madaket Residents 3 1 $819,100
Siasconset 9 1 $1,204,684
Cisco/Hummock Pond 1 0 $136,337
ISLAND-WIDE 69 11 $8,105,358

Out of the 69 RL properties on Nantucket, only four are non-residential. All four non-residential
RL properties are located in Brant Point; one of the four is a Severe RL Property.

RL property-owners on Nantucket tend to be knowledgeable about the hazards their properties
face. The Town will pursue actions to continue to engage those owners in mitigation activities

Downtown and Brant Point

The Nantucket Harbor area (including downtown and Brant Point) is considered to be the most
vulnerable population with regard to coastal flooding. The prevalence of low-lying coastal land
and the high building and population densities creates a dangerous potential for repeated flood
damage, even with the protections provided by the sheltered harbor. Approximately 950
buildings in the downtown and Brant Point areas are located within 1% annual-chance and 0.2%
annual-chance flood zones.

In the Nantucket Harbor Area, Easy Street, Easton Street at North Beach, and Washington Street
are three essential access routes that frequently experience flooding, even during non-storm

Town of Nantucket /"e M|LONE &
H d Mitigation PI
February 2019 210 ’a¥ MACBROOM



conditions. At these sites, seawater may overtop the bulkhead, or storm water may get backed-
up.

Sections of Orange Street, which connects Our Island Home and the Saltmarsh Senior Center to
the Downtown and Mid-Island areas, are at risk of coastal flooding.

A storm water pump station and flood gate are located at the Children’s Beach Boat Ramp at the
end of Harbor View Way. The DPW is responsible for the operation of the pump station and for
opening and closing the flood gate. During storm events that span multiple tide cycles, private
citizens have been known to open the flood gate at low tide (to facilitate drainage of water that
has pooled inland), and then leave the gate open, leading to flooding conditions at the next high
tide. Complicating the issue is the fact that storm water pump system has been ineffective for
many recent events. The Town wishes to adopt a standard protocol regarding the Children’s
Beach Boat Ramp Flood Gate, and to communicate this protocol to residents.

Madaket Village

After the downtown and Brant Point area, Madaket is considered to be most vulnerable to coastal
flooding due to ow-lying coastal land and relatively high building and population density.
Approximately 150 dwellings in Madaket are located within 1% annual-chance and 0.2% annual-
chance flood zones.

Madaket residents are potentially affected by flooding in another important way. Madaket Road
is the only available means of evacuation from Madaket Village to central Nantucket during a
flood event. Anyone using the road must cross the Head of Long Pond and Madaket Ditch, both
of which are 1% annual-chance flood zones. Although these crossings did not flood during the No
Name storm in 1992 when portions of Madaket Village flooded, a more significant storm could
flood the crossings at a time when the road is most needed. Similarly, the bridge connecting
Smith Point residents to Madaket has the potential to flood, although less frequently as the
bridge currently has eight to ten feet of freeboard. Other risks to this bridge are more urgent, as
described in Section 6.5.

Polpis and Wauwinet

Residents of Polpis and Wauwinet are similarly potentially effected by flooding that can occur
where Polpis Road crosses Fulling Mill Brook, and where Wauwinet Road passes in close proximity
to Polpis Harbor. During a severe storm, these residents may find that their primary means of
evacuation are not available. In addition, residents who live off Polpis Road between Fulling Mill
Brook and Sesachacha Pond are also at risk of isolation.

‘Sconset

In ‘Sconset, most dwellings and commercial establishments are located on the bluff, far above the
flood zone and at risk for erosion but not chronic flooding. The exception in ‘Sconset is the
Codfish Park neighborhood, where 61 cottages, dwellings, garages, and outbuildings are located
outside the mapped 1% annual-chance coastal floodplain, but near the edge of the 1% annual-
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chance flood zone with wave velocity hazard. This area did indeed experience flooding and
erosion during the 1992 No Name storm, with several structures lost to the ocean. Damage to
structures also occurred in the April 1997 storm.

Summary

In summary, the Madaket, Brant Point, and downtown areas are most vulnerable to inundation
caused by coastal flooding. Efforts to mitigation for coastal flooding should be concentrated in
these areas, or along evacuation routes from these areas.

Residents of Nantucket's other population centers are less likely to be affected by coastal
flooding.

Historic Resources

Historic resources may be particularly at risk from coastal flooding, relative to other assets, for the
following reasons:

O Location: Historic properties built before modern zoning regulations may be located in
higher risk areas than what would be allowed under current laws. The downtown area is
an example of a high density of historic properties located in a coastal flood zone.

O Construction: Historic buildings constructed before modern building codes may not be as
able to withstand flooding as those built more recently.

O Age: Buildings and materials degrade over time, and a historic property may not be able
to stand up to flooding as well as it could when first constructed.

O Sea Level Rise: Buildings that were historically at a relatively low risk from coastal
flooding may be more exposed in the present-day due to sea level rise over the last
century.

Additionally, hazard mitigation activities may be more difficult to implement to a historic property
without altering its historic character. Of particular concern in coastal areas are historic buildings
that are located in coastal flood zones but have basements (prohibited for new buildings under
current FEMA regulations). Basement flooding can damage utilities, create mold and health risks,
and undermine the foundations of a building.

4.5.2 Loss Estimates

The economic losses faced by the community from natural hazards can be estimated by reviewing
historic, and modeling future, loss figures. It is difficult to accurately quantify losses, even after an
event; therefore, a number of different sources are provided in this section. Taken together, they
provide a range of possible loss estimates.

HAZUS-MH Vulnerability Analysis

HAZUS-MH was used to calculate coastal flood loss estimates. The software utilizes year 2010
U.S. Census data and 2010 USD. Coastal flood depths were generated through the FIT using SFHA
zone, base flood elevation, and wave setup data from the Nantucket FIRM and FIS. Ground
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surface elevation data for the FIT tool was sourced from MassGIS digital elevation models (DEM)
developed using LiDAR data collected in 2013 and 2014 as part of a Hurricane Sandy recovery
project.

Detailed Hazus-MH results are included in Appendix D. Overall losses are summarized in Table

4-2, below.
Table 4-2: HAZUS-MH - Building-related Economic Loss Estimates
Category Loss
Buildings $122.78 million
Business Interruption $1.00 million
Total: $123.78 million

The model further estimates that 2 Police Stations would be damaged, each losing at least one
day of operation; that 98 households will be displaced, with 96 individuals requiring temporary
shelter; and that232 buildings would be damaged in total, with 12 of those completely destroyed.

The loss estimates for a 1-percent annual-chance flood cannot be used, alone, to calculate a
meaningful annualized loss estimate; therefore, no ALE is calculated based on Hazus-MH results.

Public Assistance Reimbursements

Loss estimates for coastal flooding were also be generated from the value of PA grants received
by Nantucket and other entities within the Town. As described in Section 3.5.1, there has been
one federal disaster declarations in Nantucket since 1999 that resulted from flooding events. A
total of $6,209.09 was spent on Public-Assistance-supported projects to recover from those
events.

Given the ratio of structures located in inland flood zones to those in coastal flood zones (see
Table 3-2), it is estimated that $6,036.62 of the figure of $6,209.09 (the majority of expense) has
been due to coastal flooding. Dividing that figure by the 18 years over which PA grant data has
been tracked provides an estimate of annualized losses due to coastal flooding.

Annualized Loss Estimate: Coastal Flooding (PA-based): $335.37

NFIP Payments

As described in Section 3.5.1, the total value of paid NFIP claims since 1978 is $16.74 million.
Given the ratio of structures located in inland flood zones to those in coastal flood zones, it is
estimated that $16,283,067 of that total have been due to coastal flooding. Dividing that figure by
the 39.75 years over which loss data has been tracked (January 1, 1978 to August 31, 2017)
provides an estimate of annualized losses due to inland flooding.

Annualized Loss Estimate: Coastal Flooding (NFIP-based): $409,637
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NCEI Storm Events Database

The NCEI database of historic storm events was reviewed. Inland flood events (identified in the

database as “Flood” or “Flash Flood” events, and differentiated from “Coastal Flood” events) have

been recorded since 1996.

According to the NCEI dataset, there have been 20 significant coastal flood events on Nantucket

since 1996, 8 of which caused measurable damage.

Table 4-3: NCEI Storm Events Database — Coastal Flood Events
Estimated Property Damage

Date

4/19/1997
1/29/1998
2/24/1998
1/31/2006
4/15/2007
4/16/2007
4/17/2007
11/3/2007
10/18/2009
9/3/2010
10/29/2012
2/9/2013
3/7/2013
1/3/2014
3/26/2014
11/2/2014
1/27/2015
2/15/2015
1/24/2016
2/8/2016
1/4/2018
1/30/2018

Type

Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood
Coastal Flood

Total

SO

SO

SO
$5,000
$5,000
$5,000
$10,000
$0

$0

$0
$139,000
$100,000
$25,000
SO

SO

$0
$50,000
$0

$0

$0

SO

SO
$339,000

Dividing the total property damage from the NCEI figure by the 21 years over which that data has

been tracked provides an estimate of annualized losses due to inland flooding.

Annualized Loss Estimate: Coastal Flooding (NCEI-based): $16,143

Loss Estimates Summary

Based on the loss estimates summarized above, an average expected annualized estimated loss

can be calculated. Note that Public Assistance funding is only granted for public projects, while

NFIP claims are only granted for private property; therefore, the two are considered as a single
unit (“PA & NFIP” in the table below).
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4.6

Table 4-4: Annualized Loss Estimates for Coastal Flooding

Source Annualized Estimated Loss
HAZUS-MH N/A
Public Assistance $2,068
NFIP Claims $409,637

PA & NFIP $409,972

NCEI $16,143

These annualized figures may be low estimates of actual annualized losses, as PA funding, NFIP
reimbursements, and NCEIl loss records only account for damages reported through those
programs; Nantucket has likely experienced additional losses that did not result in damage claims
to FEMA or reported losses to NCEI.

Mitigation Strategies and Action

Many potential mitigation strategies for coastal flooding are essentially the same as those for
inland flooding, and are not restated in this section under the headings for prevention, property
protection, structural projects, emergency services, public education, and natural resource
protection. Potential strategies that are more applicable to coastal flooding than inland flooding
are presented below.

V-Zone Standards and Freeboard Standards

In recognition of increased flood losses in coastal environments, often due to increased
development, the Association of State Floodplain Managers (ASFPM) has adopted a No Adverse
Impact (NAI) floodplain management philosophy. These policies focus on individual- or
community- level responsibility and mitigation of flood risk. NAI should be viewed as a set of
principles to follow when designing or evaluating development activities. Implementation of NAI
principles can be accomplished through planning initiatives, regulatory programs, individual- or
community-based projects, and public education and outreach.

The NFIP and the accompanying locally adopted floodplain management ordinances set forth
specific design requirements aimed at minimizing damage to buildings in mapped V zones caused
by waves and storm induced erosion. These requirements state that new, substantially damaged,
or substantially improved structures that are built in V zones must, among other requirements, be
elevated on piers, piles, or other open foundation type, with the lowest horizontal structural
component elevated to or above the flood elevation. The area below the flood elevation is to be
kept free of obstructions, used only for building access, parking, or storage. If present, the
basement area is abandoned and filled to be no higher than the existing grade. The intent of this
requirement is to allow floodwaters and damaging waves to pass beneath a building without
transferring any additional loads onto its foundational components.

One of the best mitigation options available, as identified by the ASFPM NAI principles, is to
exceed the minimum NFIP requirements by constructing (or retrofitting) buildings located in
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sections of coastal A-zones to meet V-zone standards. Exceeding minimum regulatory
requirements may increase costs for initial construction and maintenance, but these costs could
more than be offset by long-term benefits.

Application of freeboard standards to coastal flood zone elevations is typically viewed as more
effective than applying freeboard standards to inland flood zones. Freeboard standards require
structures to be elevated higher than the level that FEMA requires. When used alone, freeboard
standards provide additional certainty that flood levels will not damage a structure. When use in
combination with V-zone standards, freeboard standards can provide an additional level of flood
damage prevention.

Note that many of Nantucket’s buildings are historic, and may be exempt from flood zone
requirements. Special care must be taken when bringing a historic building into compliance with
V-zone standards to avoid altering the building’s historic character.

Hard and Soft Structural Projects

Physical structures that are capable of lessening the impacts of coastal flooding typically include
seawalls, levees, and bulkheads. Because new hard structures are not allowed in the Town of
Nantucket, soft solutions such as beach nourishment and green/gray hybrid approaches such as
bioengineered banks must be pursued as the only available structural projects to mitigate for
coastal flooding. Refer to Section 6.6 for more information.

Historic Resource Protection

As noted previously, mitigation of hazard damage to historic resources can be difficult without
altering the historic character of the resource. Historic resource resiliency strategies are included
in Appendix G. Some examples of actions that can be taken to mitigate coastal flooding damage
to historic properties include:

Fill Basement

Install Sump Pumps and Backflow-Prevention Devices

Apply water-resistant paint to help prevent infiltration

Repoint masonry joints with watertight mortar to help prevent infiltration

Relocate historic artifacts to safer locations, either permanently or ahead of predicted
hazard events

Elevate or relocate internal utilities

Elevate building and install “minimization measures” or “visual mitigation” measures to

o000 o

(M

retain historic appearance
Q Alter parcel grading to drain water away from structures
A Anchor structures, artifacts, etc., to prevent flotation during a flood event.
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4,7 Recommended Actions

4.7.1 Status of Previous Actions

A suite of mitigation actions for addressing coastal flooding were proposed in the previous edition

of this HMP. Each action is listed in the table below, along with its status and additional notes.

Some of these are repeated from Section 3.7, given their applicability to coastal flood mitigation.

ACTION
Increase cooperation between the Nantucket
Conservation Commission, Planning Board, Building
Department, and Health Department with regard to
controlling growth and development in inland flood
zones.
Streamline the permitting process and ensure
maximum education of a developer or applicant.
Develop a checklist that cross-references the bylaws,
regulations, and codes related to flood damage
prevention that may be applicable to the proposed
project. This list could be provided to an applicant at
any Town department.
Urge or petition FEMA to more critically evaluate
LOMA applications that are received such that
redevelopments do not potentially cause increased
flooding or wave velocities to other properties.

Adopt freeboard standards (two feet for dwellings and
one foot for roadways) when regulating the elevation
of development in flood zones.

Adopt V zone construction standards for coastal A
zones.

Encourage elevation of homes in the Codfish Park
beach residential area to the base flood (9') plus two
feet.

Encourage elevation of homes in Madaket flood zones
to the base flood (8') plus two feet.

STATUS

Complete

Drop

Complete

Carry
Forward

Drop

Drop

Drop

NOTES

See section 3.7

See section 3.7

See section 3.7

The State Building Code requires two-feet
of freeboard in VE-zones. The Town has
not adopted a local freeboard requirement
for AE zones.

The Town feels this would be challenging to
implement due to disagreements in the
delineation of coastal vs. non-coastal A
zones, and prefers to pursue adoption of
freeboard in AE zones.

The State Building Code requires 2 ft of
freeboard in VE-zones. The Town has not
adopted a local freeboard requirement for
AE zones. A townwide freeboard
requirement would be more appropriate
than encouraging voluntary use of
freeboard in Codfish Park.

The State Building Code requires 2 ft of
freeboard in VE-zones. The Town has not
adopted a local freeboard requirement for
AE zones. A townwide freeboard
requirement would be more appropriate
than encouraging voluntary use of
freeboard in Madaket.
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ACTION
Offer to assist in the application for FEMA funds to
relocate waterfront homes if owners agree to cease
utilization of hard solutions.
Increase the elevation of Wauwinet Road at Polpis
Harbor to the base flood (8') plus one foot.

Increase the elevation of Polpis Road at Fulling Mill
Brook to the base flood (8') plus one foot.

Increase the elevation of Madaket Road at Head of
Long Pond to the base flood (8') plus one foot.

Increase the elevation of Madaket Road at Madaket
Ditch to the base flood (8') plus one foot.

Ensure that pre-disaster natural hazard mitigation is a
primary consideration and major factor in any analysis
of bulk fuel storage and delivery alternatives,
including those alternatives that remove the tank
farm from the downtown area and move fuel delivery
away from the harbor.

If the above-referenced analyses find that the
downtown tank farm should remain in place, the tank
farm floodproofing should be inspected and upgraded
to withstand not only waves and water velocities but
also storm debris, and freeboard standards should be
applied to increase the elevation of floodproofing by
an additional two feet above the base flood.

If the above-referenced analyses find that the
downtown tank farm should be relocated, it should be
relocated to an area outside flood and hurricane
storm surge zones, and to an area that is accessible
during natural disasters.

Continue to make sandbags available to protect the
downtown sewer pumping station

Support privately-funded beach nourishment projects
that are believed to have minimal environmental
impacts.

STATUS
Complete
Carry

Forward

Carry
Forward
Carry

Forward

Carry
Forward

Complete

Drop

Complete

Capability

Capability

NOTES
The Town has assisted in two cases, and
can assist in the future as needed. This is
now a capability.
This has not yet been completed due to
budget constraints.
This has not yet been completed due to
budget constraints.

The condition of the culvert will require
action on the near term.

This has not yet been completed due to
budget constraints. All road elevation
actions are being consolidated into a new
action, below.

This has not yet been completed due to
budget constraints. All road elevation
actions are being consolidated into a new
action, below.

The tank farm is being relocated to an area
with minimal flood risk

The tank farm is being relocated to an area
with minimal flood risk

The tank farm is being relocated to an area
with minimal flood risk

This is reclassified as a capability.
Additionally, a $6.6 million upgrade to the
downtown pumping station includes
floodproofing, backup power, and
submersible pumps.

This is reclassified as a capability. It is
important to note that these projects are
evaluated on a case-by-case basis.
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ACTION

Develop a list of potential Town-funded and/or FEMA-

STATUS

NOTES
Several such projects have been identified;
for example, the Town is completing

funded beach nourishment demonstration projects Complete projects at the ends of Madaket Road and
and apply for funding to pursue these projects. Hummock Pond Road, and the Town was a
participant with the Baxter Road project
Urge State regulators and the scientific community to The Town has determined not to support
make a determination relative to beach dewatering Complete beach dewatering, and dewatering projects
effectiveness. will not be approved.
Revise the setback clause of the Wetland Regulations
(20 times the erosion rate or 100 feet) to be more Complete This is now a capability
stringent.
This is an ongoing action performed by the
Focus open space and conservation acquisitions on Capability Island’s different private land conservation
coastal properties. organizations.
It is reclassified as a capability.
Selectively pursue conservation objectives listed in
the Madaket Area Plan if coastal properties are Drop See section 3.7
targeted.
Purchase the development rights to the 270-acre .
. . Complete See section 3.7
Loring Property in Madaket.
Selectively pursue conservation objectives listed in
the ‘Sconset Area Plan if coastal properties are Drop See section 3.7
targeted.
Adopt open space zoning. Drop See section 3.7

4.7.2 New Actions and Actions to Carry Forward

New actions were developed over the course of this Plan update; along with the actions being

carried forward from the previous HMP, recommended coastal flood mitigation actions to

implement are:

O Educate residents, developers, and regulators about the zoning regulation allowing height

limitations in “one-hundred-year” flood zones to be defined based on the first-floor

elevation as required by floodplain management regulations [updated 7/12/2016]. Target

repetitive loss property owners for this education.
O Extend the above height exception to any building elevating its first floor for flood

mitigation purposes, even if outside current flood zone.

O Adopt local freeboard standards for A and AE zones in addition to VE zones

O Elevate roads and harden embankments for wave action in accordance with the DPW

prioritized road elevation list:
Madaket Road at Long Pond

o Madaket Road at Madaket Ditch
o Polpis Road at Sesachacha Pond
o Wauwinet Road at Polpis Harbor
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O Relocate important hard-copies of Town records (including Finance Department records and
Health Department records) to a new storage location outside of the SFHA (currently
located on Washington Street)

Q Investigate and implement engineered flood protection solutions for the Finance
Department Building (short-term) and develop options to relocate the office to a flood proof
location (long-term).

Q Investigate and implement actions that mitigate the repetitive damage to the
Harbormaster's facility on the Town Pier.

O Initiate development of plans for a long-term Harbormaster facility, incorporating sea level
rise.

O Complete repairs to Children's Beach storm water pump and outfall to improve reliability,
and reduce/eliminate backflow into the pump and drainage system during high tides. This
system support a drainage area of more than 150 Acres.

O Develop a protocol or formal Standard Operating Procedure for opening and closing of the
tide gate at Children’s Beach boat ramp. Work with local citizens to make sure they are
aware of the protocol.

O Contact the owners of Repetitive Loss Properties and nearby properties at risk to inquire
about mitigation undertaken and suggest options for mitigating flooding in those areas. This
should be accomplished with a letter directly mailed to each property owner.

A limited public-private partnership has been
proposed by a local property owner to address issues
at Fulling Mill Brook at Polpis Road. After initial
scoping and meeting with stakeholders, an engineer
hired by the local property owner has determined that
study of the entire watershed and hydrology of the
area is required. The existing road is low in elevation
and becomes flooded during some storm events; the
existing culverts are aged and undersized which
restrict tidal flow. The engineer has proposed
conducting the required studies and presenting the
Town with alternatives for improvements to this area.
The improvements would be geared toward greater

coastal resiliency of Town infrastructure, promotion of
P8
life and safety interests given the critical-path route to sl (A '
Figure 4-1: Fulling Mill Brook at Polpis Road.
Image Courtesy of Nantucket Engineering &
improvement to protected environmental interests. Survey, PC

Based on this progress in addressing flooding at this site, a new action has replaced the action
from the previous plan to “elevate Polpis Road at Fulling Mill Brook” as follows:

the Polpis, Wauwinet, and Squam areas, and
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Actions

Participate in a limited public-private
partnership with Nantucket Engineering &
Survey to complete a study of the Fulling Mill
Brook watershed, in particular the hydrologic
conditions at Polpis Road, to identify
alternatives for improvements to this area.

that apply to all hazards are listed in Sections

2-14 and 11-1.

Figure 4-2: Flooding of Polpis Road at Fulling
Mill Brook.

Image Courtesy of Nantucket Engineering &
Survey, PC

Town of Nantucket
Hazard Mitigation Plan

February 2019

4-21

2

MILONE &
MACBROOM



Town of Nantucket / ' \ MILONE &
X

Hazard Mitigation Plan
February 2019 4-22 MACBROOM



5 HURRICANES AND TROPICAL STORMS INCLUDING HIGH WIND EVENTS

51 Settin

Hazards associated with tropical storms and hurricanes include winds, heavy rains, and flooding.
As explained in Section 4.1 in the context of coastal flooding, Nantucket is an island community
with significant coastal resources. While the coastline is susceptible to hurricane damage such as
storm surge and flooding, wind damage can occur throughout the community. All of Nantucket's
localities are checked in the "wind" column of Table 1-5. Hurricanes therefore have the potential
to affect any portion of Nantucket.

General Wind Trends

General wind trends on Nantucket are presented in the following figures. Note in Figure 5-1 that
December through February are the windiest months while June, July, and August are the least
windy, on average.

30 days —
.

25 days . I

20 days I

15 days

10 days I

5 days .

. - = - L

Jun Aug Sep Oct Nov Dec
o >0 >33 @>7 @>12 @>17 @ >24 >31

® >38 mph

Figure 5-1: Frequency of Wind Speeds, by Month, at Nantucket Airport
Source: www.meteoblue.com

Figure 5-2 shows that winds tend to blow in from the north and west during the winter months,
and from the south and west in June and July.
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The percentage of hours in which the mean wind direction is from each of the four
cardinal wind directions, excluding hours in which the mean wind speed is less than
1.0 mph. The lightly tinted areas at the boundaries are the percentage of hours spent in
the implied intermediate directions (northeast, southeast, southwest, and northwest).

Figure 5-2: Distribution of Wind Direction by Day at Nantucket Airport
Source: www.weatherspark.com

Figure 5-3 shows how many hours per
year the wind blows from the indicated
direction. This figure corroborates Figure
5-2, above, with most winds blowing in
from the southwest to northwest
directions.

Hazard Assessment

Hurricanes are a class of tropical cyclones
which are defined by the National
Weather Service as non-frontal, low
pressure large scale systems that develop
over tropical or subtropical water and
have definite organized circulations.
Tropical cyclones are categorized based
on the speed of the sustained (1-minute
average) surface wind near the center of
the storm. These categories are: Tropical

NW

WNW

wsw

0 >0 ®@>3 @>7
@ >38 mph

Sep

®>12
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NNE
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SE
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Figure 5-3: Wind Rose (Annual), Nantucket Airport
Source: www.meteoblue.com
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Depression (winds less than 39 mph), Tropical Storm (winds 39-74 mph, inclusive) and Hurricanes
(winds at least 74 mph).

The geographical areas affected by tropical cyclones are called tropical cyclone basins. The
Atlantic tropical cyclone basin is one of six in the world and includes much of the North Atlantic
Ocean, the Caribbean Sea, and the Gulf of Mexico. The official Atlantic hurricane season begins
on June 1 and extends through November 30 of each year, although occasionally hurricanes occur
outside this period.

Storm Surge

Abnormal high water levels along ocean coasts and interior shorelines are commonly caused by
storm events. These higher than expected water levels, known as storm surges, are generally the
result of regional scale meteorological disturbances. Storm surge is defined as the difference
between the observed water level and the normal astronomical tide. Extratropical storms such as
nor'easters have produced some of the highest storm surges and resultant damages on record.
However, hurricanes have the potential to produce much higher storm surges because of the vast
amount of energy released by these storm systems over relatively short duration.

A number of factors contribute to the generation of storm surges, but the fundamental forcing
mechanism is wind and the resultant frictional stress it imposes on the water surface. The
magnitude of storm surge within a coastal basin is governed by both the meteorological
parameters of the hurricane and the physical characteristics of the basin. The meteorological
aspects include the hurricane's size, measured by the radius of maximum winds; the intensity,
measured by sea level pressure and maximum surface wind speeds at the storm center; the path,
or forward track of the storm; and the storm's forward speed.

The Saffir-Simpson Scale

The "Saffir-Simpson Hurricane Scale" was used prior to 2009 to categorize hurricanes based upon
wind speed, central pressure, and storm surge, relating these components to damage potential. In
2009, the scale was revised and is now called the "Saffir-Simpson Hurricane Wind Scale." The
modified scale is more scientifically defensible and is predicated only on surface wind speeds.
Storm surge is no longer part of the scale. The National Hurricane Center is considering offering
specific warnings regarding storm surge based on Sea, Lake, and Overland Surges from Hurricanes
(SLOSH) mapping for areas that could be impacted by a hurricane.

Hurricanes are grouped into five categories based on strength. The following descriptions are
from the 2014 Connecticut Natural Hazard Mitigation Plan Update.

O Category 1: Sustained winds 74-95 miles per hour (mph) (64-82 knots (kt) or 119-153
kilometers per hour (km/hr)). Damaging winds are expected. Some damage to building
structures could occur, primarily to unanchored mobile homes (mainly pre-1994
construction). Some damage is likely due to poorly constructed signs. Loose outdoor items
will become projectiles, causing additional damage. Persons struck by windborne debris risk
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injury and possibly death. Numerous large branches of healthy trees will snap. Some trees
will be uprooted, especially where the ground is saturated. Many areas will experience
power outages with some downed power poles.

O Category 2: Sustained winds 96-110 mph (83-95 kt or 154-177 km/hr). Very strong winds will
produce widespread damage. Some roofing material, door, and window damage of buildings
will occur. Considerable damage to mobile homes (mainly pre-1994 construction) and
poorly constructed signs is likely. A number of glass windows in high-rise buildings will be
dislodged and become airborne. Loose outdoor items will become projectiles, causing
additional damage. Persons struck by windborne debris risk injury and possibly death.
Numerous large branches will break. Many trees will be uprooted or snapped. Extensive
damage to power lines and poles will likely result in widespread power outages that could
last a few to several days.

O Category 3: Sustained winds 111-130 mph (96-113 kt or 178-209 km/hr). Dangerous winds
will cause extensive damage. Some structural damage to houses and buildings will occur
with a minor amount of wall failures. Mobile homes (mainly pre-1994 construction) and
poorly constructed signs are destroyed. Many windows in high-rise buildings will be
dislodged and become airborne. Persons struck by windborne debris risk injury and possibly
death. Many trees will be snapped or uprooted and block numerous roads. Near total power
loss is expected with outages that could last from several days to weeks.

O Category 4: Sustained winds 131-155 mph (114-135 kt or 210-249 km/hr). Extremely
dangerous winds causing devastating damage are expected. Some wall failures with some
complete roof structure failures on houses will occur. All signs are blown down. Complete
destruction of mobile homes (primarily pre-1994 construction). Extensive damage to doors
and windows likely. Numerous windows in high-rise buildings will be dislodged and become
airborne. Windborne debris will cause extensive damage and persons struck by the wind-
blown debris will be injured or killed. Most trees will be snapped or uprooted. Fallen trees
could cut off residential areas for days to weeks. Electricity will be unavailable for weeks
after the hurricane passes.

O Category 5: Sustained winds greater than 155 mph (135 kt or 249 km/hr). Catastrophic
damage is expected. Complete roof failure on many residences and industrial buildings will
occur. Some complete building failures with small buildings blown over or away are likely.
All signs blow down. Complete destruction of mobile homes. Severe and extensive window
and door damage will occur. Nearly all windows in high-rise buildings will be dislodged and
become airborne. Severe injury or death is likely for persons struck by wind-blown debris.
Nearly all trees will be snapped or uprooted and power poles downed. Fallen trees and
power poles will isolate residential areas. Power outages will last for weeks to possibly
months.

Table 5-1 lists the hurricane characteristics mentioned above as a function of category, as well as
the expected central pressure.
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Table 5-1: Hurricane Characteristics
CENTRAL PRESSURE WIND SPEED SURGE

Category Millibars Inches MPH Knots Feet Damage Potential
1 >980 >28.9 74-95 64-83 4-5 Minimal
2 965-979 28.5-28.9 96-110 84-96 6-8 Moderate
3 945-964 27.9-28.5 111-130 97-113 9-12 Extensive
4 920-644 27.2-27.9 131-155 114-135 13-18 Extreme
5 <920 <27.2 >155 >135 >18 Catastrophic

The Saffir-Simpson Hurricane Scale assumes an average, uniform coastline for the continental
United States and was intended as a general guide for use by public safety officials during
hurricane emergencies. It does not reflect the effects of varying localized bathymetry, coastline
configuration, astronomical tides, barriers or other factors that may locally modify surge heights
during a single hurricane event.

Climate Change

According to the Massachusetts 2013 State Hazard Mitigation Plan and the 2011 Massachusetts
Climate Change Adaptation Report, large storm events are becoming more frequent, and higher-
intensity hurricanes are expected to become more frequent in the future.

The NOAA Geophysical Fluid Dynamics Laboratory (GFDL) reports (as of April 25, 2018) the
following expected impacts of climate change on hurricanes and tropical storms:

O More Intense Tropical Cyclones: Anthropogenic warming by the end of the 21st century will
likely cause tropical cyclones globally to be more intense on average (by 2 to 11% for an
IPCC mid-range scenario).

O More Frequent Intense Tropical Cyclones: There are better than even odds that
anthropogenic warming over the next century will lead to an increase in the occurrence of
very intense tropical cyclones globally, despite a likely decrease (or little change) in the
global numbers of all tropical cyclones.

Q Higher Precipitation During Tropical Cyclones: Tropical cyclone rainfall rates will likely
increase on the order of 10-15% by the end of the 21st century.

O Higher Storm Surge Flooding: Sea level rise should be causing higher storm surge levels for
tropical cyclones that do occur, all else assumed equal.

Historic Record

According to NOAA historical records, 58 hurricane/tropical storm tracks have come within 100
miles of Nantucket since 1842. Of these 61 storms, 36 were of tropical storm intensity, 18 were
Category 1 hurricanes, seven Category 2, and four Category 3 (note that storms that change in
intensity are counted multiple times, once for each intensity level). Figure 5-4 shows the historical
tracks of only the hurricane-intensity storms as shown by the NOAA Historical Hurricane Tracks
tool. The map does not include the tracks of extra-tropical systems, tropical depressions, or
tropical storms that also came within 100 miles of the planning area.
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ringfield

Figure 5-4: Historic Hurricane Tracks Within 100 miles of Nantucket
Red line: Category 4
Orange Line: Category 3
Yellow Line: Category 2
Green Line: Category 1
Grey Line: Tropical Storm

According to the Massachusetts 2013 State Hazard Mitigation Plan, notable historic hurricanes
that have passed within 65 miles of the state are as follows:

Table 5-2: Historical Massachusetts Hurricanes and Tropical Storms

Date Name Category Landfall

August 1635 Great Colonial Hurricane of 1635 3 No

September 1815  Great September Gale of 1815 3

September 1869 September Gale of 1869 3 No

September 1938 New England Hurricane of 1938 3 Yes

September 1944 Great Atlantic Hurricane 4 Yes

1945 Unnamed No

1949 Unnamed No
Town of Nantucket /,'\ MILONE &
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Date Name Category Landfall

September 1954 Edna 3 Yes
October 1954 Hazel 3 No
August 1954 Carol 2-3 No
August 1955 Diane 3 No
September 1959 Gracie 3 No
September 1960 Donna 5 Yes
September 1985 Gloria 4 No
August 1991 Bob 3 Yes
July 1996 Bertha 3 No
September 1999 Floyd 4 Yes
July 2006 Beryl Tropical Storm No
September 2008 Hanna 1 No
August 2009 Bill Tropical Storm No
September 2010 Earl 4 No
August 2011 Irene 2 No
October 2012 Sandy Tropical Storm Yes

Significant Storms

The most devastating hurricane to strike New England, dubbed the "Long Island Express of
September 21, 1938," was believed to be a Category 3 hurricane. The "Great Atlantic Hurricane"
struck New England in September 1944. Hurricanes Carol and Edna struck in 1954, and back-to-
back hurricanes Connie and Diane struck in 1955. In September of 1985, hurricane Gloria passed
over New England. Descriptions of the four major 20" Century hurricanes affecting Nantucket are
provided below. Portions of the descriptions are taken from the publication Southern New
England Tropical Storms and Hurricanes, A Ninety-eight Year Summary 1909-1997, by David R.
Vallee and Michael R. Dion of the National Weather Service in Taunton, Massachusetts.

The Great New England Hurricane of 1938 ("Long Island Express of 1938")

The Great New England Hurricane of 1938 remains one of the most destructive storms ever to
strike New England. The hurricane, believed to be a Category 3, was one of the powerful "Cape
Verde" hurricanes that developed in the far eastern Atlantic, near the Cape Verde Islands. The
storm did not weaken on its way toward New England, due to its rapid speed and its track over
the warm waters of the Gulf Stream. The storm made landfall on September 21, 1938 on Long
Island, New York, crossing Long Island Sound, and then again at Milford, Connecticut. The lowest
pressure at the time of landfall (27.94 inches) occurred on the south side of Long Island.

Sustained hurricane force winds occurred throughout most of southern New England. The
strongest winds ever recorded in New England occurred at the Blue Hill Observatory with
sustained winds of 121 mph and a peak gust of 186 mph. Sustained winds of 91 mph with a gust
to 121 mph was reported on Block Island. Extensive damage occurred to roofs and trees, and
widespread power outages occurred. Rainfall from the hurricane resulted in severe river flooding
across sections of Massachusetts. Three to six inches fell across much of western Massachusetts,
although considerably less rain occurred to the east across the remainder of Massachusetts.
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The eye made landfall at the time of astronomical high tide. The hurricane produced storm tides
of 18 to 25 feet from New London, Connecticut east to Cape Cod. A storm surge of 12 to 15 feet
in Narragansett Bay destroyed coastal homes, marinas and yacht clubs, and downtown
Providence was submerged under a storm tide of nearly 20 feet. Sections of Falmouth and New
Bedford, Massachusetts were submerged under as much as eight feet of water.

The hurricane caused 564 deaths and approximately 1,700 injuries in Southern New England.
Damage to fishing fleets in southern New England was catastrophic, with a total of 2,605 vessels
destroyed and 3,369 damaged.

Hurricane Carol, 1954

Hurricane Carol was the most destructive hurricane to strike southern New England since the
Great New England Hurricane of 1938. Carol developed in the Bahamas but did not accelerate
until passing east of Cape Hatteras, North Carolina. Carol made landfall on eastern Long Island
and southeastern Connecticut, moving over 35 mph.

Sustained winds of 80 to 100 mph were measured in the eastern half of Connecticut, all of Rhode
Island, and most of eastern Massachusetts. Trees and power lines were blown down. The
strongest wind ever recorded on Block Island, Rhode Island occurred during Carol, at 135 mph.
The National Weather Service in Warwick, Rhode Island recorded sustained winds of 90 mph, with
a peak gust of 105 mph. Lowest recorded pressure was 28.36 inches on the south shore of Long
Island. Rainfall amounts ranged from two to five inches across most of the area. The heaviest
amounts, up to six inches, occurred in Connecticut and across extreme north central
Massachusetts.

Hurricane Carol made landfall just after high tide, causing coastal flooding. Storm surge levels
ranged from 10 to 15 feet from the New London area eastward. Narragansett Bay and New
Bedford harbor received the largest surge heights of over 14 feet in the upper reaches of both
water bodies. Coastal communities from central Connecticut eastward were devastated. Entire
coastal communities were nearly wiped out in New London, Groton, and Mystic, Connecticut, as
well as from Westerly to Narragansett, Rhode Island. As in 1938, downtown Providence was
flooded under 12 feet of water.

Hurricane Carol destroyed nearly 4,000 homes, along with 3,500 automobiles and over 3,000
boats. Most of Rhode Island, much of eastern Connecticut, and much of eastern Massachusetts
lost electrical power.

Hurricane Edna, 1954

Hurricane Edna struck New England only 11 days after Hurricane Carol. Edna followed a track up
the East Coast that was slightly east of Carol's track, moving toward southern New England at
over 45 mph, but about 100 miles further east. Edna passed over Martha's Vineyard and
Nantucket, then across the eastern tip of Cape Cod, becoming one of the only tropical systems to
directly pass over Nantucket.
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Winds of 75 to 95 mph were measured in eastern Massachusetts and coastal Rhode Island. Peak
wind gusts included 120 mph on Martha's Vineyard, 110 mph on Block Island, and 100 mph at
Hyannis, Massachusetts. The winds knocked out electrical power across sections of Rhode Island,
eastern Massachusetts, and nearly all of Cape Cod, Martha's Vineyard, and Nantucket. The
lowest recorded pressure was 28.02 inches at Edgartown on Martha's Vineyard.

Edna arrived during a rising tide and resulted in severe flooding across Martha's Vineyard,
Nantucket and Cape Cod, where storm surges of over six feet were measured. Damage to the
boating community was severe across Cape Cod, but was much less across the remainder of
Massachusetts and Rhode Island. Most of the damage occurred in areas that were left weakened
by Carol.

Edna's track across the extreme eastern part of the region resulted in heavy rainfall and inland
flooding. Rainfall amounts of three to six inches were common, with over seven inches in
northeastern Massachusetts. The total combined rainfall for Carol and Edna ranged from five to
seven inches along and west of the Connecticut River and over Cape Cod, to as much as 11 inches
from southeast Connecticut, across most of Rhode Island, to northeast Massachusetts.
Considerable urban and small stream flooding occurred. Edna caused 21 deaths in New England.

Hurricane Bob, 1991

Hurricane Bob was the most recent hurricane to strike New England, although several tropical
storms have struck since Bob's landfall in August 19, 1991. Hurricane Bob developed in the
Bahamas and moved north-northeastward, paralleling the U.S. east coast. The eye of Hurricane
Bob passed over Block Island and made landfall over Newport, Rhode Island.

Hurricane Bob brought sustained hurricane force winds to the coastal communities of Rhode
Island and southeast Massachusetts. Coastal communities experienced sustained winds between
75 to 100 mph. Peak wind gusts to 125 mph were recorded on Cape Cod in the towns of Brewster
and North Truro. The highest sustained wind of 100 mph was recorded in North Truro. Block
Island reported sustained winds of 90 mph, with gusts in excess of 105 mph. Additionally, four
tornadoes were reported as Hurricane Bob made landfall. Wind damage to trees and utility poles
was widespread and resulted in numerous power outages. Over 60% of residents in southeast
Rhode Island and southeast Massachusetts lost power. The lowest barometric pressure was
recorded at 28.47 inches.

Hurricane Bob caused a storm surge of 10 to 15 feet in Buzzards Bay. The Buzzards Bay shore east
to Cape Cod was hardest hit by the surge. The highest surges of 12 to 15 feet, were observed in
Onset, Bourne, Mashpee and Wareham, at the head of Buzzards Bay. Extensive beach erosion
occurred along the shore from Westerly, Rhode Island eastward. Some south-facing beach
locations on Martha's Vineyard and Nantucket Islands reportedly lost up to 50 feet of beach to
erosion.
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Bob was responsible for six deaths in New England, with all of these in Connecticut. Total damage
in southern New England was approximately $680 million, including about $70 million in
Massachusetts.

Recent Tropical Cyclones

The most recent tropical storm to pass over Nantucket was Beryl in 2006. Beryl did not cause any
significant damage due to its weakened status. According to various news reports, the storm hit
Nantucket at 3:00 AM and had maximum sustained winds of 50 mph with a steady rainfall.

While no hurricanes or tropical storms have directly struck Nantucket since the previous edition
of the HMP, several have passed nearby and had impacts on the Island.

Q Hurricane Bill, August 22-23, 2009 — Hurricane Bill passed well offshore to the east of
Nantucket. It brought heavy rainfall and high swells to Nantucket. Heavy rainfall led to flash
flooding and inland flooding. Minor coastal flooding affected Atlantic Street running through
Codfish Park on the southeastern coast of Nantucket. On the southwestern coast of
Nantucket, in Madaket, three homes on Massachusetts Avenue were surrounded by ocean
waters. Only one of the homes was occupied and water two and a half feet deep
surrounded that home. $5,000 in property damage occurred.

Q Tropical Storm Earl, September 3-4, 2010 — Tropical Storm Early passed 98 miles southeast
of Nantucket. The Island experienced tropical-storm force winds, high surf, and heavy
rainfall. Minor coastal flooding and $20,000 in property damage occurred on Nantucket.

Q Tropical Storm Irene, August 28, 2011 - Irene made landfall as a tropical storm in
southeastern New York State and Connecticut. Several trees were downed across
Nantucket, which experienced sustained winds of 48 to 63 miles per hour. $30,000 in
property damage occurred on Nantucket.

O Hurricane Arthur, July 4, 2014 - Hurricane Arthur, passing east of Nantucket, brought heavy
rain to Massachusetts. Nantucket experienced wind gusts of 62 miles per hour.

O Named Storm Hermine, September 5, 2016 — Hermine meandered off of southern New
England for several days, bringing rain and below-tropical-storm force winds. Because trees
were still fully leaved and there were some higher wind gusts, there was some wind
damage. Multiple small boats in Nantucket were sunk or dragging-anchor in Nantucket
Harbor.

O Tropical Storm Jose, September 21, 2017 — Jose stalled about 150 miles southeast of
Nantucket, bringing strong wind gusts and heavy downpours to Nantucket. Rainfall reached
about 6 inches on Nantucket. Minor coastal flooding occurred in parts of the Island. Four
sailboats were sunk due to rainfall, and several other boats were washed ashore due to
wind and high surf.
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Existing Capabilities

Watches and Warnings

The National Hurricane Center (NHC) has a number of tropical cyclone warning products. These
include maps of wind speed probabilities and arrival times, track forecast cones, rainfall
predictions and flash flood potential maps, and storm surge watches and warnings.

The NHC began issuing storm surge watch and warning maps recently, in 2017. These depict
surge risk areas for tropical cyclones affecting the Gulf and Atlantic coasts. The new warning
maps are intended to separate the storm surge inundation watches and warnings from the
previously existing high wind watches and warnings. The storm watch and warning maps
highlight specific areas along the coast that have a significant risk of life-threatening storm surge
inundation at a given moment. Maps are available at www.nhc.noaa.gov.

Nantucket and its residents, visitors, and business owners, often make use of the National
Weather Service (NWS) coastal warning system. This system specifically targets water vessel
operators and typically provides information about risks to vessels from high winds and waves,
though risks from sea ice may also be considered. NWS coastal warnings differ by region, but on
the East Coast are generally divided as follows (http://www.nws.noaa.gov/om/marine/cwd.htm):

Q Small Craft Advisory: sustained winds or frequent gusts between 25 and 33 knots and/or
waves 5 to 7 feet and greater, area dependent.

O Gale Warning: sustained surface winds, or frequent gusts, in the range of 34 knots (39
mph) to 47 knots (54 mph) inclusive, either predicted or occurring, and not directly
associated with a tropical cyclone.

O Storm Warning: sustained surface winds, or frequent gusts, in the range of 48 knots (55
mph) to 63 knots (73 mph) inclusive, either predicted or occurring, and not directly
associated with a tropical cyclone.

O Tropical Storm Warning: tropical storm conditions (sustained winds of 39 to 73 mph) are
expected somewhere within the specified coastal area within 36 hours.

O Hurricane Force Wind Warning: sustained winds, or frequent gusts, of 64 knots (74 mph)
or greater, either predicted or occurring, and not directly associated with a tropical
cyclone.

Q Hurricane Warning: hurricane conditions (sustained winds of 74 mph or higher) are
expected somewhere within the specified coastal area. Hurricane warnings are issued 36
hours in advance of the anticipated onset of tropical-storm-force winds.
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Flood Damage Prevention

Existing mitigation measures appropriate for flooding have been discussed in previous sections.
These include the ordinances, codes, and regulations cited in Section 2.8 that have been enacted
to minimize storm damage.

DPW tracks, plans, prepares for, and responds to flooding, inundation, and/or erosion of roads
and infrastructure such as the sewer pumping station and the wastewater treatment plants. With
regard to roads, bridges, and culverts at tidal creeks, the DPW regularly maintains Town-owned
roads and facilities and upgrades/improves them as needed. However, DPW does not have
sufficient equipment to barricade all roadways that could potentially flood.

Harbor Damage Prevention

The Marine and Coastal Resources Department has a very proactive approach to pre-disaster
mitigation when it comes to tropical storms and hurricanes, as well as other storms. The
emphasis is removing people and boats from harm's way before a storm strikes. With 71 sinkings
during Hurricane Bob and 63 during the No Name Storm, inspections by the Marine and Coastal
Resources Department have increased sharply. All moorings are inspected on a three-year cycle.
Weather is monitored on three web sites and posted at the harbor. The Department
recommends that people leave the vicinity of the island before storms strike. If they can not
leave, the Department can offer 125 rental moorings and a 100-slip marina. Two boats ramps are
available in Madaket.

The Department tries to remove as many vessels as possible before storms. This is a difficult feat
because more than 3,000 boats can be in and near the harbor on a warm, sunny summer day. In
advance of Hurricane Edward (Labor Day 1996), 1,000 boats were hauled in 36 hours. Before
Tropical Storm Beryl (2006), 250 boats were hauled. The Department has reduced property
damage and water pollution by removing boats. The Department will place removed vessels
wherever possible, including ball fields. The Department sometimes identifies everyone in the
mooring field with medical problems before a storm, in order to understand who may need
additional assistance during a storm.

The main town pier was constructed in 1976. The floating add-on was installed in 2001. A
firefighting cart is located on the pier. The pier area also has a closed-circuit TV and lights that
can be viewed on the internet.

Boat ramp repairs at the harbor were made as recently as fall 2006. The ramp was increased in
width, pitch, depth. The repairs have made it easier for removal of two boats simultaneously.
The Department coordinates its own seawall and jetty repairs, including permitting, and works
well with the Conservation Commission. FEMA helped fund a recent bulkhead repair after it was
damaged. The new bulkhead is not fastened to the pier; this allows a give-and-take with the
waves that large boats need. A wave barrier is also incorporated. It was constructed winter
2005-2006 with a State and FEMA assistance.
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It is important to understand that the Coast Guard has only limited shallow-water capabilities, so
the Town handles these areas around Nantucket. The relationship between the Town and the
Coast Guard is good.

Wind Damage

Codes and Regulations

Wind loading requirements are addressed through the Building Department's administration of
building codes. Nantucket enforces the Massachusetts State Building Code (MSBC; 780 CMR).
The ninth edition of the MSBC was made effective on October 20%, 2017, and is therefore the
current enforceable building code for Nantucket.

The wind design factors for Nantucket vary depending on whether a building is residential or non-
residential; non-residential wind design factors are further divided based on the risk category of
the building. For Nantucket, basic wind speed requirements are as follows:

Table 5-3: Basic Wind Speed Parameters for Nantucket
Non-Residential

Residential Risk Category| Risk Category Il Risk Category Il of IV
Basic Wind Speed

140 139 140 158
(mph)

The residential wind speed requirement has increased from 90 mph at the time of the initial HMP
adopted in 2007, providing a much higher standard of protection against wind damage.

Tree and Debris Maintenance

DPW responds to damage from tropical storm and hurricane winds. Prior to forecast tropical
storms and hurricanes, DPW will dispatch equipment and personnel to outlying areas of
Nantucket such as ‘Sconset and Madaket. Over the past decade, the DPW has improved its tree
limb inspection and maintenance program.

Roughly half of the roads on Nantucket are private. These private roads are normally not
maintained by DPW, nor are the trees alongside them maintained by the Town. Public education
for these areas is important. As an example, 30 to 40 pine trees along Russell's Way were blown
down in 2004. A resident was trapped for several days. Ultimately, the Town assisted with
cleanup.

Emergency Power

The Town'’s Energy Office is continually working to develop microgrids, power islands, advanced
inverters, and backup power on the Island, improving the resiliency of the electric grid. Over time
the Office aims to build a community power system that can operate locally even with
widespread power outages or even loss of power distribution coming from the mainland. The
office is particularly focused on development of renewable energy sources, such as solar and
wind. Two current priorities are:
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O Working with Tesla to distribute Tesla Powerwall batteries to residents, providing backup
power to individual homes

O Exploration of installation of solar photo-voltaic panels on the Island to allow for local power
generation

The Office also communicates with the federal government and developers exploring offshore
wind generation about possible “community benefits agreements” to allow the Island to benefit
directly from that additional source of power.

The Energy Office reports that National Grid, the Island’s energy provider, is upgrading two aging
diesel generators with a new 10 MW diesel generator and a 10 MW Tesla battery. These
generators will provide more resilience to the power system and reduce peak loads.

Coastal Damage Prevention

With regard to preexisting structures that were constructed to reduce coastal storm damage,
examples include the jetties at the mouth of Nantucket Harbor and seawalls that exceed coastal
base flood elevations. Numerous concrete, steel, and wood bulkheads in the harbor area have
been erected and maintained over the years to stabilize the shoreline and stop erosion.

A variety of other projects have been conducted in other areas to combat erosion, such as beach
nourishment; installation and operation of a beach dewatering system at two ‘Sconset beaches;
bluff toe protection in Sconset; and riprap, bulkheads, seawalls, and related structures that pre-
date the regulations that no longer allow their construction. These will be discussed further in
Section 6.4.

Emergency Services

According to the 2013 Nantucket CEMP, the municipal responsibilities relative to hurricane
mitigation and preparedness include:

O Develop and disseminate emergency public information and instructions concerning
hurricane preparedness and safety.

O Community leaders should ensure that Nantucket is enrolled in the National Flood Insurance
Program.

O Develop and enforce local building codes to enhance structural resistance to high winds and
flooding. Limit new construction to areas that are not vulnerable to direct hurricane effects.

O Make informed decisions concerning protecting natural attributes such as beaches and
dunes with breakwaters and sea walls. Review National Flood Insurance Rate Maps and
Hurricane Evacuation Maps for possible impact on the community.

O Maintain plans for managing all hurricane emergency response activities.

Q Ensure that warning/notification systems and equipment is ready for use at the hurricane
warning stage.

O Review mutual aid agreements.
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O Designate suitable wind and flood resistant shelters in the community and make their
locations known to the public.

Q Prepare for coordination of evacuation from potentially impacted areas including alternate
transportation systems and locations of special needs facilities.

The Water Companies have active roles in pre-disaster mitigation. Before storms, water tanks are
filled and equipment is secured. Through careful preparation, fire protection and potable supply
are available during and after natural disasters. Generators are located at the wellfields and
pumping stations. Hurricanes are specifically addressed in the water system emergency plan.
This is important, for example, because a tree was once blown over during a hurricane/tropical
storm and broke a water main.

The Massachusetts Property Insurance Underwriting Association also participates in hurricane
mitigation by distributing a flyer to its policyholders. The hurricane preparedness flyer includes
tips for protecting the homeowner family and the home, organized in the categories "preparing
ahead of a storm," "when a hurricane watch is issued," "when a hurricane warning is issued," and
"after a hurricane." The flyer also includes a hurricane disaster supply kit checklist and tips for

developing a family communication plan.

Public Shelter Demand and Capacity

According to the May, 2016 U.S. Army Corps of Engineers “Massachusetts Hurricane Evacuation
Study,” during a Category 1 or 2 Hurricane, 269 to 517 individuals may require shelter (depending
on tourist volume during the event), while during a Category 3 or 4 Hurricane, 459 to 863
individuals may require shelter. The Study notes that sheltering capacity on the Island is 400
individuals. This capacity is lower than that described by Nantucket officials (see Section 0); the
High School Shelter has a 500-person capacity, and the new Police Station/Emergency Operations
Center acts as a secondary shelter.

Nevertheless, the Town of Nantucket appears to have lower than adequate facilities to handle
sheltering needs during a major hurricane or a hurricane during high tourist season. However,
plans are underway to expand the Island’s sheltering capacity (see Section 0), and formalizing the
secondary shelter at the 4 Fairgrounds Road facility will increase the Town’s official sheltering
capacity. Furthermore, recall from Section 2.9 that non-residents would be asked to take shelter
in hotels and inns before using the public shelters.

Capabilities Summary

In summary, the Town of Nantucket primarily mitigates hurricane hazards by enforcing the state
building code, supporting emergency services, tree trimming, and maintaining emergency
shelters.

Nantucket’s capabilities to mitigate for hurricanes have strengthened since the initial HMP was
adopted through improvements to its tree limb inspection and maintenance program, the
upgrade to the state building code, and the creation of the Energy Office. Capabilities are
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expected to continue to strengthen as the Energy Office expands local energy production
capacity, and as sheltering capacity increases.

5.5 Vulnerabilities and Risk Assessment

Nantucket is particularly vulnerable to hurricanes despite moderate hurricane occurrences when
compared with other areas within the Atlantic Tropical Cyclone basin. The location of Nantucket
at the extreme southeast corner of the New England region, protruding into the Atlantic Ocean
toward the north-northeast path taken by many tropical systems, places it in the potential path of
many tropical storms and hurricanes. The coastline geometry; bathymetry; and hurricane
direction, intensity, and forward speed are influential parameters that affect resulting hazards to
Nantucket.

According to the Massachusetts Hazard Mitigation Plan, New England is considered to be long
overdue for another major hurricane strike. Based on past hurricane and tropical storm landfalls,
the frequency of hurricanes to hit the Massachusetts coastline is an average of once out of every
six years. Nantucket's position southeast of New England places it in the path of more tropical
storms and hurricanes than central New England. For example, tropical storm Jose in 2017
passed closer to Nantucket than any other New England community.

According to the presentation "Fundamentals of Catastrophe Modeling" by AIR Worldwide
Corporation, June 30, 2006, each year Massachusetts has a 1% probability of a $5 billion loss.
Factoring in development and growth of property values, the probability of a $5 billion loss in the
next ten years is 15%. Furthermore, Nantucket, Martha's Vineyard, Cape Cod, and the Buzzards
Bay towns have the highest risk for residential property loss in Massachusetts, should a hurricane
occur.

The areas impacted by hurricane storm surge are shown on Figure 5-5. This map was developed
in 2013 by the National Hurricane Center using Sea Lake and Overland Surge from Hurricanes
(SLOSH) data. This figure shows the potential surge areas for Category 1 and 2, Category 3, and
Category 4 hurricanes, respectively. Inundation areas reflect "worst case" combinations of
hurricane direction, forward speed, landfall point, and high astronomical tide.

Inundation areas were derived from application of the National Hurricane Center's "SLOSH"
model. The SLOSH model was developed by the National Weather Service and first used for real-
time forecasting of surges from hurricanes within selected Gulf of Mexico and Atlantic coastal
basins. SLOSH's success in surge forecasting has led to utilization of the model for hurricane
preparedness planning. The model calculates storm surge heights for the open ocean and coastal
regions affected by a given hurricane. The model also calculates surge heights for bays, estuaries,
coastal rivers, and adjacent upland areas susceptible to inundation from the storm surge.

Significant man-made or natural barriers (i.e., dunes, islands, etc.) are represented by the model
and their effects are simulated in the calculation of surge heights. The model does not provide
predictions based on rainfall amounts or interior freshwater flooding. It is assumed that Flood
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Insurance Rate Maps will be used to plan for evacuation of non-tidal areas. A detailed description
of the SLOSH model is given in the Southern Massachusetts Hurricane Evacuation Study Technical
Data Report.

Based on the model, storm surge from Category 4 hurricanes will cause flooding beyond what
would be expected from a 1% annual-chance or 0.2% annual-chance flood event. Specific areas of
note where storm surge areas extend beyond the FEMA 1% annual-chance and 0.2% annual-
chance flood zones include parts of Madaket and downtown that are on the margins of the
mapped flood zones. For example, the critical facility Our Island Home is believed to be in a surge
area, but not a mapped flood zone.

Other critical facilities in surge areas include the municipal buildings 16 Broad Street, 34
Washington Street, and 37 Washington Street; the Police Station; Landmark House; the sewer
pumping station; the Steamship Dock, all four boat ramps listed in Table 2-1, and the fuel tank
farm. In addition, Madaket and some of the localities along Polpis Road and Wauwinet Road are
vulnerable to isolation during storm surge events by sea level rise.

Property parcels at risk from inundation due to hurricanes of varying intensities are summarized
in Table 5-4

Table 5-4: Properties at Risk from Hurricane Inundation
Hurricane Intensity Number of Parcels at Risk Total Value of Parcels at Risk

Category 1 1,550 $6,710,667,600
Category 2 2,024 $7,801,183,200
Category 3 2,596 $8,955,202,500
Category 4 3,302 $10,401,542,800

Historic Resources

Historic resources may be particularly at risk from hurricane winds, relative to other assets, for
the following reasons:

O Construction: Historic buildings constructed before modern building codes may not be as
able to withstand high winds as those built more recently.

O Age: Buildings and materials degrade over time, and a historic property may not be able
to stand up to high winds as well as it could when first constructed.

Buildings directly on the water, as well as the steeples of historic churches, may be particularly at
risk. It is important to note that hazard mitigation activities may be more difficult to implement
to a historic property without altering its historic character.
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5.5.1 Loss Estimates

The economic losses faced by the community from natural hazards can be estimated by reviewing
historic, and modeling future, loss figures. It is difficult to accurately quantify losses, even after an
event; therefore, a number of different sources are provided in this section. Taken together, they
provide a range of possible loss estimates.

HAZUS-MH Vulnerability Analysis

HAZUS-MH was used to calculate hurricane loss estimates based only on the effects of hurricane
winds; during an actual hurricane, losses would likely be higher due to the combined effects of
wind, surge, and rain. Losses due to coastal and inland flooding, which may be triggered by a
hurricane or tropical storm, are presented in chapters 3 and 4. HAZUS-MH software utilizes year
2010 U.S. Census data and 2010 USD.

A suite of probabilistic hurricane scenarios was modeled. Hurricanes with intensities with return-
periods of 10, 20, 50, 100, 200, 500, and 1,000 years were modeled. Detailed Hazus-MH results
are included in Appendix D. Overall losses are summarized in Table 5-5, below.

Table 5-5: HAZUS-MH — Hurricane Loss Estimates

Economic Loss (Smillions
Return Buildings Displaced Needing (3 )

Period Damaged Households Shelter Property Busmes.s Total
Damage Interruption
10 23 0 0 $2.434 $0.006 $2.440
20 514 0 0 $14.560 $0.912 $15.472
50 2,769 0 0 $74.003 $8.355 $82.358
100 5,155 6 0 $215.503 $29.438 $244.941
200 6,962 52 5 $440.762 $60.997 $501.759
500 8,886 239 38 $930.415 $131.039 $1,061.454
1000 9,781 531 88 $1,286.388 $171.265 $1,457.653
Annualized $8.924 $1.102 $10.026

Annualized Loss Estimate: Hurricane (HAZUS-MH-based): $10,026,000

Public Assistance Reimbursements

Loss estimates for hurricane wind were also generated from the value of PA grants received by
Nantucket and other entities within the Town. There has been one federal disaster declaration in
Nantucket since 1999 that resulted from a high wind event.

Disaster Declaration Incident Incident Number Federal Share Total

Number Date Type Dates of Projects Cost
3330 08/26/2011 Hurricane Irene 8/26/11 to 9/5/11 1 $7,033.91  $9,379.55
4097 12/19/2012 Hurricane Sandy 10/27/12 to 11/8/12 3 $24,046.07 $32,061.43
Total $41,440.98

Note that Hurricane Earl in 2010 caused damage primarily through flooding, and was used to
estimate losses in Chapters 3 and 4 of this Plan.

Dividing the $41,440.98 figure by the 18 years over which PA grant data has been tracked
provides an estimate of annualized losses due to hurricane wind.
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Annualized Loss Estimate: Hurricane Wind (PA-based): $2,302.28
NCEI Storm Events Database

The NCEI database of historic storm events was reviewed to determine the cost of hurricane
events to Nantucket. Hurricane events (storms reviewed in the database were the “Hurricane,”
Tropical Storm,” and “Tropical Depression” types) have been recorded since 1996.

According to the NCEI dataset, there have been six significant tropical storm events on Nantucket
since 1996, five of which caused measurable damage.

Table 5-6: NCEI Storm Events Database — Hurricane Events

Date Event Estimated Property Damage
8/22/2009 Hurricane Bill $5,000
9/3/2010 Tropical Storm Earl $20,000
8/28/2011 Tropical Storm Irene $30,000
7/4/2014 Hurricane Arthur SO
9/5/2016  Tropical Depression Hermine $40,000
9/21/2017 Tropical Storm Jose $70,000

Total $165,000

Dividing the total property damage from the NCEI figure by the 21 years over which that data has
been tracked provides an estimate of annualized losses due to hurricanes and tropical storms.

Annualized Loss Estimate: Hurricane Wind (NCEIl-based): $7,857

Loss Estimates Summary

Based on the loss estimates summarized above, an average expected annualized estimated loss
can be calculated. Note that Public Assistance funding is only granted for public projects, and
therefore likely significantly underestimates total losses.

Table 5-7: Annualized Loss Estimates for Hurricane Events

Source Annualized Estimated Loss
HAZUS-MH $10,026,000
Public Assistance $2,302
NCEI $7,857

The high HAZUS-MH estimate likely overestimates costs due to true hurricanes and tropical
storms, but may better represents losses due to high wind, generally. In fact, reviewing the NCEI
database for all high wind events (excluding tornadoes, straight-line winds, and other
thunderstorm winds) reveals 141 significant events since 1996, with a total cost of $644,890, and
an annualized cost of $30,709. While using this approach does significantly raise the NCEI loss
estimate, it is still well below the HAZUS-MH generated loss estimate. This may be because the
NCEI database’s relatively short data-collection period has not captured any significant
hurricanes. Overall, the NCEI data simply does not capture the extreme events that are possible.
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5.6

5.6.1

5.6.2

Mitigation Strategies and Action

Many potential mitigation measures for hurricanes include those appropriate for flooding. These
were presented in Sections 3.6 and 4.6. However, hurricane mitigation measures must also
address the effects of heavy winds and rain that are inherently caused by hurricanes. Mitigation
for wind damage is therefore emphasized in the subsections below.

Prevention

Although hurricanes and tropical storms cannot be prevented, a number of methods are available
to continue preventing damage from the storms, and perhaps to increase damage prevention.
The Comprehensive Community Plan and Status Chart recommend the following types of
prevention for hazard mitigation:

O Add additional boat ramps at all harbors for emergency preparedness purposes and backup
storage sites for vessels hauled during emergencies.
O Add boats ramps and storage areas for emergency response.

O

Utilize opportunities to place utilities underground.

O Continue the program of placing utilities underground in the historic districts of Nantucket
and Siasconset and as opportunities arise, elsewhere throughout the island.

O Develop a Nantucket local energy generation plan to guide investments in and development

of local power generation (through wind, solar, and other renewable sources as well as fuel-

powered generators), storage (through local batteries), and microgridding.

Property Protection

Potential mitigation measures for property protection during hurricanes include designs for
hazard-resistant construction and retrofitting techniques. These may take the form of increased
wind and flood resistance, as well as the use of storm shutters over exposed glass and the
inclusion of hurricane straps to hold roofs to buildings. In addition, living and working areas can
be elevated to allow a storm surge to pass safely underneath.

The American Red Cross (ARC) has published a guidebook entitled Standards for Hurricane
Evacuation Shelter Selection (ARC Publication #4496). The publication provides guidelines for
selecting shelters relative to resilience from storm surges, flooding, and hurricane winds. Several
FEMA publications provide design criteria for shelters, including Design and Construction
Guidance for Community Shelters (FEMA Publication #361). A reference by the International Code
Council (ICC) and the National Storm Shelter Association, Standard on the Design and Construction
of Storm Shelters (ICC-500), also provides design criteria. In general, recommended design wind
speeds range from 160 to 250 miles per hour (mph) in these publications.

The FEMA PDM program is the current FEMA mitigation grant program best suited to funding
wind mitigation projects. The PDM program recognizes four categories of projects for wind
damage mitigation in critical facilities as follows:
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Q "Shutter mitigation" projects protect all windows and doors of a structure with shutters or
other systems that meet debris impact and wind pressure design requirements. All
openings of a building are to be protected.

O "Load path" projects improve and upgrade the structural system of a building to transfer
loads from the roof to the foundation. This retrofit provides positive connection from the
roof framing to the walls, better connections within the wall framing, and connections from
the wall framing to the foundation system.

O "Roof projects"” involve retrofitting a building's roof by improving and upgrading the roof
deck and roof coverings to secure the building envelope and integrity during a wind event.

O "Code plus" projects are those designed to exceed the local building codes and standards to
achieve a greater level of protection.

The Building Department should make literature available to developers during the permitting
process regarding these design standards. The Health Department should continue its outreach
and education for retrofitting of existing structures.

5.6.3 Public Education and Awareness

The public, especially those individuals living within hurricane storm surge evacuation zones,
should be made aware of evacuation routes and available shelters. A number of specific
proposals for improved public education are recommended to prevent damage and loss of life
during hurricanes. These are common to all hazards in this plan, and are listed in Section 11.1.

5.6.4 Emergency Services

A natural hazard mitigation plan addresses actions that can be taken before a disaster event. In
this context, emergency services that would be appropriate mitigation measures for hurricanes
include diligent use of forecasting, implementation of warning systems such as Reverse 911 to
provide information on the time of occurrence and magnitude of a storm, and early evacuation of
neighborhoods and localities. Although evacuation of Nantucket as a whole may not be feasible,
the long lead time before a predicted hurricane strike may provide for significant off-island
evacuations.

Based on the above guidelines, a number of specific proposals for improved emergency services
are recommended to prevent damage from inland and urban flooding. These are common to all
hazards in this plan, and are listed in Section 11.1.

5.6.5 Structural Projects

Structural mitigation for hurricane storm surges is generally focused on constructing seawalls,
which provide better protection than bulkheads. The Town of Nantucket is not in a position to
construct new seawalls, as they are not permitted. However, previous recommendations for
coastal flood mitigation provided in Section 4.6 will provide mitigation for coastal flooding caused
by hurricanes.
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5.7 Recommended Actions

5.7.1 Status of Previous Recommendations

A suite of mitigation actions for addressing coastal flooding were proposed in the previous edition
of this HMP. Each action is listed in the table below, along with its status and additional notes.
Some of these are repeated from Section 3.7, given their applicability to coastal flood mitigation.

ACTION STATUS NOTES
Recommendations for mitigation of hurricane and tropical storm winds
Increase tree limb maintenance and

inspections, especially in the downtown Complete This is now a capability

and ‘Sconset areas.

Continue to require that utilities be Utilities are placed underground on a case by case
placed underground in new basis in new developments. Replace “pursue funding
developments and pursue funding to Drop to place them underground in existing developed
place them underground in existing areas” with “ldentify and pursue a pilot utility-burial
developed areas. project.”

Provide funding for additional Marine

Department staff to assist with boat Capability  This is reclassified as a capability

removal before storms.
Designate official sites on land for boat Capabilit This is accomplished through the Harbor Management
storage during storm events. P Y Plan. Itis reclassified as a capability.

Note that the 2007 HMP listed recommendations for mitigating coastal and non-coastal flooding
caused by hurricanes in both this section and sections 3.7 and 4.7. This update has streamlined
the narrative by only listing those actions in their relevant sections, and not repeating them here.

5.7.2 New Actions and Actions to Carry Forward

All coastal- and non-coastal-flooding related actions are listed in sections 3.7 and 4.7, and are not
repeated here.

One new action to mitigate the wind hazard posed by hurricanes was identified during
development of this plan:

O Incorporate “code plus” wind-load requirements (more restrictive coding to make a building
more resilient, specifically to wind hazards) into new critical and essential facility permitting,
specifically,

o The new fuel tank farm

o The new Fire Department facility

o The new hospital building

o Any new or renovated pumping stations

Q Perform an inventory and condition assessment of Town owned trees by a certified arborist
that identifies a maintenance, pruning and removal schedules. Develop a risk rating model
to identify trees and locations vulnerable to personal injury and property damage caused by

storms.
f k
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O Document the plan that identifies the haul-out capacity and timely removal of boats from
the water in an emergency situation. The Town currently works with local businesses to
coordinate the hauling of boats in the event of an imminent storm. This plan should be
formalized in writing and the responsibilities of the Town and private providers should be

defined.

Mitigation actions that apply to all hazards are listed in Sections 2-14 and 11-1.
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6 SEA LEVEL RISE, SHORELINE CHANGE, AND EROSION

6.1 Setting

Sea level rise is a phenomenon that affects coastal and tidal areas, as well as adjacent lands that

are at risk of erosion. As such, the entire community of Nantucket is at risk of the effects of sea

level rise, although the timing of the impacts from this phenomenon will vary significantly with
distance from the shoreline.

Coastal erosion and shoreline change will one day affect the entire island of Nantucket, even as

the more immediate concerns are focused on the shoreline. Although the entire perimeter of the

island (along with Muskeget and Tuckernuck) is vulnerable relative to erosion and shoreline

change due to the lack of bedrock, the areas of Nantucket that currently or have recently suffered

from severe erosion and shoreline change include those listed below and depicted on Figure 6-1:

Q

D000 O00Oo

Q

Codfish Park in ‘Sconset

Sconset Beach in ‘Sconset

Low Beach in ‘Sconset

Pebble Beach along the south shore

Cisco Beach along the south shore

Sheep Pond Road along the south shore toward Madaket
Madaket Beach in Madaket

Smith Point in Madaket

Cliff Beach along the north shore

These localities are checked in the "coastal flooding" and "coastal erosion" columns of Table 1-5.
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6.2

6.2.1

6.2.2

Hazard Assessment

Although erosion and shoreline change have long been recognized as coastal hazards, it is only
recently that the chronic problem of sea level rise has been closely connected to the acute threats
of erosion and shoreline change. Indeed, sea level rise will increase the incidence, severity, and
adverse effects of erosion and shoreline change.

Sea Level Rise

Sea levels are currently rising along the Atlantic Coast as a result of climate change which is
attributable to greenhouse gas emissions, as well as other factors noted on Page 6-5. Rising sea
levels will inundate low areas, increase erosion of beaches and bluffs, increase the incidence of
flooding from storm surges, and enable saltwater to advance upstream and intrude further into
aquifers.

Rising sea level affects both the natural and the human-made environments. Future sea level rise
could result in the disappearance of a large percentage of Nantucket's coastal wetlands, unless
they can advance as quickly as the rising level. Saltwater advancing upstream along estuaries can
alter the point at which flocculation leads to sedimentation and the creation of shoals.

As sea level rises, storm surges from hurricanes and nor'easters will reach further inland as they
are starting from a higher base level. By the end of the 21 century, it is possible that a Category
1 hurricane storm surge will be similar to what is now a Category 3 hurricane storm surge.

FEMA coastal base flood elevations, which are currently at 8 to 9 feet (NGVD) depending on the
location, will progressively rise. This means that the 1% annual-chance and 0.2% annual-chance
flood levels will affect lands that are currently at unaffected elevations. This will exacerbate the
problem of coastal and near-coastal inland flooding within Nantucket.

As sea level rises, drainage systems become less effective. Rainstorms will have the potential to
cause greater flooding. Nantucket already experiences problems with inadequate storm drainage
in areas such as Brant Point and downtown. As sea level rises, these areas will likely experience
increased flooding.

Between 2000 and 2010, the population of Nantucket increased by 6.8%. As coastal population
densities increase, greater numbers of people and assets are at risk. For example, increased
storm surges due to rising sea levels has the potential to flood important low-lying arterial
roadways that currently flood only infrequently.

Erosion and Shoreline Change

Nantucket Island continues along the path that started 12,000 years ago after the last glaciation,
slowly giving way to the advancing Atlantic Ocean. This net loss of land is due partly to active
erosion of bluffs, dunes, beaches, etc.; and partly to passive submergence caused by a the natural
component of relative sea level rise. The erosion and passive submergence together cause a net
loss of land resulting in shoreline change.
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As stated in the Massachusetts Hazard Mitigation Plan, coastal erosion and shoreline change can
result in significant economic loss through the destruction of buildings, roads, infrastructure,
natural resources and wildlife habitats. Damage often results from the combination of an
episodic event with severe storm waves and dune or bluff erosion.

The Massachusetts Coastal Zone Management (CZM) program provides a good description of
erosion and shoreline change processes on its web site. Erosion, transport, and the accretion that
results are continuous and interrelated processes. Each day wind, waves, and currents move
sand, pebbles, and other small materials along the shore or out to sea. Shorelines also change
seasonally, tending to accrete slowly during the summer months when sediments are deposited
by relatively low energy waves and erode dramatically during the winter when sediments are
moved offshore by high energy storm waves, such as those generated by nor'easters.

The source of the sand that created and continues to feed the Nantucket Officials,

beaches, dunes, and barrier beaches in Massachusetts comes including the Emergency
primarily from the erosion of coastal landforms. For example, Management Agency,
the material eroded from the Atlantic-facing coastal bluffs of the classify erosion as the
Cape Cod National Seashore supplies sand to downdrift (i.e., Town’s primary risk.

down current) beaches of the Cape.

While erosion is necessary and natural, is has the potential to damage coastal property and
infrastructure. According to CZM, erosion can expose septic systems and sewer pipes,
contaminating shellfish beds and other resources; release oil, gasoline, and other toxins to the
marine environment; and sweep construction materials and other debris out to sea. Public safety
is jeopardized when buildings collapse or water supplies are contaminated.

According to USGS, four possible erosional outcomes can occur during a storm and storm surge
event. "Swash" occurs when the maximum elevation of wave runup is higher than the beach but
still lower than the base of the dune or bluff. This results in the erosion of the beach. "Collision"
occurs when the maximum elevation of wave runup is higher than the base of the dune or bluff,
but lower than the top of the dune or bluff. Collision results in severe erosion of the dune or
bluff. "Overwash" occurs when the maximum elevation of wave runup is higher than the top of
the dune or bluff. Overwash can result in damage to structures behind the dune. Finally,
"inundation" occurs when the base tide and surge level is higher than the beach and dune. This is
the most dangerous of the four outcomes with regard to flood damage.

CZM notes that shoreline change can result in significant "economic and emotional loss" in the
current land use system of fixed property lines and ownership. However, attempting to halt the
natural process of erosion with seawalls and other hard structures can shift the problem,
subjecting other property owners to similar losses. Also, without the sediment load associated
with erosion, beaches and dunes can be threatened and may slowly disappear as the sand sources
that sustain them are eliminated. The challenge is to site coastal development in a manner that
allows natural physical coastal processes such as erosion to continue.
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6.3 Historic Record

6.3.1 Sea Level Rise

A tide gauge is operated by NOAA within Nantucket Harbor, on the Steamship Wharf. This gauge
has been operating since January 1, 1965. According to data collected by this gauge (available
online at tidesandcurrents.noaa.gov), the mean sea level (MSL) in Nantucket Harbor is negative (-)
0.32 feet, or 0.32 feet below the North American Vertical Datum of 1988 (NAVD88). The average
maximum elevation of high tide (mean higher-high water, or MHHW) is 1.80 feet above the MSL,
or 1.48 feet elevation, NAVD88. Examination of fifty-two years of tidal data collected at this gauge
(from January 1965 through December 2017) show that MSL has been increasing at a rate of 0.14
inches (0.0117 feet, 3.57 millimeters) per year. See Figure 6-2.

Figure 6-2: Monthly Historic Mean Sea Level in Nantucket Harbor
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Global climate change will cause the rate of sea level rise on the Nantucket coast to accelerate
moving forward. It has long been expected that the rate of sea level rise in Massachusetts will be
slightly higher than the global projections due to the local effects of regional subsidence. More
recent studies have asserted that changes in ocean circulation will increase the relative sea level
rise along the Atlantic coast even more. Future sea level rise risks are discussed further in Section

6.5.
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6.3.2 Erosion and Shoreline Change

Historical Shoreline Change

The earliest records of shoreline change for Nantucket are available from a review of historical
topographic maps and nautical charts. These maps have documented striking changes in the
southwestern portion of Nantucket from Madaket to Muskeget Island. The Nantucket Shoals
Nautical Chart from 1791 depicts a barrier island between Muskeget and Tuckernuck that
disappeared the next century. This barrier island was aligned with the southern shore of
Nantucket Island at Madaket, whereas Muskeget and Tuckernuck were located behind (north) of
the barrier island and the shoreline alignment.

The topographic map from 1893 shows that the barrier island was gone by then, with a long
barrier beach extending from Madaket (where Smith Point is currently located) to a position
southwest of Tuckernuck. The barrier beach and Tuckernuck were separated by a very narrow
strait. The 1903 Nantucket Shoals Nautical Chart shows a continuation of this northward
erosional progression, with the southern shore of Tuckernuck finally merged with the barrier
beach and aligned with the southern shore of Nantucket at Madaket. The maps from 1791
through 1903 also show a progressive shrinking of Muskeget Island.

By 1944, topographic maps show the disappearance of the barrier beach west of Madaket and a
wide expanse of water between Tuckernuck Island and Smith Point (the western extent of the
Madaket barrier beach system).

The aforementioned maps document a significant northward shift of the southern shoreline. For
example, Hummock Pond was a U-shaped pond in 1893. By 1945, the beach south of the pond
had advanced northward far enough that it decreased the width of water connecting the two
arms of the U. Hummock Pond is now two separate ponds, with the beach advancing so far to the
north that it merged with the peninsula between the two arms. Likewise, several north-south
ponds along the southern shoreline have disappeared over the same time frame, including
Nobadeer Pond, Madequecham Pond, and most of Sheep Pond.

It is more difficult to detect changes in the shoreline in the ‘Sconset area based on a review of the
historical maps. However, the topographic maps from 1945 and 1951 depict many more homes
in the Codfish Park area as compared to the same area today. Specifically, homes on the east side
of Codfish Park Road are clearly visible in the historical topographic maps, whereas the area east
of the road is currently occupied by the beach and the ocean.

Massachusetts Shoreline Change Project

Recent research by performed by the Massachusetts agency of Coastal Zone Management (CZM)
as part of its StormSmarts Coasts Project has continued to shed light on changes to the Nantucket
shoreline. The Massachusetts Shoreline Change Project digitized high water line (the landward
limit of wave runup at the time of local high tide) data from the mid-1800s to 2009 using historical
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and modern sources. The most recent shoreline data was extracted from orthophotographs and
Lidar. Shoreline-perpendicular transects intersecting each of the up-to eight historical shorelines
at 50-meter intervals were then used to calculate short- and long-term shoreline change rates for
the entire Massachusetts coast. Results are available through interactive maps and downloadable
files for use in a GIS, as well as in a report.

The Massachusetts CZM Shoreline Change Project was most recently updated in 2013, with
historic shorelines mapped from the mid-1800s through 2009. The 2013 project report,
Massachusetts Shoreline Change Mapping and Analysis Project, 2013 Update (Thieler, et. Al.
2013) described the project’s findings for Nantucket as follows:

Long-term shoreline-change rates were calculated at 2,227 transects covering 91 miles of
Nantucket shoreline. Generally, erosion was observed on the Atlantic Ocean-facing shores of
Nantucket, Tuckernuck, and Muskeget Islands, and accretion at the end of barrier spits. The
maximum erosion rate (7.2 £1.3 meters per year) was found to be occurring on a barrier spit on
Muskeget Island. Tuckernuck Island and the southern shore of Nantucket Island were also found
to have high long-term erosion rates; the average long-term erosion rate for Nantucket’s
southern shore is 2.1 £0.5 meters per year. The highest long-term accretion rate of 4.3 £3.7
meters per year was observed on the eastern side of Muskeget Island.

Short-term linear-regression change-rates were calculated at 1,983 transects along 74 miles of
Nantucket shoreline. The maximum short-term linear regression erosion rate 12.4 +1.5 meters
per year was measured at Tuckernuck Island. Tom Nevers Beach also had high short-term erosion
rates up to 4.9 £1.5 meters per year. For the short-term, the average rate of change for the
Nantucket southern shore was 1.2 +2.6 meters per year, which is not a statistically significant
trend and reflects the mobility of this beach system. The short-term maximum linear regression
accretion rate of 5.5 +4.6 meters per year was located at the end of a spit on Esther Island at the
entrance to Madaket Harbor.

In the Low Beach area, the study demonstrated that the shoreline is very unstable. Between 1846
and 1887, the beach reportedly accreted 238 feet; from 1887-1955 it eroded 32 feet; and from
1955-1978, this same beach eroded 204 feet. Despite the apparent long-term net stability of the
beach, any buildings constructed here when the beach was accreting would have subsequently
been destroyed when it eroded.

Table 6-1 lists erosion and accretion data for a selection of transects around the perimeter of
Nantucket Island located near critical facilities and other points of interest. This information was
taken from an independent review of the CZM Shoreline Change Project maps conducted for this
natural hazard mitigation plan.
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Table 6-1: Erosion and Accretion Rates in Selected Nantucket Coastal Transects
Long Term** Short Term**

Location* Transect #
Net Change (ft) Rate (ft/yr)  Net Change (ft) Rate (ft/yr)
Wauwinet: 0150 52123 -3.9+41.49 81.63  -2.145.29
Outer Shore
Sconset: 0254 15141 -0.82 +0.38 6558  -1.61+4.57
Baxter Road
Sconset:
+ - i +
Codfich Park 0331 202.85 0.92 +2.4 168.5  -5.18 +2.37
Tom Nevers 0409 2518  -0.98+2.2 -506.86  -16.17 +4.8
South of Airport 0515 147343  -9.19+1.05 136.84  -43+1.61
Surfside:
+ +
WWTE 0594 9873  5.18+1.39 237.11  6.99 +14.59
Surfside: 0687 -1086.55  -6.59 £0.55 30571 -9.652.6
Hummock Pond
Sheep Pond Road 0761 174354 -10.79 1.15 32507  -9.68+7.19
Smith Point 0802 -1890.26 -11.68 +1.41 194.03  -5.31+8.04
Madaket: 1106 145  -03+1.04 11217 -0.36+4.98
Little Neck
Madaket: 1116 5466  -0.33:0.1 2326 -0.75+231
Warren Landing
Dionis: 1205 23048  2.23+1.52 13894  -4.49 +6.01
Fishers Landing
Dionis Beach 1277 28829  -1.74+0.25 4915  -1.57+1.94
Jetties Beach West 1346 911.94 6.5 +1.65 -51.77 -1.71 £1.02
Jetties Beach East 1350 73022  5.84+2.16 1146  -3.7143.58
Downtown 1401 39.99  -0.03+0.65 6.3 -0.43
Shimmo Creek 1463 3442 -0.1+0.21 12.86  -0.39+7.64
Quaise Point 1538 5738 -0.13 0.64 64.8  -4.49 +-9999
Wauwinet 1678 895.64  5.28+8.49 -10.86  -7.45 +56.01
Inner Shore

* Note that one sample transect was chosen for each general location listed in this column. Due
to the close spacing of the transects, each location is crossed by multiple transects, each with
different erosion or accretion rates. In some cases, a single area may be crossed by both
transects that show erosion and transects that show accretion (for example, Madaket: Little
Neck).

** positive values indicate accretion (shoreline movement out into the ocean). Negative values
indicate erosion (shoreline movement inland).

Figure 6-3 depicts areas of shifting, long-term erosion, alternating accretion and erosion, and
relatively stable areas from 1846 through 2009. It is important to note that this figure provides

only a very generalized depiction of trends. The Massachusetts Shoreline Change maps should be
reviewed for details.
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Notable Erosion Events

"Selected Resources of the Island of Nantucket"

A detailed record of erosion and shoreline change from 1896 through 1962 is available from the
University of Massachusetts Cooperative Extension Service publication "Selected Resources of the
Island of Nantucket" (1966). Table 6-2 lists the incidents reported in the publication. This list is
not meant to be exhaustive or inclusive of all major shoreline change and erosion events.

Table 6-2: Notable Storm Damage, 1896-1962

Date Description
12/15/1896 Ocean broke through at Haulover (head of harbor).
1/25/1905 Harbor level 7.5 feet above normal low water.
1/18/1908 Bluff erosion up to 25 feet in Surfside area.
1/10/1914 Ocean broke through at Great Point; severe erosion.

1/16/1915 Sound broke through Coatue; erosion of Nantucket Cliffs.

8/16/1925 Bluff erosion at Surfside and Madaket; flooding of all south shore ponds.

Ocean broke through at Haulover; bluff erosion at Squam and Nantucket Cliffs;
flooding of Miacomet and Hummock Ponds.

Hurricane of '38: Bluff erosion along entire south shore; ocean broke through at
9/21/1938 Broad Creek (this area is no longer a creek; instead it comprises the southern
curve of Madaket Harbor).

Heavy surf and flooding at Madaket; washover of ocean to Hummock Pond and
Sheep Pond; bluff erosion at Cisco.

8/31/1954 Hurricane Carol: Smith's Point cut off from Nantucket.

Hurricane Edna: Bluff erosion along entire south shore; Nobadeer Valley

1/26-29/1933

3/2/1947

11/1954
LS flooded (southeast of airport); washover of ocean to Hummock Pond.
1/7/1958 Ocean washover at Broad Creek.
9/20/1961 :AL;r(;Lcs:te Ester: Ocean washover at Broad Creek; heavy surf with 20' waves at

Heavy surf with 20' waves along south shore; Madaket ocean side erodes 40';
harbor water level 5' above normal.
11/14-15/1962  Harbor water level 6.5' above normal.

10/20-24/1961

Massachusetts 2013 State Hazard Mitigation Plan

It is understood that much of the severe erosion facing Nantucket occurs during discrete storm
events. The 2013 update to the Massachusetts Hazard Mitigation Plan lists a number of large
coastal storm events that have had major impacts on the Massachusetts coastline. Some of the
most memorable coastal storms are listed here, however all significant coastal storms impacting
Nantucket are identified previously in Section 4.3. The memorable storms and erosion events
include:

O September 1954: Hurricane Carol

O September 1954: Hurricane Edna

O February 1978: Nor’easter — strong northeast winds, a slow-moving storm system, and
astronomically high tides caused serious coastal flooding, beach erosion, broken seawalls,
and property loss.
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O August 1991: Hurricane Bob

O October 1991: Nor’easter (“Perfect Storm”) — high winds and waves over 30 feet caused
flooding and wind damage

O December 1992: Nor’easter (“No Name Storm”) — $12.6 million in public infrastructure
damage and $12.7 million in NFIP claims.

O March & April, 2001: Winter Storm, Heavy Rainfall, Flooding — widespread coastal flooding,
damage to homes

Q January 2005: Nor’easter — heavy snow and high winds

O October 2005: Coastal Storm — a strong nor’easter combined with the remnants of Tropical
Storm Wilma created rainfall, winds, and coastal flooding.

O April 2007: Coastal Storm — high rainfall

O August 2011: Tropical Storm Irene — significant rain, storm surge, flooding, and wind
damage. Most damage occurred inland.

O October 2012: Hurricane Sandy — high winds and storm surge.

The Massachusetts State HMP notes that “the return period of an episodic erosion event is
directly related to the return period of a coastal storm, hurricane, or tropical storm.”

Other Data Sources

The NCEI reports that Nantucket suffered erosion during the 1992 No Name Storm, a December
1993 storm, an April 1997 storm, a January 1998 storm, and a February 1998 storm. During the
1992 No Name Storm, several homes were washed out to sea in Codfish Park and the beach
suffered severe erosion. During the April 1997 storm, the homes in Codfish Park were evacuated
and a portion of one home was lost. During the January 1998 storm, the Pebble Beach parking lot
was lost to erosion and had to be relocated. The next month during the February 1998 storm, 12
to 15 feet of bluff was lost in ‘Sconset.

A group of consecutive storms can have a significant impact. According to the article "Tempering
the Wrath of Mother Nature" (The Nantucket Independent, August 24, 2005), the storms of
winter 2004-2005 took an average of 15 feet of bluff along Baxter Road in ‘Sconset.

Severe erosion occurred during the spring nor'easter of April 16-17, 2007. During this storm,
southeast wind gusts of 64 mph and 18 to 20-foot waves re-severed Esther Island from Smith
Point and undermined one of the homes on Sheep Pond Road, causing it to fall onto Madaket
Beach. Erosion controls along Baxter Road in ‘Sconset were destroyed.

Other recent erosion events are listed in the NCEI database or recorded through the
Massachusetts MyCoast project (https://mycoast.org/ma), which allows members of the public to
report shoreline change events. Events listed include:

O October 29-30, 2012
O February 9-10, 2013 - The Blizzard of 2013 caused significant beach erosion, damaging sand
fencing.
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Q March 7-8, 2013 - Sheep Pond Road was flooded and water eroded the foundation of a
building.

January 3, 2014

July 7, 2014

December 9, 2014

January 27-28, 2015 - pockets of structural damage and seawall failure occurred
February 15, 2015 — The barrier beach at Folger’s Marsh was breached.

August 16, 2017 — Waves on the south shore were estimated at 12 feet, with strong rip
currents in place.

[ Sy Wy Iy

O September 21, 2017 — Tropical Storm Jose caused high winds and waves. Numerous boats
were washed ashore or sunk.

O October 30, 2017 — The remains of Tropical Storm Philippe caused winds and waves that
impacted the western coastline of Nantucket. Large waves and swells washed over the
head of Hither Creek and eroded a new channel that exposed Millie’s bridge (Ames Ave.
over Hither Creek) and its embankment to scour. DPW used an emergency contract to
protect the embankment using large concrete blocks (3800#) and redirect the scour away
from the structure. Within a month the flow over the head of the creek stopped and the
area with erosion was filled with sand. The extent of change is shown in the photographs
below, comparing the difference seen in Google earth from April 2017 and February 2018.
Because of these changes, the bridge is likely vulnerable more vulnerable to direct wave
action and scour. Note the house seen on the beach at the end of California Ave. has been
demolished.

Q January 3-5, 2018 — Winter Storm Grayson brought rain, wind, and coastal flooding to
Nantucket. Many low-lying areas of Downtown were flooded. Easton Street was flooded by
four feet of water, and a car was seen floating down the street. Easy Street and Washington
were flooded as well. A couple of homes on Washington Street were shifted on their
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foundations by floodwaters. More than 20 people had to be rescued during the storm , and
at least two families were displaced. The Town opened the emergency shelter as a
precaution going into the overnight.

Q January 30, 2018 — A coastal storm passed offshore of Nantucket and brought a storm surge
and flooding to Nantucket. Easy Street, Easton Street, and Washington were all reported
flooded, but not to the extent of January’s storm.

O March 2-4, 2018 — A powerful nor’easter named Winter Storm Riley brought a storm surge
that lasted multiple tide cycles. Sustained wind from the north led to wave driven flooding
that reached Madaket Road at Long Pond, causing scouring on the north side of the
roadway. DPW placed large concrete blocks to dissipate wave energy and mitigate erosion
of the roadway and culvert. The same event led to scouring and wash over occurred at the
culvert on Polpis Road at Fulling Mill Creek requiring concrete block protection. Sustained
wind from the east lead to breach of Sesachacha Pond and wave driven flooding and storm
surge that caused undermining of the embankment and roadway on Polpis Rd. Despite the
placement of concrete blocks to protect the embankment on March 4" and early in the
duration of the storm, several days of sustained wind and waves damaged the pavement
and undercut the subgrade by at least 12 feet in several locations (closing the road in both
directions). The roadway was reconstructed as needed, along with armoring of the
embankment and installation of large concrete blocks to protect the roadway. Erosion
produced by the storm was also observed at Children’s Beach. Overall, east and north
facing infrastructure and assets were most vulnerable to damage in this storm.

6.4 Existing Capabilities

Coastal Zone Management Program

The CZM Shoreline Change Project is available to help educate residents and property owners
about erosion and shoreline change. To help make informed and responsible decisions, CZM
states that coastal managers, shorefront landowners, and potential property buyers need
information on both current and historical shoreline trends, including reliable measurements of
erosion and accretion rates in non-stable areas. The goal of the Shoreline Change Project is to
develop and distribute scientific data that will help inform local land use decisions.

The Shoreline Change Project presents long-term and short-term shoreline change rates at 40-
meter intervals along the entire Massachusetts coast. In a broad sense, this information may
provide useful insight into the erosional forces at work along the Massachusetts coast. But CZM
cautions users of this tool when applying this information to specific property or local sections of
coastline, and advises that one should consult with a professional when attempting to use the
Shoreline Change Project data for planning purposes.
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Climate/Coastal Resilience Planning

Nantucket is in the process of developing a Climate/Coastal Resilience Plan (CRP), which will be a
comprehensive plan to address sea level rise, coastal storms, and a changing coastal hazard
regime. The resilience planning process expected to be completed in 2019.

Codes and Regulations

Although Nantucket does not have codes or regulations that specifically address hazards posed by
sea-level-rise, important pieces are indeed in place in the form of the ordinances, codes, and
regulations cited in Section 2.9 that have been enacted to minimize storm, erosion, and flood
damage.

Infrastructure Protection

Recall from Sections 3.4 and 4.4 that DPW tracks, plans, prepares for, and responds to flooding,
inundation, and/or erosion of roads and infrastructure such as the sewer pumping station and the
wastewater treatment plants. At the ‘Sconset WWTP, the Town must plan a new location for the
effluent beds if the bluff at Low Beach erodes to within 100 feet of a permanent marker. The
marker is 300 feet from the ocean and 100 feet from the beds. At the Surfside WWTP,
bathymetric mapping has indicated that erosion and accretion will occur, and the shoreline will be
stable for 20 to 25 years. Funding for the plant takes the life span of the plant and effluent beds
into account.

Erosion Control

With regard to pre-existing structures that were constructed to reduce erosion and stabilize
shorelines, examples include the jetties at the mouth of Nantucket Harbor and numerous
concrete, steel, and wood bulkheads in the harbor area.

A variety of other projects have been conducted in other areas to combat erosion, such as beach
nourishment, and riprap, bulkheads, seawalls, and related structures that pre-date the
regulations that no longer allow their construction. Specifically, three ongoing bank protection
and beach nourishment projects are implemented at:

d Hummock Pond
O Madaket Road
O Quaise Road

Beach nourishment is described in Section 6.6.

Homes and the Sankaty Lighthouse are being moved back (retreating from the shoreline) in the
eastern part of Nantucket. Private funds were raised for the lighthouse project, and private funds
are typically used for home relocation.

An erosion control project on Baxter Road is a private effort protecting a portion of Baxter Road.
It is a coastal engineering structure of sand-filled geotubes used in combination with sand
nourishment. Plantings in the bank above further help to maintain the upper slope. While it is an

Town of Nantucket 'e MILONE &

antuc /,
H d Mitigat Pl
February 2010 614 ¢, MACBROOM



example of hybrid techniques being used for erosion control, the Commonwealth of
Massachusetts does not consider a geotube to be a hybrid technique. In addition, this Hazard
Mitigation Plan does not include a technical review or endorsement of the efforts. Instead, this
narrative has been included to demonstrate to FEMA that efforts to address erosion are present
in the Town of Nantucket.

6.4.1 Capabilities Summary

In summary, the Town of Nantucket primarily mitigates sea level rise, erosion, and shoreline
change hazards through implementation of erosion control projects, development of long-range
shoreline change planning documents, and ongoing monitoring and public education.

Nantucket’s capabilities to mitigate for shoreline change have increased since the previous edition
of this HMP, in large part during the completion of coastal planning documents; these include the
2009 Nantucket Master Plan and its associated Area Plans, which address shoreline change issues,
and the 2014 Coastal Management Plan, which established priorities and procedures for
protecting and managing town-owned infrastructure and public access points adjacent to the
coastline. Through the Town’s development of a Climate/Coastal Resilience Plan, its capabilities
are expected to increase further, as it will have a unified guiding document to help with future
decision-making.

6.5 Vulnerabilities and Risk Assessment

Sea Level Rise

According to the USGS publication "National Assessment of Coastal Vulnerability to Sea-Level
Rise: Preliminary Results for the U.S. Atlantic Coast," the coastal vulnerability index of the
Nantucket shoreline as related to sea level rise varies from "moderate" to "very high," depending
on the location. The "moderate" score has an associated relative sea level rise projection of 2.5 to
2.95 mm/year, the "high" score translates to 2.95 to 3.16 mm/year, and the "very high" score
translates to greater than 3.16 mm/year. "Very low" and "low" coastal vulnerability indices were
not assigned to Nantucket. These are reserved for rocky shores such as those found in Maine.

Transportation infrastructure in Nantucket at risk to adverse effects from sea-level rise includes
portions of the roads listed in Table 2-2, such as Broad Street, Washington Street, North Beach
Street, South Beach Street, Easton Street, Polpis Road, Wauwinet Road, Madaket Road,
Cambridge Street, Tennessee Avenue, and Codfish Park Road. Without improvements, many of
these roads will have more difficulty draining due to rising base level, and will flood more
frequently due to winds or even small storm surges.

Port facilities on the water's edge are particularly vulnerable to sea level rise. Docks, piers, boat
ramps, jetties, and other facilities are deliberately set at an optimal elevation relative to the water
level, and therefore a rise in sea level leaves them at a less optimal elevation. However, unlike
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roads, these facilities tend to be rebuilt relatively frequently as compared with the time it takes
for a substantial rise in sea level.

Commercial, industrial, and residential properties along the coastline are also vulnerable to sea
level rise. In general, these are the same areas that were identified in Sections 4.0 and 5.0 in the
context of coastal flooding and hurricanes, respectively. The most vulnerable areas are those
where topography is relatively flat, such as Brant Point, and areas adjacent to Nantucket harbor
and tidal creeks and waterways.

All of the critical facilities in coastal flood zones and storm surge areas are vulnerable to sea level
rise. These include the municipal buildings 16 Broad Street, 34 Washington Street, and 37
Washington Street; the Police Station; Our Island Home and Landmark House; the sewer pumping
station; the Steamship Dock, all four boat ramps listed in Table 2-1, and the fuel tank farm. In
addition, Madaket is vulnerable to isolation caused by sea level rise, although the speed of sea
level rise allows for transportation improvements to remedy this situation.

GIS analysis of Nantucket topography shows that 4,153 parcels on the Island are completely or
partially less than 15-feet above the current mean-higher-high-water elevation. The combined
present-day values of these parcels is over $12 billion. These parcels are all expected to be at risk
from future flooding as sea level rise raises base flood elevations.

Historic Resources

Historic properties may be particularly at risk from sea level rise. As noted in Section 4.5.1,
historic buildings initially sited in areas with relatively low risk of coastal inundation may be at
higher exposure today due to sea level rise. Additionally, sea level rise mitigation activities such
as elevation or relocation may be more difficult to implement to a historic property without
altering its historic character.

Erosion and Shoreline Change

The entire community of Nantucket is vulnerable to erosion and shoreline change in the long
term. In the short term, coastal erosion and shoreline change vulnerabilities vary across Town.
GIS analysis was used to produce a variety of potential erosion risk zones based on distance from
the shoreline and Massachusetts Shoreline Change Project erosion rates. A selection of these
were used to calculate the value of at-risk parcels; these are presented below.

Table 6-3: Parcels in Erosion Risk Zones

Erosion Risk Zone Number of Parcels at Risk  Total Value of Parcels at Risk
250 ft of MHHW 1,505 $6,514,459,500
500 ft of MHHW 2,287 $8,536,605,200
30-year Erosion Zone 1,441 $5,230,312,000
50-year Erosion Zone 2,099 $6,080,290,000

The 250- and 500-foot risk zones were delineated by mapping all areas within those distances from the
MHHW line. The 30- and 50-year erosion zones were delineated by taking the averages of the short-term
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and long-term erosion rates calculated in the Massachusetts Shoreline Change Project, and projecting
them 30 and 50 years into the future, respectively. Note that these are estimated risk zones and do not
represent predictions or regulatory zones.

Vulnerabilities are greatest in the following areas:

Codfish Park in ‘Sconset

This area has suffered repeatedly and significant erosion has occurred most during the 1992 No
Name Storm, a December 1993 storm, an April 1997 storm, and a February 1998 storm. Since
then, the beach has accreted somewhat and the erosion problem is temporarily on hold.
However, it is believed that erosion will again threaten this area. Although critical facilities are
not immediately affected, more than 50 homes are located on the beach below the bluff, and
these homes are extremely vulnerable to erosion and subsequent loss.

Massachusetts Shoreline Change Project figures for this area:

QO Long Term:0.49 - 1.21 ft/yr accretion
Q Short Term: 5.05 - 4.2 ft/yr erosion

Sankaty Head and ‘Sconset Beach

Severe erosion has recently plagued these areas, and Sankaty Head Lighthouse has been
relocated farther back from the shoreline. Homes along Baxter Road have been moved back as
well, and a number of erosion control projects have been implemented or are underway along
this area. Erosion of the steep bluff here threatens both private homes and Baxter Road itself.

Massachusetts Shoreline Change Project figures for this area:

O Long Term: 0.85 ft/yr erosion - 0.72 ft/yr accretion
Q Short Term: 9.68 - 3.84 ft/yr erosion

Low Beach in ‘Sconset

Low Beach has accreted and eroded over a very wide range in the last 100 years. If the bluff
erodes to within 100 feet of a permanent marker, the Town must plan a new location for the
effluent beds at the ‘Sconset WWTP, which is one of the designated critical facilities.

Massachusetts Shoreline Change Project figures for this area:

O LongTerm: 2.66 - 4.3 ft/yr accretion
Q Short Term: 4.63 ft/yr erosion - 6.0 ft/yr accretion

Pebble Beach along the south shore

Portions of Tom Nevers Road have been lost to erosion, but homes have not yet been lost. The
bluff in this area has undergone some striking erosion. A parking lot was lost during a January
1998 storm. However, critical facilities are not affected.

Massachusetts Shoreline Change Project figures for this area:
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O LongTerm: 0.85-3.71 ft/yr erosion
Q Short Term: 4.53 - 16.17 ft/yr erosion

Nobadeer Beach along the south shore

Similar to other south shore areas, this is near the portion of Nantucket that is eroding most
rapidly. One very critical facility — the airport — is located north of this stretch of beach.

Massachusetts Shoreline Change Project figures for this area:

Q LongTerm: 8.46 - 7.51 ft/yr erosion
Q Short Term: 3.51 ft/yr erosion - 0.56 ft/yr accretion

Surfside

The shoreline here is relatively stable. This area is densely developed with homes and is also the
site of the Surfside WWTP, one of the designated critical facilities.

Massachusetts Shoreline Change Project figures for this area:

Q LongTerm: 2.1 ft/yr erosion - 5.22 ft/yr accretion
Q Short Term: 2.4 ft/yr erosion - 7.84 ft/yr accretion

Cisco Beach along the south shore

Similar to Tom Nevers Road, the road has been lost but no homes have been cut off. The bluff in
this area has undergone some striking erosion, and this is near the portion of Nantucket that is
eroding most rapidly.

Massachusetts Shoreline Change Project figures for this area:

O LongTerm:9.22 - 6.04 ft/yr erosion
Q Short Term: 9.78 - 2.36 ft/yr erosion

Sheep Pond Road along the south shore toward Madaket

Sheep Pond Road, as well as numerous homes, have historically been lost to erosion, and
continue to be at risk of erosion, in this area; however, critical facilities are not affected.

Massachusetts Shoreline Change Project figures for this area:

QO LongTerm: 11.55 - 10.63 ft/yr erosion
Q Short Term: 9.74 - 4.82 ft/yr erosion

Madaket Beach in Madaket

In this area of rapid erosion, roads and homes have been lost, and other continue to be at risk
without protection from a bluff. Critical facilities are not affected in this area.

Massachusetts Shoreline Change Project figures for this area:

Q LongTerm:11.55 - 10.79 ft/yr erosion
Q Short Term: 9.94 - 6.3 ft/yr erosion
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Smith Point in Madaket

Smith Point is no longer home to many dwellings. The iconic “Stilt House” in this area was
elevated above the flood hazard zone, but after significant storms in 2017 and 2018, major
erosion of the land around and below the structure led to its abandonment and eventual
demolition. Millie’s Bridge, which connects Smith Point to the rest of Nantucket, is at risk of
damage from flooding and erosion and has historically experienced scour; significant damage to
the bridge would result in the isolation of all Smith Point residents. Heavy surf from the April 16-
17, 2007 nor'easter severed the end of Smith Point, known as Esther Island; there is now no
official road to the three cottages on Esther. Critical facilities are not affected in this area.

Massachusetts Shoreline Change Project figures for this area:

Q Long Term: 11.74 - 11.19 ft/yr erosion
Q Short Term: 9.55 - 3.84 ft/yr erosion

Dionis to Cliff Beach along the north shore

Although the south shore is known for the most rapid erosion rates, portions of the north shore
are subject to erosion as well.

Massachusetts Shoreline Change Project figures for this area:

QO LongTerm: 2.69 - 0.95 ft/yr erosion
Q Short Term: 3.97 - 0.0 ft/yr erosion

Historic Resources

Historic properties initially built in locations outside of shoreline change risk zones may now be
exposed to risk due to changes that have occurred since that time. Additionally, shoreline change
mitigation activities such as relocation may be more difficult to implement to a historic property
without altering its historic character.

6.6 Mitigation Strategies and Action

Land use planning in coastal areas must take into account the phenomenon of sea level rise.
Three fundamental long-term responses to sea level rise are typically reported in the literature.
These are retreat, accommodation, and protection. These three responses are applicable to
erosion and shoreline change, as well.

Retreat

Retreat refers to the eventual abandonment of the coastal zone, allowing nature to take its
course. This allows for existing coastal ecosystems to shift landward. Retreat may be motivated
by excessive economic or environmental impacts of hard or soft measures of protection. Retreat
may be implemented through anticipatory land use planning, regulation, and building codes, or
could be motivated through economic incentives.
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As a general rule, retreat is feasible in parts of Nantucket, and has been used with moderate
success in some cases (Sankaty Head Lighthouse) and less success in others (some private homes).
Retreat will continue to be practiced in Nantucket, but is not feasible in the most densely
developed areas such as downtown.

Accommodation

Accommodation allows for the continued use of land at risk, but does not prevent the land from
flooding. Measures associated with accommodation may take the form of elevating buildings on
piles, and establishing other means of flood hazard mitigation. Accommodation may evolve
without any governmental action, but could be assisted by strengthening flood preparation and
flood insurance programs. Protective measures are implemented by authorities currently
responsible for water resource and coastal protection. Policies should be developed with the
ultimate goal to protect coastal property values, or they will be at risk of not being accepted by
the community.

Accommodation is feasible only in the limited parts of Nantucket where flooding from storm
surges is more problematic than erosion, such as Brant Point and Madaket where many homes
have been elevated above the base flood elevation. Overall, accommodation will very likely
continue to be practiced in Nantucket,.

Protection

Protection is the construction of structures meant to protect land from inundation and flooding.
These may be hard structures such as dikes and sea walls, or soft solutions including beach
nourishment. Of the hard structures, three main structures are utilized to hold back the sea.
These are seawalls, bulkheads, and revetments. Seawalls are designed to withstand the full force
of waves, and are used if significant wave impact at the project site is expected to be greater than
three feet. Bulkheads are designed to retain fill and generally are not exposed to severe wave
action. Revetments are designed to protect shorelines against erosion by currents and light wave
action. Beach nourishment is discussed in a separate subsection below.

New hard structures are not permitted in Nantucket. Therefore, beach nourishment is the
primary means of protection available to Nantucket. It is still a relatively unused solution in
Nantucket and in Massachusetts, in general. It is believed that beach nourishment projects will
increase as retreat, accommodation, and hard solutions become more difficult, costly, or unlawful
to use.

As a general proposition, holding back the sea with structures results in large-scale elimination of
wetlands, beaches, mudflats, and other coastal habitat. As shoreline erosion advances toward
the structure, if sediment is not replaced at an adequate rate, the coastal fringe will eventually
disappear under the water surface. This is why beaches in front of bulkheads and seawalls tend
to disappear over time.
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Elevation of Roads and Land

Elevation of land and infrastructure is another form of protection from sea level rise. Elevation
has the important advantage that many types of drainage systems will continue to work properly,
as the same or greater head gradient will exist between the drainage system and sea level.
Elevation of road surfaces can be achieved in connection with repaving or re-grading of roads. In
some communities, continued elevation of roads parallel to water bodies can create a diking
effect, protecting areas landward of the road. In these cases, care must be taken that road
elevation does not cause excessive runoff and flooding problems in other areas that become
diked by the elevated roadways.

Nantucket has a few roads that are parallel to, located within, or located at the edge of coastal
flood zones. A few are located downtown, one (Tennessee Avenue) is located in Madaket, and a
few are located in ‘Sconset. In addition, Polpis Road runs along the coastal flood zone of
Nantucket Harbor in several locations.

Freeboard Standards and Application of V Zone Codes in A Zones

Regulatory tools include applying freeboard standards to coastal flood zone elevations such that
structures would be elevated higher than FEMA requires; and application of VE zone building
codes (that protect structures from wave and velocity damage) in coastal AE zones (where
regulations merely protect structures from inundation). These approaches have been utilized in
many New England communities. An example of a recent flood damage prevention regulation
amendment to require VE zone standards in coastal AE zones can be found in Old Saybrook,
Connecticut.

Soft Infrastructure

Soft infrastructure, also known as “Living Shorelines,” aims to defend against inundation and
wave power by dissipating and absorbing energy, rather than deflecting or reflecting it. Often,
these techniques are also designed to enhance habitat and water quality, and to preserve the
natural processes and connections between riparian, intertidal, and subaqueous areas. They can
be particularly important in areas vulnerable to erosion where hard infrastructure may serve to
accelerate erosion on adjacent sites.

Some specific living shoreline approaches include the following:

Beach Nourishment/Replenishment

Beach Replenishment involves importing sand to an eroding or eroded beach from sediment-rich
areas, such as a harbor undergoing dredging. The slope and width of a beach affects wave setup
and runup, and can have a direct impact on flood elevations. Overall, beaches can reduce flood
risks and erosion hazards while creating public recreation opportunities, aesthetic value, and in
the right conditions support unique habitats (climatetechwiki.org). Because beach nourishment
does not stop erosion and shoreline change, it must be repeated as necessary to slow the
progress of erosion and shoreline change. In many parts of the United States where hard

Town of Nantucket / ' \ MILONE &
H d Mitigation PI
F:é?urary IZt(l)glzsi;lon o 6-21 "~ MACBROOM



solutions are not feasible or prudent, beach nourishment is the only means available for slowing
the retreat of the shoreline. Unlike hard shoreline protection measure, beach replenishment
avoids addition of potentially dangerous hard debris to the high energy coastal area.

Dune Management

Dune Management stabilizes these natural flood barriers to protect against surges while
maintaining important natural resources. The Federal Emergency Management Agency (FEMA)
describes dunes as “important first lines of defense against coastal storms” that can “reduce
losses to inland coastal development.” The Lake Huron Centre for Coastal Conservation lists the
benefits of dunes as including shore protection, water purification, biological diversity, erosion
control, and acting as a source of sediment for natural beach replenishment.

Hybrid Technigues

Hybrid Techniques incorporate non-structural approaches for erosion control in combination with
more traditional approaches, such as a rock structure, to support vegetation growth. Hybrid
techniques are typically applied in areas of higher wave energy. An erosion control project on
Baxter Road is a private effort protecting a portion of Baxter Road. It is a coastal engineering
structure of sand-filled geotubes used in combination with sand nourishment. Plantings in the
bank above further help to maintain the upper slope. While it is an example of hybrid techniques
being used for erosion control, the Commonwealth of Massachusetts does not consider a geotube
to be a hybrid technique. In addition, this Hazard Mitigation Plan does not include a technical
review or endorsement of the efforts.

Tidal Wetland Management creates or supports the natural flood mitigation capabilities of this

rare ecosystem. Tidal Wetlands have been found to reduce wave energy and decrease water
surface elevations at their inland edges during storm surges. Preservation of tidal wetlands also
prevent development in hazardous areas and support important habitat.
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Massachusetts Coastal Hazards

Commission

Final recommendations were released
by the Massachusetts Coastal Hazards
Commission (MA CHC) in May 2007.
This one-time report had numerous
recommendations, mostly directed at
the State, with a significant selection

that may be applicable to, or possible to

implement for, the Town of Nantucket.

Climate/Coastal Resilience Planning

Nantucket retained a consulting firm in
December 2017, to begin development
of a Climate/Coastal Resilience Plan for
the Town. This plan will focus on policy
and regulatory tools that can be
implemented to ensure the continued
resilience of the Island in the face of
rising seas and increasingly severe and

frequent coastal storms. The document

will include and implementation plan fo
integration of recommendations into
the municipal code the town’s Master
Plan, and other town plans (including
this HMP). The plan will also be a first
step in a more comprehensive climate

r

MA CHC Recommendations Relevant to Nantucket

Text has been abridged for this document.

Evaluate distribution of hazard & emergency
management information to coastal communities
before and during storm events. Ensure the public
is kept informed with hazard information and
necessary actions to take. Use electronic media,
public outreach forums, & distributed literature.
Target high risk populations & locations.

Educate communities about acquisition of storm-
damaged properties using the Community
Preservation Act or other available sources of
funding.

Update State Building Code requirements for
coastal construction; encourage collaboration
between Building Inspectors and Conservation
Commissions.

Coordinate permitting & approval by local
departments to promote better understanding of a
project and related permits.

Develop best management practices or
performance standards for "Land Subject to Coastal
Storm Flowage."

Prioritize culverts & tide gates for replacement due
to flood hazards or environmental resource
concerns; address flooding, wetlands hydrology,
and maintenance in the early stages of new or
replacement transportation projects.

Implement a program of regional sand
management that promotes nourishment as the
preferred alternative for coastal hazard protection.

resilience plan process that will follow the Massachusetts Municipal Vulnerability Planning (MVP)

program framework, and will make the Town a certified MVP community.

Other Potential Mitigation Options

The 2009 Nantucket Master Plan, 2006 Madaket Area Plan, 2007 ‘Sconset Area Plan, 2008
Surfside Area Plan, and 2008 Tin Nevers Area Plan, include a number of recommendations that

are related to erosion and shoreline change hazard mitigation. These include:

a

protect beaches, dunes, and coastal banks

OO0 O

Encourage environmentally responsible technologies (including septic technologies) to

Protect the shorelines from encroachment by development

Develop alternative access route to Madaket via Eel Point Rd & Warren’s Landing
Support research in ‘Sconset to abate erosion of easternmost coastline
Acknowledge critical importance of dunes and beach areas in Surfside neighborhood

Town of Nantucket
Hazard Mitigation Plan
February 2019

6-23

48

MILONE &

MACBROOM



6.7
6.7.1

6.7.2

O Address erosion in Tom Nevers (average loss of 15-feet per year in some places)
O Install removable steps from Tom Nevers Field to beach to protect bluff from erosion caused
by pedestrian traffic

Some of these recommendations may or may not be advisable, in light of the discussions in this
section.

Recommended Actions

Status of Previous Recommendations

A suite of mitigation actions for addressing erosion, shoreline change, and sea level rise were
proposed in the previous edition of this HMP. The 2007 HMP listed recommendations for
mitigating coastal and non-coastal flooding caused by hurricanes in both this section and sections
3.7 and 4.7. This update has streamlined the narrative by not repeating actions listed in sections
3.7 and 4.7 here. Because all of the actions in this section in the previous plan were repeated
from earlier sections, none are listed here.

New Actions and Actions to Carry Forward

Note that all inland- and coastal-flooding related are actions listed in sections 3.7 and 4.7, and are
not repeated here. New or carried-forward actions to mitigate the hazard posed by sea level rise,
erosion, and shoreline change are:

QO Complete the Climate/Coastal Resilience Plan and Become an MVP Community

O Update the Nantucket and Madaket Harbors Action Plan (HAP) to incorporate needs for
Hazard Mitigation and Coastal Resilience

O Implement a project to map the near shore sand and sediment transport to develop a sand-
budget model for monitoring island wide coastal erosion. Side scan sonar will be used to
measure bathymetry in extremely shallow water, between 0 and 20 ft. deep. Mapping in
high resolution monitors the movement of sand shoals and identifies location of marine
habitat on the sea floor.

O Implement a project to map the harbor floors (Madaket, Polpis and Nantucket) to measure
and monitor sediment transport. Information will be used to develop dredging and disposal
plan, as well as the Harbor management Plan. Side scan sonar will be used to measure
bathymetry in extremely shallow water, between 0 and 20 ft. deep.

Mitigation actions that apply to all hazards are listed in Sections 2-14 and 11-1.
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7 SUMMER STORMS & TORNADOES

7.1 Setting

Like hurricanes and winter storms, summer storms and tornadoes have the potential to affect any
area within the Town of Nantucket. Furthermore, because these types of storms and the hazards
that result (wind, hail, and lightning) might have limited geographic extent, it is possible for a
summer storm to harm one area within the Town without harming another. The entire Town of
Nantucket is therefore susceptible to summer storms and tornadoes. Refer to the "wind,"
"lightning," and "hail" columns of Table 1-5.

7.2 Hazard Assessment

Heavy wind including tornadoes and downbursts; lightning; heavy rain or hail; and flash floods are
the primary hazards associated with summer storms. Inland flooding was covered in Section 3.0,
and will not be discussed in detail here.

Tornadoes

Tornadoes are spawned by certain thunderstorms. The Fujita scale was accepted as the official
classification system for tornado damage for many years following its publication in 1971. The
Fujita scale rated the intensity of a tornado by examining the damage caused by the tornado after
it has passed over a man-made structure. The scale ranked tornadoes using the now-familiar
notation of FO through F5, increasing with wind speed and intensity. The following graphic of the
Fujita scale is provided by FEMA. A description of the scale follows in Table 7-1.

Fujita Tornado Scale

I'-s
F-3 F-=
F-2
F-0)
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Table 7-1

Fujita Scale
F-Scale . Wind
Number Intensity Speed Type of Damage Done
Some damage to chimneys; breaks branches off
40-72
FO Gale tornado elh trees; pushes over shallow-rooted trees; damages

sign boards.
The lower limit is the beginning of hurricane wind
73-112 speed; peels surface off roofs; mobile homes pushed

F1 Moderate tornado mph off foundations or overturned; moving autos pushed
off the roads; attached garages may be destroyed.
Considerable damage. Roofs torn off frame houses;
L 113-157 | mobile homes demolished; boxcars pushed over;
F2 Significant tornado . . .
mph large trees snapped or uprooted; light object missiles
generated.
158-206 Roof and some walls torn off well constructed
F3 Severe tornado mph houses; trains overturned; most trees in forest
uprooted.
207-260 Well-constructed houses leveled; structures with
F4 Devastating tornado alh weak foundations blown off some distance; cars

thrown and large missiles generated.
Strong frame houses lifted off foundations and
carried considerable distances to disintegrate;
. 261-318 o . ..
F5 Incredible tornado moh automobile sized missiles fly through the air in
P excess of 100 meters; trees debarked; steel
reinforced concrete structures badly damaged.

The Enhanced Fujita Scale was released by NOAA for implementation on February 1, 2007.
According to the NOAA web site, the Enhanced Fujita Scale was developed in response to a
number of weaknesses to the Fujita Scale that were apparent over the years, including the
subjectivity of the original scale based on damage, the use of the worst damage to classify the
tornado, the fact that structures have different construction depending on location within the
United States, and an overestimation of wind speeds for F3 and greater. The Enhanced F-scale is
still a set of wind estimates based on damage. Its uses three-second gusts estimated at the point
of damage based on a judgment of eight levels of damage to 28 specific indicators. Table 7-2
relates the Fujita and enhanced Fujita scales.
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Table 7-2
Enhanced Fujita Scale

Fujita Scale Derived EF Scale Operational EF Scale
F Number Fastest 1/4- 3 Second EF Number 3 Second EF Number 3 Second
mile (mph) Gust (mph) Gust (mph) Gust (mph)
0 40-72 45-78 0 65-85 0 65-85
1 73-112 | 79-117 1 86-109 1 86-110
2 113-157 118-161 2 110-137 2 111-135
3 158-207 ‘ 162-209 3 138-167 3 136-165
4 208-260 210-261 4 168-199 4 166-200
5 261-318 ‘ 262-317 5 200-234 5 Over 200

The historic record of tornadoes is discussed in Section 7.3. The pattern of occurrence in
Massachusetts is expected to remain unchanged. According to the Massachusetts Natural Hazard
Mitigation Plan, the highest relative risk for tornadoes in the state will continue to be from central
to northeast Massachusetts. Although the potential for a strike in Nantucket is always present,
Nantucket has not been struck by a tornado since record keeping began in the middle of the 20t
century. Overall, the risk to the Town of Nantucket is believed to be low for any given year.

Waterspouts are weak tornadoes that form over warm water and are most common along the
Gulf Coast and southeastern states, but they have occurred along the Massachusetts coastline.
Waterspouts occasionally move inland, becoming tornadoes and causing damage and injuries. In
the western United States, they occur with cold late fall or late winter storms, during a time when
you least expect tornado development. In the northeast, it appears that waterspouts, like
tornadoes, may occur at any time with the correct conditions. Overall, the risk to the Town of
Nantucket is believed to be low to moderate for any given year.

Lightning

Lightning is a circuit of electricity that occurs between the positive and negative charges within
the atmosphere or between the atmosphere and the ground. In the initial stages of
development, air acts as an insulator between the positive and negative charges. However, when
the potential between the positive and negative charges becomes too great, a discharge of
electricity (lightning) occurs.

In-cloud lightning occurs between the positive charges near the top of the cloud and the negative
charges near the bottom. Cloud to cloud lightning occurs between the positive charges near the
top of the cloud and the negative charges near the bottom of a second cloud. Cloud to ground
lightning is the most dangerous. In summertime, most cloud to ground lightning occurs between
the negative charges near the bottom of the cloud and positive charges on the ground.

Lightning reportedly kills an average of 87 people per year in the United States, in addition to an
average of 300 lightning injuries per year. Most lightning deaths and injuries occur outdoors, with
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7.3

45% of lightning casualties occurring in open fields and ballparks, 23% under trees, and 14%
involving water activities.

Although lightning is usually associated with thunderstorms, it can occur on almost any day. The
likelihood of lightning strikes in Nantucket is very high during any given thunderstorm. In
addition, several notable areas of Nantucket are more susceptible than others due to high
elevations at Sankaty Head, ‘Sconset, and the Cliff Road area. In their Area Plan, residents of Tom
Nevers have expressed specific concern about the risk of lightning strikes.

Downbursts

A downburst is a severe localized wind blasting down from a thunderstorm. They are more
common than tornadoes in New England. These "straight line" winds are distinguishable from
tornadic activity by the pattern of destruction and debris. Depending on the size and location of
these events, the destruction to property may be significant. Downbursts may be categorized as
microbursts (affecting an area less than 2.5 miles in diameter) or macrobursts (affecting an area
at least 2.5 miles in diameter).

It is difficult to find statistical data regarding frequency of downburst activity. However,
downburst activity is, on occasion, mistaken for tornado activity in Massachusetts, indicating that
it is a relatively uncommon yet persistent hazard. The risk to the Town of Nantucket is believed to
be low to moderate for any given year.

Hail

Hailstones are chunks of ice that grow as updrafts in thunderstorms keep them in the
atmosphere. Most hailstones are smaller in diameter than a dime, but stones weighing more
than a pound have been recorded. While crops are the major victims of hail, it is also a hazard to
vehicles and property.

Hailstorms typically occur in at least one part of Massachusetts each year during a severe
thunderstorm. Overall, the risk of at least one hailstorm occurring in the Town of Nantucket is
low to moderate in any given year.

Historic Record

Convective thunderstorms are less common on Nantucket than on mainland Massachusetts. This
is due to ocean waters mitigating the temperature differentials that can occur throughout the
course of a day. Nevertheless, frontal storms can and do occur on Nantucket, causing heavy rain
and wind numerous times each year. For example, a quick perusal of the NCEI database lists a
severe thunderstorm with wind gusts of 60 mph recorded at Nantucket Airport on April 9, 2000.

Worcester County and areas just to its west have been dubbed the "tornado alley" of
Massachusetts, as the majority of significant tornadoes in Massachusetts weather history have
occurred in that region. According to the Massachusetts Hazard Mitigation Plan, the most
destructive tornado in New England history was the Worcester tornado of June 9, 1953. The
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7.4

tornado hit at about 3:30 p.m. and passed through Barre, Rutland, Holden, Worcester,
Shrewsbury, Westborough, Southborough and Fayville. It killed 94 people and left almost 1,300
people injured. With wind speeds between 200 to 260 mph, the force of the tornado carried
debris miles away and into the Atlantic Ocean. Based on the extent of destruction, it was
believed that this tornado may have been an F5.

Two other deadly tornadoes occurred subsequently in Massachusetts: the May 29, 1995 Great
Barrington tornado, an F4, which claimed three lives and injured 24; and the August 28, 1973
West Stockbridge tornado, a F4, which killed four and injured 36.

According to the Massachusetts Hazard Mitigation Plan, six waterspouts were observed in
Massachusetts between 1995 and 2004, with the most recent having been seen in Rockport in
May 2000. However, since that time, a waterspout was reported off Cape Cod during a nor'easter
that became a severe short-term winter storm on December 9, 2005.

The NCEI does not list any tornado, funnel cloud, or waterspout activity for Nantucket for the
period of record (1950-present). Although the NCEI database is heavily subjective as it relies on
local reports in addition to National Weather Service information, it appears that tornado, funnel
cloud, or waterspout activity is rare for Nantucket.

Between 1950 and 2017, hail was recorded only once for Nantucket, with a report of 0.75-inch
hailstones on April 6, 1982. It is likely that additional hail events have struck Nantucket, but they
can be very localized and underreported.

Recent recorded summer storm events in the NCEI storm database include:

Q July 23, 2011 — Severe thunderstorms produced damaging winds. Shingles were blown off a
house on Barrett Farm Road by thunderstorm winds, causing around $1,000 of damage.

O March 25, 2016 — Lightning struck a house on Wanoma Way, damaging the chimney and
causing around $1,000 in damage.

Q April 28, 2017 — Two lightning strikes caused around $10,000 in damage. The first strike was
to a home on Friendship lane, causing a small portion of the wall to be blown out and the
flashing near the chimney to be bent upward. The second strike was to the Nantucket High
School, causing a gymnasium window to be broken.

Existing Capabilities

Warning is the primary method of existing mitigation for tornadoes and thunderstorm-related
hazards. A severe thunderstorm watch is issued by the National Weather Service when the
weather conditions are such that a severe thunderstorm (damaging winds 58 miles per hour or
more, or hail three-fourths of an inch in diameter or greater) is likely to develop. A severe
thunderstorm warning is issued when a severe thunderstorm has been sighted or indicated by
weather radar. Tables 7-3 and 7-4 list the NOAA Watches and Warnings, respectively, as
pertaining to summer storms and tornadoes observed in the 2013 CEMP:
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Weather Condition

Table 7-3
NOAA Weather Watches

Meaning

Actions

Severe Thunderstorm

Severe thunderstorms are possible
in your area.

Notify your personnel, and watch
for severe weather.

Tornadoes are possible in your

Notify your personnel, and be

Tornado area prepared to move quickly if a
' warning is issued.
Flash Flood It is possible that rains will cause Notify your personnel to watch for

flash flooding in your area.

Table 7-4
NOAA Weather Warnings

street or river flooding.

Weather Condition

Meaning

Actions

Severe Thunderstorm

Tornado

Flash Flood

Severe thunderstorms are
occurring or are imminent in your
area.

Tornadoes are occurring or are
imminent in your area.

Flash flooding is occurring or
imminent in your area.

Notify your personnel and watch
for severe conditions or damage
(i.e. downed power lines and trees.
Take appropriate actions listed in
department and City EOP.
Notify your personnel, watch for
severe weather and insure
personnel and equipment are
protected. Take appropriate
actions listed in department and
City emergency plans.

Notify personnel to watch local
rivers and streams. Be prepared to
evacuate low-lying areas. Take
appropriate actions listed in
department and City emergency
plans.

Aside from warnings, several other methods of mitigation for wind damage are employed in

Nantucket. Continued location of utilities underground is an important method of reducing wind

damage to utilities and the resulting loss of services. The Nantucket DPW conducts tree and tree

limb removal in public right-of-ways. Prior to forecast summer storms, DPW will dispatch

equipment and personnel to outlying areas of Nantucket such as ‘Sconset and Madaket. Butin

general, half of the roads on Nantucket are private. These are normally not maintained by DPW,

nor are trees maintained by the Town. Public education for these areas is important. As an

example, 30 to 40 pine trees along Russell's Way were blown down two years ago. A resident was

trapped for several days. Ultimately, the Town assisted with cleanup.

As explained in Section 5.4, wind loading requirements are addressed through the Building

Department's administration of the most current Massachusetts State Building Code. The current

enforceable building code was made effective by the State on October 20, 2017. The current
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7.4.1

wind design codes range from 139 mph to 158 mph, depending on the building use (see Table
5-3).

The detailed responsibilities of the Marine and Coastal Resources Department described in
Section 5.4 are applicable to summer storms with high winds as well, although it is understood
that summer storm intensity is more difficult to predict than tropical storms and hurricanes.

According to the 2013 Nantucket CEMP, the municipal responsibilities relative to tornado
mitigation and preparedness include:

O Develop and disseminate emergency public information and instructions concerning
tornado safety, especially guidance regarding in-home protection and evacuation
procedures, and locations of public shelters.

Q Strict adherence should be paid to building code regulations for all new construction.

O Maintain plans for managing tornado response activities. Refer to the non-institutionalized,
special needs and transportation resources listed in the Resource Manual.

O Designate appropriate shelter space in the community that could potentially withstand
tornado impact.

Q Periodically test and exercise tornado response plans.

Q Put emergency Management on standby at tornado 'watch' stage.

Capabilities Summary

Nantucket’s capabilities with regards to mitigating hazards posed by summer storms and
tornadoes are, for the most part, identical to those relevant to mitigating hurricanes. The Town
enforces the state building code, supports emergency services, performs tree trimming, and
maintains emergency shelters. The primary summer storm and tornado mitigation capability is
emergency warning.

Nantucket’s capabilities to mitigate for summer storms and tornadoes have strengthened since
the initial HMP was adopted. The Town has made improvements to its tree limb inspection and
maintenance program, the state building code has been upgraded, and the creation of the Energy
Office has, and will continue to, expand local energy production capacity. Nantucket’s public
warning system has also improved, though more improvement, specifically with the goal of
reaching more temporary visitors during tourist months, is desired.

7.5 Vulnerabilities and Risk Assessment
The central and southern United States are at higher risk for lightning and thunderstorms than the
northeast. However, more deaths from lightning occur on the East Coast than elsewhere,
according to FEMA. Most thunderstorm damage is caused by straight-line winds exceeding 100
mph. Straight-line winds occur as the first gust of a thunderstorm or from the downburst from a
thunderstorm, and have no associated rotation.
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Although most of Nantucket is shrubby, two areas of the Town are particularly susceptible to
damage from high winds due to heavily treed landscapes and high residential densities. These are
‘Sconset and downtown Nantucket, where 150-foot elm trees are common. Tree limbs may not
be suited to withstand high winds. If trees fall in these areas, the proximity of structures puts
them at risk for damage.

Likewise, the downtown and ‘Sconset areas are more vulnerable to lightning due to the presence
of tall structures, and in the case of ‘Sconset and the Cliff Road area, structures at higher
elevations.

Historic Resources

As with hurricanes and tropical storms, historic resources may be particularly at risk from summer
storms and tornadoes, relative to other assets, for the following reasons:

O Construction: Historic buildings constructed before modern building codes may not be as
able to withstand high winds as those built more recently.

O Age: Buildings and materials degrade over time, and a historic property may not be able
to stand up to high winds as well as it could when first constructed.

The steeples of historic churches may be particularly at risk. It is important to note that hazard
mitigation activities may be more difficult to implement to a historic property without altering its
historic character.

7.5.1 Loss Estimates

The economic losses faced by the community from natural hazards can be estimated by reviewing
historic, and modeling future, loss figures. It is difficult to accurately quantify losses, even after an
event; therefore, a number of different sources are provided in this section. Taken together, they
provide a range of possible loss estimates.

NCEI Storm Events Database

The NCEI database of historic storm events was reviewed to determine the cost of summer storm,
tornado, and related events to Nantucket. Tornado events have been recorded since 1950,
thunderstorm-wind and hail events since 1955, and other summer-storm-related events
(additional storms reviewed in the database included the “funnel cloud” and “lightening” types)
have been recorded since 1996. To ensure most storms were captured by this analysis, the
database was reviewed only as far back as 1955.

According to the NCEI dataset, there have been 7 significant summer-storm-type events on
Nantucket since 1955, 3 of which caused measureable damage.
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Table 7-1: NCEI Storm Events Database — Summer Storm Events

Date Type Estimated Property Damage
4/1/1958  Thunderstorm Wind | $0
4/6/1982 Hail SO
9/9/1998 Funnel Cloud | $0
4/9/2000 | Thunderstorm Wind SO
7/23/2011 @ Thunderstorm Wind \ $1,000
3/25/2016 Lightning $1,000
4/28/2017 Lightning | $10,000

TOTAL $12,000

Dividing the total property damage from the NCEI figure by the 62 years over which that data has
been tracked provides an estimate of annualized losses due to summer storms.

Annualized Loss Estimate: Summer Storms (NCEIl-based): $194

Loss Estimates Summary

The NCEIl is the only source of data on losses due to summer storms and tornadoes.

The Nantucket EMD estimates that the cost to the police department to respond to a typical
thunderstorm event is $524. Assuming the Town experiences multiple thunderstorms in a given
year, this figure indicates that the annualized cost dues to summer storm events is likely
significantly higher than the estimate based on NCEI data.

Mitigation Strategies and Action

Both the FEMA and the NOAA websites contain valuable information regarding preparing for a
protecting oneself during a tornado, as well as information on a number of other natural hazards.
This information is available at:

FEMA
http://www.fema.gov/library/prepandprev.shtm.

NOAA
http://www.nssl.noaa.gov/NWSTornado/

Available information from FEMA includes:

O Design and construction guidance for community shelters.

O Recommendations to better protect from tornado damage for your business, community,
and home. This includes construction and design guidelines for business and homes, as well
as guidelines for creating and identifying shelters.

O Ways to better protect property from wind damage.

O Ways to protect property from flooding damage.

O Construction of safe rooms within homes.

NOAA information includes a discussion of family preparedness procedures and the best physical
locations during a storm event.
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Specific mitigation steps that can be taken to prevent property damage and protect property are
given below.

Prevention

O Continue orincrease the Town-wide tree limb inspection program to ensure that the
potential for downed power lines is minimized.

O Place utilities underground. The Comprehensive Community Plan and Mid-Island Area Plan,
in particular, discuss the need for underground utilities.

Property protection

O Encourage, or consider requiring, the use of storm shutters along the coastline.
Q Provide for the Building Department to make literature available during the permitting
process regarding appropriate design standards.

7.7 Recommended Actions

7.7.1 Status of Previous Recommendations

A suite of mitigation actions for addressing for winds, hail, tornadoes, and downbursts were
proposed in the previous edition of this HMP. Each action is listed in the table below, along with
its status and additional notes.

ACTION STATUS NOTES
Increase tree limb maintenance and
inspections, especially in the downtown Complete See section 5.7

and ‘Sconset areas.
Continue to require that utilities be placed
underground in new developments and
pursue funding to place them
underground in existing developed areas.
The following actions, taken from Section 3.7, are recommended to mitigate for heavy rains and flash flooding
caused by thunderstorms:

Capability See section 5.7

Sesachacha Pond is drawn down twice
each year to prevent high water levels.
This should be continued as long as it
protects Polpis Road from flooding.
Conduct master drainage studies for
problem areas, such as the broad area
between Madaket Road and Hummock
Pond Road, to ensure that individual Drop See section 3.7
repairs and upgrades fit seamlessly with
upstream and downstream drainage
systems.

Improve the storm drainage system on
Pleasant Street to reduce flooding.
Complete the Orange Street drainage
system upgrade to reduce flooding and Complete See section 3.7
allow better drainage of upstream areas.

Capability See section 3.7

Complete See section 3.7
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7.7.2 New Actions and Actions to Carry Forward

No new or carried-forward actions relate only to the hazard posed by summer storms.
New actions identified during development of this plan update include:

O Ensure the Nantucket Building Department is fully educated on the 2017 building codes.

Q Provide information on the benefits and applicability of lightning-rods to land-use and
building permit applicants; in addition, make this information available on the Town
website.

Important recommendations that apply to all hazards are listed in Sections 2-14 and 11-1.
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8 WINTER STORMS

8.1 Setting

Similar to summer storms and tornadoes, winter storms have the potential to affect any part of
the Town of Nantucket. However, unlike summer storms, winter events and the hazards that
result (wind, snow, and ice) have more widespread geographic extent. The entire Town of
Nantucket is therefore susceptible to winter storms. One need only refer to the "coastal
flooding," "wind," "falling trees & branches,

snow," "blizzard," and "ice" columns of Table 1-5 to
understand the widespread effects of winter storms.

A particularly troublesome problem in Nantucket is that of drifting snow, because it can renders
roads impassable only hours after plowing. Drifting snow is most problematic at the following
nine locations, due to their positions downwind from clear areas without windbreaks.

O Milestone Road along Conservation land
Polpis Road at Golf Course

Polpis Road near Pinelands

Cliff Road west of Gosnold Road

Eel Point Road

Red Barn Road

Bartlett Farm Road

West Miacomet Road at Golf Course

Oo0C0O0O0D0O

O Hummock Pond Road at Cemetery

8.2 Hazard Assessment

This section focuses on those effects commonly associated with winter storms, including those
from blizzards, ice storms, heavy snow, freezing rain and extreme cold. Most deaths from winter
storms are indirectly related to the storm, such as from traffic accidents on icy roads and
hypothermia from prolonged exposure to cold. Damage to trees and tree limbs and the resultant
downing of utility cables are a common effect of these types of events. Secondary effects include
loss of power and heat.

According to the National Weather Service, approximately 70% of winter deaths related to snow
and ice occur in automobiles, and approximately 25% of deaths occur from people being caught in
the cold. In relation to deaths from exposure to cold, 50% are people over 60 years old, 75% are
male, and 20% occur in the home.

The classic winter storm in New England is the nor'easter, which is caused by a warm moist, low
pressure system moving up from the south colliding with a cold, dry high pressure system moving
down from the north. Wind driven waves can batter the coastline, causing flooding and severe
beach erosion. Coupled with a high tide, the low pressure of a nor'easter can have an effect
similar to a storm surge from a hurricane.
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Severe winter storms can produce an array of hazardous weather conditions, including heavy
snow, blizzards, freezing rain and ice pellets and extreme cold. The National Weather Service
defines a blizzard as winds over 35 mph with snow and blowing snow reducing visibility to near
zero.

Massachusetts experiences at least one severe winter storm every five years, although a variety
of small and medium snow and ice storms occur nearly every winter. The likelihood of a
nor'easter occurring in any given winter is therefore considered high, and the likelihood of other
winter storms occurring in any given winter is very high.

8.3 Historic Record

According to the Massachusetts Hazard Mitigation Plan, the last three Presidential disaster
declarations in Massachusetts (April 2004, December 2003, and February 2003) were the result of
winter nor'easters. Winter weather disaster declarations and emergency declarations involving
Nantucket County in the last 30 years are listed below along with the FEMA disaster identification
numbers:

Q Blizzard of 1978, February 1978 — FEMA-546 — Counties of Barnstable, Bristol, Dukes, Essex,
Nantucket, Norfolk, Plymouth, and Suffolk;

O December Blizzard, December 1992 — FEMA-975 — Counties of Barnstable, Dukes, Essex,
Plymouth, and Suffolk are listed; Nantucket County is not listed but was heavily damaged;

QO March Blizzard, March 1993 — FEMA-3103 — All 14 Counties;

Q January Blizzard, January 1996 — FEMA-1090 — All 14 Counties;

QO March Blizzard, March 2001 — FEMA-3165 — Counties of Berkshire, Essex, Franklin,
Hampshire, Middlesex, Norfolk, and Worcester;

QO February Snowstorm, February 17-18, 2003 — FEMA-3175-EM — All 14 Counties;

QO December Snowstorm, Dec. 5-6, 2003 — FEMA-3191-EM — Counties of Barnstable, Berkshire,
Bristol, Essex, Franklin, Hampden, Hampshire, Middlesex, Norfolk, Plymouth, Suffolk, and
Worcester

QO Snowstorm, January 22-23, 2005 — FEMA-3201 — All 14 Counties.

The NCEIl includes documentation of other severe winter storms that were not necessarily
disaster declarations. These include nor'easters in December 1993, December 1995, January and
February 1998, and February 2006, with the latter coincident with a severe blizzard.

According to the Town of Nantucket Annual Report for fiscal year 2004-2005, a major Christmas
nor'easter dumped 30 inches of snow on Nantucket and winds gusted to 110 mph. Power
outages in some parts of the Town lasted four days. The main shelter was opened and 90 people
sought shelter. The Landmark House was evacuated due to a loss of heat. Nantucket applied for
and received a FEMA reimbursement for $123,000 toward qualified expenses.

Since the previous edition of this plan, the following winter storm events have occurred, as listed
in the NCEI:
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O January 3, 2014 — A coastal storm brought heavy snow, bitter cold, coastal flooding, and
strong winds to Massachusetts. Winds on Nantucket were recorded at 26-41 miles per
hour. Visibility during the storm was reduced to below a quarter mile.

O March 26, 2014 - A large ocean storm brought extremely strong winds and heavy snow to
the Cape and Islands. Visibilities at or below one quarter mile and frequent wind gusts over
35 mph and as high as 82 mph were recorded at the peak of the blizzard conditions. The
strongest winds occurred coincident with the blizzard conditions, though gustier winds
lasted a couple of hours longer than the snow did. Snowfall amounts were highest on
Nantucket with 8-10 inches reported. A large branch was downed onto Highland Avenue,
blocking the road. Several large branches were downed on the east end of Nantucket Island.
Wires were downed, resulting in 1200 customers without power. Milestone Road was
blocked by multiple downed trees as well as snow drifts. $30,000 in damages occurred.

Q January 26, 2015 — The Blizzard of January 2015 produced very strong winds late Monday
into Tuesday near the Massachusetts coast. Gusts reached hurricane force at a few locations
in Massachusetts including Nantucket (78 mph). Nantucket experienced moderate to major
coastal flooding with some areas experiencing inundation in excess of 3 feet and pockets of
structural damage, especially where sea walls and other protective devices were
compromised. Blizzard conditions occurred at Nantucket Memorial Airport from
approximately 6 am to 5 pm. Even outside this time frame, near blizzard conditions occurred
with strong gusty winds and limited visibilities. Approximately a foot of snow fell on
Nantucket Island. Due to power outages to most, if not all of Nantucket Island, 86 people
stayed the night in the Red Cross Shelter set up at Nantucket High School.

O February 15, 2015 - A storm just southeast of Nantucket brought heavy snow to all of
southern New England and blizzard conditions and coastal flooding to coastal areas. While
blizzard conditions were met on Nantucket for a brief time (8:40am-1:10pm), near blizzard
conditions continued for nearly 14 hours. Roughly nine inches of snow fell. Sustained wind
speeds of 49 mph and gusts to 65 mph at the peak of the storm were recorded.

Q January 1, 2016 — Nearly a foot of snow fell on Nantucket. Snow was difficult to measure as
strong, gusty winds occurred simultaneously, resulting in blowing and drifting of snow.
Winds gusted as high as 73 mph as measured by an amateur radio operator on their home
weather station.

O February 8, 2016 - Five to six inches of snow fell across Nantucket. Blizzard conditions
occurred at Nantucket from 9:20 am to 2:23 pm. Snow began prior to blizzard conditions
being observed and continued after they ceased. Sustained winds of 46 mph and a wind
gust of 58 mph were recorded. An amateur radio operator recorded a 65 mph wind gust at
their home in the Quidnet section of Nantucket. No damage was reported.

Q January 7, 2017 — Seven to eight inches of snow fell on Nantucket during from the morning
of January 7 to the early morning of January 8. Conditions briefly approached blizzard
criteria between 7:25 PM and 7:34 PM.
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8.4

Existing Capabilities

Flood Damage Prevention

Existing programs applicable to coastal flooding and storm surges are the same as those discussed
in Sections 4.4 and 5.4. For example, the Town of Nantucket has in place a number of measures
to prevent coastal flood damage including regulations, codes, and ordinances; a process for
maintaining roads, bridges, and culverts at tidal creeks; a variety of structural flood control
features in coastal areas of Nantucket; elevation of structures; and the use of warning systems.

Regulations, codes and ordinances that apply to flood hazard mitigation include Chapter 136 of
the Nantucket Code and the accompanying Wetland Regulations; Chapter 139 of the Nantucket
Code and the provisions of the Flood Hazard Overlay Zone; and the Subdivision Regulations. The
pertinent components of these regulations, codes, and ordinances were listed in Section 2.8. The
Conservation Commission, Planning Board, and Building Department are all charged with
administering portions of these regulations during new or substantial construction. Through non-
regulatory outreach programs, the Health Department educated property owners, merchants,
and residents in flood zones to move critical equipment and property off the first floor, above
flood elevations.

DPW tracks, plans, prepares for, and responds to flooding, inundation, and/or erosion of roads
and infrastructure such as the sewer pumping station and the wastewater treatment plants. With
regard to roads, bridges, and culverts at tidal creeks, the DPW regularly maintains Town-owned
roads and facilities and upgrades/improves them as needed. For example, the Madaket Road
crossings at the Head of Long Pond and Madaket Ditch were replaced with larger culverts under
the direction of DPW. However, DPW does not have sufficient equipment to barricade all
roadways that could potentially flood.

With regard to preexisting structures that were constructed (in part) to reduce coastal flood
damage, examples include the jetties at the mouth of Nantucket Harbor and seawalls that exceed
coastal base flood elevations. Bulkheads are common in the harbor area and a variety of other
projects have been conducted in oceanside areas to combat erosion, but these are meant for
shoreline stabilization and erosion control rather than coastal flood control.

Only a few structures in coastal flood zones have been elevated above the base flood level.
Because many beachfront dwellings are located on bluffs, they do not need to be elevated.

Harbor Damage Prevention

The responsibilities of the Marine and Coastal Resources Department described in Section 5.4 are
applicable to winter storms with high winds as well, although it is understood that fewer boaters
utilize the waters of Nantucket during the winter. Thus, it is easier to prepare for nor'easters than
tropical storms and hurricanes with regard to sending boaters back to the mainland, or removing
vessels and then locating removed vessels on the island.
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Snow and Ice Removal

Programs that are specific to winter storms are generally those related to preparing plows, sand
and salt trucks, and other associated snow removal and response preparations. Nantucket DPW
conducts snow removal and deicing on roads; and tree and tree limb removal in right-of-ways.
During a significant winter storm a few years ago, DPW expenses for snow removal were
approximately $300,000. Prior to forecast winter storms, DPW will dispatch equipment and
personnel to outlying areas of Nantucket such as ‘Sconset and Madaket.

In recent years, the Town has begun to hire private local contractors to supplement the DPW
plow fleet; this has improved snow clearing from municipal roads, but has created a backlog of
private road-clearing needs that previously had been served by those same private contractors.
Occasionally, if possible, the Town will solicit assistance from the Airport’s snow clearing
equipment.

About half of the roads on Nantucket are private. These are normally not plowed by the DPW,
nor are trees maintained by the Town. Public education for these areas is important. As an
example, 30 to 40 pine trees along Russell's Way were blown down many years ago. A resident
was trapped for several days. Ultimately, the Town assisted with cleanup.

Since the previous edition of the HMP, new protocols have been implemented for mitigating
snow drifting on Milestone Road; snow fencing is deployed farther from the road than in the past,
which has helped significantly. Milestone Road poses a particular challenge during snow events,
and the Town is not always able to keep up with plowing needs.

Wind Damage Prevention

As explained in Sections 5.4 and 7.4, wind loading requirements are addressed through the
Building Department's administration of building codes. The current enforceable building code is
believed to be antiquated. The new building code was supposed to take effect in September
2006, and is meant to be enforceable by March 2007. The wind design codes will change from 90
mph to 120 mph, providing a much higher standard of protection against wind damage.

Emergency Services

The Water Companies have active roles in pre-disaster mitigation. Before storms, water tanks are
filled and equipment is secured. Through careful preparation, fire protection and potable supply
are available during and after natural disasters. Generators are located at the wellfields and
pumping stations.

According to the 2013 Nantucket CEMP, the municipal responsibilities relative to winter storm
mitigation and preparedness include:

O Develop and disseminate emergency public information concerning winter storms,
especially material which instructs individuals and families how to stock their homes,
prepare their vehicles, and take care of themselves during a severe winter storm.
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O Asitis almost guaranteed that winter storms will occur annually in Massachusetts, local
government bodies should give special consideration to budgeting fiscal resources with
snow management in mind.

O Maintain plans for managing all winter storm emergency response activities.

(W]

Ensure that warning/notification and communications systems are in Readiness.

O Ensure that appropriate equipment and supplies, especially snow removal equipment, are in
place and in good working order.

O Review mutual aid agreements.

O Designate suitable shelters throughout the community and make their locations known to
the public.

O Implement public information procedures during storm 'warning' stage.

Q Prepare for possible evacuation and sheltering of some populations impacted by the storm

(especially the elderly and special needs).

8.4.1 Capabilities Summary

8.5

In summary Nantucket’s winter storm mitigation capabilities are similar to its hurricane mitigation
capabilities, and include actions to reduce damages from flood, wind, and snow and ice. The
Town enforces the state building code, supports emergency services, performs tree trimming, and
maintains emergency shelters. Street and roof clearing, as well as snow-drift prevention, are
essential parts of the Town’s winter-storm mitigation capabilities

Nantucket’s capabilities to mitigate for winter storms have strengthened since the initial HMP was
adopted. The Town has made improvements to its tree limb inspection and maintenance
program, the state building code has been upgraded, and the creation of the Energy Office has,
and will continue to, expand local energy production capacity. Nantucket has improved its snow-
drift control methods, and by increased contracting to private companies has increased its road
clearing capacity.

Vulnerabilities and Risk Assessment

As mentioned for summer storms, the treed landscapes of downtown and ‘Sconset, where 150-
foot elm trees are commonly in close proximity to densely populated residential areas, poses
problems in relation to blizzard and ice condition damage. Tree limbs may not be suited to
withstand high wind and snow or ice loads. If trees fall in these areas, the proximity of structures
puts them at risk for damage.

As noted in Section 8.1, drifting snow is a significant problem in nine specific areas, although it can
occur anywhere:

O Milestone Road along conservation lands — Drifting snow is caused, in part, by the re-

creation of 1,100 acres of cleared pasture conditions on the north side of the road. As
noted in section 8.4, improved snow fencing protocols have mitigated some of the snow-
drift problems, but bigger storms remain more difficult to control. Because Milestone Road

Town of Nantucket /"e MILONE &

Hazard Mitigation Plan
February 2019 8-6 g

MACBROOM



is one of only two routes available for ‘Sconset residents to reach the central part of the
Nantucket, it is critical that is remain passable for important emergency access.

O Polpis Road at Golf Course — Similar to Milestone Road, drifts can affect access along Polpis
Road downwind of the golf course, northwest of ‘Sconset. With Polpis Road subject to

drifting along with Milestone Road, ‘Sconset can become completely isolated.

O Polpis Road near Pinelands

Cliff Road west of Gosnold Road

O Eel Point Road — Damage from winter storms is particularly troublesome along Eel Point
Road because electrical power to Madaket runs is along Eel Point Road instead of Madaket
Road. When drifting occurs and the private section of the road can not be traversed, power

O

outages can become difficult to fix. A recent winter storm caused a three-day loss of power
in Madaket.

O Red Barn Road — Drifts in this location can block the only route for Sheep Pond Road
residents to evacuate during winter storms.

Q Bartlett Farm Road — Drifts in this location affect main a farm, such that overall vulnerability

is low.
O West Miacomet Road at Golf Course
O Hummock Pond Road at Cemetery — This is an area where alternate routes are available for

evacuation, should drifting occur. Nevertheless, the drifting snow problem is common, and
this is typically DWP's third plowing priority after Milestone Road and Polpis Road.

Even without drifts, winter storms present some potentially unique transportation vulnerabilities.
There is a high propensity for traffic accidents during heavy snow and even light icing events.
Roads may become impassable, inhibiting the ability of emergency equipment to reach trouble
spots, as well as the accessibility to medical and shelter facilities. Stranded motorists, especially
senior and/or handicapped citizens, are at a particularly high risk during a blizzard.

Navigation hazards can occur during winter storms and cold periods. The Nantucket Harbor
channel needs to be kept clear because it is the only way in and out of the harbor. One problem
that is unique to Nantucket is that winter storms with prolonged cold and wind can push ice into
the harbor or freeze the harbor, cutting off access to many supplies, goods, and labor that come
from the mainland, such as food. Additionally, as explained in Section 2.9, fuels are delivered to
the tank farm by tanker trucks arriving at the Steamship Dock and by barges that dock at the
Nantucket Boat Basin Marina. Freezing of the harbor or channel can therefore stop fuel delivery
to Nantucket.

Indirect effects from channel and harbor freezing can also occur. For example, ice can move
channel markers. Buoys must be very secure during these conditions. Docks can become hazards
during storms if they break free.
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With regard to coastal flooding, the same vulnerable populations discussed in Section 4.5 and 6.5
are vulnerable to flooding caused by nor'easters. Further "flood" damage could be caused by
flooding from frozen water pipes.

Historic Resources

Historic resources may be particularly at risk from winter storms, relative to other assets, for the
following reasons:

O Construction: Historic buildings constructed before modern building codes may not be as
able to withstand heavy snow loads as those built more recently.

O Age: Buildings and materials degrade over time, and a historic property may not be able
to stand up to heavy snow loads as well as it could when first constructed. Many years of
freezing and thawing, in particular, may have weakened construction material.

Q Insulation/Weather Proofing: Older buildings may be less-well insulated and weather-
proofed than newer buildings. This may allow for colder temperatures to impact indoor
utilities. Additionally, poorly weather-proofed buildings may be susceptible to humidity
build-up within walls, leading to mold and material degradation.

Q Utilities: Older utilities in historic buildings may not be able to hold up against cold
temperatures as well as newer utilities.

Additionally, hazard mitigation activities may be more difficult to implement to a historic property
without altering its historic character.

8.5.1 Loss Estimates

The economic losses faced by the community from natural hazards can be estimated by reviewing
historic, and modeling future, loss figures. It is difficult to accurately quantify losses, even after an
event; therefore, a number of different sources are provided in this section. Taken together, they
provide a range of possible loss estimates.

Public Assistance Reimbursements

Loss estimates for winter storms were generated from the value of PA grants received by
Nantucket and other entities within the Town. There have been five federal disaster declarations
in Nantucket since 1999 that resulted from winter storm events.
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Table 8-1: Public Assistance Reimbursements for Nantucket
Number

Disaster Declaration Incident Incident of Federal Total
Number Date Type Dates . Share Cost
Projects
4214 04/13/2015 Winter Storm, 1/26/15 to 1/29/15 4 $851,808 $1,135,743
Snowstorm, Flooding
3201 02/17/2005 Blizzard 1/22/05 to 1/23/05 2 $122,933 $163,910
3175  03/11/2003 Snow 2/17/03 to 2/18/03 2 $30,972  $41,296

"Presidents Day Storm 11"
Total $1,340,949

Dividing the total figure by the 18 years over which PA grant data has been tracked provides an
estimate of annualized losses due to winter storms.

Annualized Loss Estimate: Winter Storms (PA-based): S74,497
NCEI Storm Events Database

The NCEI database of historic storm events was reviewed to determine the cost of winter events
to Nantucket. Winter storm events (storms reviewed in the database were the “Blizzard,” “Heavy
Snow,” “Ice Storm,” “Winter Storm,” and “Winter Weather” types) have been recorded since
1996.

According to the NCEI dataset, there have been 42 significant winter storm events on Nantucket
since 1996, 4 of which caused measureable damage.

Table 8-2: NCEI Storm Events Database — Winter Storm Events Causing Property Damage

Date Type Estimated Property Damage
1/7/1996 Heavy Snow $400,000
3/6/2003  Winter Storm $20,000
2/12/2006 Winter Storm $10,000
3/26/2014 Blizzard $30,000

TOTAL $460,000

Dividing the total property damage from the NCEI figure by the 21 years over which that data has
been tracked provides an estimate of annualized losses due to winter storms.

Annualized Loss Estimate: Hurricane Wind (NCEI-based): $21,905

Loss Estimates Summary

Based on the loss estimates summarized above, an average expected annualized estimated loss
can be calculated.

Table 8-3: Annualized Loss Estimates for Winter Storm Events

Source Annualized Estimated Loss
Public Assistance $74,497
NCEI $21,905

The Nantucket EMD estimates that the cost to the police department to respond to a typical
winter storm event is $1,985.

Town of Nantucket 'e MILONE &

antuc /
Hazard Mitigation PI
February 2019 89 % MACBROOM



8.6

8.6.1

Mitigation Strategies and Action

Potential mitigation measures for storm surges and flooding caused by nor'easters include those
appropriate for flooding. These were presented in Sections 3.6 and 4.6 and are not repeated
herein. However, winter storm mitigation measures must also address wind, blizzard, snow, and
ice hazards. These are emphasized in the following subsections. Note that natural resource
protection and structural projects are generally not applicable categories of hazard mitigation for
wind, blizzard, snow, and ice hazards.

Prevention

Cold air, snow, and ice cannot be prevented from impacting any particular area. Thus, mitigation
should be focused on property protection, infrastructure protecti