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EXECUTIVE SUMMARY

Hazard Mitigation planning is a proactive process used to systematically identify policies, actions and
tools that can be used to reduce the dangers to life and property from natural hazard events. Amongst
the communities of Norfolk County, hazard mitigation planning tends to focus on flooding, the most
likely natural hazard to impact these communities. The Federal Disaster Mitigation Act of 2000 requires
all municipalities to adopt a local multi-hazard mitigation plan (HMP) and update their plan every five
years in order to be eligible for FEMA funding for hazard mitigation grants.

The Massachusetts Executive Office of Energy and Environmental Affairs, Municipal Vulnerability
Preparedness (MVP) grant program helps communities plan and take action towards becoming more
resilient to the impacts of climate change. The program provides MVP Planning Grants to assist
municipalities in preparing for the impacts of climate change through participation in a community
climate vulnerability workshop and development of a climate change action plan and MVP Action Grants
to fund the implementation of priority climate change adaptation actions.

This plan provides for both a hazard mitigation planning approach, as well as incorporating MVP
provisions for the Town of Avon that are related to increasing resiliency associated with climate change
impacts. This provides the Town with a holistic assessment and implementation plan for both hazard
mitigation and climate change resiliency.

Planning Process

Planning for the Hazard Mitigation Plan and Municipal Vulnerability Preparedness Plan (HMP-MVP Plan)
was led by Avon’s Municipal Vulnerability Preparedness/Hazard Mitigation Core Committee (“Core
Committee”). This Core Committee was composed of staff from a number of different town departments.
The Core Committee met on January 10, 2020, and a Municipal Vulnerability Preparedness Workshop
was held on September 21, 2020. During these meetings, the group planned for the Workshop reviewed
public comments, discussed where the impacts of natural hazards most affect the Town, the goals for
addressing these impacts, developed the mitigation plan, and transitioned to implementation of the
plan’s mitigation strategies

The town’s Core Committee held one public meetings on April 14, 2021. Additionally, the draft plan was
posted on the Town’s website for public review. Key town stakeholders and neighboring communities
were notified of the public meetings and invited to submit comments.

Risk Assessment

The Avon HMP-MVP Plan assesses the potential impacts to the Town from a variety of natural disasters
including flooding, high winds, winter storms, brush fire, geologic hazards, extreme temperatures, and
drought. These are shown in the map series located in Appendix B.

Avon’s Core Committee identified 42 Critical Facilities. These are also shown in the map series and
listed in Table 2-6, identifying which facilities are located within the mapped hazard zones.

Hazard Mitigation Goals

The town’s Core Committee reviewed and discussed the set of goals for the Town. The committee
endorsed a total of seven goals. Many of these were similar to those included in the Old Colony Regional
Hazard Mitigation Plan, with the addition of a new goal addressing climate change. These goals are
presented in Section 5.

westonandsampson.com 1 Weston O



Hazard Mitigation Strategy

The Core Committee identified and discussed a number of mitigation measures that would serve to
reduce the Town’s vulnerability to natural hazard events. Overall, the hazard mitigation strategy
recognizes that mitigating hazards for Avon will be an ongoing process as our understanding of natural
hazards and the steps that can be taken to mitigate their damages change over time. Climate change
and a variety of other factors impact the Town’s vulnerability. In the future, local officials will need to work
together across municipal lines, and with state and federal agencies, to understand and address these
changes. The hazard mitigation strategy will be incorporated into the Town’s other related plans and
policies. This will ensure that all areas of planning and development within the Town will recognize and
incorporate hazard mitigation measures.

Plan Development Process

In 2015, Avon adopted the Old Colony Regional Hazard Mitigation Plan. This plan provided hazard
mitigation guidance for fifteen communities within the Old Colony region. This plan provides a starting
point with respect to considering hazards, vulnerabilities, and mitigation strategies that were under
consideration at that time.

Moving forward into the next five-year plan implementation period there will be many more opportunities
to incorporate hazard mitigation into the Town'’s decision-making processes.

Using the 2015 regional plan, the Town will document actions taken, challenges met, and mitigation
actions successfully adopted within this iteration of the HMP-MVP Plan. This will serve as part of the
ongoing plan maintenance to be conducted by the Core Committee, as described in Section 8 Plan
Adoption and Maintenance.
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1.0 INTRODUCTION

1.1 What is a Hazard Mitigation Plan and Municipal Vulnerability Preparedness Plan?

Hazard mitigation is the effort to reduce the loss of life and property by lessening the impact of disasters.
Mitigation is the phase of emergency management that is dedicated to breaking the cycle of damage,
reconstruction and repeated damage through action and long-term strategies. These actions and long-
term strategies can include planning, policy changes, education programs, infrastructure projects, and
other activities. The Federal Emergency Management Agency (FEMA) currently has three mitigation
grant programs: the Hazard Mitigation Grant Program (HGMP) (https://www.fema.gov/hazard-
mitigation-grant-program), the Pre-Disaster Mitigation (PDM) program (https://www.fema.gov/pre-
disaster-mitigation-grant-program), and the Flood Mitigation Assistance (FMA) program
(https://www.fema.gov/flood-mitigation-assistance-grant-program).

Developing hazard mitigation plans enables state, tribal, and local governments to:
e Increase education and awareness around threats, hazards, and vulnerabilities;

e Build partnerships for risk reduction involving government, organizations, businesses, and the
public;

e Identify long-term, broadly supported strategies for risk reduction;
e Align risk reduction with other state, tribal, or community objectives;

o Identify implementation approaches that focus resources on the greatest risks and
vulnerabilities; and

e Communicate priorities to potential sources of funding.

Hazard Mitigation Measures can be categorized by their different approaches to mitigating hazards.
These approaches vary in terms of the types of actions taken and how those actions are administered
at the local level. Measures are generally sorted into the following groups (Source: FEMA Local Multi-
Hazard Mitigation Planning Guidance):

e Prevention: Government administrative or regulatory actions or processes that influence the way
land and buildings are developed and built. These actions also include public activities to reduce
hazard losses. Examples include planning and zoning, building codes, capital improvement
programs, open space preservation, and stormwater management regulations.

o Property Protection: Actions that involve the modification of existing buildings or infrastructure to
protect them from a hazard or removal from the hazard area. Examples include acquisition,
elevation, relocation, structural retrofits, flood proofing, storm shutters, and shatter-resistant
glass.

e Public Education & Awareness. Actions to inform and educate citizens, elected officials, and
property owners about the potential risks from hazards and potential ways to mitigate them.
Such actions include outreach projects, real estate disclosure, hazard information centers, and
school-age and adult education programs.

o Natural Resource Protection: Actions that, in addition to minimizing hazard losses also preserve
or restore the functions of natural systems. These actions include sediment and erosion control,
stream corridor restoration, watershed management, forest and vegetation management, and
wetland restoration and preservation.
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e Structural Projects: Actions that involve the construction of structures to reduce the impact of a
hazard. Such structures include stormwater controls (e.g., culverts), floodwalls, seawalls,
retaining walls, and safe rooms.

e Emergency Services Protection: Actions that will protect emergency services before, during, and
immediately after an occurrence. Examples of these actions include protection of warning
system capability, protection of critical facilities, and protection of emergency response
infrastructure.

Hazard mitigation planning uses a stepped process that includes an assessment of hazards,
vulnerabilities and risks and the development of the policies, tools, and actions to mitigate those risks.
This is accomplished through the participation of a wide range of stakeholders and the public, resulting
in a plan for the community that will outline practical approaches to reduce long-term risks from natural
hazards and disasters. Hazard mitigation is most effective when it is based on a comprehensive, long-
term plan that is developed before a disaster occurs.

According to the Federal Emergency Management Agency (FEMA), the purpose of mitigation planning
is to identify local policies and actions that can be implemented over the long-term to reduce risk and
future losses from hazards. These mitigation policies and actions are identified based on an assessment
of hazards, vulnerabilities, and risks. Stakeholders and the public are an integral part of the planning
process. Benefits of mitigation planning include:

¢ Identifying actions for risk reduction that are agreed upon by stakeholders and the public.
e Focusing resources on the greatest risks and vulnerabilities.

o Building partnerships by involving citizens, organizations, and businesses.

e Increasing education and awareness of threats and hazards, as well as their risks.

e Communicating priorities to State and Federal officials.

Aligning risk reduction with other community objectives.

Section 322 of the Federal Disaster Mitigation Act (“The Act”) specifically addresses mitigation planning
and requires state and local governments to prepare multi-hazard mitigation plans as a precondition for
receiving FEMA mitigation project grants. The regulations set forth the basic criteria necessary for a
state or local government to meet the mitigation plan requirement. The standard mitigation plan must
include the following components:

e Description of the planning process.

o Risk assessment of natural hazards.

e Mitigation strategy.

e Process for coordination of local mitigation planning.
e Plan maintenance process.

e Plan adoption process; and.

e Compliance assurances.

In 2017, the Massachusetts Executive Office of Energy and Environmental Affairs (EEA) initiated the
Commonwealth’s Municipal Vulnerability Preparedness (MVP) grant program to help communities plan
and become more resilient to the impacts of climate change. The program provides Planning Grants to
assist municipalities in preparing for the impacts of climate change through participation in a community
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climate vulnerability workshop and development of a climate change action plan. Communities that
complete the planning grant program receive a designation of “Certified MVP Community”. This
designation provides the community with an increased standing in other state grant programs, as well
as eligibility for MVP Action Grants. MVP Action Grants fund the implementation of priority climate
change adaptation actions that have been described in the municipality’s MVP plan. The Town of Avon
received an MVP Planning Grant to simultaneously prepare an MVP plan and an HMP. Many of the
required steps of the MVP process also satisfy requirements for updating an HMP. As a result, the Town
prepared this joint HMP-MVP Plan in accordance with FEMA guidelines for hazard mitigation planning
(Title 44 Code of Regulations (CFR) 201.6) and with the Massachusetts Executive Office of Energy &
Environmental Affairs’ (EEA) requirements to follow the Community Resilience Building (CRB) Workshop
Guidance, developed by The Nature Conservancy. This enabled Avon to consider the impacts of climate
change in its hazard mitigation planning, following the lead established by the Commonwealth when it
adopted the first-ever Massachusetts State Hazard Mitigation and Climate Adaptation Plan (2018).

Federal Massachusetts
Emergenc Executive Office
Mana geme\:\t of Energy and
Aggncy Environmental )
Planning Grants Affalrs Plannlr:f Grant
V MVP Workshop
Hazard Mitigation Plan d
J MVP Plan
Action Grants Action Grant

1.2 Previous Federal/State Disasters

Federal hazard mitigation assistance and well as statewide hazard mitigation assistance provides
funding for both structural and non-structural activities. This could include physical changes to a facility
or development of standards, as well as community planning initiatives such as developing land-use
zoning plans. By participating in hazard mitigation initiatives, a community could minimize damages
from a disaster, potentially saving lives, property, and money. To understand the importance of hazard
mitigation, it is useful to know the types and frequencies of disasters that occur in Massachusetts. Since
1991, there have been 22 storms in Massachusetts that resulted in Federal or State Disaster
Declarations. Seventeen of those disaster declarations occurred in Norfolk County, of which the Town
of Avon is included. Many of these storms caused severe flooding. These disasters and the related
assistance from FEMA are described in Table 1-1, and the disasters that affected Norfolk County are
shown as bold, italicized font.

westonandsampson.com 5 WeSTon Sampson



Table 1-1. Previous Federal/State Disaster Declarations

Disaster Name (Date of Disaster

Event) Number Type of Assistance Areas Under Declaration

Hurricane Bob FEMA Hazard Counties of Barnstable, Bristol, Dukes,

Auaust 19. 1997 DR-914 Mitigation Grant Essex, Hampden, Middlesex, Plymouth,
g ’ Program Nantucket, Norfolk, Suffolk

Severe Coastal Storm FEMA Hazard Counties of Barnstable, Bristol, Dukes,

October 30-November 2,  DR-920 Mitigation Grant Essex, Middlesex, Plymouth, Nantucket,

1991 Program Norfolk, Suffolk

Winter Coastal Storm DR-975 II\:/II?t,iv'gt:;'izérrint Counties of Barnstable, Dukes, Essex,

December 11-13, 1992 Program Plymouth, Suffolk

Blizzard

January 7-13, 1996 DR-1090  No funding reported All 14 Massachusetts Counties

Severe Storms/Flooding DR-1142 AFZS/’Q ti_-(l)anzg;n ¢ Counties of Essex, Middlesex, Norfolk,

October 20-25, 1996 Program Plymouth, Suffolk

Heavy Rain and Flooding DR-1224 I\Fﬂ”{a\ ti'-cl)anzg;n ¢ Counties of Bristol, Essex, Middlesex,

June 13-July 6, 1998 Program Norfolk, Suffolk, Plymouth, Worcester

Severe Storms & Flooding DR-1364 AFZS/"Q tganzgrgn ¢ Counties of Bristol, Essex, Middlesex,

March 5-April 16, 2001 Program Norfolk, Suffolk, Plymouth, Worcester
FEMA Individual &

Households Program;

Flooding DR-1512  FEMA Hazard Essex, Middlesex, Norfolk, Suffolk,
April 1-30, 2004 Mitigation Grant Worcester
Program
FEMA Public
Assistance;
Severe Storms and FEMA Individual &
Flooding DR-1614  Households Program,; = All 14 Massachusetts Counties
October 7-16, 2005 FEMA Hazard
Mitigation Grant
Program
FEMA Public
Assistance;
Severe Storms and FEMA Individual &
Flooding DR-1642  Households Program; Middlesex, Essex, Suffolk
May 12-23, 2006 FEMA Hazard
Mitigation Grant
Program
Severe Storms and Inland FEMA Public Berkshire, Franklin, Hampshire,
and Coastal Flooding DR-1701 Hampden, Essex, Plymouth,

Assistance; FEMA

April 15-25, 2007 Barnstable, Dukes
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Disaster Name (Date of
Event)

Disaster
Number

Type of Assistance

Table 1-1. Previous Federal/State Disaster Declarations

Areas Under Declaration

Severe Winter Storm and
Flooding
December 11-18, 2008

Severe Storm and
Flooding
March 12-April 26, 2010

Severe Winter Storm and
Snowstorm
January 11-12, 2011

Severe Storms and
Tornadoes
June 1, 2011

Tropical Storm Irene
August 27-29, 2011

Severe Storm and
Snowstorm
October 29-30, 2011

Hurricane Sandy

October 27-November 8,

2012

DR-1813

DR-1895

DR-1959

DR-1994

DR-4028

DR-4051

DR-4097

Hazard Mitigation
Grant Program

FEMA Public
Assistance; FEMA
Hazard Mitigation
Grant Program

FEMA Public
Assistance;

FEMA Individual &
Households Program;
FEMA Hazard
Mitigation Grant
Program

FEMA Public
Assistance; FEMA
Hazard Mitigation
Grant Program

FEMA Public
Assistance;

FEMA Individual &
Households Program;
FEMA Hazard
Mitigation Grant
Program

FEMA Public
Assistance;

FEMA Individual &
Households Program;
FEMA Hazard
Mitigation Grant
Program

FEMA Public
Assistance; FEMA
Public Assistance
Snow Removal; FEMA
Hazard Mitigation
Grant Program

FEMA Public
Assistance; FEMA
Hazard Mitigation
Grant Program

All 14 Massachusetts Counties

Bristol, Essex, Middlesex, Suffolk,
Norfolk, Plymouth, Worcester

Berkshire, Essex, Hampden,
Hampshire, Middlesex, Norfolk, Suffolk

Hampden, Sturbridge, Southbridge,
Worcester

Barnstable, Berkshire, Bristol, Dukes,
Franklin, Hampden, Hampshire, Norfolk,
Plymouth

Berkshire, Franklin, Hampden,
Hampshire, Middlesex, Worcester

Barnstable, Bristol, Dukes, Nantucket,
Plymouth, Suffolk
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Table 1-1. Previous Federal/State Disaster Declarations

Disaster Name (Date of Disaster

Event) Number Type of Assistance Areas Under Declaration
Severe Winter Storm, Zggg;‘ébell_CFE VA
Snowstorm, and Flooding  DR-4110 o All 14 Massachusetts Counties
Hazard Mitigation
February 8-9, 2013
Grant Program
Severe Winter Storm, Zgggai%bell-cFEM A Barnstable, Bristol, Dukes, Essex,
Snowstorm, and Flooding  DR-4214 Hazard Mit;' ation Middlesex, Nantucket, Norfolk,
January 26-28, 2015 g Plymouth, Suffolk, Worcester
Grant Program
Severe Winter Storm and FEMA Public
) Assistance; FEMA Essex, Suffolk, Norfolk, Bristol,
Flooding DR-4372 o
Hazard Mitigation Plymouth, Barnstable, Nantucket
March 2-3, 2018
Grant Program
Severe Winter Storm and FEMA Public
Assistance; FEMA Essex, Middlesex, Norfolk, Suffolk,
Snowstorm DR-4379 o
March 13-14. 2018 Hazard Mitigation Worcester
’ Grant Program

Source: MEMA 2019; FEMA 2018b; EEA and EOPSS 2018, 6-24 and Appendix B

1.3 FEMA Funded Mitigation Projects

Avon participates in the National Flood Insurance Program (NFIP) (FEMA, 2018f). The NFIP is a Federal
program administered by FEMA enabling property owners in participating communities to purchase
insurance as a protection against flood losses in exchange for State and community floodplain
management regulations that reduce future flood damages. NFIP offers flood insurance to communities
that comply with the minimum standards for floodplain management.

NFIP uses a CRS to award communities that go beyond the minimum standards with lower flood
insurance premiums for property owners. The incentives are awarded upon a credit system for various
activities. Points are awarded to communities that prepare, adopt, implement, and update a
comprehensive flood hazard mitigation plan using a Standard planning process. Avon is not currently
eligible to participate in the CRS Program.
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2.0 COMMUNITY PROFILE, LAND USE AND DEVELOPMENT TRENDS
2.1 Community Profile

The Town of Avon was originally settled in 1700 and incorporated in 1888. The town has a total land
area of 4.54 square miles (U.S. Census Bureau 2010). Avon has both the smallest land area and
population of any community in the region. It has a compact density of over 1,000 persons per square
mile and is a town of predominantly residential housing. The town has preserved its quiet, tranquil,
suburban character, while maintaining its place as part of a metropolitan community with great
advantages in terms of accessibility to cultural, educational and recreational resources.

To complement this handsome backdrop, the community is singularly fortunate to have been blessed
with an active, involved citizenry, whose major goal has always been to protect what is precious from
the past, while continuing to plan for future generations. Avon is justly proud of its historic past; its
present responsible and responsive local government; a wealth of dedicated and able volunteers; as
well as many parks, playgrounds and recreational lands; and its excellent school system. The town
maintains a website at http://www.avon-ma.gov.

The town is governed by a Board of Selectman and a Town Administrator. The town operates under the
open town meeting format. In 2017, the population was 4,468 people (U.S. Census Bureau 2017).
Demographic characteristics in Avon that should be taken into consideration when planning for natural
hazards are summarized in Table 2-1.

Table 2-1. Avon Demographic Characteristics

4,468 Total Population

3.6% Under Age 5

16.9% Under Age 18

16.0% Over Age 65

8.5% Individuals Living Below the Poverty Level

89.1% Own Home

10.9% Renters

2.8% Unemployment Rate

36.3% Employed in Top Employment Industry (Management, business,
science, and arts)

Source: U.S. Census Bureau 2017
The Town of Avon has several unique characteristics to keep in mind while planning for natural hazards:
e |tisonly 4.54 square miles in size (U.S. Census Bureau 2017).
e |tis home to the Brockton Reservoir and a large portion of Waldo Lake.
e Route 24 runs through the Town on its western edge.
e |t has a population density of 990 people per square mile (U.S. Census Bureau 2017).
2.2 Economic Assets and Infrastructure

An important component of the hazard identification and mitigation process is understanding the way
that people travel and reside throughout the Town, and the relationship with the surrounding cities and
towns. As discussed in Section 4 of this Plan, certain areas of Avon may be more vulnerable to hazards
than other areas of the Town. One must take into account whether these areas are highly populated, or
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whether there is a large commuter population that may need access to a specific road or train station
within or near Avon either to enter or exit the Town.

As a 4.5 square mile suburb of Boston, Avon sees its fair share of commuters. Avon is 17 miles south
of Boston, 27 miles northeast of Providence, and 211 miles from New York City. The Town of Avon is a
historic Massachusetts town located in Norfolk County region of Massachusetts, bordered by Brockton
on the south, Stoughton on the west, Randolph on the north, Holbrook on the east. Avon is considered
to be a prestigious community located along Route 24. The combination of good highway access and
a positive attitude toward economic growth and development in the community has enabled the Town
to develop as a major employment center in the South Shore area. Avon is served by the Brockton Area
Transit Authority and the Massachusetts Bay Transportation Authority (MBTA), which provide public
transit services to Brockton and Boston.

Avon’s municipal drinking water supply is drawn from seven wells within the Town. The wells are
protected by Zone Il wellhead protection areas and by Avon’s Water Supply Protection District. Almost
all of the Town’s wastewater is handled by onsite wastewater systems, except for a small commercial
area on Memorial Drive (Route 28) near the Brockton city line, which is connected to Brockton’s
municipal wastewater system. The combination of small size with a limited amount of land available to
develop and a lack of municipal sewer service has kept Avon’s population stagnant in recent years.

The town is home to two of the region’s largest commercial and industrial parks. Taking advantage of
its close proximity to Route 24, the Town has two major commercial and industrial centers, one just east
of Exit 10 and one just west of Exit 19. The Avon Industrial Park located east of Exit 19, which has
developed over the last 10 years, contains 127 firms who employ over 3,600 persons in a variety of
occupations. A recent expansion of the industrial park has made more sites available for development.
The industrial park’s location is proximate to Route 24 and separate from nearby residential areas,
making it an exceptional location for business development for the Town. Merchant’s Park, located west
of Exit 19 is a hub of retail stores anchored by a number of “big box” retailers. In addition, there are
many local businesses within town, with a total employment of 2,510 people in 2017. There are 4,468
people living in the Town of Avon. The percentage of residents over the age of 65 is 16.0% and 16.9%
of residents are under the age of 18 (U.S. Census Bureau 2017).

2.3 Land Use

The Town of Avon is about 4.5 square miles, ranking as one of the state’s smallest communities, with
much of its remaining land unsuitable for development. The Town’s industrial areas have proven to be
a regional asset. The industrial area contributes significantly to the Town’s tax base and provide
thousands of jobs in the area. Figure 2-1 displays the land use categories within Avon providing the
percent cover of each category within the Town (See Appendix B, Map 2 of the Hazard Maps).
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Figure 2-1. Land Use in Avon

Total residential land use makes up 22.6% of the Town’s land. Commercial and industrial uses make up
15.7% of the Town land. Several categories of open space combined (forest, wetlands, crop land, open
land, and water) make up 37.2% of the Town. The areas that make up a majority of the forested and
wetland areas in Avon are the 737-acre D.W. Field Park that Avon shares with Brockton. The soil in this
area of town is mapped as Freetown Muck, which is a very deep, nearly level, poorly drained soil that
limits development due to its severe limitation for on-site wastewater disposal.

Land use in Avon is managed by the Planning Board and regulated by the Town’s Zoning Ordinances
and Subdivision of Land Regulations. Avon has seven zoning districts: Residence-Suburban A,
Residence-Suburban B, General Business, Industrial, Mixed-Use — Low Density, Residential-High
Density, Commercial, Floodplain, Water Supply District, Business Overlay District, and Village Overlay
District.

More information on how the land use statistics were developed and the definitions of the categories
can be found at: https://docs.digital.mass.gov/dataset/massgis-data-land-use-2005. However, no
changes in development have occurred that have impacted the jurisdiction's overall vulnerability to
natural hazards.

2.4  Critical Facilities & Infrastructure

Critical infrastructure is extremely important to a town during a natural hazard. They can be used for
disaster response, shelter, and evacuation (for example, emergency shelters, fire stations, hospitals,
etc.). Critical infrastructure can also be facilities where additional assistance might be needed during an
emergency (nursing homes, elderly housing, schools or daycare centers). Critical infrastructure can also
include infrastructure that could be dangerous if it is compromised during a natural disaster, such as a
sewage treatment plant or a site with chemical storage. There are 42 critical facilities identified in Avon.
These facilities are shown on the map series and corresponding tables in Appendix B and identified
below in Table 2-2.
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Table 2-2. Avon Critical Facilities

ID#  Facility | Name  Address

1 Bridge Pond Street Bridge (Route 24) N/A

2 Bridge Route 24 Bridge (South Street) N/A

3 State-Owned Bridges Harrison Interchange N/A

4 Dam Brockton Reservoir Dam South St.

(Brockton Reservoir)

5 Fuel Station Sunoco 284 East Main St.

6 Fuel Station Super Petroleum 273 East Main St.

7 Fuel Storage, Tier Il Site Estes Express Lines 215 Bodwell St.

8 Fuel Storage Tier Il Site RoadSafe Traffic Systems 55 Bodwell St.

9 Fuel Storage Tier Il Site T.L. Edwards, Inc. 100R Wales Ave.

10 Tier Il Site National Grid Substation 28 Old Pond St.

11 Tier Il Site National Grid Substation 68 283 East Main St.

12 Library Avon Public Library 280 West Main St.

13 Public Works DPW (Water, Highway) 1 Avon Place

14 School, Mass Care Shelter | Avon Middle-High School 285 West Main St.

15 School, Mass Care Shelter, | Ralph D. Butler Elementary 1 Patrick Clark Dr.
Childcare School

16 Town Hall, Senior Center Town Hall & Council on Aging 65 East Main St.

17 Fire & Emergency Fire Station 150 Main St.
Operations Center

18 Police Station Avon Police Station 86 Fagan Drive

19 Childcare Avon Nursery School 119 North Main St.

20 Cultural Resource, Mass Avon Baptist Church 119 North Main St.
Care Shelter

21 Culture Resource Blanchard H.L. Museum 188 Main St.

22 Cultural Resource Blanchard’s Tavern 98 North Main St.

23 Cultural Resource, Tier |l Costco Wholesale 120 Stockwell Dr.
Site

24 Cultural Resource, Tier |l Home Depot 60 Stockwell Dr.
Site

25 Cultural Resource, Mass St. Michael’s Church 87 North Main St.
Care Shelter

26 Cultural Resource Walmart 30 Memoirial Dr.

27 Housing Authority Avon Housing Authority 1 Fellowship Cir.

28 Postal & Shipping USPS Avon Office 8 East Main St.

29 Special Needs Grace Baptist Church 101 Wales Ave.

30 Waste Management, Tier Il | Waste Management Inc. 40 Ledin Dr.
Site

31 Cable Television Avon Community Access & 2 East Main St.

Media

32 Cellular Phone Facility, Tier | AT&T Cellular Switching Center 155 Bodwell St.

Il Site

westonandsampson.com
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ID#  Facility | Name ~ Address
33 Water Well & Pumping Memorial Drive Water Well #1, 140 Memoirial Dir.
Station, Water Treatment Pumping Station, Corrosion
Facility, Water Filtration Control Facility, Filtration Plant
Plant
34 Water Supply Tank Central Street Water Storage Antone Rd/Central St.
Tank
35 Water Supply Tank, Public | Page Street Water Storage Tank | 212 Page St.
Safety Repeater Site
36 Water Well & Pumping Trout Brook Wellfield and Pump | Argyle Ave.
Stations Station; Theater #3 Well and
Pump Station, Satellite Well #3
Wellfield and Pump Station
37 Water Wells, Water Trout Brook and Corrosion 15 Argyle Ave.
Treatment Plant Control Facility
38 Water Well & Pumping Connolly Road Well #4 & Connolly Rd.
Station Pumping Station
39 Water Well, Pumping Porter Well, Pumping Station and | Avon PI.
Station and Treatment Plant | Corrosion Control Facility
40 Cell Phone/Microwave N/A 15 Grant Dr.
Tower
41 Cell Phone/Microwave N/A 21 Parker Dr.
Tower
42 Defense Contractor and PPG Aerospace 1 Ledin Ave., 244
Microwave Tenant Bodwell St., and 264
Bodwell St.

3.0

PLANNING PROCESS & PUBLIC PARTICIPATION

This section presents the process that the Town undertook to develop the HMP-MVP for both hazard
mitigation and climate resiliency, and how stakeholders and members of the general public were
engaged throughout the process.

Wesfon Sampson
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3.1 Planning Process Summary

To prepare for the development of this MVP-HMP Plan, the Town of Avon followed the process described
in the Community Resilience Building Workshop Guidebook, which was developed by The Nature
Conservancy (TNC, 2019). The Guidebook provides a clear approach on how to organize the public
process for mitigating the impacts of, and increasing resilience against, natural hazards and climate
change. An important aspect of the natural hazard and climate change impact mitigation planning
process is the discussion it promotes among community members about creating a safer, more resilient
community. Developing a plan that reflects the Town of Avon’s values and priorities is likely to produce
greater community support and result in greater success in implementing mitigation strategies that
reduce risk.

Community Resilience Building Workshop Guidebook

The Community Resilience Building Workshop Guidebook provides a process for developing
resilience action plans. The process has been implemented and successful in over one-hundred
communities. The process, outlined below, is rich in information and dialogue and results in
actionable plans and strong collaboration.

3. Assess 4. Develop &
Vulnerabilities Prioritize 5. Take Action!
and Strengths Actions

2. ldentify
Hazards

1. Engage Community

The Community Resilience Building Workshop Guidebook’s central objectives are to:
o Define top local natural and climate-related hazards of concern.

o Identify existing and future strengthen and vulnerabilities.
e Develop prioritized actions for the Community.
e |dentify immediate opportunities to collaboratively advance actions to increase resilience.

Federal regulation for HMP approval requires that stakeholders and the general public are provided
opportunities to be involved during the planning process and in the plan’s maintenance and
implementation. Community members can therefore provide input that can affect the content and
outcomes of the mitigation plan. The planning and outreach strategy used to develop this MVP-HMP
Plan had three tiers: 1) the Core Committee, with representation from municipal leadership at the Town
of Avon, 2) stakeholders who could be vulnerable to, or provide strength against, natural hazards and/or
climate change, and 3) the public, who live and work in the Town.

3.2 The Local Multiple Hazard Planning / Municipal Vulnerability Preparedness Core Committee

The Town of Avon, with support from the Public Works Director and leadership from the Town
Administrator’s office, convened the Core Committee to act as a steering committee for the development
of the HMP-MVP Plan. The Core Committee met on January 10, 2020 to plan for the Workshop, review
public comments, develop the mitigation plan, and transition to implementation of the plan’s mitigation
strategies. More information on these meetings is included in Appendix A.

The Core Committee established goals for the plan, provided information on hazards affecting the
Town, identified critical infrastructure, identified key stakeholders, reviewed the status of existing
mitigation measures, and developed proposed mitigation measures for this plan. Members of the
Core Committee are listed in Table 3-1.
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Table 3-1. Avon's Core Committee

Member Department/Affiliation

William Fitzgerald, Director Public Works

Brian Martin Traffic Engineering
Robert Spurr, Chief Fire Department
Jeffrey J. Bukunt, Chief Police Department
Gregory Enos Town Administrator
Kathleen Waldren Health Agent
Patricia Bessette Town Clerk

The Core Committee developed the invitation list for the Community Resilience Building Workshop at
which key stakeholders were invited to help town identify hazards, vulnerabilities, strengths, and
proposed actions to mitigate the impacts of natural hazards and climate change. The Core Committee
sought to include municipal leaders as well as politicians, representatives from local nonprofit
organizations, local universities, other local jurisdictions, regional organizations, and state government.
The Core Committee also suggested or made available reports, maps, and other pertinent information
related to natural hazards and climate change impacts in Avon. These included:

e (Old Colony Hazard Mitigation Plan, Adopted 2015

e Town of Avon, Stormwater Management Plan, June 2019

e Town of Avon, Zoning By-laws

e Town of Avon, Stormwater Ordinance

e Town of Avon Floodplain Zone

e Massachusetts Climate Change Projections (NECSC, 2018)

¢ Massachusetts Climate Change Adaptation Report (EEA, 2011)

e Massachusetts State Hazard Mitigation and Climate Change Adaptation (EEA and
EOPSS 2018)

e | ocal Mitigation Plan Review Guide, October 2011 (FEMA, 2011)
e Flood Insurance Rate Maps for Norfolk County, MA, (FEMA, 2010)
¢ National Center for Environmental Information (NOAA)
¢ National Water Information System (USGS)
e US Census, 2010 and American Community Survey, 2017

3.3 Stakeholder Involvement: Community Resilience Building Workshop

Key Town staff were invited to engage in a CRB Workshop, held on September 21, 2020. During the
Workshop, Weston & Sampson provided information about natural hazards and climate change and
participants identified top hazards; infrastructural, societal and environmental features in the Town that
are vulnerable to or provide strength against these challenges. Once identified participants prioritized
key actions that would improve the Town’s resiliency to natural and climate-related hazards. Materials
from the Workshop are included in Appendix C.

Regulating development in the Town of Avon is a team effort. The Town has a small municipal staff,
requiring that individuals often wear several hats when it comes to municipal responsibilities. Several
key municipal officials provided input into the plan as participants in the CRB Workshop on September
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21, 2020. The Planning Board plays an important role in land development within the Town, as does the
Old Colony Planning Council, the state-designated regional planning authority for Avon. Although they
were not able to participate in the CRB Workshop, they did provide comments as part of a draft review.
This broad representation of local and regional entities ensures the HMP-MVP Plan aligns with the
operational policies and any hazard mitigation strategies at different levels of government and
implementation.

Discussions of Natural Hazards and Climate Change Impacts

During the CRB, participants were asked to discuss natural hazards and climate change impact in Avon.
Discussion centered around several major natural hazards in the Town: flooding, extreme temperatures,
hurricanes, winter storms, wind, and drought. Discussion centered around Avon’s small physical size,
diverse population, and engaged citizenry and how these characteristics affect the Town’s ability to
respond to natural hazards.

Identification of Top Hazards

Workshop participants were then asked to identify the four top hazards/climate change impacts
that Avon faces. They were:

1. Flooding, such as:
¢ Flooding of wellfields and limitation on access.

e Spot flooding of streams and ditches with impact on properties and septic systems.
e Short-term flooding of roads.
2) High winds, such as:

o Loss of power, communications, water, and other utilities.
e Limited road access with downed trees.

3) Winter storms, such as:
o Loss of power, communications, water, and other utilities.
e Road access.
4) Drought and heat waves, such as:
e Impact on well drawdowns.
e Lack of AC for vulnerable populations.
e Increased water demand.
e Brushfires.

Discussion of Existing Infrastructure

Workshop participants identified those key infrastructure features in Avon that are most vulnerable to, or
provide protection against, natural hazards and climate change impacts.

Table 3-2. Infrastructure Features and Natural Hazards/Climate Change in Avon

Vulnerabilities  Strengths
*  Water supply * Road network
* Septic system flooding, leaching «  Water treatment
* Repeater site antenna for public safety « Stormwater drainage
+ Stormwater drainage +  Water distribution system

* Water storage and treatment
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Vulnerabilities  Strengths

* Roadside trees falling » Information technology systems (fiber

» Limited staff for technical operations, and redundancy)
including due to increase in novel
diseases (including linked to climate
change and habitat loss)

* Snow storage

Discussion of Society and Vulnerable Populations

Workshop participants identified those key societal aspects of Avon that are most vulnerable to, or
provide protection against, natural hazards and climate change impacts (see Table 3-3).

Table 3-3. Societal Features and Natural Hazards/Climate Change in Avon

Vulnerabilities | Strengths

* Aging population + Daytime population increase
+ Daytime population increase » Diversity of residents
* Loss of services to vulnerable

populations

+ Difficulty communication to entire
population without local media

+  Communication to vulnerable non-
English speaking population

Discussion of the Environment

Workshop participants identified those key environmental features in Avon that are most vulnerable to,
or provide protection against, natural hazards and climate change impacts.

Table 3-4. Environmental Features and Natural Hazards/Climate Change in Avon

Vulnerabilities Strengths
+  Stormwater pollution * Open space
* Impervious surface +  D.W. Field Park
« Stormwater system mapping *  Wetlands

* Mosquito habitat
» High groundwater/ledge

Identification of Hazard/Climate Change Mitigation Strateqies

Workshop participants focused time and attention on identifying priority actions for addressing natural
hazard and climate change impacts. The priority actions were then ranked as high priority, medium
priority, additional priority actions as shown below. The input from the workshops was integrated
throughout the HMP-MVP plan.

High Priority Actions

e Interconnects with neighboring towns for emergency and potential long term water supply for
purchase of water

e (Central Street Tank - repeater site antenna bracket repair or replacement

e Increase production capacity from town wells — redevelopment, replacement, groundwater
recharge
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e Implement green infrastructure to restore natural hydrologic cycle, increasing groundwater
recharge and quality, and reducing peak intensities

e Flood control measures for structures (buildings)

e Repair and upgrade existing water storage tanks

e (Continue and expand public education on stormwater/drinking water linkage, including town
hall demonstration, education and implementation help for homeowner

e Water conservation education and restrictions to reduce peak demands

e Drainage system pollutant investigation and maintenance, including per SWPP/NPDES Phase ||

o Distributed generation, redundant and backup power, and communication

e Flood proofing drinking water pumping stations and wells

¢ Roadside tree maintenance and response to tree falls, especially storm related

e Purchase chipper for quicker inhouse response for tree falls

o Convert septic systems to sewer system, continue to aggressively upgrade substandard systems
(including financial assistance as well as educating residents on maintenance.)

Medium Priority Actions

e Communications with foreign language speakers: work with schools and police, identify
translators, identify a website of call center translation services

e Obtain variable message board signs for key locations in the community

e Road and impervious area cloud burst/intense storm related stormwater management,
addressing short-term flooding events: continue clearing basins ahead of storms; disconnect
drainage/route into green infrastructure for peak reduction and quality improvement

e Complete the assessment and mapping of stormwater infrastructure, especially for spill
responses

e Spot cleaning of natural drainage infrastructure, and scheduling in areas of recurring issues;
continue to use Norfolk County Mosquito Control for cleaning, as well as mapping historic
cleaning

e Effective documentation of technical operations for training and knowledge transfer to new
operations staff

e Survey trees on public property for maintenance needs

Additional Priority Actions

e |dentify snow storage areas, perform regular maintenance, and make improvements at compost
site

e |Install or provide enhanced habitat to encourage natural solutions to natural issues such as
mosquito control, lack of pollinators, etc.

3.4 Public Involvement: Listening Sessions and Public Meeting

To gather information from the general public and to educate the public on hazard mitigation and climate
change, the Town hosted a public listening session. The Community Resilience Building Workshop
process and findings were presented at the listening session open to the public on April 14, 2021, which
was held virtually due to the COVID pandemic followed by a public comment period and a second public
meeting on which was held on July 22, 2021. Old Colony Regional Planning Agency did participate in

westonandsampson.com Weston O
18



the April 14 meeting and offered several comments, which were incorporated into the HMP-MVP. The
Town received no comments subsequent to the meeting. The July 22 public meeting was publicized in
accordance with the Massachusetts Public Meeting Law (see public meeting notices in Appendix C),
which allowed for an opportunity for neighboring communities, local and regional agencies involved in
hazard mitigation activities, agencies that have the authority to regulate development as well as other
interests to be involved in the planning process. More information about the meetings and public
comments are available in Appendix 2.

3.5 Continuing Public Participation

Following FEMA approval of the HMP-MVP Plan, the Core Committee, originally convened as the
steering committee for establishing the Plan, will transition their work to updating and keeping the Plan
current. The Core Committee membership will initially be the same as when they worked on developing
the Plan, but members may be added as needed. This ongoing review and evaluation will be
accomplished by monitoring implementation, evaluating effectiveness of mitigation strategies, and
updating the plan as needed. The Core Committee will provide residents, businesses, and other
stakeholders the opportunity to learn about natural hazard mitigation and climate change resilience
planning and inform the Town’s understanding of local hazards. All updates and reviews of the Plan
made by the Core Committee will be placed on the Town’s web site and meetings will be publicly noticed
in accordance with town and state open meeting laws. The list of Core Committee membership is
presented in Table 3-1 (above).
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3.6 Planning Timeline

Data Gathering
Core Team Meeting: 1. Updated Critical Facilities

January 10, 2020 -
’ 2. Reviewed Hazard Mitigation

and Climate Adaption Capacity

CRB Workshop: Listening Session:

September 21, 2020 April 14, 2021

Drafted Report: Public Comment:
April 30, 2021 July 22, 2021

The HMP-MVP planning process proceed according to the timeline below.

1. Local Hazard Mitigation Planning Team / Municipal Vulnerability Preparedness Core
Committee

Meeting 1: January 10, 2020 - Plan for MVP Workshops/HMP Community Meeting

The Core Committee provided comments on the actions and HMP-MVP through email. The
Avon Public Works Director coordinated this process.

2. HMP Stakeholder Meetings / MVP Community Resilience Building Workshops
Workshop: September 20, 2020
3. Public Listening Session to Review Draft Plan

Meeting: April 13, 2021
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Public Comment Period: July 22, 2021
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40 RISKASSESSMENT & VULNERABILITIES

This risk assessment examines the natural hazards that have the potential to impact Avon. This
assessment includes a description of the type, location, and extent of natural hazards, along with
information on previous occurrences of natural disasters. This section also includes an analysis of the
vulnerability of existing buildings, infrastructure, and critical facilities as well as potential future
development; an estimate of potential dollar losses to vulnerable structures; and a description of land
uses and development trends.

41 Update Process

To update Avon’s hazard identification and risk assessment, Weston & Sampson researched and
analyzed hazard and land use data, met with municipal staff, conducted an MVP workshop, and
completed a GIS vulnerability analysis. The purpose of the GIS vulnerability assessment is to estimate
the extent of potential damages from natural hazards of varying types and intensities. A vulnerability
assessment and estimation of damages was performed for flooding through a Geographic Information
System (GIS)-based exposure analysis that combined the Town’s Assessor data records with available
hazard data layers. These layers were used to map and illustrate hazard risk.

4.2 Statewide Overview of Hazards

The 2013 Massachusetts State Hazard Mitigation Plan (MEMA and DCR, 2013) and the 2018
Massachusetts State Hazard Mitigation and Climate Adaptation Plan (SHMCAP) (EEA and EOPSS 2018)
examined the natural hazards that have the potential to impact the Commonwealth. These plans
summarize the frequency and severity of hazards of greatest concern. The frequency classification
ranges from very low to high. Severity classifications are listed as a range from minor severity to
catastrophic. The box below gives further definitions of the frequency and severity characterizations.
Table 4-1 summarizes the frequency and severity of hazard risk in Avon and Massachusetts. These
frequency and severity classifications can be used to help prioritize mitigation actions for each hazard.

Definitions used in the Commonwealth of Massachusetts State Hazard Mitigation Plan
Frequency

o Very low frequency: events that occur less frequently than once in 100 years (less
than 1% per year)

e [ow frequency: events that occur from once in 50 years to once in 100 years (1% to
2% per year);

o Medium frequency: events that occur from once in 5 years to once in 50 years (2%
to 20% per year);

e High frequency: events that occur more frequently than once in 5 years (Greater
than 20% per year).

Severity

e Minor: Limited and scattered property damage; limited damage to public infrastructure
and essential services not interrupted; limited injuries or fatalities.

e Serious: Scattered major property damage; some minor infrastructure damage; essential
services are briefly interrupted; some injuries and/or fatalities.

o Extensive: Widespread major property damage; major public infrastructure damage (up to
several days for repairs); essential services are interrupted from several hours to several
days; many injuries and/or fatalities.

e (Catastrophic: Property and public infrastructure destroyed; essential services stopped;
numerous injuries and fatalities.

westonandsampson.com 22 Weston Q



Table 4-1. Summary of Risks by Hazard Type in Massachusetts and Avon

Hazard Frequency Severity
High
, (1 flood disaster , Serious to , ,
Inland Flooding declaration event every 3 High Catastrophic Minor to Serious

years; 43 floods per year of
lesser magnitude)

Extensive to

Dam Failure Very Low Very Low Catastrophic Minor
High /A . N/A
(Not a Serious to
Coastal Hazards (6 events per year over coastal Extensive (Not a coastal
past 10 years) community) community)
Very Low N/A | N/A
Tsunami (Not a Extensive to
(1 event every 39_years on coastal Catastrophic (Not a Coa}stal
East Coast, 0 in MA) community) community)
' ' High i
Hurricane/Tropical g Medium Serious tq Serious
Storm (1 storm every other year) Catastrophic
High i
High Wind J High Minor to Minor to Extensive
(43.5 events per year) Extensive
High i '
Tormnadoes g Low Senoug to Serlous_ to
(1.7 events per year) Extensive Extensive
High i
Thunderstorms J High Minor .to Minor to Extensive
(20 to 30 events per year) Extensive
High i
Nor'easter J High Minor .to Minor to Extensive
(1 to 4 events per year) Extensive
Snow and - .
High
Blizzard (Severe J High El\)/l(gg;;[\?e Minor to Extensive
Winter Weather) (1 per year)
lce Storms - .
High
(Severe Winter J High EI\/I;nor .to Minor to Extensive
Weather) (‘] 5 per year) xtensive
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Hazard Frequency Severity

Very Low
Earthquake (10-15% probability of Very Low Minor to , Minor to .
magnitude 5.0 or greater in Catastrophic Catastrophic
New England in 10 years)
Low .
Landslid L Minor to Mi
anasiiae (once every two years in ow Extensive Inor
western MA)
. High . Minor to . .
Brush Fires J Medium . Minor to Extensive
(at least 1 per year) Extensive
High
Extreme g High Mi Seri Mi Seri
Temperatures (1.5 cold weather and 2 hot g inor to Serious inor to Serious
weather events per year)
High
8% chance of “Watch” , , ) ) )
Drought |Eave| drought per month High Minor to Serious ~ Minor to Serious

(recent droughts in 2016
and 1960s))

Source: Table adapted from the 2018 SHMCAP and 2013 Massachusetts State Hazard Mitigation Plan, with
assistance from the Town of Avon

Not all hazards included in the 2018 State Hazard Mitigation and Climate Adaptation Plan, or the 2013
Massachusetts State Hazard Mitigation Plan apply to the Town of Avon. Given Avon’s inland location,
coastal hazards and tsunamis are unlikely to directly affect the Town. It is assumed that the entire Town
of Avon and its critical facilities are exposed to earthquakes, high wind events, hurricanes, winter storms,
temperature extremes, and snow and ice, to a similar extent. Flood risk from riverine flooding is elevated
in the vicinity of the flood zones. Landslides are more likely in areas with more unstable soil types.

4.3 Top Hazards as Defined in the Community Resilience Building Workshop

The Avon Core Team recommended four top hazards/climate change impacts for use during the CRB
Workshop. These hazards include:

1. Flooding

2. Winter Storms
3. Wind

4. Drought

& & T S

(Y'Y ***
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The CRB Workshop included group discussions about Town features, environmental hazards, and
anticipated climate change impacts.

Flooding was a common issue discussed during the workshop. Workshop attendees also discussed
the impact of severe storms and wind events, saying that portions of Avon experience more power
outages than the rest of Town. Ultility lines in the area are vulnerable due to tree lined streets throughout
the Town. Participants also discussed the impact of drought on the drinking water supply and how
having infrastructure in place for water supply back up is needed.

The sections below include more information about environmental hazards, climate change projections,
and historic and anticipated impacts in Avon.

4.4 Flood-Related Hazards

Avon is located within the Taunton River Watershed and is home to the Brockton Reservoir and Waldo
Lake, as well as several smaller bodies of water. Flooding represents a high-frequency, potentially
serious severity hazard for Avon.

Flooding can be caused by various weather events including hurricanes, extreme precipitation,
thunderstorms, nor’easters, and winter storms. Flooding can be both riverine (topping the banks of
streams, rivers, ponds) and from stormwater that is not properly infiltrated into the ground. While Avon
experiences these events, the impacts of climate change will likely lead to increasingly severe storms
and, therefore, increasingly severe impacts. The impacts of flooding include injury or death, property
damage, and traffic disruption. Areas within the FEMA Flood Zones, repetitive loss sites, and local areas
identified as flood prone are more vulnerable to the impacts of flooding. The following subsections
provide more information on historic flooding events, potential flood hazards, a vulnerability assessment,
locally identified as areas of flooding, and information on the risk of dam failures.

WETTER SPRINGS DECREASED SUMMER
DELAY PLANTING PRECIPITATION COULD
& REDUCE YIELD INCREASE EPISODIC

DROUGHTS
NEW ST?ESS&S Q ", DROUGHTS CAN
FOR ECOSYSTEMS <> WEAKEN TREE

ROOT SYSTEMS
INCREASED ROAD -5 i

POLLUTANTS IN R e i

WATERBODIES s :

CROP DAMAGE . el
(7 FROM INTENSE e
$ RAINFALL o DROUGHTS CAN
REDUCE LOCAL
WATER SUPPLY

Figure 4-1. Potential Impacts of Increasing Precipitation

Flood hazards are also linked to erosion, which can compromise receiving water quality, slope stability,
and the stability of building foundations. These impacts put current and future structures and
populations located near steep embankments at risk. Erosion can also undercut streambeds and scour
around stream crossing, creating a serious risk to roadways.
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The following sub-sections provide more information on historic flood events, locally identified flood
areas, potential flood hazards, a vulnerability assessment, and information related to dam failure risk.
The analysis of flood hazard areas was informed by the FEMA National Flood Insurance Program (NFIP)
Flood Insurance Rate Map (FIRM), a GIS vulnerability analysis, information from Avon town staff, input
collected during expert interviews with local leaders, and accounts of past flood events provided by
Avon MVP Workshop participants.

Flooding events in Avon have been classified as a high frequency event. As defined by the
Massachusetts State Hazard Mitigation and Climate Adaptation Plan this hazard occurs once every
three years (33% chance) (MEMA and EOEEA, 2018)

4.4.1 Areas Vulnerable to Flooding

Flooding can be both riverine (topping the banks of streams, rivers, ponds) and from stormwater that
is not properly infiltrated into the ground.

Riverine Flooding

Avon is home to a series of streams, ponds, and other waterbodies that include:

e Rivers, Streams, and Brooks:Beaver Brook, Trout Brook, Mary Lee Brook, Three Swamp Brook
e |akes and Ponds:Brockton Reservoir, Waldo Lake

Stormwater Flooding

Stormwater flooding occurs during a precipitation event where the rate of rainfall is greater than the
stormwater management system can handle. This may be due to an undersized culvert, poor
drainage, topography, high amounts of impervious surfaces, or debris that causes the stormwater
system to function below its design standard. In these cases, the stormwater management system
becomes overwhelmed, causing water to inundate roadways and properties. Stormwater flooding
can occur anywhere in Town and is not limited to areas surrounding water bodies.
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Figure 4-2. Design Storm Standards from 1961 (TP-40) and 2015 (NOAA Atlas 14)
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FEMA Flood Zones

FEMA-designated flood zones from the NFIP FIRM are included in Map 3 in Appendix B and are
considered more vulnerable to flood events. Areas within these zones are more vulnerable to flood
events. The definitions of flood zones are provided below.

Flood Insurance Rate Map Zone Definitions
Zone A (1% annual chance). Zone A is the flood insurance rate zone corresponding to the 100-year
floodplains that are determined in the Flood Insurance Study (FIS) by approximate methods.
Detailed hydraulic analyses are not performed for such areas, therefore, no BFEs (base flood
elevations) or depths are shown within this zone. Mandatory flood insurance purchase
requirements apply.
Zone AE and A1-A30 (1% annual chance): Zones AE and A1-A30 are the flood insurance rate
zones that correspond to the 100-year floodplains that are determined in the FIS by detailed
methods. In most instances, BFEs derived from the detailed hydraulic analyses are shown at
selected intervals within this zone. Mandatory flood insurance purchase requirements apply.
Zone AH (1% chance of inundation in any year): Areas subject to inundation by 1-percent-annual-
chance shallow flooding (usually areas of ponding) where average depths are between one and
three feet. Base Flood Elevations (BFEs) derived from detailed hydraulic analyses are shown in this
zone. Mandatory flood insurance purchase requirements and floodplain management standards
apply.
Zone AO (1% chance of inundation in any year): Areas subject to inundation by 1-percent-annual-
chance shallow flooding (usually sheet flow on sloping terrain) where average depths are between
one and three feet. Average flood depths derived from detailed hydraulic analyses are shown in
this zone. Mandatory flood insurance purchase requirements and floodplain management
standards apply. Some Zone AO have been designated in areas with high flood velocities such as
alluvial fans and washes. Communities are encouraged to adopt more restrictive requirements for
these areas.
Zone X500 (0.2% annual chance): Zone X is the flood insurance rate zone that corresponds to the
500-year floodplains that are determined in the Flood Insurance Study (FIS) by approximate
methods. Because detailed hydraulic analyses are not performed for such areas, no BFEs or
depths are shown within this zone.
Zone VE (1% chance of inundation in any year): Zone VE is the flood insurance rate zone that
corresponds to the 100-year coastal floodplains that have additional hazards associated with storm
waves. BFEs derived from the detailed hydraulic analyses are shown at selected intervals within
this zone. Mandatory flood insurance purchase requirements apply.

Source: Federal Emergency Management Agency (FEMA), “Flood Zones.”

Locally Identified Areas of Flooding

The areas identified as being the most vulnerable to flooding are those areas located within the 100-
year floodplain. According to FIRM maps, areas most vulnerable to flooding in Avon are areas along
Beaver Brook and Trout Brook, the Brockton Reservoir and Waldo Lake in D.W. Field Park and northeast
Avon (particularly the area east of Page Street to the Randolph town line). Please see Section 4.4.5 for
more detailed information. In addition to these areas, town officials also noted the following locations
were where flooding has historically occurred, some of which flooded as a result of the March 2010
floods:

e The parking lot of the Avon Public Library

westonandsampson.com 27 Weston Q



o Kiddie Drive

o West Main Street, south of South Street
e Doherty Avenue

o West High Street at Old Pratt Street

4.4.2 Norfolk County Flooding Events

NOAA'’s National Centers for Environmental Information Storm Events Database provides information
on previous flood events for Norfolk County, which includes the Town of Avon. The storms are
categorized by event type, including flood and flash flood events. Flash flood events are considered by
the NOAA’s National Centers for Environmental Information Storm Events Database as “A life-
threatening, rapid rise of water into a normally dry area beginning within minutes to multiple hours of the
causative event (e.g., intense rainfall, dam failure, ice jam).” Floods are considered, “any high flow,
overflow, or inundation by water which causes damage. In general, this would mean the inundation of a
normally dry area caused by an increased water level in an established watercourse, or ponding of
water, that poses a threat to life or property” (NOAA, 2018c)

Norfolk County experience 75 flood events between 1998 and 2018. Twenty-seven of these events were
flash floods. No deaths or injuries were reported, and the property damage totaled $41.2 million dollars
(not adjusted for inflation). It should be noted that not all the flooding that occurred was county-wide,
therefore not all the flooding events shown below directly affected Avon. However, this does provide an
idea of the monetary cost that flooding can have on an area. The most significant flooding in Norfolk
County occurred in March 2010. During the March 14 - March 21 flood, rainfall totals reached 10 inches
in eastern Massachusetts.

4.4.3 GIS Flooding Exposure Analysis

Hazard location and extent of riverine flooding was determined using the current effective FEMA Flood
Insurance Rate Map (FIRM) data for Avon dated 2017. The FIRM is the official map on which FEMA has
delineated both the special flood hazard areas and the risk premium zones applicable to the community
under the NFIP. This includes high risk areas that have a one percent chance of being flooded in any
year (often referred to as the “100-year floodplain”), which under the NFIP, is linked to mandatory
purchase requirements for federally backed mortgage loans. It also identifies moderate to low-risk areas,
defined as the area with a 0.2 percent chance of flooding in any year (often referred to as the “500-year
floodplain”). For purposes of this exposure analysis, the following special flood hazard areas as
identified in the Town of Avon’s current FIRMs were included:

o Flood Zone AE — Regulatory Floodway
e Flood Zone A (AE, AH) — 1% Annual Chance Flood Hazard
e Flood Zone X (shaded) — 0.2% Annual Chance Flood Hazard

The town’s existing tax parcel and property value data were used to estimate the number of parcels
(developed and undeveloped) and buildings located in identified hazard areas along with their
respective assessed values. The parcel data set provides information about the parcel size, land use
type, and assessed value among other characteristics. The parcel data was also classified into various
land use types based on the Massachusetts Department of Revenue’s Property Type Classification
Code for Fiscal Year 2019, as described below in Table 4-2 on the following page.
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Table 4-2. Avon’s Land Use Classification Based on Massachusetts Land Use Codes

Land Use Categories with Land Use Descriptions Land Use Code
Commercial

Auto Repair Facilities 3320
Automotive Vehicles Sales and Service 3300
Buildings for manufacturing operations 4000
Commercial Greenhouses 3180
Discount Stores, Junior Department Stores, Department Stores 3220
Eating and Drinking Establishments - restaurants, diners, fast food 3260
establishments, bars, nightclubs

Electricity Regulating Substations 4240
Gas Pressure Control Stations 4280
General Office Buildings 3400
Improved, Selectmen or City Council (Municipal) 9310
Lumber Yards 3130
Mixed-Use (Primarily Industrial, some Other) 0400
Other Storage, Warehouse, and Distribution facilities (see also use code 3160
401)

Parking Lots - a commercial open parking lot for motor vehicles 3370
Sand and Gravel Mining/Quarry 4100
Shopping Centers/Malls 3230
Small Retail and Services stores (under 10,000 sg. ft.) 3250
Warehouses for storage of manufactured products 4010
Land (Other) -

Accessory Land with Improvement 1060
Farm Buildings - barns, silo, utility shed, etc. 3170
Public Service -

Elementary Level 9400
Medical Office Buildings 3420
Residential -

Apartments with Four to Eight Units 1110
Mobile Home (includes mobile home park land) 1030
Multiple Houses on one parcel 1090
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Land Use Categories with Land Use Descriptions Land Use Code

Other Congregate Housing (includes non-transient shared living 1250
arrangements)

Residential Condominium 1020
Single Family Residential 1010
Three-Family Residential 1050
Two-Family Residential 1040
Vacant Land (Developable) -

Developable Industrial Land 4400
Developable Residential Land 1300
Potentially Developable Residential Land 1310

Vacant Land (Undevelopable) -
Undevelopable Residential Land 1320

To determine the vulnerability of each parcel and building, a GIS overlay analysis was conducted in
which the flood hazard extent zones were overlaid with the parcel data and existing building footprint
data.

To calculate the exposure of parcels and buildings to the flood hazards, parcels with buildings, that are
located completely or partially, within recognized hazard zones were identified using the ArcGIS overlay
analysis (i.e., select by location using the intersect function). The number of parcels and buildings for
each land use category was then totaled, along with the value of buildings and real property associated
with those parcels. These figures provide a strong indication of current hazard vulnerability, as well as
potential future vulnerability as it relates to vacant and potentially developable parcels.

The following types of critical facilities were identified for the Town of Avon and included in the exposure
analysis:

o Town Hall

e Dams

e \Water Storage Tanks
e Police Department

o Fire Department

e Nursing Homes

e Pump Stations

e Schools
o Daycares
o Bridges

42 critical facilities are located within the Town of Avon. These facilities were identified and mapped in
ArcGIS based on the confirmed physical location/address. Like the vulnerability analysis for parcels and
buildings, each was then overlaid with the identified and mappable hazard zones (FEMA Flood Zones).
For purposes of this analysis it was assumed that the physical location of a critical facility within a hazard
area (completely or partially) meant that it is exposed and potentially vulnerable to that specific hazard.
However, it is recognized that more site-specific evaluations may be required to confirm this assumption.
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4.4.4 Repetitive Loss Structures

As defined by FEMA and the NFIP, a repetitive loss property is any insured property which the NFIP has
paid two or more flood claims of $1,000 or more in any given 10-year period since 1978 (FEMA and
NFIP 2018a). There are no repetitive loss or severe loss properties identified in Avon.

4.4.5 Dams and Dam Failure

Dam failure is defined as a collapse of an impounding structure resulting in an uncontrolled release of
impounded water from a dam (DCR 2017a). Dam failures during flood events are of concern in
Massachusetts, given the large number of dams constructed in the 19" century (MEMA and DCR 2013,
298).

Dams can fail due to overtopping caused by floods that exceed the peak-flow capacity of the dam,
deliberate acts of sabotage, structural failure of materials used in dam construction, movement or failure
of the foundation supporting the dam, settlement and cracking of concrete or embankment dams, piping
and internal erosion of soil in embankment dams, and inadequate maintenance and upkeep (MEMA
and DCR 20183, 210).

Many dam failures in the United States have been secondary results of other disasters, such as
earthquakes, landslides, extreme storms, and massive snowmelt (MEMA and DCR 2013, 210).

Although dam failure does not occur frequently in Avon, it could cause property damage, injuries, and
potentially fatalities. These impacts can be at least partially mitigated through advance warning to
communities impacted by a dam failure. In addition, the breach may result in erosion on the rivers and
stream banks that are inundated.

There have been no recorded dam failures in Avon, and although dam failure is classified as a very low
frequency event in the Town, a dam failure can still present a high level of concern and could result in a
catastrophic event with extreme damage and loss of life. As defined by the 2018 Massachusetts State
Hazard Mitigation and Climate Adaptation Plan (EEA and EOPSS 2018), a very low frequency hazard
may occur less frequently than once in 100 years (less than a 1% chance per year).

According to town officials and the Massachusetts Department of Conservation and Recreation’s (DCR)
Office of Dam Safety, there is one dam in Avon. The Brockton Reservoir Dam is a fixed concrete structure
with a stone spillway that holds water at its normal level and discharges it to a stream running to Waldo
Lake. The controlled release of water from the reservoir is by three gates taking water from two screened
openings in the face of the dam or from a system of stone encased perforated pipes just above the
reservoir bottom. Water taken from these goes to a water treatment plan or to a piped bypass spillway
discharging to the stream flowing to Waldo Lake. The dam also has a toe drain system in the bottom
of its downstream face to catch and potentially damaging seepage.

Information related to these dams is summarized in Table 4-3. This summary table includes the hazard
classification for each dam, which is defined by DCR as described below.

High: Dams located where failure or mis-operation will likely cause loss of life and serious
damage to home(s), industrial or commercial facilities, important public utilities, main highway(s)
or railroad(s).

Significant: Dams located where failure or mis-operation may cause loss of life and damage
home(s), industrial or commercial facilities, secondary highway(s) or railroad(s), or cause
interruption of use or service or relatively important facilities.

Low: Dams located where failure or mis-operation may cause minimal property damage to
others. Loss of life is not expected.
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Table 4-3. Inventory of Dams in Avon

Dam Name .~ Impoundment | DamOwner  Hazard Potential Classification
Brockton Reservoir Dam | Brockton Reservoir | City of Brockton | Significant

As of February 2017, all dams classified as high hazard potential or significant hazard potential were
required to have an Emergency Action Plan (EAP). This plan must be updated annually and submitted
to the Commissioner and the Massachusetts Emergency Management Agency. The plan should also
be retained by the dam owned and the Town in which the dam is located. Guidelines and a template
were established by the Office of Dam Safety to ensure that all EAPs follow the proper format. All high
hazard potential and significant hazard potential dams in Avon are detailed below.

45 Wind Related Hazard

High winds can occur during hurricanes, tropical storms, tornadoes, nor’easters, and thunderstorms.
The entire planning area is vulnerable to the impacts of high wind. All current and future buildings
including critical facilities and populations are considered to be vulnerable during high-wind events.
Wind may down trees and power lines. High-wind and storm events cause property damage and
hazardous driving conditions. While Avon’s current 100-year wind speed is 110 mph, climate change
will likely increase events and severity. Please refer to Map 5 in Appendix B for more information.

Extreme winds can take down trees and branches that cause service disruptions. An identified issue
during storms in Avon is the damage to power and phone wires from overhanging trees that have not
been trimmed by the electric utilities (National Grid and Eversource Energy) or the phone or cable
companies. The utilities’ tree maintenance program should be upgraded in an effort to reduce the risk
associated with tree damage to utility lines. High winds and heavy snow loads caused significant power
line damage in Avon during a nor’easter in 2018. Falling trees and branches can also block traffic and
emergency routes. This is a regional issue that affects cities and towns beyond Avon.

During Avon’s MVP Workshop in September 2020, attendees discussed the impact of past storms on
power systems and service disruption. The most common concern with wind related events was power
outages due to tree damage. Avon has a high percentage of their roadways adjacent to wooded areas
that pose a threat to power lines during wind events.

4.5.1  Hurricanes and Tropical Storms

Tropical cyclones (including tropical depressions, tropical storms, and hurricanes) form over the warm
waters of the Atlantic, Caribbean, and Gulf of Mexico. A tropical storm is defined as having sustained
winds from 39 to 73 mph. If sustained winds exceed 73 mph, it is categorized a hurricane. The Saffir-
Simpson scale ranks hurricanes based on sustained wind speeds from Category 1 (74 to 95 mph) to
Category 5 (156 mph or more). Category 3, 4, and 5 hurricanes are considered “Major” hurricanes. Wind
gusts associated with hurricanes may exceed the sustained winds and cause more severe localized
damage (MEMA and DCR 2013, 323).

When hurricanes and tropical storms occur, they will impact the entire planning area. All existing and
future buildings including critical facilities and populations are at risk to the hurricane and tropical
storm hazard (including critical facilities). Hurricane events have a large spatial extent and would
potentially affect all of Avon’s infrastructure and buildings. Impacts include water damage in buildings
from building envelope failure, business interruption, loss of communications, and power failure.
Flooding is a major concern as slow-moving hurricanes can discharge tremendous amounts of rain on
an area.

The official hurricane season runs from June 1 to November 30. However, storms are more likely to
occur in New England during August, September, and October (MEMA and DCR 2013, 324).
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The region has been impacted by hurricanes throughout its history, starting with the Great Colonial
Hurricane of 1635. Between 1851 and 2012, Massachusetts experienced 11 hurricanes and one
named tropical storm. This includes six category 1 hurricanes, two category 2 hurricanes, and three
category 3 hurricanes (Blake, Landsea, and Gibney 2011, 21). Hurricanes that have occurred in the
region since 1938 are listed in Table 4-4:

Table 4-4. Hurricane Records for Eastern Massachusetts, 1938 to 2012

Great New England Hurricane* September 21, 1938
Great Atlantic Hurricane™* September 14-15, 1944
Hurricane Doug September 11-12, 1950
Hurricane Carol* August 31, 1954
Hurricane Edna* September 11, 1954
Hurricane Diane August 17-19, 1955
Hurricane Donna September 12, 1960
Hurricane Gloria September 27, 1985
Hurricane Bob August 19, 1991
Hurricane Earl September 4, 2010
Tropical Storm Irene August 28, 2011
Hurricane Sandy October 29-30, 2012
Hurricane Florence September 18, 2018

The Saffir/Simpson scale categorizes or rates hurricanes from 1 (minimal) to 5 (catastrophic) based on
their intensity. This is used to provide an estimate of the potential property damage and flooding
expected along the coast from a hurricane landfall. Wind speed is the determining factor in the scale,
as storm surge values are highly dependent on context (MEMA and DCR 2013, 324). More information
is included in Table 4-5 below:

Table 4-5. Saffir/Simpson Scale

1 74 - 95 Minimal: damage is primarily to
shrubbery and trees, mobile homes, and
some signs. No real damage is done to

structures.

2 96 -110 Moderate: some trees topple, some roof
coverings are damaged, and major
damage is done to mobile homes.

3 111 -130 Extensive: large trees topple, some
structural damage is done to roofs,
mobile homes are destroyed, and
structural damage is done to small

homes and utility buildings.

4 131 -155 Extreme: extensive damage is done to
roofs, windows, and doors; roof systems

on small buildings completely fail; and
some curtain walls fail.

5 > 155 Catastrophic: roof damage is
considerable and widespread, window

and door damage is severe, there are
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Scale No. (Category) | Winds (mph) Potential Damage

extensive glass failures, and entire
buildings could fail.
Source: MEMA and DCR 2013, page 325 (table originally created by NOAA)

Hurricane damage in Avon was estimated using a hurricane modeling software. Hazus Multi-Hazard
(Hazus) is a GIS model developed by FEMA to estimate losses in a defined area due to a specified
natural hazard. The Hazus hurricane model allows users to input specific parameters in order to model
a defined hurricane magnitude, which is based on wind speed. The largest hurricane ever withessed in
Massachusetts was a Category 3 hurricane, which occurred in 1954. For the purpose of this analysis,
in order to estimate potential damage, both a category 2 and a category 4 hurricane were modeled.
Although there have been no recorded Category 4 hurricanes recorded in Massachusetts, storm was
modeled to show the impact that could occur from an extreme scenario, something that could possibly
happen in the future due to climate change.

In Massachusetts, the return period for a category 2 hurricane is approximately 0.01 percent, and for a
category 4 hurricane it is approximately 0.005 percent. HAZUS models hurricanes based upon their
return period. Therefore, a category 2 was modeled as a 100-year hurricane and a category 4 was
modeled as a 500-year hurricane. In order to model each of these hurricanes, the study region must first
be defined. The Town of Avon was outlined by the census tracts in the Town. The probabilistic scenario
was used for Avon. This scenario considers the associated impact of thousands of storms that have a
multitude of tracks and intensities. The output shows the potential impact that could occur in Avon if
either a category 2 or a category 4 hurricane passed by. HAZUS is based on 2010 census data and
2014 dollars. The tables below show the estimated damage from both a category 2 and a category 4
hurricane in the municipality.

Table 4-6. Category 2 Hurricane Damage

Infrastructural Damage from a Category 2 Hurricane on Buildings in Avon

Building Number of Total Number of Percent of Total Value of
Type Buildings in Avon Buildings Buildings Building Damage
Damaged Damaged
Residential 1,537 88 6% $5,205,000
Commercial 219 9 4% $846,000
Industrial 62 3 5% $288,960
Institutional 26 1 4% $38,370

Table 4-7. Category 4 Hurricane Damage

Infrastructural Damage from a Category 4 Hurricane on Buildings in Avon

Building Number of Total Number of Percent of Total Value of
Type Buildings in Avon Buildings Buildings .
Building Damage
Damaged Damaged

Residential 1,637 400 26% $527,130,000
Commercial 219 48 22% $513,610,000
Industrial 62 14 23% $125,615,000
Institutional 245 54 22% $29,692,000

In addition to the infrastructural damage, HAZUS also calculated the potential societal impact of a
category 2 and category 4 hurricane on the community. Additional property damage and business

Wesfon}] IMPSOR

westonandsampson.com 34



interruption loss were calculated as well, and a full HAZUS risk report for each hurricane category can
be found in Appendix B.

Hurricanes are a townwide hazard in Avon and are considered a medium frequency event. As defined
by the 2013 Massachusetts State Hazard Mitigation Plan, this hazard can occur between once in 5 years
to once in 50 years (a 2% to 20% chance per year).

4.5.2 Tornadoes

Atornado is a narrow, violently rotating column of air that extends from the base of a cloud to the ground.
Tornadoes are the most violent of all atmospheric storms (EEA and EOPSS 2018, 4-242). According to
the 2018 SHMCAP, the following are commmon factors in tornado formation:

e Very strong winds in the middle and upper levels of the atmosphere
e Clockwise turning of the wind with height

e Increasing wind speed in the lowest 10,000 feet of the atmosphere (i.e., 20 mph at the
surface and 50 mph at 7,000 feet)

e Very warm, moist air near the ground, with unusually cooler air aloft

e A forcing mechanism such as a cold front or leftover weather boundary from previous
shower or thunderstorm activity

Tornadoes can be spawned by tropical cyclones, or the remnants thereof, and weak tornadoes can
even form in little more than a rain shower if air is converging and spinning upward. The most common
months for tornadoes to occur are June, July, and August, but they can occur at any time. For example,
the Great Barrington, Massachusetts tornado in 1995, occurred in May; and the Windsor Locks,
Connecticut tornado in 1979, occurred in October (EEA and EOPSS 2018, 4-244).

The Fujita Tornado Scale measures tornado severity through estimated wind speed and damage. The
National Weather Service began using the Enhanced Fuijita-scale (EF-scale) in 2007, which led to
increasingly accurate estimates of tornado severity. Table 4-8 provides more detailed information on the
EF Scale.
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Table 4-8. Enhanced Fujita Scale

Fuijita Scale Operational EF Scale

Fastest V4 3-second 3-second 3-second
mile (mph) | gust (mph) | =7 NUMPET | gt (mphy | EFNUMPEN | g6t (mpn)

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
3 168 -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

Source: Massachusetts State Hazard Mitigation Plan 2013, page 416

Massachusetts experiences an average of 1.7 tornadoes per year. The most tornado-prone areas of
Massachusetts are the central counties. Tornadoes are comparatively rare in eastern Massachusetts,
although Norfolk is considered an at-risk location (EEA and EOPSS 2018, 4-243). The most devastating
tornado in Massachusetts in the history of recorded weather occurred in Worcester in 1953, it killed 94
people, injured more than 1,000, and caused more than $52 million in damage (more than $460 million
in current dollars). The most recent tornadoes in Massachusetts occurred in 2011 in Springfield, 2014
in Revere, and 2016 in Concord (Morrison 2014; Epstein 2016).

There have been 11 recorded tornados in Norfolk County since 1953. One fatality and 23 injuries were
reported (Lietz 2019). Table 4-9 below provides additional information.

Table 4-9. Tornado Records for Norfolk County

Fujita | Fatalities Injuries Width  Length Damage

6/9/1953 3 0 17 667 28 $500K-$5M
11/21/1956 2 0 0 17 0.1 $500-$5000
8/9/1972 1 1 6 30 4.9 $5K-$50K
9/6/1973 1 0 0 10 1.1 $5K-$50K
7/10/1989 0 0 0 23 0.1 $500-$5000
5/18/1990 0 0 0 10 0.2 $500-$5000
5/18/1990 0 0 0 10 0.2 $500-$5000

6/30/2001 0 0 0 80 0.1 -
8/21/2004 1 0 0 40 6 $1.5M
5/9/2013 0 0 0 50 0.38 $20000
6/23/2015 0 0 0 200 0.48 $4.1M

Source: Lietz 2019

Although tornadoes are a potential townwide hazard in Avon, there have been no recorded tornadoes
in the Town. If a tornado were to occur in Avon, damages would depend on the track of the tornado and
would be most likely be high due to the prevalence of older construction and the density of development
that exist. Structures built before current building codes may be more vulnerable. Evacuation, sheltering,
debris clearance, distribution of food and other supplies, search and rescue, and emergency fire and
medical services may be required. Critical evacuation and transportation routes may be impassable due
to downed trees and debris, and recovery efforts may be complicated by power outages.

Tornado events in Avon are a very low frequency event. As defined by the 2013 Massachusetts State
Hazard Mitigation Plan, this hazard may occur less than once in 100 years (a less-than 1% chance per

westonandsampson.com 36 WGSTO['] Q”l ('TT[/'\S}’(]‘""\



year). Tornados are difficult to simulate well in climate models because of their small size. However, it
is predicted that the frequency of tornados in eastern Massachusetts will rise in the future due to climate
change.

4.5.3 Nor’easters

A nor’easter is characterized by large counterclockwise wind circulation around a low-pressure center
that often results in heavy snow, high winds, waves, and rain along the East Coast of North America.
The term nor’easter refers to their strong northeasterly winds blowing in from the ocean. These winter
weather events are among the season’s most ferocious storms, often causing beach erosion, flooding,
and structural damage (EEA and EOPSS 2018, 4-225).

Nor’easters generally occur on at least an annual basis, typically in late fall and early winter. Some years
bringing up to four nor’easter events. This is currently the most frequently occurring natural hazard in
the state. The storm radius is often as much as 100 miles and sustained wind speeds of 20 to 40 mph
are common, with short-term gusts of up to 50 to 60 mph. Nor’easters are commonly accompanied by
a storm surge equal to or greater than two feet. High surge and winds during a hurricane can last from
6 to 12 hours, while these conditions during a nor’easter can last from 12 hours to three days (EEA and
EOPSS 2018, 4-224-4-226). Previous nor'easters events are listed in Table 4-7 below.

Table 4-6. Recent Nor'easter Events for Massachusetts

Nor'easter Event

Blizzard of 1978 February 1978
Severe Coastal Storm (“Perfect Storm”) October 1991
Great Nor'easter of 1992 December 1992
Blizzard, Nor’easter January 2005
Coastal Storm, Nor’easter October 2005
Severe Storms, Inland and Coastal Flooding April 2007
Winter Storm and Nor’easter January 2011
Severe Storm and Snowstorm October 2011
Severe Winter Storm, Snowstorm, and Flooding April 2013
Severe Winter Storm, Snowstorm, and Flooding April 2015
Severe Winter Storm and Flooding March 2018
Severe Winter Storm and Snowstorm March 2018

Some of the historic events described in the “Flood-Related Hazards” section of this report were
preceded by nor’easters, including the 1991 “Perfect Storm.” The Blizzard of '78 was a notable storm.
More recently, winter storms in 2015 and 2018 caused significant snowfall amounts.

The Town of Avon is vulnerable to high winds, snow, and extreme rain during nor’easters. These impacts
can lead to property damage, downed trees, power service disruptions, surcharged drainage systems,
and localized flooding. These conditions can impact evacuation and transportation routes and
complicate emergency response efforts. Due to its inland location, Avon is not subject to the coastal
hazards often associated with nor’easters.

Nor’easters in Avon are high frequency events. As defined by the 2013 Massachusetts State Hazard
Mitigation Plan, this hazard may occur more frequently than once in 5 years (a greater than 20% chance
per year).
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4.5.4 Severe Thunderstorms

Thunderstorms in Massachusetts are usually accompanied by rainfall; however, during periods of
drought, lightning from thunderstorm cells can start fires. Thunderstorms with little or no rainfall are rare
in New England but have occurred (EEA and EOPSS 2018, 4-173).

Thunderstorms are typically less severe than other events discussed in this section. However,
thunderstorms can cause significant damage and are a townwide risk in Avon. Thunderstorms can
include lightning, strong winds, heavy rain, hail, and sometimes tornadoes. Thunderstorms commonly
last for about 30 minutes and can generate winds of up to 60 mph.

NOAA’s National Centers for Environmental Information offers thunderstorm data for Norfolk County,
which includes Avon. Between 2008 and 2019, 87 thunderstorm events caused $732,500 in property
damages. No injuries or deaths were reported.

Winds associated with thunderstorms can knock down trees resulting in power outages and blocked
evacuation and transportation routes. Extreme rain during thunderstorms can cause inland flooding
around waterbodies or due to surcharged drainage systems.

Thunderstorms are considered high frequency events in Avon. As defined by the 2013 Massachusetts
State Hazard Mitigation Plan, this hazard may occur more frequently than once in 5 years (a greater than
20% chance per year).

4.6 Winter Storms

Winter storm events are atmospheric in nature and can impact the entire planning area. All current and
future buildings and populations are considered to be at risk of winter storms, which have a variety of
potential impacts. Heavy snow loads may cause roofs and trees to collapse leading to structural
damage. Deaths and injury are also possible impacts. Additional impacts can include road closures,
power outages, business interruption, business losses (i.e., due to road closures), hazardous driving
conditions, frozen pipes, fires due to improper heating, and second-hand health impacts caused by
shoveling (such as a heart attack). Public safety issues are also a concern, as streets and sidewalks
can become difficult to pass. This issue may be especially difficult for vulnerable populations such as
elderly people who may have trouble crossing at intersections where there are large snowbanks.
Impassable streets can also complicate emergency response efforts during an extreme event.

Winter storms are a potential townwide hazard P AT SRR S TR |
in Avon. These events can include wind, heavy ‘ aa | ‘
snow, blizzards, and ice storms. Blizzards and
ice storms in Massachusetts can range from an
inconvenience to extreme events that cause
significant impacts and require a large-scale,
coordinated response.

4.6.17 Heavy Snow and Blizzards

Winter storms include multiple risks, such as
wind, ice, and heavy snow. The National
Weather Service defines “heavy snow” as
snowfall accumulating to 4 inches or more in 12
hours or less; or snowfall accumulating to 6
inches or more in 24 hours or less (NOAA
2019b). Winter storms can be combined with the ==
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nor'easters discussed previously in the “Wind-Related Hazards” section.

A blizzard is a winter snowstorm with sustained wind or frequent wind gusts of 35 mph or more,
accompanied by falling or blowing snow that reduces visibility to or below a

quarter of a mile. These conditions must be the predominant condition over a 3-hour period. Extremely
cold temperatures are often associated with blizzard conditions but are not a formal part of the criteria.
However, the hazard created by the combination of snow, wind, and low visibility increases
significantly with temperatures below 20°F. A severe blizzard is categorized as having temperatures
near or below 10°F, winds exceeding 45 mph, and visibility reduced by snow to near zero (EEA and
EOPSS 2018, 4-223).

There is no widely used scale to classify snowstorms. The Northeast Snowfall Impact Scale (NESIS)
developed by Paul Kocin of The Weather Channel and Louis Uccellini of the National Weather Service
(Kocin and Uccellini, 2004) characterizes and ranks high-impact northeast snowstorms. These storms
have large areas of 10-inch snowfall accumulations and greater. NESIS has five categories, as shown
in Table 4-8. The index differs from other meteorological indices in that it uses population information in
addition to meteorological measurements. Thus, NESIS gives an indication of a storm’s societal
impacts. This scale was developed because of the impact northeast snowstorms can have on the rest
of the country in terms of transportation and economics. NESIS scores are a function of the area affected
by the snowstorm, the amount of snow, and the number of people living in the path of the storm. The
aerial distribution of snowfall and population information are combined in an equation that calculates a
NESIS score, which varies from 1 for smaller storms to over 10 for extreme storms. The raw score is
converted into one of the five NESIS categories. The largest NESIS values result from storms producing
heavy snowfall over large areas that include major metropolitan centers. NOAA began using the NESIS
in 2005 to determine impact from snow events (MEMA and DCR 2013, 400).

Table 4-7. NESIS Categories

NESIS Value Description

1 1-2.499 Notable
2 2.5-3.99 Significant
3 4-599 Major

4 6-9.99 Crippling
5 10+ Extreme

Source: Massachusetts State Hazard Mitigation and Climate Adaptation Plan (EEA and EOPSS 2018)

The current winter snowfall record in Eastern Massachusetts is 108.6 inches during the 2014-2015
season ((NOAA, 2015). Map 6 in Appendix B indicates that the average annual snowfall in Avon is
between 48.1 inches to 72 inches. The town provides standard snow plowing operations and clearing
snow has not posed any significant challenges, though the small physical size of Avon does make snow
storage during high accumulation events problematic.

The “Blizzard of 1978” is a well-known winter storm that deposited more than three feet of snow and led
to multi-day closures of roads, businesses, and schools. Table 4-9 provides additional information on
significant snow events.

Table 4-8. Severe Winter Storm Records for Massachusetts

Type of Event Date
Blizzard February 1978
Blizzard March 1993
Blizzard January 1996

Severe Snowstorm March 2001
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Type of Event Date

Severe Snowstorm December 2003
Severe Snowstorm January 2004
Severe Snowstorm January 2005
Severe Snowstorm April 2007
Severe Snowstorm December 2010
Severe Snowstorm January 2011
Blizzard February 2013
Blizzard January 2015
Severe Snowstorm March 2018

Source: National Oceanic and Atmospheric Administration

According to the National Centers for Environmental Information Storm Events Database provide
information for blizzards, winter weather, heavy snow, and winter storms. There were 298 winter events
between 1996 and 2019 in Norfolk County totaling $21,228,000 dollars in damage. In total there were 3
deaths and 2 injuries associated with these winter events.

Blizzards are classified as high frequency events in Avon. As defined by the 2013 Massachusetts State
Hazard Mitigation Plan, this hazard can occur more than once in five year (a greater than 20% chance
of occurring each year).

4.6.2 Ice Storms

Ice storm conditions are defined by liquid rain falling and freezing on contact with cold objects creating
ice build-ups of ¥4 inch or more that can cause severe damage. An ice storm warning, now included in
the criterion for a winter storm warning, is for severe icing. This is issued when 'z inch or more of
accretion of freezing rain is expected. This may lead to dangerous walking or driving conditions and the
weighing down of power lines and trees. Icy roads can also complicate emergency response efforts
during an extreme event. Sleet occurs when raindrops fall into subfreezing air thick enough that the
raindrops refreeze into ice before hitting the ground. Sleet differs from hail: sleet is a wintertime
phenomenon, while hail usually falls during thunderstorms in the spring and summer (MEMA and DCR
2013, 462).

NOAA'’s National Centers for Environmental Information Storm Events Database offers hail events data
for Norfolk County Between 2000 and 2018, there were 73 hail events, but caused no reported property
damages. No deaths or injuries were reported.

Ice storms are classified as medium frequency events in Avon. As defined by the 2013 Massachusetts
State Hazard Mitigation Plan, this hazard can occur between once in five years and once in 50 years (a
2% to 20% chance of occurring each year). No recorded ice storms have occurred in Norfolk County
since 1998

4.6 Geological Hazards

Geologic hazards can include earthquakes, landslides, sinkholes, and subsidence. Statewide data did
not identify any local areas that were previously recorded as being vulnerable to geologic hazards.
Please refer to Map 4 in Appendix B for more information on geologic hazards in Avon.

4.6.1 Earthquakes

An earthquake is the vibration--sometimes violent--of the Earth’s surface that follows a release of
energy in the Earth’s crust due to fault fracture and movement. The magnitude or extent of an
earthquake is a seismograph-measured value of the amplitude of the seismic waves. The Richter
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magnitude scale (Richter scale) was developed in 1932 as a mathematical device to compare the size
of earthquakes. The Richter scale is the most widely known scale that measures earthquake
magnitude. It has no upper limit and is not a direct indication of damage. An earthquake in a densely
populated area, which results in many deaths and considerable damage, can have the same
magnitude as an earthquake in a remote area that causes no damage. Table 4-10 summarizes Richter
scale magnitudes and corresponding earthquake effects (MEMA and DCR 2013, 220).

Table 4-9. Richter Scale and Effects
Richter Magnitude Earthquake Effects

Less than 3.5 Generally, not felt, but recorded
3.5-5.4 Often felt, but rarely causes damage
Under 6.0 At most slight damage to well-designed buildings. Can cause major

damage to poorly constructed buildings over small regions.
Can be destructive in areas up to about 100km across where people
live
7.0-7.9 Major earthquake. Can cause serious damage over larger areas
Great earthquake. Can cause serious damage in areas several
hundred meters across.

Source: Louie 1996

Earthquakes occur, albeit infrequently, in New England as compared to other parts of the country. The
first recorded earthquake was noted by the Plymouth Pilgrims and other early settlers in 1638. Of the
over 5,000 earthquakes recorded in the Northeast Earthquake Catalog through 2008, 1,530 occurred
within the boundaries of the six New England States, with 366 earthquakes recorded for
Massachusetts between 1627 and 2008. A vast majority of these earthquakes are recorded but pose
little to no risk to people or infrastructure. Historically, moderately damaging earthquakes strike
somewhere in the region every few decades, and smaller earthquakes are felt approximately twice per
year (MEMA and DCR 2013, 228-232).

Ground shaking or ground motion is the primary cause of earthquake damage to man-made structures.
Ground motion from earthquakes is amplified by soft soils and reduced by hard rock. Ground motion is
measured by maximum peak horizontal acceleration expressed as a percentage of gravity (%g). Peak
ground acceleration in Massachusetts ranges from 10 %g to 20 %g, with a 2% probability of exceedance
in 50 years. Figure 4-4 provides additional information.

6.1-6.9

8 or greater

Avon is located in an area with a peak ground acceleration (PGA) of 14 %g to 16 %g with a 2% probability
of exceedance in 50 years (Figure 4-4). This is the third/fourth highest zone in the state: in other words,
a moderate area of earthquake risk. Compared to the rest of the United States, Massachusetts overall
has a low risk of earthquakes as shown on Map 4 in Appendix B, no earthquake epicenters have been
recorded within Avon. Although new construction under the most recent building codes generally will be
built to seismic standards, much of the development in the Town pre-dates the current building code. If
an earthquake occurs, the entire region, not just the Town, would face significant challenges.
Earthquakes can trigger fires due to infrastructure damage (i.e., breaking of gas lines). The water
distribution system may be disrupted, thus posing a risk for public health and safety. Serious
earthquakes do occur in Massachusetts, albeit infrequently. These events can strike without warning
and can have a devastating impact on infrastructure and buildings constructed prior to earthquake
resistant design considerations.
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Figure 4-4. State of Massachusetts Earthquake Probability Map
Source: Massachusetts State Hazard Mitigation Plan

It can be assumed that all existing and future buildings and populations are at risk of an earthquake.
Impacts from earthquakes can be from slight to moderate building damage, to catastrophic damage
and fatalities, depending on the severity of the earthquake. Events may cause minor damage such as
cracked plaster and chimneys, or broken windows, or major damage resulting in building collapse.
Based on the Massachusetts State Hazard Mitigation and Climate Adaptation Plan, the degree of
exposure “depends on many factors, including the age and construction type of the structures where
people live, work, and go to school; the soil type these buildings are constructed on; and the proximity
of these building to the fault location.” Furthermore, the time of day exposes different sectors of the
community to the hazard. Earthquakes can lead to business interruptions, loss of utilities and road
closures which may isolate populations. People who reside or work in unreinforced masonry buildings
are vulnerable to liquefaction (liquefaction is the phenomenon that occurs when the strength and
stiffness of a soil is reduced by earthquake).

Potential earthquake damage was modeled for Avon. Hazus Multi-Hazard (Hazus) is a GIS model
developed by FEMA to estimate losses in a defined area due to a specified natural hazard. The Hazus
earthquake model allows users to input specific parameters in order to model a defined earthquake
magnitude, with the epicenter located at the center of the municipality. In this analysis, two earthquakes
were modeled: a magnitude 5.0 and a magnitude 7.0 earthquake. While large earthquakes are rare in
Massachusetts, there was a magnitude 5.0 earthquake recorded in 1963. There is a possibility for larger
scale earthquakes to occur in Massachusetts at some point, therefore a magnitude 7.0 earthquake was
modeled as well to demonstrate the damage that could occur.

In order to model each of these earthquakes, the study region must first be defined. The Town of Avon
was outlined by the census tracts in the Town. The arbitrary event scenario was used for Avon. This
scenario allows the user to input the magnitude, depth, with, and epicenter of the earthquake. This must
be done for each earthquake magnitude chosen. The output shows the potential impact that could occur
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in Avon if either a magnitude 5.0 or a magnitude 7.0 earthquake occurred with the epicenter located in
the center of Avon. HAZUS is based on 2010 census data and 2014 dollars. The tables below show the
estimated damage from both a magnitude 5.0 and a magnitude 7.0 earthquake in the municipality.

Table 4-10. Magnitude 5.0 Earthquake Damage

Infrastructural Damage from a Magnitude 5.0 Earthquake on Buildings in Avon

'Includes Building, Content and Inventory

Table 4-11. Magnitude 7.0 Earthquake Damage

Land Use Total Number of Total Number of Percent of Buildings | Value of Building
Type Buildings Buildings Damaged | Damaged by Type Damage’
Residential 1,537 747 49% $46,243,700
Commercial 219 172 78% $111,609,900
Industrial 62 50 80% $30,953,700
Other 249 194 78% $6,028,600
TOTAL 2,067 1,163 I $194,835,900

Infrastructural Damage from a Magnitude 7.0 Earthquake on Buildings in Avon

Land Use Total Number of Total Number of Percent of Buildings | Value of Building
Type Buildings Buildings Damaged | Damaged by Type Damage’
Residential 1,537 1,518 99% $327,050,000
Commercial 219 219 100% $754,540,000
Industrial 62 62 100% $187,470,000
Other 249 249 100% $40,600,000
TOTAL 2,067 2,048 I $1,309,660,000

'Includes Building, Content and Inventory

In addition to the infrastructural damage, HAZUS also calculated the potential social impact of a
magnitude 5.0 and magnitude 7.0 earthquake on the community. Additional property damage and
business interruption loss were calculated as well, and a full HAZUS risk response report for each
earthquake category can be found in Appendix B.

Earthquakes are classified as a very low frequency events in Avon. As defined by the 2013
Massachusetts State Hazard Mitigation Plan, these events occur less frequently than once in 100 years
(a less than 1% chance of occurring each year).

4.6.2 Landslides

Landslides include a wide range of ground movement, such as rock falls, deep failure of slopes, and
shallow debris flows. Although gravity, acting on an over steepened slope, is a factor in landslides, there
are other contributing factors. These contributing factors can include erosion by rivers or ocean waves
over steepened slopes; rock and soil slopes weakened through saturation by snowmelt or heavy rains;
earthquake created stresses that make weak slopes fail; excess weight from accumulation of rain or
snow; and stockpiling of rock or ore from waste piles or man-made structures (USGS 2019a).

Landslides occur throughout the United States, causing an estimated $1 billion in damages and 25-50
deaths each year. Any area composed of very weak or fractured materials resting on a steep slope is at
significant risk for landslide. Although the physical cause of many landslides cannot be removed,
geologic investigations, good engineering practices, and effective enforcement of land-use

Weston(&)Sampsors

westonandsampson.com 43



management regulations can reduce landslide hazards (USGS 2019a). Landslides can damage
buildings and infrastructure and cause sedimentation of waterbodies.

Landslide intensity can be measured in terms of destructiveness, as demonstrated by Table 4-13 below.
Table 4-12. Landslide Volume and Velocity

Estimate Volume (m®) Expected Landslide Velocity

_ Fast moving (rock fall) | Rapid moving (debris flow) Slo‘?;lrig‘e);"”g

<0.001 Slight intensity -
<0.5 Medium intensity - --
>0.5 High intensity --
<500 High intensity Slight intensity --
500-10,000 High intensity Medium intensity Slight intensity
10,000 - 50,000 Very high intensity High intensity Medium intensity
>500,000 -- Very high intensity High intensity
>>500,000 -- -- Very high intensity

Source: Cardinali et al. 2002

Map 4 in Appendix B indicates that all of Avon is classified as having a low risk for landslides. No
significant landslides have been recorded for Avon or Norfolk County (Appendix B of EEA and EOPSS
2018). A landslide has never been reported in Avon and the Town is not especially vulnerable to
landslides due to its lack of hills and generally flat topography. Landslides are classified as low
frequency events in Avon. These events can occur once in 50 to 100 years (a 1% to 2% chance of
occurring each year).

4.7 Fire-Related Hazards

Fire risk is influenced by fuel (the type of material), terrain and weather. Strong winds can exacerbate
extreme fire conditions, especially wind events that persist for long periods, or ones with significant
sustained wind speeds that quickly promote fire spread through the movement of embers or exposure
within tree crowns. Fires can spread quickly into developed areas.

A wildfire can be defined as any non-structure fire that occurs in the vegetative wildland, including grass,
shrub, leaf litter, and forested tree fuels. Wildfires can be caused by natural events, human activity or in
an intentional controlled manner, as in the case of prescribed fire, and often begin unnoticed, but spread
quickly, igniting brush, trees, and homes (MEMA and DCR 2013, 252). The State Hazard Mitigation and
Climate Adaptation Plan (EEA and EOPPS, 2018) states:

The ecosystems that are most susceptible to the wildfire hazard are pitch pine, scrub oak, and
oak forests, as these areas contain the most flammable vegetative fuels. Other portions of the
Commonwealth are also susceptible to wildfire, particularly at the urban-wildland interface...
Interface communities are defined as those in the vicinity of contiguous vegetation, with more
than one house per 40 acres and less than 50 percent vegetation, and within 1.5 miles of an
area of more than 500 hectares (approximately 202 acres) that is more than 75 percent
vegetated.

According to the SHMCAP (Appendix B), the most recent large-scale wildfire occurred in September
1995 in the Town of Russell in Hampden County. Since wildfires are not common in Massachusetts, this
plan focuses on brush and urban fires.

While brush fires have not resulted in major property damage or death in Avon in the past, they can lead
to death and property damage if not properly managed. All individuals whose homes or workplaces are
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located in brush fire hazard zones are exposed to this hazard. The most vulnerable members of this
population are those who would be unable to evacuate quickly, including those over the age of 65,
households with young children under the age of 5, people with mobility limitations, and people with low
socioeconomic status (EEA and EOPSS 2018, 4-180). Secondary effects from brush fire include
contamination of reservoirs; destroyed power, gas, water, broadband, and oil transmission lines. Brush
fires can also contribute to flooding as they strip slopes of vegetation, thereby exposing them to greater
amounts of runoff which may cause soil erosion and ultimately the chance of flooding. Additionally,
subsequent rains can worsen erosion because brush fires burn ground vegetation and ground cover.

4.7.1 Potential Wildfire and Brushfire Hazard Areas

A brushfire is a fire burning in vegetation that is predominantly shrubs, brush and scrub growth. A wildfire
is any non-structural fire, other than a prescribed fire, that occurs in the wildland. The Avon Fire
Department responds to several brushfires annually, but they have not resulted in major property
damage or deaths. Causes of these fires are due to human carelessness, such as juvenile activity.
Approximately 84% of brush fires are caused by humans (Balch et al. 2017). Lightning can also be a
culprit, igniting a fire when striking dry tinder on the forest floor. The two areas of town most vulnerable
to wildfires are the D.W. Field Park area in the southwest portion of town and an undeveloped
forest/wetlands area in the northeast corner of town. While no significant fire has occurred in either area,
it remains vulnerable due to its sheer size. Also of potential concern is the Wildland-Urban Interface
(WUI), which is the area where structures and other human development meet or intermingle with
undeveloped wildland or vegetative fuels. Avon has a few interface areas, which would be more
vulnerable to fire hazards. The areas are identified as Areas of Concern. Figure 4-5, below, shows the
locations of historical brush fires and the number of acres burned in Massachusetts between 2001 and
2009.
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Figure 4-5. Massachusetts Brush Fires, 2001 to 2009
Source: MEMA and DCR 2013, page 261
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Brush fires are classified as medium frequency events. As defined by the 2013 State Hazard Mitigation
Plan, these events occur between once in 5 years to once in 50 years (a 2% to 20% chance of occurring
per year).

4.8 Extreme Temperatures

Extreme temperatures are considered a townwide hazard in Avon. These events can include both
temperatures over and under seasonal averages. These extreme temperature events can range from
brief to lengthy.

The Boston area has four clearly defined seasons. Extreme temperatures fall outside of the ranges
typically experienced during these seasons. Boston’s average winter temperature, from December to
February, is 32.2°F. Boston’s average summer temperature, from June to August, is 73.8°F (NOAA
2018b). Figure 4-6 below provides a summary of anticipated temperature changes for Massachusetts
by the end of the century.
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Figure 4-6. Anticipated Temperature Changes in Massachusetts

4.8.1 Extreme Cold

Extremely cold temperatures are measured using the Wind Chill Temperature Index provided by the
National Weather Service (NWS). The updated index was implemented in 2001and helps explain the
impact of cold temperatures on unexposed skin. Figure 4-7 on the following page provides more
information.
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Figure 4-7. Windchill Temperature Index and Frostbite Risk
Source: National Weather Service

Extremely cold temperatures can create dangerous conditions for homeless populations, stranded
travelers, and residents without sufficient insulation or heat. The homeless, the elderly, and people with
disabilities are often most vulnerable. In Avon, 16.0% of the population are over 65 years old and 14.3%
percent of the population has a disability (ACS 2013-2017). Cold weather events can also have
significant health impacts such as frostbite and hypothermia. Furthermore, power outages during cold
weather may result in inappropriate use of combustion heaters, cooking appliances, and generators in
poorly ventilated areas which can lead to increased risk of carbon monoxide poisoning.

NOAA'’s National Centers for Environmental Information Storm Events Database provides data for
extreme cold events. Between 2000 and 2019, Norfolk County experienced nine extreme-cold and wind-
chill events, which caused no injuries or property damage; but did result in one death, which occurred
in 2007. Table 4-14 provides more information.

Table 4-13. Norfolk County Extreme Cold and Wind Chill Events 2000-2019

Date Deaths  Injuries Property
(non- Damage
mortality)

2/3/2007 1 0 0
2/16/2015 0 0 0
2/16/2015 0 0 0
2/16/2015 0 0 0
2/16/2015 0 0 0
2/13/2016 0 0 0
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Deaths  Injuries Property

(non- Damage
mortality)
2/14/2016 0 0 0
2/14/2016 0 0 0
2/14/2016 0 0 0
TOTALS 1 0 0

Source: NOAA 2019a
4.8.2 Extreme Heat

Increased temperatures will impact all locations within Avon. Projected heat days and heat waves can
have an increased impact in densely settled urban areas. These can become “heat islands” as dark-
colored asphalt and roofs store the heat from the sun. According to the Centers for Disease Control
and Prevention, the populations most vulnerable to extreme heat impacts include the following:

o People over the age of 65 (e.g., with limited mobility),

¢ Children under the age of five,

¢ Individuals with pre-existing medical conditions that impair heat tolerance,

e Low-income individuals who cannot afford proper cooling,

e Individuals with respiratory conditions,

e The general public who may overexert themselves during extreme heat events.

Homeless people are increasingly vulnerable to extreme heat. The capacity of homeless shelters is
typically limited. Impacts from heat stress can exacerbate pre-existing respiratory and cardiovascular
conditions. Based on Figure 4-8 below, compiled by the Massachusetts Department of Public Health
Bureau of Environmental Health (MA DPH 2019), Avon has a population density of less than 1,270
persons per square mile and contains a single census tract. The town as a whole has no population
vulnerability measures.
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Figure 4-8. Population Potential

Populations Potentially Vulnerable to Heat-Related Health Impacts
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The National Weather Service issues a heat advisory when the heat index (Figure 4-9) is forecast to
reach 100-104° F for two or more hours (https://www.weather.gov/bgm/heat). The NWS issues an
Excessive Heat Warning if the Heat Index is forecast to reach 105° +F for two or more hours. Heat waves
cause more fatalities in the U.S. than the total of all other meteorological events combined. In Boston,
over 50 people die each year due to heat-related illnesses. From 1979-2012, excessive heat exposure
caused in excess of 8,000 deaths in the United States (MEMA and DCR 2013). During this period, more
people in this country died from extreme heat than from hurricanes, lightning, tornadoes, floods, and
earthquakes combined.
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Figure 4-9. Heat Index Chart
(Source: https.//www.weather.gov/safety/heat-index)

On July 6, 2013, a postal worker in MA collapsed and died as the heat index reached 100°F (EEA and
EOPSS 2018). Because most heat-related deaths occur during the summer, people should be aware of
who is at greatest risk and what actions can be taken to prevent a heat-related illness or death. The
populations at greater risk are the elderly, children, and people with certain medical conditions, such as
heart disease. In Avon, children under five years old make up 3.6% of the population, and 16% are over
65 years old. However, even young and healthy individuals can succumb to heat if they participate in
strenuous physical activities during hot weather. Some behaviors also put people at greater risk: drinking
alcohol, taking part in strenuous outdoor physical activities in hot weather, and taking medications that
impair the body’s ability to regulate its temperature or that inhibit perspiration (MEMA and DCR 2013;
ACS 2013-2017).

Increased temperatures can lead to a longer growing season, which in turn leads to a longer pollen
season. Warmer weather can also support the migration of invasive species and lead to an increase in
vector-borne diseases. Increasing temperatures can also worsen air pollution, which can lead to
negative health impacts such as respiratory problems.

The Town of Avon does not collect data on heat occurrences. The best available local data are for
Norfolk County, through the National Environmental Information Center. NOAA’s National Centers for
Environmental Information Storm Events Database provides data on excessive heat. Annually, there are
approximately 11 days per year with temperatures over 90°F.

Extreme temperatures are classified as medium frequency events. According to the 2018
Massachusetts State Hazard Mitigation and Climate Adaptation Plan (EEA and EOPSS 2018), between
four and five heat waves (3 or more consecutive days of 90°+F temperatures) occur annually in
Massachusetts.

4.9 Drought

westonandsampson.com 50 WeSTOn ::\\(j moson


https://www.weather.gov/safety/heat-index

Drought is an extended period of deficient precipitation. Drought conditions occur in virtually all climatic
zones, yet its characteristics vary significantly from one region to another since it is relative to the normal
precipitation in that region. Agriculture, the water supply, aquatic ecosystems, wildlife, and the economy
are vulnerable to the impacts of drought (EEA and EOPSS 2018).

Average annual precipitation in Boston is 53.32 inches per year, with approximately two to five-inch
average amounts for each month of the year (NOAA 2019c). Although Massachusetts is relatively small,
it has a number of distinct regions that experience significantly different weather patterns and react
differently to the amounts of precipitation they receive. In accordance with the Massachusetts Drought
Management Plan, the Drought Management Task Force will make recommendations to the Secretary
of Energy & Environmental Affairs about the location and severity of drought in the Commonwealth. The
Drought Management Plan divides the state into six regions: Western, Central, Connecticut River Valley,
Northeast, Southeast, and Cape and Islands. Avon is located within the Northeast region (EEA and
MEMA, 2013). In a Drought Management Plan, a seventh region, representing the Islands alone, has
been proposed (Massachusetts Water Resources Commission, 2019).

Five levels of drought have been developed to characterize drought severity: Normal, Advisory, Watch,
Warning, and Emergency; these correspond to Level 0 — Normal, Level 1 - Mild Drought, Level 2 -
Significant Drought, Level 3 - Critical Drought (was Warning), and Level 4 - Emergency Drought (was
Emergency), respectively, of the draft Drought Management Plan update. The drought levels are based
on the severity of drought conditions and their impacts on natural resources and public water supplies.

The Drought Management Plan specifies the agency response and interagency coordination and
communication corresponding to the various drought levels. During normal conditions, data are
routinely collected and distributed. There is heightened vigilance with additional data collection during
an advisory, and increased assessment and proactive education during a watch. Water restrictions
might be appropriate at the watch or warning stage, depending on the capacity of each individual water
supply system. A warning level indicates a severe situation and the possibility that a drought emergency
may be necessary. A drought emergency is one in which use of emergency supplies become necessary
or in which the Governor may exercise his authority to require mandatory water restrictions or other
measures as needed to avoid more serious shortages (EEA and MEMA, 2013).

A variety of drought indices are available to assess the various impacts of dry conditions. The
Commonwealth uses a multi-index system to determine the severity of a drought or extended period of
dry conditions. A determination of drought level is based on seven indices: Standardized Precipitation
Index, Precipitation (percent of normal), Crop Moisture Index, Keetch-Byram Drought Index (KBDI),
Groundwater levels, Stream flow levels, and Index Reservoir levels. (In its draft updated Drought
Management Plan, the Drought Management Trask Force has proposed to eliminate the precipitation
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index that is based on percent of normal precipitation.) Drought level is determined monthly based on
the number of indices that have reached a given drought level. A majority of the indices would need to
be triggered in a region in order for a drought designation to move to a more severe level. Drought levels
are declared on a regional basis for each of the six regions in Massachusetts. Drought levels may also
be made county by county or be watershed specific. The end of a drought is determined by precipitation
and groundwater levels since these have the greatest long-term impact on streamflow, water supply,
reservoir levels, soil moisture and potential for forest fires (EEA and MEMA, 2013). Figure 4-10 illustrates
statewide drought levels in Massachusetts from 1850 to 2012, using the Standardized Precipitation
Index (SPI). Table 4-15 below summarizes a history of Massachusetts droughts between 1879 and 2017.
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Figure 4-10. Statewide Drought Levels Using SPI Thresholds, 1850 to 2012

Source: EEA and MEMA 2013, page 37.

Table 4-14. Droughts in Massachusetts Based on Instrumental Records

Date Area Affected fi=cHiecalitena! Remarks
(years)

1879 to 1883 - - -
1908 to 1912 - - -
Water-supply sources altered in 13

1929 to 1932 Statewide 10to >50 e .
communities. Multistate.

1939 to 1944 Statewide 15 10 >50 More severe in eastern and extreme
western Massachusetts. Multistate.
Record low water levels in

1957 to 1959 Statewide 5to 25 observation wells, northeastern

Massachusetts.
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Date Area Affected jiecuirencelintena! RENMEG
VCEID))

Water-supply shortages common.
Record drought. Multistate.

Most severe in Ipswich and Taunton
1980 to 1983 Statewide 1010 30 River basins; minimal effect in
Nashua River basin. Multistate.
Duration and severity unknown.

1961 to 1969 Statewide 35to >50

Housatonic

1985 to 1988 . . 25 Streamflow showed mixed trends
River Basin
elsewhere.
1995 B B Baseldl on statewide average
precipitation.
1998 to 1999 3 3 Base.d. on statewide average
precipitation.
Level 2 drought (out of 4 levels) was
2001 to 2003 Statewide - reached statewide for several
months.
Statewide
except West
2007 to 2008 = and Cape and - Level 1 drought (out of 4 levels)
Islands
regions
Connecticut
River Valley,
2010 Central and - Level 1 drought (out of 4 levels)
Northeast
regions
Southeast and
2014 Cape and - Level 1 drought (out of 4 levels)
Islands
regions
2016-2017 Statewide - Level 3 drought (out of 4 levels).

There are five drought emergencies on record in Massachusetts: 1883, 1911, 1941, 1957, and 1965-
1966. The 1965-1966 drought is considered the most severe Massachusetts drought in modern times,
given its length. On a monthly basis over the 162-year period of record, there is a one percent chance
of being in a Drought Emergency (EEA and MEMA 2013, 36).

Drought warning levels not associated with drought emergencies would have occurred in 1894, 1915,
1930,1985, 2016, and 2017. On a monthly basis over the 162-year period of record, there is a two
percent chance of being in a drought warning level (EEA and MEMA 2013, 36; DCR 2017b, 1).

Drought watches not associated with higher levels of drought generally would have occurred three to
four times per decade between 1850 and 1950. The drought emergency declarations dominated the
1960s. There were no drought watches or above in the 1970s. In the 1980s, there was a lengthy drought
watch level of precipitation between 1980 and 1981, followed by a drought warning in 1985. A frequency
of drought watches at a rate of three years per decade resumed in the 1990s (1995, 1998, 1999). In the
2000s, Drought watches occurred in 2001 and 2002. The overall frequency of being in a drought watch
is eight percent on a monthly basis over the 162-year period of record (EEA and MEMA 2013, 36). There
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were six drought watches in Massachusetts in 2002, five drought watches in 2016, and two drought
watches in 2017 (DCR 2017b, 1). Figure 4-11 presents an example of drought conditions in the six
drought regions.
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Figure 4-11. Massachusetts Drought Status, February 2017
Source: Massachusetts Department of Conservation and Recreation

Drought is a potential townwide hazard in Avon. As noted previously, temperature is projected to
increase and may lead to exacerbated drought conditions especially in summer and fall months.
Droughts can also increase fire risk: fires can be caused by lightning, and a 2014 study found that the
frequency of lightning strikes could increase by more than 10% for every degree Celsius of warming
(EEA and EOPSS 2018, 4-45, 4-178). During Avon’s MVP Workshop in September 21, 2020 workshop
participants discussed the connections between multiple hazards and their potential impact on the
Town. One example given was the potential for a severe drought to increase the risk of brush fires.

A long-term drought could lead to impacts to Avon’s wetlands and streams. It could also have adverse
impacts to the Town of Avon’s water supply which draws its water from seven groundwater supply wells.
In a drought emergency affecting the water supply of the Massachusetts Water Resources Authority,
water use restrictions would be implemented in Avon, which could result in loss of landscaped areas
and business revenues depending on the length of the water use restriction.

Droughts are classified as a low frequency natural hazard event. As defined by the 2013 Massachusetts
State Hazard Mitigation Plan, these events can occur between once in 50 years to once in 100 years (a
1% to 2% chance of occurring per year).

4.10 Impacts of Climate Change

Many of the hazards that Avon is currently experiencing could be worsened by climate change. Below
we discuss some potential impacts by hazard type.
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4.10.1 Climate Change Impacts: Flooding

Boston’s average annual precipitation is 53.32 inches (NOAA 2019b). Extreme rain and snow events are
becoming increasingly common and severe particularly in the Northeast region of the country (Figure 4-
12). Large rain or snow events that happened once a year in the middle of the 20th century now occur
approximately every nine months. Additionally, the largest annual events now generate 10% more rain
than in 1948. Regionally, New England has experienced the greatest increase in frequency of extreme
rain and snow events. These events now occur 85% more frequently than they did 60 years ago (Madsen
and Willcox 2012, 15-16).
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Figure 4-12. Changes in Frequency of Extreme Downpours
Source: Madsen and Willcox 2012, page 19

4.10.2 Climate Change Impacts: Drought

Under climate change, drought conditions will be exacerbated with projected increasing air
temperatures and changes in precipitation. Between 1970 and 2000, the median number of
consecutive dry fall days in Massachusetts was 11.4 days. This is in comparison to a projected
median of 13.5 consecutive days by the end of the century (EEA, 2018a).

4.10.3 Climate Change Impacts: Extreme Temperatures

Between 1961 and 1990, Boston experienced an average of one day per year in excess of 100°F. That
could increase to six days per year by 2070, and 24 days per year by 2099. Under these conditions by
the end of the century, Massachusetts’s climate would more closely resemble that of Maryland or the
Carolinas (refer to Figure 4-13 below). These changes in temperature would also have a detrimental
impact on air quality and public health concerns including asthma and other respiratory conditions
(Frumhoff et al. 2007).

westonandsampson.com 55 Weston O



\r_‘.

O P ;

: % 196141990 )
. 5 \

P
{
= ;
f;/// * ¥ 2010-2039
A « 2040-2069
) VE LAY
S <,/ 2070-2099
' 72040-2069
—2070<2000 IS
:" [ Higher-Emission Scenario

Lower-Emission Scenario

Figure 4-13. Massachusetts Extreme Heat Scenarios.
Source: Frumhoff et al. 2007

4.10.4 Climate Change Impacts: High Winds

While Avon’s current 100-year wind speed is 110 mph, climate change will likely increase the number of
extreme wind events and their severity. Additionally, rising sea temperature could lengthen the hurricane
season and fuel stronger hurricane events. The Fourth National Climate Assessment Volume Il: Impacts,
Risks, and Adaptation in the United notes that hurricane “intensity, frequency, and duration have all
increased since the early 1980s.” (Jay, 2018) This source predicts the continuing intensity and
associated rainfall with rising temperatures. This would result in greater losses due to increased flooding,
associated building damages and business interruption impacts (Walsh and Wuebbles, 2014). The
anticipated increase in frequency and intensity of severe thunderstorms may also increase the risk of
tornadoes (EEA and EOPSS 2018, ES).

4.10.5 Climate Change Impacts: Winter Storms

There is evidence suggesting that nor’easters along the Atlantic coast are increasing in frequency and
intensity. Future nor'easters may become more concentrated during the coldest winter months when
atmospheric temperatures are still low enough to result in snowfall rather than rain (EEA and EOPSS
2018, 4-224). Climate projections indicate that climate change will result in more precipitation during the
winter in the Northeast (EEA, 2018a). This trend may result in more frequent and/or more severe winter
storms.

westonandsampson.com 56 Weston O



4.11 Summary of Hazard Vulnerability

It is important to be aware of the location of critical infrastructure in relation to all potential hazards in the
community. Table 2-3 provides details in regard to the name and type of each piece of critical
infrastructure in Avon.
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5.0 HAZARD MITIGATION GOALS
The following is a list of hazard mitigation goals that were developed for Avon’s HMP:

1. Prevent and reduce the loss of life, injury, public health impacts and property damages
resulting from natural hazards.

2. Use best available data and management practices to prepare for and address the adverse
effects of changing weather patterns (i.e., climate change).

3. Provide for effective hazard preparation and implementation through appropriate:

Funding.

Personnel training and transfer of knowledge and skills.
Equipment and capital improvement (e.g., infrastructure).
Emergency systems.

Communication and notifications systems.

o O O O O

4. Educate the public about hazard mitigation and provide opportunities for the public to engage
in hazard mitigation planning.

5. Encourage the business community, major institutions and nonprofits to work with Avon to
develop, review, to implement the hazard mitigation plan.

6. Work with surrounding communities, state, regional and federal agencies to ensure regional
cooperation and mitigation for hazards that affect multiple jurisdictions.

7. Incorporate hazard mitigation, as appropriate, into Avon’s plans and policies to ensure
effective preparedness and proper land development.
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6.0 EXISTING MITIGATION MEASURES

FEMA categorizes hazard mitigation measure into four types: Local Plans and Regulations, Structure
and Infrastructure Projects, Natural Systems Protection, and Education and Awareness Programs as
presented below in Table 6-1. The existing protective measures available to the Town of Avon are a
combination of zoning, land use, and environmental regulations, infrastructure maintenance, and
drainage infrastructure improvement projects. Infrastructure maintenance generally addresses localized
drainage clogging problems, while large scale capacity problems may require pipe replacement or
invert elevation maodifications. These more expensive projects are subject to the capital budget process.

Table 6-1. FEMA'’s Types of Mitigation Actions

Measure Action Examples
Local Plans These actions include government e Comprehensive plans
and authorities, policies, or codes that e Land use ordinances
Regulations influence the way land and buildings

e Subdivision regulations

e Development review

¢ Building codes and enforcement

o NFIP Community Rating System

e Capital improvement programs

e Open space preservation

e Stormwater management regulations
and master plans

are developed and built.

Structure and These actions involve modifying ¢ Acquisitions and elevations of
Infrastructure existing structures and infrastructure structures in flood prone areas
Projects to protect them from a hazard or

o Utility undergrounding

remove them from a hazard area. This .
e Structural retrofits.

could apply to public or private

structures as well as critical facilities » Floodwalls and retaining walls
and infrastructure. This type of action ¢ Detention and retention structures
also involves projects to construct o Culverts
manmade structures to reduce the e Safe rooms
impact of hazards.
Natural These are actions that minimize e Sediment and erosion control
Systems damage and losses and also preserve | ¢ Stream corridor restoration
Protection or restore the functions of natural « Forest management
systems. .
e Conservation easements
¢ Wetland restoration and preservation
Education and | These are actions to inform and e Radio or television spots
Awareness educate citizens, elected officials, and « Websites with maps and information
Programs property owners about hazards and o Real estate disclosure

potential ways to mitigate them. A P . hool
greater understanding and awareness | ° rgsentatlons tosc 00l groups or
of hazards and risk among local neighborhood organizations
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Measure

officials, stakeholders, and the public ¢ Mailings to residents in hazard-prone
is more likely to lead to direct actions. areas.

e StormReady
e Firewise Communities

(FEMA, 2013p. 6-4)

The town’s existing mitigation measures are described by hazard type here and are summarized in
Table 6-2 below. Many upgrades to existing measures are noted in the following sections.

6.1 Existing Townwide Mitigation for Flood Related Hazards

Avon employs a number of practices to help minimize potential flooding, reduce impacts from flooding,
and to proactively maintain existing drainage infrastructure. Existing townwide mitigation measures
include the following:

Participation in the NFIP — Avon participates in the NFIP with 14 policies in force as of March 02, 2020.
FEMA maintains a database on flood insurance policies and claims. This database can be found on the
FEMA website at https://www.fema.gov/policy-claim-statistics-flood-insurance

The following information is provided for the Town of Avon:

Table 6-2. National Flood Insurance Program in Avon

 Flood Insuranceata . .

Flood insurance policies in force (September 30, 2018) 14
Coverage total of flood insurance policies $5,885,200
Premiums paid $17,340
Total number of closed paid losses 3

Total dollar amount of closed paid losses $717

The town complies with the NFIP by enforcing floodplain regulations, maintaining up-to-date floodplain
maps, and providing information to property owners and builders regarding floodplains and building
requirements.

Street sweeping — The town performs street sweeping annually on major roads and secondary roads.
Catch basin cleaning — The town cleans its catch basins annually.

On-going Drainage Improvement Program — The Public Works Department provides maintenance to
culverts, drainage pipes, and other drainage infrastructure on an as-needed basis.

Stormwater Systern and Outfalls Mapped in GIS — The town is in the process of developing a drainage
system inventory and integrating the data into the Town’s Geographical Information System (GIS).

Zoning Regulations — Zoning is intended to protect public health and safety through the regulation of
land use. The Avon Zoning Ordinance includes a Floodplain District (Section 255-11.3).

The town’s Floodplain District (Zoning Ordinance Section 255-11.3) is implemented as an overlay and
includes all special flood hazard areas within the Town designated as Zone A, .AE, A99, V, or VE on the
Norfolk County Flood Insurance Rate Map issued by FEMA for the NFIP

Massachusetts Stormwater Regulations — These regulations are applied to developments within the
jurisdiction of the Conservation Commission.
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Stormwater Management Plan — The town has a Stormwater Management Plan, which has been
finalized.

Wetlands Protection Act — The Avon Conservation Commission administers the state’s Wetlands
Protection Act (Chapter 239) to protect resource areas in and around wetlands, including land subject
to flooding.

Reviews and Inspections of New Developments — Town staff and boards provide drainage reviews and
the Public Works Department inspects utility connections for water sewer and drains once construction
of a site is completed.

Public Education on Stormwater — The town continues to implement its NPDES Phase Il stormwater
program, which includes public education programs.

NPDES Phase Il Stormwater Program — The town continues to implement an NPDES stormwater program
that includes measures for public education and outreach, illicit discharge detection and elimination,
construction and post-construction controls, and townwide good housekeeping and stormwater
maintenance procedures.

6.2 Existing Dam Mitigation Measures

DCR dam safety regulations — All jurisdictional dams are subject to the Division of Conservation and
Recreation’s dam safety regulations (302 CMR 10.00). The dams must be inspected regularly, and
reports filed with the DCR Office of Dam Safety.

Permits Required for Construction — State law requires a permit for the construction of any dam.

Emergency Action Plan — The Town has adopted the Emergency Action Plan for Brockton Reservoir Dam
in order to provide an action plan for response to an emergency situation to protect person and property
downstream of the Brockton Reservoir Dam.

6.3 Existing Townwide Mitigation for Wind-Related Hazards

Massachusetts State Building Code — The town enforces the Massachusetts State Building Code whose
provisions are generally adequate to protect against most wind damage. The code’s provisions are the
most cost-effective mitigation measure against tornados given the extremely low probability of
occurrence. If a tornado were to occur, the potential for severe damages would be extremely high.

Tree Maintenance by the Town — The town’s Public Works Department maintains street trees and
numerous trees on public grounds, historic sites, conservation areas, park areas, and cemeteries.

Tree Maintenance by Energy Ulilities National Grid and Eversource Energy) — Utilities trim trees along the
power lines. Preventative maintenance of trees along the power lines would be beneficial.

6.4 Existing Townwide Mitigation for Winter-Related Hazards

Snow Removal Requirements in the General Code —The town’s general code provides an opportunity
for the Board of Selectmen to annually declare a Winter Parking Ban on town ways and property to be
in effect from November 1 to April 1 of the succeeding year. This provides for the ability for the Town to
cause to be removed any vehicle which interferes with snow removal or safe vehicular traffic upon public
ways or property.

Snow-Plowing Operations — The Public Works Department provides standard snowplowing operations,
including sanding and salting.
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6.5 Existing Townwide Mitigation for Fire-Related Hazards

Open Burning Permits Required — The town allows controlled open burning in accordance with state
regulations, but a permit is required from the Fire Department for each day of intended burning. Burning
is only allowed during the burning season, typically January through April each year.

Fire Department Review of Proposed Development — The Fire Department reviews all subdivision and
site plans for compliance with site access, water supply needs, and other applicable regulations within
their jurisdiction.

Public Education — The Fire Department provides substantial public education on fire prevention on their
website at www.avon-ma/gov/fire-department.com.

Backup Firefighting Water Supplies — The town has several surface waterbodies that can be used for
backup water supplies for fighting fires.

Statewide Fire Mobilization Plan — The state has a fire mobilization plan for brush fires.
6.6 Existing Townwide Mitigation for Extreme Temperature-Related Hazards

Schools as Emergency Shelters — The Middle High School and Elementary School would serve as
shelters in the event of extreme-temperature hazards.

Medical Reserve Corps Volunteer (Stoughton, Holbrook, Avon, Randolph) — Avon has a regional volunteer
program, which is administered through the health department, where residents can help provide critical
services during emergency situations.

6.7 Existing Townwide Mitigation for Geologic Hazards

Massachusetts State Building Code — The State Building Code contains a section on designing for
earthquake loads (780 CMR 1612.0). Section 1612.1 states that the purpose of these provisions is “to
minimize the hazard to life to occupants of all buildings and non-building structures, to increase the
expected performance of higher occupancy structures as compared to ordinary structures, and to
improve the capability of essential facilities to function during and after an earthquake”. This section
goes on to state that due to the complexity of seismic design, the criteria presented are the minimum
considered to be “prudent and economically justified” for the protection of life safety. The code also
states that absolute safety and prevention of damage, even in an earthquake event with a reasonable
probability of occurrence, is not economically achievable for most buildings.

Section 1612.2.5 establishes seismic hazard exposure groups and assigns all buildings to one of these
groups according to Table 1612.2.5. Group Il includes buildings which have a substantial public hazard
due to occupancy or use and Group Il are those buildings having essential facilities which are required
for post-earthquake recovery, including fire, rescue and police stations, emergency rooms, power-
generating facilities, and communications facilities.

6.8 Existing Multi-Hazard Mitigation Measures

Comprehensive Emergency Management Plan (CEMP) — Every community in Massachusetts is required
to have a Comprehensive Emergency Management Plan. These plans address mitigation,
preparedness, response and recovery from a variety of natural and man-made emergencies. These
plans contain important information regarding flooding, hurricanes, tornadoes, dam failures,
earthquakes, and winter storms. Therefore, the CEMP is a mitigation measure that is relevant to all the
hazards discussed in this plan.

Local Emergency Planning Committee (LEPC) — Under the Emergency Planning and Community Right
to Know Act of 1986, communities are required to establish Local Emergency Planning Committees to
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develop a response plan for chemical emergencies. In accordance with this legislation, the Town of
Avon has identified locations where hazardous materials are stored, used, and transported.

LEPC Emergency Plan — The LEPC response plan is available via the Town website.

Public Education — Emergency Preparedness public education is available on the Town’s website, via
the Fire Department, and Police Department, Emergency Management Department.

Code RED - The town has a Code RED Emergency Notification System that automatically calls all
residents and businesses to communicate emergency information. Residents may update their Code
Red information on the Town website.

Schools as Emergency Shelters — The Middle High School would serve as shelters in the event of a
disaster.

Multi-Department Review of Developments — Multiple departments, such as Health, Public Works, Fire,
Police, Emergency Management and Conservation, thoroughly review all subdivision and site plans prior
to approval.

Stable  Communications Systems — Avon has reliable communications towers that house
communications equipment for the Police and several other town departments.

Backup Generators — In the event of power outages due to downed limbs, the Town does have backup
generators at critical town buildings and facilities.

Buried Utilities — New subdivision developments are required to install underground utilities.

Massachusetts State Building Code — The Massachusetts State Building Code contains many detailed
regulations regarding wind loads, earthquake resistant design, flood-proofing, and snow loads.

FEMA Deployment — FEMA can deploy vehicles in the case of an emergency.
6.9 Compilation of Existing Mitigation

There are numerous existing natural hazard mitigation measures already in place in Avon (Table 6-3).
Many of these existing mitigation measures include planning mechanisms that have been adopted and
updated since the 2015 HMP.

Table 6-3. Existing Mitigation Measures

Type of Existing Mitigation Area Effectiveness/ Improvements/
Measures Covered Enforcement Changes Needed
MULTIPLE HAZARDS

Comprehensive Emergency Townwide Effective Needs to be
Management Plan (CEMP) periodically updated
Communications Equipment Townwide Effective None

(Stable)

Massachusetts State Building Townwide Most effective for | None

Code new construction.

Multi-Department Review of Townwide Effective None
Developments

Local Emergency Management Townwide Effective None

Planning Committee (LEPC)

LEPC Emergency Plan Townwide Effective None
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Type of Existing Mitigation

Area

Effectiveness/

Improvements/

Measures

Covered

Enforcement

Changes Needed

Backup Generators Critical Town Effective None
Building and
Facilities
Enforceable Standard to Require | Townwide Effective None
Installation of Buried Ultilities in
New Subdivisions
Reverse 911 Townwide Effective None
Public Education Townwide Effective Continue to expand
outreach
Medical Reserve Corps Townwide Effective None
Volunteers
FEMA Deployment Statewide Effective None
FLOOD HAZARDS

Participation in the NFIP. The

Areas identified

There are 184

Encourage all eligible

town actively enforces the on the FIRM policies in force. | homeowners to obtain
floodplain regulations. maps FIRM map dated | insurance
2019
Stormwater System and Outfalls | Townwide The town has Should be periodically
Mapped in GIS developed a updated
drainage system
inventory and
integrated the
data into a
Geographical
Information
System (GIS)
IDDE Program Implementation Townwide Effective Continue sampling at
outfalls.
Street sweeping Townwide Effective None
Catch basin cleaning Townwide Effective None
Drainage system maintenance Townwide Effective Ongoing maintenance
needed
Ongoing Drainage Improvement | Townwide Effective Ongoing improvements
Program needed
Zoning — Floodplain District Townwide Effective None
Wetlands Protection Act Wetland Resource | Effective None
Areas
Massachusetts Stormwater Conservation Effective None
Regulations Commission
jurisdictional
areas
Review and Inspection of New Townwide Effective None
Development Drainage
Public Education on Stormwater | Townwide Effective Continue to update
and inform the public
64
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Type of Existing Mitigation Area Effectiveness/ Improvements/

WEERIES Covered Enforcement Changes Needed
NPDES Phase Il Stormwater Townwide Effective Continue
Program implementation
DAM HAZARDS
DCR dam safety regulations and | State-wide. Somewhat Improvements to the
permitting effective statewide system for
dam inspections.
Permits required for construction. | State-wide Effective None.
Brockton Dam Upgrade Brockton Effective Continue to perform
Reservoir regular maintenance
Brockton Reservoir — Avon and Brockton Effective Continue mitigation
Brockton mitigate against Reservoir
potential spills and
contamination.
WIND HAZARDS
The Massachusetts State State-wide Effective for most | None
Building Code situations except
severe storms
Tree Maintenance by the Town Townwide Effective None
Tree Maintenance by Electric Townwide Effective Further maintenance of
Utilities (National Grid and trees along power lines
Eversource Energy) would be beneficial
WINTER HAZARDS
Snow-Plowing Operations Townwide Effective None
Snow Removal Requirements in | Townwide Effective None
the General Code
BRUSH FIRE HAZARDS
Open Burning Permits Required | Townwide Effective None
Public Education Townwide Effective None
Fire Department Review of Townwide Effective None
Proposal Developments
Statewide Fire Mobilization Plan Statewide Effective None
GEOLOGIC HAZARDS
The Massachusetts State Townwide Effective for most | None
Building Code situations

6.10 Mitigation Capabilities and Local Capacity for Implementation

Under the Massachusetts system of “Home Rule,” the Town of Avon is authorized to adopt, and from
time to time amend, a number of local bylaws and regulations that support the Town'’s capabilities to
mitigate natural hazards. These include the Zoning Ordinance, Stormwater Ordinance, Subdivision and
Site Plan Review Regulations, Wetlands Ordinance, Health Regulations, Public Works regulations, and
local enforcement of the State Building Code. Local Ordinances may be amended by the Board of
Selectmen to improve the Town’s capabilities, and changes to most regulations simply require a public
hearing and a vote of the authorized board or commission. The Town of Avon has recognized several
existing mitigation measures that require implementation or improvements and has the capacity based

westonandsampson.com 65 WeSTonO' 1IMPS



on these Home Rule powers within its local boards and departments to address them. The town also
has the ability to expand on and improve the existing policies and programs listed above.
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7.0 STATUS OF MITIGATION MEASURES FROM THE OLD COLONY REGION PLAN
7.1 Implementation Progress on the Previous Plan

At a meeting of the Avon Core Committee, town staff reviewed the mitigation measures identified in the
Natural Hazard Mitigation Plan for the Old Colony Region. The Core Committee felt it was important to
determine which mitigation measures were still relevant and whether each measure had been
implemented or deferred. Of those measures that had been deferred, the committee evaluated whether
the measure should be deleted or carried forward into this HMP-MVP Plan. The decision on whether to
delete or retain a particular measure was based on the committee’s assessment of the continued
relevance or effectiveness of the measure and whether the deferral of action on the measure was due
to the inability of the Town to act on the measure. Table 7-1 summarizes the status of the mitigation
measures, along with the priority of these measures. The breakdown of high and medium priority
measures, along with any other possible measures, are provided in the table. The priority “NFIP” refers
to potential mitigation measures that would ensure continued compliance with the National Flood
Insurance Program.

Table 7-1. 2021Status of Mitigation Measures from the Old Colony Region Plan
2021 Status Include in

gy Ol G € Mitigation Measure? Priority = Completed/ In Progress/ 2021 Plan/
Hazard Addressed .
Not Completed Priority
High Priority
A) Structural Extend the culvert from | High Completed No

Project-Flooding | the headwaters of the
West Trout Brook to the
parking lot of the Avon
Public Library to
mitigate periodic
flooding of the library

parking lot
B) Structural Project | Enhance drainage in High Completed NO
— Flooding the Brentwood Avenue

subdivision to alleviate
flooding concerns

C) Natural Resource | Continue to clear High In Progress Yes
Protection — brooks and streams High
Flooding throughout town of

trash and vegetation to
allow for the free flow of
water and to mitigate

the threat of flooding
D) Prevention — Create a drainage map | High Completed No
Flooding of the entire town to

identify areas in need of
new or additional
drainage infrastructure

Medium Priority
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Category of Action &

Hazard Addressed

Mitigation Measure®

Priority

2021 Status
Completed / In Progress /

Include in
2021 Plan/

E) Prevention,
Structural
Project- Flooding

Develop and implement
a local flood mitigation
dam management
program, including
inspecting, maintaining
and upgrading the
following dams for
present functions and
stormwater
management potential:
Brockton Reservoir
Dam and dams along
the lakes and ponds of
D.W. Field Park.

Medium

Not Completed
Completed

Priority
No

F) Prevention -
Wildfire

Enhance fire roads into
DeMarco Park by
clearing vegetation
making it easier for the
Police & Fire
Departments to access
during fires

Medium

Not Completed. (No
incidents reported.
Discontinue action unless
a need emerges.

No

G) Structural Project
— Flooding

Clean and maintain the
stormwater detention
pond at the intersection
of Bodwell Street and
Murphy Drive to
alleviate the threat of
flooding during periods
of heavy rain

Medium

Completed

(Property has been sold
and is the responsibility of
the new owner.)

No

Low Priority

Structural Project —
Flooding

Upgrade the surface
drainage infrastructure
on Bodwell Street to
alleviate flooding
concerns

Low

Unknown
(This system is in private
ownership. Discontinue.)

No

Structural Project —
Flooding

Upgrade the surface
drainage infrastructure
on Kiddie Drive to
alleviate flooding
concerns

Low

Unknown
(This system is in private
ownership. Discontinue.)

No

Note:

a.  There were no “planning mechanisms” in the 2015 HMP; however, as discussed in Section 9.4 (below) of this HMP-MVP, appropriate
sections of this HMP-MVP Plan will be integrated into other town plans, policies and documents as those are updated and renewed,
including the Open Space and Recreation Plan, Comprehensive Emergency Management Plan, and Capital Investment Program.
Additionally, Avon currently implements a wide range of planning mechanisms as discussed in Section 6.0 .
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As the Town moves forward into the next five-year plan implementation period; identifying and
incorporating hazard mitigation into the Town’s decision-making process will be a high priority. Limited
staffing and financial resources are the biggest challenges the Town faces in implementing the
mitigations measure identified in this plan. The plan is intended to assist the Town in prioritizing the
proposed measures, which will provide guidance on how to best allocate the Town'’s limited resources.
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8.0 HAZARD MITIGATION STRATEGY
8.1 Regional and Inter-Community Consideration

Several hazard mitigation issues are primarily local. The problem originates largely within the
municipality and can be resolved at the municipal level. Other issues are inter-community and require a
coordinated effort between two or more municipalities. Regional mitigation issues usually involve a state,
regional and/or federal agency, or three or more municipalities.

Mitigation measures for the following regional issues should be considered as Avon develops its own
local plan:

A) Coordination and Review of Developments on a Regional Basis for Stormwater Management:
As Avon and the surrounding communities are undergoing development, it is vital that these
communities communicate and provide input during the review process. When addressing
housing, transportation, and economic development projects, the impacts on neighbors must
be addressed.

B) Continue to coordinate with Brockton concerning the reservoir? An emergency action plan for
the Brockton Reservoir Dam was adopted in 2020.

C) Increase Electric Utilities” Tree Maintenance Program: An issue during storms in Avon is the
damage to power and phone wires from overhanging trees that have not been trimmed by the
electric utilities or the phone or cable companies. Eversource should continue with their reactive
and preventative measures. Eversource clear cuts every few years.

8.2 Regional Partnerships

Mitigating natural hazards, particularly flooding, is not confined to a local issue. The drainage systems
that service communities are often complex systems of storm drains, roadway drainage infrastructure,
pump stations, dams, and other facilities owned and operated by a wide variety of agencies including
the Town, Massachusetts Department of Transportation (MassDOT) the Massachusetts Water
Resources Authority (MWRA), and the Department of Conservation and Recreation (DCR). The planning,
construction, operation, and maintenance of these structures are integral to the flood hazard mitigation
efforts of communities. These agencies are the Town'’s regional partners in hazard mitigation efforts.
These agencies also operate under the same constraints as communities do including budgetary and
staffing limitations. And as all communities do, they must make decisions about numerous competing
priorities. In the sections that follow, the plan provides recommendations for activities where cooperation
with these other agencies will likely be necessary. In order to implement many of these mitigation
measures, all parties will need to work together towards a mutually beneficial solution.

8.3 Regional and Inter-Community Facilities in Avon
Major facilities owned, operated and maintained by state or regional entities include:

e State Routes 24 and 28
e MBTA Bus Lines

e Bus Routes and Commuter Rail Line
8.4 Planning for New Development and Infrastructure

Hazard mitigation planning needs to consider new development and associated infrastructure in order
to anticipate additional hazards that may occur with community growth. As part of the process of
developing recommendations for new mitigation measures for this plan, the Town considered issues
related to new development, redevelopment, and infrastructure needs in an attempt to limit future risks.
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New development takes into consideration the Massachusetts Building Code; this is enforced by the
Building Department. New development also considers local Zoning, the Wetlands and Stormwater
Ordinances. Priorities for the future include stormwater management, stormwater mapping, and
installation of green infrastructure and Low Impact Development to promote stormwater recharge and
alleviate flooding.

8.5 Methods for Analysis and Prioritization

During the Core Committee meetings, officials in Avon determined possible mitigation measures for the
various natural hazards that have impacted or could impact the Town.

Local officials prioritized the measures, reviewing the project Goals, such as:
e The number of homes and businesses affected by the hazard.

o Whether or not road closures occurred and what impact closures had on the delivery of
emergency services and the local economy.

o Whether any environmental constraints existed.
e s there political support and public support to implement the mitigation measures?
e (Can the Town provide the necessary maintenance when the mitigation measure is completed?

o Does the cost seem reasonable when considering the size of the problem and likely benefits
from mitigation?

8.6 Identification of Hazard Mitigation and Climate Adaptation Strategies

The Town developed a list of priority hazard mitigation and climate adaptation strategies through multi-
faceted approach. Strategies were discussed and developed upon review of the:

e Community profile, including the Town'’s strengths and vulnerabilities.
e Hazard and climate change risk assessment.

e Existing measures.

e Progress on the previous plan.

e Input from stakeholders.

Stakeholders were engaged through Core Team meetings, the CRB Workshop, and the public input
session. The list of all the action items from the CRB Workshop are available in Appendix A and were
integrated into the final list of action items developed by the Core Team. Table 8-1 below represents the
Town’s recommended hazard mitigation measures and prioritization of these measures. Each mitigation
measure was analyzed for its the overall benefit, the estimated cost, timeframe, and implementation
responsibility to inform prioritization. A description of the ach of the prioritization categories in Table 8-1
is identified below.

Mitigation Action — A brief description of each mitigation measure that was identified in this plan.

Implementation Responsibility — Most mitigation measures will require a multi-department
approach where several Town departments share responsibility. This determination is at the
discretion of the governing body of the community. The designation of implementation
responsibility in the table was assigned based on general knowledge of the responsibilities of
each municipal department.
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Timeframe — The timeframes represented below are assigned based on the complexity of the
measure, the overall priority of the measure and at what stage of design and/or funding has
been attained. Because the timeframe for this plan is five years, the timing for all mitigation
measures has been kept within this framework. The identification of timeframes is not meant to
prevent a community from actively seeking out and taking advantage of funding opportunities
as they arise. Timeframes designated as “long term” are estimated to be more than five years.
Those designated as “medium term” are estimated as more than three but less than five years.
“Short term” is estimated to be less than three years.

Estimated Cost — Cost estimates are given when cost data was available from the community.
All cost data would need to be updated at the time of design and construction and is only
provided as an estimate. Costs designated as “High” are estimated to be greater than $100,000.
Those designated as “Medium” are estimated to between $10,000 to $100,000. “Low” costs are
estimated to be less than $10,000.

Potential Funding Sources — This column identifies the most likely sources of funding for a
specific measure. The identification of potential funding sources in this table is preliminary and
may vary depending on numerous factors. These factors include, but are not limited to, if a
mitigation measure is conceptual or has been studied, evaluated or designed. In most cases,
the measure will require an assemblage of funding sources. The funding sources identified in
this table are not a guarantee that a specific project will be eligible for or receive funding. Upon
adoption of this plan, the local representatives responsible for implementation should begin to
explore the funding sources in more detail.

Priority — Designation of high, medium, or low priority was based on overall potential benefits,
areas affected and estimated project costs. A High Priority action is very likely to have political
and public support and necessary maintenance can occur following the project, and the costs
seem reasonable considering likely benefits from the measure. A Medium Priority action may
have political and public support and necessary maintenance had potential to occur following
the project. A Low Priority action may not have political and public support for implementation
or the necessary maintenance support following the project.
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Table 8-1. Recommended Hazard Mitigation Measures
Geographic Implementation Potential

Mitigation Action Coverage Responsibility Timeframe Estimated Cost Funding Sources Priority
Lead is indicated in Sis < 3 Years $=<$10,000
bold Mis 3 -5 Years $$is > $10,000 and
Lis > 5 Years <$100,000
$$$ >=$100,000
FLOODING
Improve drainage system
maintenance (include
ellielgD eliienss eine Townwide Public Works Ongoing 33 LIS, High
prepare a proactive Municipal
Wetlands Protection Act
Notice of Intent)
Flood control measures for 14 qnide Public Works Short-term $55 Grants, High
structures Municipal
Flood proofing for . , Grants, .
oumping stations Townwide Public Works Long-term 353 Municipal High
Cloudburst mitigation Townwide Public Works Short and Long- Gra'nj[s, Medium
measures for roadways Term $$$ Municipal
Assessment and major Short and Lona- Grants,
cleaning of drainage Townwide Public Works Term g $$ Municipal Medium
system
Prioritize
Industrial/Comm
: , Grants,
Convert to sewer system ercial Areas Town Council Onaoing. Short Municipal
or upgrade septic (Stockwell and Public Works goind, 353 . Medium to High
) . . . and Long-Term Private
systems. Memorial Drive) Private Parties
: Developer
And Areas in

Proximity to Wells



Geographic Implementation Potential

Mitigation Action Coverage Responsibility Timeframe Estimated Cost Funding Sources Priority
Implement green Grants,
infrastructure and improve Townwide Public Works Ongoing $$$ Municipal Medium

existing BMPs.

Implement individual Grants,

stormwater project Townwide Public Works Long-term $$$ Municial Medium
retrofits. P
Complete stormwater
TTEPIPNTG EMmel Ml Townwide Public Works Short-term 33 CirEnite; High
accessible to emergency Municipal
personnel.
Raise public awareness on
keeping drainage ditches . , i . :
clean and availability of the Townwide Public Works Short-term $ Municipal High
composting facility
Improve management of
risk associated with PFAS, Grants
hazardous materials and Townwide Public Works Short-term % L High
. Municipal
waste spills and other
potential contaminants
WIND
Grants,
Distributed generation Townwide L%Vgﬂccv?/g?g Long-term $5$ M;;:/Cgfeal’ High
Developer
Tree assessment and .
maintenance plan (include Townwide UI;thbllco:g/ynorl;i Sh%tr—]tecr)m and $$ Municipal High
riparian areas) y pany going
Mobile chipper for post- Grants,
storm fallen branch and Townwide Public Works Short-term $$$ Municipal High

debris management



Mitigation Action

Geographic

Estimated Cost

Potential
Funding Sources

Priority

Repeater site antenna
replacement/repair

Provide backup power
sources

Convert to fiber optic lines

Provide a radio control
option for communications

Work with schools to
improve communication
with foreign born.

|dentify translators to
assist with dissemination
of information.

Establish a website or call
center for translation
Services.

Provide variable message
boards in strategic
locations.

Provide a water supply
interconnection for
purchase of water.

Coverage

Page Street
Water Tank

Townwide

Townwide

Townwide

Townwide

Townwide

Townwide

Townwide

Implementation _
Responsibility imeframe
Police
Department Short-term
Public Works
Town Council Onoin
Public Works going
Town Council
Public Works Long-term
Public Safety
Public Safety
Public Works Short-term
MULTI-HAZARD
oo Short-term and
Department i
Town Council going
Short-term and
Ongoing
Town Council Short-term and
Ongoing
Town Council Lonatorm
Public Safety g
DROUGHT
Town Council P
Public Works g

$5$

$5$

$8$

8%

8%

5%

Grants,
Municipal

Grants,
Municipal

Grants,
Municipal

Grants,
Municipal

Municipal

Municipal

Municipal

Grants,
Municipal

Grants,
Municipal

High

High

High

High

Medium

Medium

Medium

Medium

High



Geographic Implementation Potential

Mitigation Action Coverage Responsibility Timeframe Estimated Cost Funding Sources Priority
Repair existing water Page Street , i . .
storage tanks Central Street Public Works Short-term 353 Municipal High
Develop a traffic reduction G
plan to reduce greenhouse Townwide Public Works Short-term $$ M ranf[s, Medium

unicipal
gasses
WINTER STORMS
Add storage and
I ERE: |mpr.ovements Downtown Public Works Short-term e $$ Municipal Low
and regular maintenance Ongoing

at snow compost site



PLAN ADOPTION AND MAINTENANCE
9.1 Plan Adoption

The Avon HMP-MVP Plan was adopted by the Town on January 6, 2022. See Appendix D for
documentation. The plan was approved by FEMA on January 11, 2022 for a five-year period that will
expire on January 10, 2027.

9.2 Plan Maintenance

After approval of the plan by FEMA, and adoption of the plan by the Town, the Core Committee that
originally convened as the steering committee for establishing the Plan will transition its work to
updating and keeping the Plan current. Coordinated by the Department of Public Works, the Core
Committee will meet annually or on an as-needed basis, whichever is most frequent, to monitor plan
implementation and may include additional members from local businesses, non-profits, and
institutions. The town will engage the public during the next 5-year planning cycle and encourage
local participation whenever possible. All updates and accomplishments of the Core Committee and
the Town, related to mitigation measure and the plan itself, will be placed on the Town’s web site.
All public meetings to update the Plan will be publicly noticed in accordance with town and state
open meeting laws and the public will be encouraged to attend and participate.

9.3 Implementation and Evaluation Schedule

Bi-Annual Survey on Progress — The coordinator of Core Committee, William Fitzgerald, will prepare
and distribute a survey halfway into the five-year plan. The survey will be made available to all Core
Committee members and any other interested local stakeholders. The survey will assist in
determining any necessary changes or revisions to the plan that may be needed. In addition, it will
help provide information on progress and accomplishments for implementation and any new
hazards or problem areas that have been identified since the plan drafting.

The information collected through the survey will be used to formulate a report and/or addendum to
the plan. It will be important to evaluate the status of measures accomplished and initiated towards
meeting the plan’s goals. Additionally, identifying areas that need to be updated in the next plan will
need to be an ongoing process. The Core Committee, led by the designated coordinator, will have
primary responsibility for tracking progress, evaluating, and updating the plan during the next five
years and beyond.

Preparation for the Plan — FEMA’s initial approval of this plan is valid for five years. During that time
the Town will need to continue to track progress, amend hazards and identify additional hazards
and mitigation measures. By doing so, the Town will maintain a plan, which will secure eligibility for
FEMA mitigation grants, and future updates will be relatively easy since information will have been
collected and updated throughout the five-year life of this plan. Given the lead time needed to secure
funding and conduct the planning process, the Core Committee will begin drafting the full update of
the plan in year four. The group will use the information from the year four biannual review, in addition
to any other data and information collected, to identify the needs and priorities for the plan update.
This will help the Town avoid a lapse in its approved plan status and grant eligibility when the current
plan expires at the end of year five.

Potential sources of funding in the future may include FEMA Pre-Disaster Mitigation grants and the
Hazard Mitigation Grant Program. Both grant programs are eligible to pay for 75% of a planning
project, with a 25% local cost-share requirement.
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Update Preparation and Adoption — Once the resources have been secured to update the plan, the
Core Committee will need to determine whether to undertake the update itself or hire a consultant.
If the Core Committee decides to update the plan itself, the group will need to review the current
FEMA hazard mitigation plan guidelines for any change in the requirements. The Avon HMP-MVP
Plan Update will be forwarded to MEMA and DCR for review and to FEMA for ultimate approval.

9.4 Integration of the Plans with Other Planning Initiatives

The Town has implemented hazard mitigation measures into many of its adopted planning
mechanisms. The Town will continue HMP-MVP integration with planning initiatives.

Upon approval of the Avon HMP-MVP Plan by FEMA, the Core Committee will make the plan
available to all interested parties and all departments with an implementation responsibility. The
group will initiate a discussion with those various departments regarding how the plan can be
integrated into their ongoing work. At a minimum, the plan will be reviewed and discussed with the
following departments:

e Fire Department/Emergency Management
o Police Department

e Public Works Department

e Planning Board

e (Conservation Commission

e Parks and Recreation

e Board of Health

e Building

Coordination with Town Departments, Town Boards and Commissions, neighboring communities,
and other interested groups and organizations will be required for successful implementation and
continued updating. The adopted plan will be posted on the Town’s website. Any sections of the
plan containing sensitive information that would be considered inappropriate for public posting will
be removed prior to posting. The posting of the plan on the Town’s web site will provide a mechanism
for citizen feedback, such as an e-mail address for interested parties to send comments.

Appropriate sections of the 2015 HMP were incorporated into other Town plans, policies, etc., and
this HMP-MVP Plan will continue to be integrated into other town plans, policies, and documents as
those are updated and renewed, including the Open Space and Recreation Plan, Comprehensive
Emergency Management Plan, and Capital Investment Program.
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Core Team Meeting Materials and Community Resilience Building Workshop
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Municipal Vulnerability Preparedness Planning Grant and
Hazard Mitigation Plan Update

Core Team Meeting

Mary T. McDermitt Room, Town Hall, 65 East Main Street
Friday, January 10, 2020

9:00 am - 10:30 am

Introductions

Project Overview

Core Team Role

Goal Setting and Endorsement

Community Resilience Building Workshop and Review of Materials
Data Sources

Workshop Participants

Wrap Up and Next Steps

5 minutes

15 minutes

2 minutes

15 minutes

35 minutes

3 minutes

10 minutes

5 minutes



Core Team Roles

Establish the goals for the project plan.

Provide data and local expertise on the assets and vulnerabilities.
Participate in the stakeholder workshop.

Finalize priority actions for the final report.

Suggested Goals

1. Prevent and reduce the loss of life, injury, public health impacts and property damages
resulting from natural hazards and climate change.

2. Use best available data and management practices to prepare for and address the
adverse effects of changing weather patterns (i.e., climate change) and natural hazards.

3. Provide for effective climate changed and natural hazard preparation and implementation
through appropriate:

e Funding.

e Personnel training and transfer of knowledge and skills.

o Equipment and capital improvement (e.g., infrastructure).
¢ Emergency systems.

e Communication and notifications systems.

e Shelter for displace residents.

4, Educate the public about climate change and hazard mitigation and provide opportunities
for the public to engage in planning.

5. Encourage the business community, major institutions and nonprofits to work with the
Town to develop, review, to implement municipal vulnerability preparedness and natural hazard
mitigation.

6. Coordinate with surrounding communities, state, regional and federal agencies to ensure
regional cooperation and mitigation for climate change and natural hazards that affect multiple
jurisdictions.

7. Incorporate vulnerability preparedness and hazard mitigation, as appropriate, into plans
and policies to ensure effective preparedness and proper land development.



Data Sources

State data such as MassGIS.
Local GIS data.
Existing related plans:
o Old Colony Hazard Mitigation Plan
o Avon Stormwater Management Plan
o Stormwater Asset and Water Infrastructure Management Plan
Town bylaws and regulations
Town annual report

Community Resilience Building Workshop Participants

How to identify participants...

Who are the key decision makers?

Who is directly responsible for implementing decisions?
Who influences decision making in your community?
Who will be affected by the decisions made?

Some typical invitees...

Core Team

Local Boards (utility, school, health, council on aging, etc.)
Environmental Advocates

Nonprofits

Hospitals or Emergency Care Facilities

Town Staff

Elected Officials

Representatives from Neighboring Towns

Major Employers and Chamber of Commerce



Greetings,

The Town of Avon was recently awarded a grant from the Commonwealth’s Municipal Vulnerability
Preparedness Program to identify priority action items that will improve our community’s resilience to
climate change. We plan to engage municipal staff, key stakeholders, and the broader public throughout
the process.

As a leader in the community, you are invited to join the Town at an invitation-only workshop on
September 21, 2020 from 9:00 am to 1:00 pm. The workshop will take place virtually, using Microsoft
Teams. You will receive a separate invitation with a link to join the Teams Meeting, which will be sent
out at the end of this week.

The workshop will follow the Community Resilience Building guidance developed by the Nature
Conservancy, which has been successfully used in over 100 communities. The workshop’s objectives are
to:

e |dentify natural hazards that present the greatest threat to the community.

e Evaluate strengths and vulnerabilities of residents, infrastructure, and natural resources.

e Develop and prioritize actions that reduce the impact of hazards and increase resilience.

| hope you or a designee can join the Town at this important workshop. By participating in this program,
Avon will be designated as an MVP Community and be eligible for future grants that promote resilience.
Following the workshop, we will be hosting a meeting open to public to receive broader input on the
planning process.

Please RSVP for the workshop by Thursday September 17, 2020 by emailing our certified MVP
Provider, Jim Riordan (riordanj@wseinc.com).

Thank you for your consideration and participation!
Sincerely,

William Fitzgerald, Director
Avon Public Works


https://www.mass.gov/municipal-vulnerability-preparedness-mvp-program
https://www.mass.gov/municipal-vulnerability-preparedness-mvp-program
mailto:riordanj@wseinc.com

Avon

Stakeholder Workshop

Via Microsoft Teams

Welcome and Introductions
Workshop Overview

Introduction to the MVP Risk Matrix
Climate Change and Local Hazards
BREAK (10:00- 10:15 am)
Identification of Features
Community Actions

Break (11:30 — 11:45 pm)

Action Prioritization

Wrap-Up and Closing Remarks

Municipal Vulnerability Preparedness (MVP)

Monday, September 21, 2020, 9:00 am — 1:00 pm
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TOWN OF AVON

COMMUNITY RESILIENCE BUILDING WORKSHOP
September 21, 2020
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WELCOME

Robert Spurr
Jeffrey J. Bukunt
Kathleen Waldron
Brian Martin

Patricia Bessette
William Fitzgerald
Gregory Enos
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WELCOME

Jim Riordan

Ashley Sweet

Weston (&) Sampson



WELCOME |

Your name
Organization/Relationship to Avon
Favorite thing about Avon
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Planning CRB Listening HMP-MVP
Grant Workshop Session Plan

September
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Community
Resilience

MVP IN AVON

* Increase resilience of

community
Awareness

Implementation

 Raise awareness of climate
threats

* |dentify priority actions to move
forward

» Create implementation
pathways

Priority Actions
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HAZARDS &
CLIMATE CHANGE

IN AVON AND NEW ENGLAND

& Sampson
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HAZARDS IN AVON

H
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FLOOD HAZARDS WIND HAZARDS WINTER STORMS EARTHQUAKES,
LANDSLIDES, ETC.
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FIRE EXTREME DROUGHT CLIMATE CHANGE
TEMPERATURES



GREENHOUSE
GASES (GHG)

« Naturally occurring

« Act as a blanket

« Examples: carbon dioxide and
methane

Climate mitigation
ensures there is less to adapt to
and is a key component of our
community’s resilience

Some of the longwave
radiation is not reflected
and radiates out into space

Smithsonian Environmental Research Center. “Too Much of a Good Thing.”
http://forces.si.edu/atmosphere/02_04 07.html



http://forces.si.edu/atmosphere/02_04_07.html

2006 GHG EMISSIONS

Municipal ,
Commercial 7,500, 3%
and Industrial,
23,300, 11%

Residential,
187,200, 86%

CO2e/year
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Hazards in Avon

Hazard

Frequency (in Avon)

Severity (in Avon)

Flooding High Minor to Serious
Dam Failures Very Low Minor
Snow and Blizzard High Minor to Extensive
Ice Storms High Minor to Extensive
Hurricanes Medium Serious
Nor’easters High Minor To Extensive
Thunderstorms High Minor to Extensive
Brush Fires Medium Minor to Extensive
Earthquakes Very Low Minor to Catastrophic
Landslides Low Minor
Extreme Temperatures High Minor to Serious
Drought High Minor to Serious

Wes’ron@Sompsoﬁ
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EXTREME TEMPERATURES

WARMER ANNUAL AIR TEMPERATURES
UP 0.5°F PER DECADE SINCE 1970, ON AVERAGE

WARMER WINTERS
UP 1.3°F PER DECADE SINCE 1970, ON AVERAGE




Weston(&)Sampson

6 24 35

2005 MID-CENTURY END-OF-CENTURY
OBSERVED PROJECTED PROJECTED
ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE

‘DAYS WITH TEMPERATURES ABOVE 90°F

145 114 101

2005 MID-CENTURY END-OF-CENTURY
OBSERVED PROJECTED PROJECTED
ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE

DAYS WITH TEMPERATURES BELOW 32°F

Massachusetts Executive Office of Energy & Environmental Affairs. 2019. “ResilientMA Datagrapher.” Massachusetts Climate Change Clearinghouse. Resilientma.org/datagrapher/?c=Temp/state/tx30/ANN/MA/

Notes: Mid-century projected annual averages use a 2040-2069 time range. End-of-century project annual averages use a 2080-2097 time range.



1961-1990
a0 by
Historic Area (1961-1990) : I/ 5
B Late-century Area (2070-2099) /._-;‘:" ~ 2010-2039
J 2040-2069
2070-2099
> e f._ | R &
Photo: UCSUSA “Confronting Climate Change in the U.S. Northeast”. . ngher Emissions Scenario

Lower Emissions Scenario

Photo: NECIA/UCS, 2007.
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wmosm \VPACTS OF RISING TEMPERATURES

WARMER ANNUAL AIR TEMPERATURES WARMER WINTERS
UP 0.5°F PER DECADE SINCE 1970, ON AVERAGE UP 1.3°F PER DECADE SINCE 1970, ON AVERAGE

INCREASE IN
VECTOR-BORNE
DISEASES

INCREASED SUMMER
DEMAND ON AGING
: ENERGY SYSTEMS
l /

INCREASED HEAT-

INCREASED HEAT- RELATED STRESS ON
RELATED ILLNESSES — LIVESTOCK & CROPS
& MORTALITY
NEEEABES ~ T ¢ INCREASED
ALLERGENS & — DROUGHT &
ASTHMA RATES WILDFIRES
/"/ ‘,/ . /
INCREASED STRESS 4l @ D
ON CRITICAL ) |
INFRASTRUCTURE INCREASE IN MIGRATING PLANT
HARMFUL ALGAL & ANIMAL SPECIES
BLOOMS
Massachusetts Executive Office of Energy & Environmental Affairs. 2019. “Rising Temperatures.” Massachusetts Climate Change Clearinghouse. http://www.resilientma.org/changes/rising-temperatures
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PRECIPITATION DURING
HEAVY EVENTS IN THE
NORTHEAGST

PRECIPITATION INCREASED
BY MORE THAN

0%

BETWEEN 1958-2010

CHANGES IN

MORE INTENSE & FREQUENT EXTREME RAIN EVENTS

Massachusetts Executive Office of Energy & Environmental Affairs. 2019. “Changes in Precipitation.” Massachusetts Climate Change Clearinghouse. Resilientma.org/changes/changes-in-precipitation



EXTREME PRECIPITATION

O
8%  13%

precipitation events
by midcentury

Increase in extreme
precipitation events
by 2100
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wwers VMPACTS OF CHANGING PRECIPITATION

HIGHER AVERAGE ANNUAL PRECIPITATION

YY) INCREASED BY ABOUT 10% IN THE NORTHEAST INTHE LAST 50 YEARS

DECREASED SUMMER
PRECIPITATION COULD
INCREASE EPISODIC
DROUGHTS

WETTER SPRINGS
DELAY PLANTING
& REDUCE YIELD

NEW STRESSES
FOR ECOSYSTEMS

INCREASED ROAD
POLLUTANTS IN
WATERBODIES

DROUGHTS CAN
WEAKEN TREE
ROQOT SYSTEMS

CROP DAMAGE
FROM INTENSE
RAINFALL

DROUGHTS CAN
REDUCE LOCAL
WATER SUPPLY

lassachusetts Climate Change Clearinghouse. http://www.resilientma.org/changes/changes-in-precipitation

Massachusetts Executive Office of Energy & Environmental Affairs. 2019. “Changes in Precipitation.” Massac
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ZONE ANNUAL CHANCE FLOODPLAIN
A, AE, A1-A30 1% ANNUAL CHANCE 100-YEAR FLOODPLAIN
X 0.2% ANNUAL CHANCE 500-YEAR FLOODPLAIN

“By 2050, Boston could experience the
current 100- year riverine flood every two to
three years on average”
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FLOODING

Vulnerable Areas

» Poor drainage
« High amounts of impervious surface
» Undersized culverts

75 events reported by NOAA since 1998
for Norfolk County:

* No reported deaths or injuries

 Just over $41M in property
damage

« March 2010 accounts for just over
80% of total damage 2



WINTER STORMS

“Heavy blizzards are among the

most costly and disruptive
weather events for
Massachusetts communities.”

The blizzard of 2013 left nearly
400,000 Massachusetts

residents without power
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Northeast and Midwest seasonal patterns

The most notable recent
drought event was in

2016 - 17

%
5
3
3
i

ATaWa
The occurrence of droughts
lasting 1 to 3 months
could go up by as much as
/5% over existing conditions
by the end of the century,
under the high emissions scenario

Shifted season projected from increasing temperatures and precipitation changes

Image credit: Northeast Climate Science Center, University of Maryland
Center for Environmental Science
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'EROSION

« Caused by riverine flow & stormwater,

* Increased precipitation, including winter rains, could
Increase erosion;

* Drier soils will reduce resistance to erosion

27

1. Executive Office of Energy and Environmental Affairs, Adaptation Advisory Committee. 2011. “Massachusetts Climate Change Adaptation Report,” 42.



WILDFIRE HAZARD AREAS (INTERFACE AND INTERMIX)

2018 Massachusetts Hazard Mitigation and Climate Adaptation Plan

Legend Data Source: MassGIS 2017
SILVIS Lad,
Wildfire (2010) Municpaites Departmaent of Forest Ecology
intertace [ Countes and Management, University of
a8 s g States Wisconsin-Madison, 2010

A=COM

Massachusetts State Plane o & % . % % A
North American Oatum 1663 Sies o
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HURRICANES AND EARTHQUAKES

e

HURRICANE Atlantic hurricane activity EARTHQUAKE
Sandy since 1970 30-40
and nor’easters | Earthquakes occur in
cause downed trees and Nor easlters along the New England each
ower lines | Atlantlc poast are year, although most
increasing in frequency are not felt.

6

Upward trend in North

and intensity

Source: Climate Science Special Report, Fourth National Climate Assessment (NCA4), Volume prepared by the U.S. Global Change Research Program (USGCRP)Northern Middlesex
Council of Governments. 2015. “Hazard Mitigation Plan for the Northern Middlesex Region,” 159-160.



e IMPACTS OF EXTREME WEATHER

o STORMS ARE BECOMING MORE INTENSE AND DAMAGING

SALT MARSHES &

ECONOMIC DAMAGES
e % & BUSINESS DISRUPTION
COASTAL HABITAT

INCREASED
INJURIES &

RE-SHAPED RIVER
COURSES MORTALITY

DISPLACEMENT

OF RESIDENTS /

v ', ;
PROPERTY ? 3
DAMAGE

INCREASED
' INFRASTRUCTURAL

REPAIR COSTS

Massachusetts Executive Office of Energy & Environmental Affairs. 2019. “Extreme Weather." Massachusetts Climate Change Clearinghouse. http://www.resilientma.org/changes/extreme-weather
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HAZARD POTENTIAL OF DAMS &

Brockton Reservoir Dam Town of Avon Significant




As an FYIl: Boston Sea Level Rise Projections (ft)

Increased coastal flooding
Permanently inundated low-lying coastal areas

Increased shoreline erosion

Emission Scenario | 2030 | 2050 | 2070|2100 _
0.7 1.4 2.3 4.0

Intermediate

Intermediate-High 0.8 1.7 2.9 5.0
High 1.2 2.4 4.2 7.6
Extreme 1.4 3.1 5.4 10.2

(Source: Northeast Climate Adaption Science Center)
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RISK MATRIX




RISK MATRIX

Community Resilience Building Risk Matrix ﬁ#&% @

www.CommunityResilienceBuilding.com

Top Priority Hazards (tornado, floods, wildfire, hurricanes, earthquake, drought, sea level rise, heat wave, etc.)
Priority Time

H-M-L priority tor action over the Short or Long term (and Ongoing)
V = Vulnerability S = Strength
H-M-1 Short Long
Features | Location |Ownership|Vor$ Qngoing
Infrastructural
Societal

Environmental




RISK MATRIX: HAZARDS

www.CommunityResilienceBuilding.com

Community Resilience Building Risk Matrix ﬁ&l‘ @

Top Priority Hazards (tornado, floods, wildfire, hurricanes, earthquake, drought, sea level rise, heat wave, etc.)
Priority Time

H-M-L priority tor action over the Short or Long term (and Ongoing)
V = Vulnerability S = Strength
Short Long
5 H-M-L Ongoin
Features | Location |Ownership|V or Sreeing
Infrastructural
Societal

Environmental




RISK MATRIX: FEATURES

www.CommunityResilienceBuilding.com

Community Resilience Building Risk Matrix ﬁ&l‘ @

Top Priority Hazards (tornado, floods, wildfire, hurricanes, earthquake, drought, sea level rise, heat wave, etc.)
Priority Time

H-M-L priority tor action over the Short or Long term (and Ongoing)
V = Vulnerability § = Strength
way (St
Features Location |Ownership|Vor$§ Sreeing
Infrastructural
Societal

Environmental




RISK MATRIX: FEATURES

H-M-L priority tor action over the Short or Long term (and Ungoing)
V = Vulnerability S = Strength

|Features | Location |Ownership|VorS§

| Infrastructural
| |

[
| Societal

Environmental
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Weston @ Sampson

HAZARDS IN AVON

CHOOSE 4 FOR THE MVP ACTION PLAN
o , " A

FLOOD HAZARDS WIND HAZARDS WINTER STORMS EARTHQUAKES,
LANDSLIDES, ETC.

& A * 4

FIRE EXTREME DROUGHT CLIMATE CHANGE
TEMPERATURES









Avon’s Land Use

>

RANDOLPH

.. HOLBROOK l Legend

Coze TemvacaCabda Prore Fackty VETA D Sug

—— Avon’s Land Use

Scross

Cvarers Stese

'\-- e 57 . - - »
o d Cocn D Comuuniy Grosesnstr Scerce
L
a
<

Foe o sy Bassy Sume

= B . 4,096 Acres (6.4 sq

Mechoal Cavme Sagritcars Mazwe Dun

.
Pubic woecx B consu , n,.]
Waate MarageveriRec/cing Cavmr ¢ Eaaciase Qo4 I
|

MEee Sepph Furging Deiage Sumon ———i2ainatc

Wimer Trastvaet Facky g Va3 wecsad Manin

Town Bouraary Late. Pona. Reswvees

@n'bQ%FEEB LRI

< .

Santn b Funt

e £y B FIGURE 2
\j
TOWN OF AVON, NASSACHUSETTS
Land Use R oo Macham Dby Reudeint unas Pactrscces G Posericansan \\ HAZARD MITIGATION PLAN
T R Lo Dncuy Attt P— e o -
F ' LAND USE

i
Reanssns Viry Low Ownaity Ruskdecesnl

. 5
264N Wt
b - VetrF arwy Rousavas Traansonad

Watn D oo s

OCTOOER 2019 SCALE NOTRD

‘)."‘QSTCn@F ¥TOSON

Weston @ Sampson 4



DATA
RESOURCES _

May 2015

Natural Hazard Mitigation Plan
for the Old Colony Region

WesTon@Sompsoﬁ

Within Avon and
Throughout Massachusetts

e

Massachusetts Climate
Change Projections, 2018)

Old Colony Region Hazard
Mitigation Plan

Massachusetts State
Hazard and Climate ®

Adaptation Plan, 2018 0@
Tl

US Census,
American Community
Survey, 2013-2017

Massachusetts Climate
Change Adaptation Report,
2011
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INFRASTRUCTURAL FEATURES

Roadways

46



SOCIETAL FEATURES

° Population Massachusetts
H‘ 2010 4,364 6,547,790
2017 4,468 6,902,149

Under 18 years: 16.9% 20%

65+ years: 16.0% 17%

Education

Bachelor’'s degree or higher: 27% 42.1%
Additional Information

Median household income: $74,225 S74,167
Persons in poverty: 8.5% 10.5%

Source: U.S. Census Bureau, 2013-2017 ACS Estimates



ENVIRONMENTAL FEATURES

Avon’s Open Space

Brockton Reservoir Demarco Park
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ecce RISK MATRIX: FEATURES

VULNERABILITY OR

Infrastructural Town wide State Vulnerability
Societal Multi- vs. Single- Town Strength
neighborhood
Environmental Private Both

Specific location
Shared
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EXISTING HAZARD PROTECTION

 Participation in the National Flood Insurance Program (NFIP);
 Policy-related strategies targeting new and redevelopment projects;
Local drainage improvement and maintenance activities;
Emergency response planning;

EPA Phase || Stormwater permit requirements;

Public education;

« Cooperation with local utility companies to perform annual tree maintenance
around utility lines

Wes’ron@SOmpsoh
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COMMUNITY ACTIONS

Elevation

Relocation

Zoning &
Regulatory

PROGRAMMATIC

Flood Barriers

PROTECTION

Adaptation

Planning

Dry
Floodproofing

Wet
Floodproofing

ACCOMMODATION Nature &
Nature-Based
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First floor
door i Living area -
o _
Ground
s =1

£
plaa .

- - -,
- - -

(8
—-

provided to let LI .1 =1 L
floodwaters enter

; Furnace and other
_, <~— utilities relocated to
: ' - ol living area or utility
SIpeniige ' , 1L =o' room addition

BFE

;
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-LOOD WALLS

15 6
12 MIN. =
REINFORCED HANDRAIL WITH OPTION
FOR DEPLOYABLE FLOOD BARRIER
I I HILLSIDE EROSION CONTROL PLANTS, (TYP.)
- ADA ACCESSIBLE CREST PATH PLANT SELECTION SHOULD BE APPROPRIATE
TO SURROUNDING ENVIRONMENT.

N

GEOGRID (IF REQUIRED) BACKFILL AND TOPSOIL

"Q-
2070 DFE ) ¢ e it / /_ EXISTING GRADE
Y] y
/ I/ /XTI
e et iy

AR e s s gl oo - e e 7 VARIES, DEPENDING ON
PRI = : S sl Ve = ) L SURROUNDING CONDITION
_— e — — : T bl ls i 8 i I .
TERENaY Ay 7 <Ll = AND ELEVATIONS
- \ —_—F
TOP OF EXISTING SEAWALL, |
MAY NEED MODIFICATIONS R R T e
FILTER FABRIC 5 Nt i e e R e e R R NN TURF REINFORCEMENT MAT
] | \ \E‘ E\ ‘ ‘ E\ ‘ FOR EROSION PROTECTION
; SISl
ol =l ==l =T
5 ,:m:‘ | *L::m:
Wars: ===
EXISTING SEAWALL TO REMAIN VARIES

HARBORWALK BARRIER SEAWALL SAMPLE SECTION
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PLOYABL

- FLOOD BAR

” GATE NS TAGLA TN sy
o WAL O OO0
g , — 4T VY
—- £ et e
7 / |

¥
h
i
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7 7 | N W AT 0K
s o5 | A
TINOP COoMOw R - o 1 WG OWTR AR
WO AR \ -
N AR P, v FIRCLA
i N et |\ 7 DR PAT AT
’ \ e \\ \ // svYy/ — _ﬂ“w..
i!! 1’ \\ \ :
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: S 35 7 n :
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o » " .. . S . - (S5 % © 3
» - . . . " a SOWEL U BT "
_ . 0 Rt A <& .
N - I o LA AN BOLT X N LONG MR
~ SECTION L-L 1 |
' Pl '\ — —
Recessed \ N
Gate Pan N
l Drain Pipe
:‘.‘VJ’“ I
| yosw _§ O HELL rORAnTICR BOLY

FIGURE 1 | A FloodBreak barrier gate diagram
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LN
I
FUTURE BERM ELEVATION ................................................................... g g ......................................................................................... ADA ACCESSIBLE
(2070 CONDITIONS) CREST PATH
S ADA ACCESS PATH
SALT TOLERANT EROS'ON .................................................. g § § g
CONTROL pLANTlNG g g g ; ; ................................. TOE DRAIN
HILLSIDE EROSION
CONTROL PLANTING
- EXISTING
2070 DFE — Wi . GRADE
2030DFE- _ _ _ gl

. —
—
—n Y

CRUSHED STONE BEDDING LAYER -
RIPRAP SCOUR PROTECTION == ‘
TURF REINFORCEMENT MAT srsrsssmsssrssssssssne |
SUITABLE EMBANKMENT FILL
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R

Hons Tovsens Park - The night-time summer rain d&sappears within a few
nours and theralling grass ploins again fill up with people.

o

Hons Tavsens Pork - Peoce of mind ofter the doudburst
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ST

REET TRE

RS

SBOX FILI

Plani/Soil/Microbe Complex
Removes Pollutants, TSS,
Phosphorus, Nitrogen,
Bacteria, Heavy Metals,

Clean-outt+

Curb and

Gutter ¢

Stormwater Inflow
(“First Flush”) i

Energy Dissipator
Stones

Treated Stormwatier
Underdrain System

New or Existing

Catch Basin, Curb

. =f Elevation | Cut or Other Means
ih%;Bypgss Flow

. Linr

of Overflow Relief

| ’_.7_:-~

High Flow Bypass

Filterra Engineered
Media

—— —p

Filterra Concrete
Container
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Rain Garden in a median strip of a townhouse
project. Please note the depressed curb and grate
inlet structure
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STORMWAT

ENTION &
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CULVERT WIDENING TO IMPROVE HABITAT & FLOW
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DUC

IMPERVIOUS AREAS

40% svapotranspration

infittration

Matural Ground Cover

25% deen
* infitration

38% avapotranspiration

35% evapotranspiration

30% evaopotranspiration

infiltration

21% deep

. infitration

10%=20% Impervious Surface

oooQg
= ===
[=f=)==
E=)=]=
oooo
===l
OO0 5o ooOoo
|:“:||:||:| o [ o o o |
oo Q[g oogQg
== el oogoog
oo ooog
oo g ooog
=05/ fapoo
10% sh
infiltration infiltrat

15% deep

=y Infittration

35%-50% Impervious Surface

75%=100% Impervious Surface
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Reflects 80%

\*/

-
/
v i

- -~

Dark Roof | Cool Roof
e —

/ Reflected
§ 4 Sunlight

Source: Heat Island Group at Lawrence Berkeley National Laboratory

Figure 1: Dark vs. Cool Roof Surface Temperatures

Adark roof (left) becomes much hotter than a cool white roof
(right) on a sunny afternoon.

Source: U.S. Department of Energy
Guidelines for Selecting Cool Roofs
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Diesel
Generation

Microgrid :
controller

Solar energy (PV)

Commercial

Li-ion energy
storage

Industrial

Public
services
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LANDSCAPE DESIGN TO ACCOMMODATE WATER

dc 1. CONCEPT #1 - CROWD DIAGRAM

Massachusetts

© DRAW SEVEN PARK Weston(&)Sampson 73

transfor i nent
February 2018 ransform yodr environment




LANDSCAPE DESIGN TO ACCOMMODATE WATER

DRAW SEVEN PARK

February 2018

LEAST MOST
INUNDATION INUNDATION

WesTon@Sompsoﬁ

transform your environrment
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RAISE

OCEAN SIDE

-

NOTE: ROOT SYSTEM
CONTAINED

PRESENT DAY

£y T
=e i W
sy BORROW.
RIPRAP FOR EROSION T \\t FUTURE WATER
PROTECTION FILTER FABRIC L i
e Y e
NOTE! RETAINING WALLS NOT PERF, PIPE b N I
NECESSARY IF CAN SLOPE CONNECTED e
GRADE @ 3.1 INSTEAD TO STORM DRAIN (TYP) \L
EXISTING WATER
SEWER

ROADWAYS

FULL WIDTH VARIES

14" MIN. DISTANCE BETWEEN EXISTING BACK OF
SIDEWALK AND ABUTTING BUILDINGS

14 MIN. DISTANCE BETWEEN TOE OF
SLOPE AND ABUTTING BUILDINGS

CONSTRUCTION &

/— PGL

SLOPE WIDTH PARKING | TRAVEL LANE TRAVEL LANE PARKING | SLOPE WIDTH
|
Y GRAN.CURB
avp)
CRASH BARRIER OR \
GUARDBAIL OPTION U FULL DEPTH CONSTRUGTION
5 RETAINING | EOP.(TYP)
WALL ]
A DYCL
2.0% 2.0% +— CRASH BARRIER OR
2070.DFE o s —_— my GUARDRAIL OPTION
—l e e |
N WAL
= \‘Iﬂ‘(‘l K ) / RETAINING
c8 e emm, B cB 3 \l’(n 3 WALL
s RS s e — NS N
W Wi
N
Q7

EXIST e
GROUND
- ///— %

1

SAMPLE SECTION

\— GRAVEL

NOTE: RETAINING WALLS NOT
NECESSARY IF CAN SLOPE
GRADE @ 3.1 INSTEAD

LG G
S

6" CEM. CONC(TYP)

STORM WATER
NOTE: RETAIN EXISTING DMH
RAISE TO NEW SURFACE ELEVATION
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RE-EVALUATE LOCAL REGULATIONS & POLICIES

BROOKLINE MUNICIPAL VULNERABILITY
PREPAREDNESS (MVP) ACTION PROJECT

chuse

town of brookline, mas

convene a core
team of leaders from
departments, boards,
and commiggions
review existing By-laws
conduct literature
review of examples
from other

municipalities

Wezton & Sampzon will audit the Town of
zoning bylaws, public way design guideines. wetlancabyiam and Department of ® 9=velop and evaluate
Pubchcms Site Plan Review Checklist to identify opportunities to mandate higher altematives
standarde for cimate resdiency and to identify any conflicts these standards might = develop draft
have wﬂh Slsle policy. Our is around the ion of nature- recommendations;
suchasgr i low impact p them

(UD), cpen space i and 3 i The project i funded with town’s Boarde,
by a Action Grant from the ssetts C: i . and
Executive Office of Energy & Env-onmenﬂ Affairs. Depariments.
Weston & will identify iti lur' i into the = develop final
Town of Brookline's bylaws and other i to i the town's recommendations and
resilience againat the effects of einahe change. i L asaiet with preparation
as well as ity and i fiooding. of package to town

Implementation of thiz project will help to reduce rigk of climate change impacts
to public infrastructure, private property, natural rezources, and human safety and

meeting

conduct community

welfare. The project’s specific ions for bylaw azwellas *®

sustainabiity standards for site plan review wil be targeted af new and renovated outreach
projects across all buldlngsecmrs i and housing,

commercial, and i

Weszton & S -3 i i as priority action items in the

town’s “Climate Vulnerability Assessment,” wi ncmde recommendations for

new or amended town bylaws and uo up .

Beat Practices - ve and Site Plan Review checkiiat - that O oOnmat
targets owners and of new and muttitamiy, and g‘mﬁ"‘:ﬂ
commercial properties, and aseists in educating them of the overall benefite to 0|'lml‘!|'l'| Use
theumrumedandhevaluenpmiech\ghe'pmpevtmﬁmndmalechmge Town of Brookiine
impactes. The and will serve az i of the of Planning &
“Site Plan Review™ ordinance that the town will be ing and are i to limit ity

etorm and flood damage. mitigate stormwater runoff, reduce impervi xrf: i i
and improve ecozgystem resiliency. 617-730-2670
westonandzampacn com Wm@S:rmoﬁ
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DEFINE COMMUNITY
ACTIONS










Example of Completed Risk Matrix: Environmental

Community Resilience Building Workshop Risk Matrix

Top 4 Hazards (tornado, floods, wildfire, hurricanes, snow/ice, drought, sea level rise, heat wave, etc.)

H-M-L priority for action over the Short or Long term (and Ongoing) g Priority Time
V = Vulnerability § = Strength Coastal Flooding Inland Flooding and .
v S < Ice and Snow Wind Short Long
SLR/Storm Surge Rain Events H-M-L Dt
Features | Location | Ownership | Vor$
Environmental
IBeaches & Dunes Multiple SLalc:Town- v/s Majnfaln e)dsd.ng beaches & dunes; Assess values and key H s
Private locations relative to people and property
|Forest (uniform age structure) o umwide Town/State v ?;k;taxlllmmurmeut that diversifies the age structure of forests In Town; Assess and identify key vulnerabilities from H s
< I Maintain existing marsh; Consider additional reg y protection (increased setbacks) to prevent impacts to
|satt Marsh Multiple State/Private v/s resource; Assess risk reduction potential from existing and future wetlands H §
" . . 5 . : Assess Impacts to various scenarlos; Identify green
P>
Shoreline Erosion Coastal /Rivers | Town/Private A labaskrochuce Alving shovdlis projects H S
y " Town-State- Secure state funding; Salt . nclude land protection
Open Space Acquisition (for flood impact reduction) Town-wide Private \Y PRAr e bl Secure state/federal funding i Vs H S-L
Identify areas with greatest restoration potential; Areas for
Riparian Buffers Town-wide Town v future acquisition that can prevent floading to adjoining M S
infrastructure
7 N Encourage the State to work more closely with Town to comprehensively maintain town-wide natural resources,
State Parks Specifie State v amenities, and water quality; Coordinate with state regarding evacuation procedures M S
5 Z Improve risk reduction characteristics of waterway through natural infrastructure & )
Rippowam River Specific State/Town \Y Hipartan affer enbaRCUTIONtS M S-L
|orinking water Reservoir Multiple State-Private v Cfmduct ; to compr ly identify vulr_lmbllmes and_develop action plans to increase resilience of L L
natural resources and long term water quality/quantity; Implement improvements
- - Reuse dredged sediment to augment natural infrastructure
Harbor Sedimentation Coastal Town v (beneficial reuse) L L
) State-Town- Maintain existing open space to help reduce risk to Town; Seek 1o increase open space with the highest risk reduction
|Protected Open Space Multiple Peivata S S A Ongoing
Beach/Dune Resiliency Plan Coastal Town/State S Continue to implement/update the Plan Ongoing
Continue to utilize tree inventory 1o develop comprehensive, priority-based tree maintenance plan along
Tree Inventory Town-wide Town S transportation/utility corridors Ongoing
River Restoration Projects Specific Town/Private s (;z::]t:se ?lsmplementatlon of projects to restore river buffer and remove dam to reduce risk to adjoining homes and Ongolng




Community Resilience Building Risk Matrix

www.CommunityResilienceBuilding.org

Top Priority Hazards (tornado, floods, wildfire, hurricanes, earthquake, drought, sea level rise, heat wave, etc.)

H-M-L priority for action over the Short or Long term (and Ongoing) Priority | Time
V = Vulnerability S = Strength
y € FLOOD WIND DROUGHT WINTER STORM | | . |short Long
Features | Location | Ownership | Vor$S Ongoing
Infrastructural
drainage system
Wiy g Townwide Town Both maintenance, flood control Interconnect/purchase H 0,51
measures for structures, water,
flood proofing pumping
Water Storage Page st, Central Town v Repair existing storage H S
St. tanks
Water treatment Townwide Town Both dlsfnbuted generation, tree dlsfnbuted generation, tree H LS&0
maintenance maintenance
Repeater site antenna Page St. Tank Town \4 bracket replacement/repair bracket replacement/repair H S|
Trees along roadways/ROW Townwide Town/Private \% Ass.essment 2ad Ass.essment 2ad L S
Maintenance plans maintenance plan
Roads Townwide Town/State/Private |S cloud burst treatments M S&L
Drainage Townwide Town Both Ass.essment an.d Maicy M S&L
drainage cleaning
Taustrarand Convert to sewer or
Septic system flooding commercial Private/Town \% X M/H 0,S,L
upgrade septic
back up power, convert to back up power, convert to
Information Technology Systems Townwide Town \' fiber optic lines, radio fiber optic lines, radio H 0,S L
control option control option
add storage/improvements
Snow storage Downtown Town \' at compost site and regular L S&0
maintenance
P . Interconnect/purchase
Water distribution system Townwide Town S H 0,S, L
‘water,
Societal
Work w/schools to Work w/schools to Work w/schools to Work w/schools to
Communication w/foreign born population (Haiti) . . communicate, identify communicate, identify communicate, identify communicate, identify
Townwide Private \% . 5 . . M S&0
(Portuguese) translators, website or call |translators, website or call |translators, website or call |translators, website or call
center translation service |center translation service |center translation service |center translation service
Elderly population Townwide Private v vgnable message board vgnable message board vgnable message board vgnable message board M L
signs signs signs signs
Daytime population increase (communication, traffic, IS ey variable message board variable message board variable message board variable message board
Y pop N ! B Stockwell Drive, |Private Both A 8 A 8 A 8 A 8 M Iy
hazard ous materials) Memorial Drive signs signs signs signs




Environmental

Stormwater pollution/impervious surface

Townwide

Town/State/Private

green infrastructure,
improve BMPs, individual
project retrofits

green infrastructure,
improve BMPs as individual
project retrofits

0,S,L

Stormwater system mapping

Townwide

Town/State/Private

complete and make it
accessible to emergency
personell with training

0&S

Mosquito habitat (drainage)

Townwide

Town

drainage system
maintenance, retrofit wet
ponds, bat houses

M/L

0,S,L

High groundwater/ledge (basement flooding)

Townwide

Town/State/Private

conversion of septic to
sanitary, better drainage
maintenance

M/H

0,S,L




APPENDIX B

Hazard Mapping and HAZUS Data

westonandsampson.com WeSTonO' 1IMPS
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HOLBROOK Legend

@ Cable Television/Cellular Phone Facility E MBTA Bus Stop
R A N D O L P H d Church Community Groundwater Source
® Daycares |_ Police Department
@ Emergency Shelter s ] Public Library
Food/Grocery/Supply Stores ie Schools
m Fuel Station and Storage, Tier Il Site Q Town Hall
‘ Housing Authority @ Underground Storage Tanks
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EARTHQUAKE - WIND - FLOOD . TSUNAMI

Risk MAP

Increasing Resilience Together

Hazus: Hurricane Global Risk Report

Region Name: Avon
Hurricane Scenario: Probabilistic 100-year Return Period

Print Date: Wednesday, October 28, 2020

Disclaimer:
This version of Hazus utilizes 2010 Census Data.
Totals only reflect data for those census tracts/blocks included in the user's study region.

The estimates of social and economic impacts contained in this report were produced using Hazus loss estimation methodology software
which is based on current scientific and engineering knowledge. There are uncertainties inherent in any loss estimation technique.
Therefore, there may be significant differences between the modeled results contained in this report and the actual social and economic
losses following a specific Hurricane. These results can be improved by using enhanced inventory data.
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General Description of the Region

Hazus is a regional multi-hazard loss estimation model that was developed by the Federal Emergency
Management Agency and the National Institute of Building Sciences. The primary purpose of Hazus is to provide
a methodology and software application to develop multi-hazard losses at a regional scale. These loss estimates
would be used primarily by local, state and regional officials to plan and stimulate efforts to reduce risks from
multi-hazards and to prepare for emergency response and recovery.

The hurricane loss estimates provided in this report are based on a region that includes 1 county(ies) from the
following state(s):

- Massachusetts

Note:
Appendix A contains a complete listing of the counties contained in the region.

The geographical size of the region is 4.54 square miles and contains 1 census tracts. There are over 1
thousand households in the region and a total population of 4,356 people (2010 Census Bureau data). The
distribution of population by State and County is provided in Appendix B.

There are an estimated 1 thousand buildings in the region with a total building replacement value (excluding
contents) of 1,197 million dollars (2014 dollars). Approximately 83% of the buildings (and 44% of the building
value) are associated with residential housing.

Hurricane Global Risk Report Page 3 of 16
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Building Inventory

General Building Stock

Hazus estimates that there are 1,848 buildings in the region which have an aggregate total replacement value of
1,197 million (2014 dollars). Table 1 presents the relative distribution of the value with respect to the general
occupancies. Appendix B provides a general distribution of the building value by State and County.

Building Exposure by Occupancy Type

%
)
o —
B Residential
2 Commercial
N ® |ndustrial
%,
% .
Agricultural
% B Religious
Government
7004-
B Education
% ——
Table 1: Building Exposure by Occupancy Type
Occupancy Exposure ($1000) Percent of Tot
Residential 527,130 44.03 %
Commercial 513,610 42.90%
Industrial 125,615 10.49%
Agricultural 1,050 0.09%
Religious 13,882 1.16%
Government 5,366 0.45%
Education 10,444 0.87%
Total 1,197,097 100.00%

Essential Facility Inventory

For essential facilities, there are no hospitals in the region with a total bed capacity of no beds. There are 3
schools, 1 fire stations, 1 police stations and 1 emergency operation facilities.

Hurricane Global Risk Report Page 4 of 16
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Hurricane Scenario

Hazus used the following set of information to define the hurricane parameters for the hurricane loss estimate
provided in this report.

Scenario Name: Probabilistic

Type: Probabilistic

Hurricane Global Risk Report Page 5 of 16
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Building Damage

General Building Stock Damage

Hazus estimates that about 9 buildings will be at least moderately damaged. This is over 1% of the total number
of buildings in the region. There are an estimated 0 buildings that will be completely destroyed. The definition of
the ‘damage states’ is provided in the Hazus Hurricane technical manual. Table 2 below summarizes the expected
damage by general occupancy for the buildings in the region. Table 3 summarizes the expected damage by
general building type.

Expected Building Damage by Occupancy

100

80 B Minor
Moderate

60 B Severe
Destruction

40

20

0 ]

Agriculture Commercial

I
Industrial

Education = Government Religion Residential

Table 2: Expected Building Damage by Occupancy : 100 - year Event

None Minor Moderate Severe Destruction
Occupancy Count (%) Count (%) Count (%) Count (%) Count (%)
Agriculture 3.78 94.54 0.18 4.43 0.03 0.73 0.01 0.29 0.00 0.01
Commercial 209.56 95.69 6.80 3.10 228 1.04 0.36 0.17 0.00 0.00
Education 8.67 96.34 0.31 3.48 0.02 0.18 0.00 0.00 0.00 0.00
Government 578 96.38 021 3.45 0.01 0.7 0.00 0.00 0.00 0.00
Industrial 59.10 95.33 241  3.89 0.36 0.58 012 0.19 0.00 0.01
Religion 10.58 96.19 040 3.63 0.02 0.17 0.00 0.01 0.00 0.00
Residential 1,448.88 94.27 82.02 5.34 595 0.39 0.15  0.01 0.01 0.00
Total 1,746.36 92.33 8.66 0.64 0.01
Hurricane Global Risk Report Page 6 of 16



EARTHQUAKE -

WIND - FLOOD

» TSUNAMI

Table 3: Expected Building Damage by Building Type

: 100 - year Event

Building None Minor Moderate Severe Destruction

Type Count (%) Count (%) Count (%) Count (%) Count (%)
Concrete 31 96.41 1 343 0 0.16 0 0.00 0 0.00
Masonry 164 94.76 8 4.34 1 076 0 013 0 0.00
MH 23 99.14 0 065 0 0.16 0 0.00 0 0.05
Steel 148 95.73 4 267 2 1.36 0 024 0 0.00
Wood 1,384 94.61 75 512 4 026 0 0.01 0 0.00

Hurricane Global Risk Report
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Essential Facility Damage

Before the hurricane, the region had no hospital beds available for use. On the day of the hurricane, the model
estimates that O hospital beds (0%) are available for use by patients already in the hospital and those injured by
the hurricane. After one week, none of the beds will be in service. By 30 days, none will be operational.

Hurricane Global Risk Report Page 8 of 16
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Thematic Map of Essential Facilities with greater than 50% moderate

Table 4: Expected Damage to Essential Facilities

# Facilities

Probability of at Probability of Expected
Least Moderate Complete Loss of Use
Classification Total Damage > 50% Damage > 50% <1 day
EOCs 1 0 0 1
Fire Stations 1 0 0 1
Police Stations 1 0 0 1
Schools 3 0 0 3
Hurricane Global Risk Report Page 9 of 16
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Debris Generation

Estimated Debris (Tons)

m Total Debris 2,124
Tree Debris 1,742

B Brick/ Wood 382
Concrete/ 0
Steel

0 400 800 1200 1600 2000 2400

Hazus estimates the amount of debris that will be generated by the hurricane. The model breaks the debris into
four general categories: a) Brick/Wood, b) Reinforced Concrete/Steel, c) Eligible Tree Debris, and d) Other Tree
Debris. This distinction is made because of the different types of material handling equipment required to handle
the debris.

The model estimates that a total of 2,124 tons of debris will be generated. Of the total amount, 1,010 tons
(48%) is Other Tree Debris. Of the remaining 1,114 tons, Brick/Wood comprises 34% of the total, Reinforced
Concrete/Steel comprises of 0% of the total, with the remainder being Eligible Tree Debris. If the building debris
tonnage is converted to an estimated number of truckloads, it will require 15 truckloads (@25 tons/truck) to
remove the building debris generated by the hurricane. The number of Eligible Tree Debris truckloads will
depend on how the 732 tons of Eligible Tree Debris are collected and processed. The volume of tree debris
generally ranges from about 4 cubic yards per ton for chipped or compacted tree debris to about 10 cubic yards
per ton for bulkier, uncompacted debris.

Hurricane Global Risk Report Page 10 of 16
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Social Impact

Shelter Requirement

Estimated Shelter Needs

Displaced
Households

Temporary

. Shelter 1

0 0.2 0.4 0.6 0.8 1

Hazus estimates the number of households that are expected to be displaced from their homes due to the
hurricane and the number of displaced people that will require accommodations in temporary public shelters.
The model estimates 1 households to be displaced due to the hurricane. Of these, 1 people (out of a total
population of 4,356) will seek temporary shelter in public shelters.
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Economic Loss

The total economic loss estimated for the hurricane is 6.6 million dollars, which represents 0.55 % of the total
replacement value of the region’s buildings.

Building-Related Losses

The building related losses are broken into two categories: direct property damage losses and business
interruption losses. The direct property damage losses are the estimated costs to repair or replace the damage
caused to the building and its contents. The business interruption losses are the losses associated with inability
to operate a business because of the damage sustained during the hurricane. Business interruption losses also
include the temporary living expenses for those people displaced from their homes because of the hurricane.

The total property damage losses were 7 million dollars. 4% of the estimated losses were related to the business
interruption of the region. By far, the largest loss was sustained by the residential occupancies which made up
over 80% of the total loss. Table 5 below provides a summary of the losses associated with the building
damage.

Hurricane Global Risk Report Page 12 of 16
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Loss by Business Interruption Type (left)

‘l Building Damage Type (right)
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K
It
%
3,
%
25 B Residential
2 Commercial
%
, B |ndustrial
%
B Others
g
;1—
2
%
“or
Building Content Income Inventory Relocation Rental Wage
Table 5: Building-Related Economic Loss Estimates
(Thousands of dollars)
Category Area Residential Commercial Industrial Others Total
Property Damage
Building 3,891.24 694.34 193.54 36.41 4,815.53
Content 1,314.15 144.85 82.48 1.91 1,543.39
Inventory 0.00 7.15 12.94 0.05 20.14
Subtotal 5,205.39 846.34 288.96 38.37 6,379.06
Business Interruption Loss
Income 0.00 27.03 1.47 3.81 32.31
Relocation 76.00 62.85 4.86 2.62 146.33
Rental 48.42 12.51 1.21 0.25 62.40
Wage 0.00 9.61 2.43 8.93 20.97
Subtotal 124.42 112.00 9.97 15.62 262.01
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Total
Total 5,329.80 958.34 298.93 53.98 6,641.06
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Appendix A: County Listing for the Region

Massachusetts
- Norfolk
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Appendix B: Regional Population and Building Value Data

Building Value (thousands of dollars)

Population Residential Non-Residential Total
|Massach usetts I
Norfolk 4,356 527,130 669,967 1,197,097
Total 4,356 527,130 669,967 1,197,097
Study Region Total 4,356 527,130 669,967 1,197,097

Hurricane Global Risk Report Page 16 of 16



EARTHQUAKE - WIND - FLOOD . TSUNAMI

Risk MAP

Increasing Resilience Together

Hazus: Hurricane Global Risk Report

Region Name: Avon
Hurricane Scenario: Probabilistic 500-year Return Period

Print Date: Wednesday, October 28, 2020

Disclaimer:
This version of Hazus utilizes 2010 Census Data.
Totals only reflect data for those census tracts/blocks included in the user's study region.

The estimates of social and economic impacts contained in this report were produced using Hazus loss estimation methodology software
which is based on current scientific and engineering knowledge. There are uncertainties inherent in any loss estimation technique.
Therefore, there may be significant differences between the modeled results contained in this report and the actual social and economic
losses following a specific Hurricane. These results can be improved by using enhanced inventory data.
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General Description of the Region

Hazus is a regional multi-hazard loss estimation model that was developed by the Federal Emergency
Management Agency and the National Institute of Building Sciences. The primary purpose of Hazus is to provide
a methodology and software application to develop multi-hazard losses at a regional scale. These loss estimates
would be used primarily by local, state and regional officials to plan and stimulate efforts to reduce risks from
multi-hazards and to prepare for emergency response and recovery.

The hurricane loss estimates provided in this report are based on a region that includes 1 county(ies) from the
following state(s):

- Massachusetts

Note:
Appendix A contains a complete listing of the counties contained in the region.

The geographical size of the region is 4.54 square miles and contains 1 census tracts. There are over 1
thousand households in the region and a total population of 4,356 people (2010 Census Bureau data). The
distribution of population by State and County is provided in Appendix B.

There are an estimated 1 thousand buildings in the region with a total building replacement value (excluding
contents) of 1,197 million dollars (2014 dollars). Approximately 83% of the buildings (and 44% of the building
value) are associated with residential housing.
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Building Inventory

General Building Stock

Hazus estimates that there are 1,848 buildings in the region which have an aggregate total replacement value of
1,197 million (2014 dollars). Table 1 presents the relative distribution of the value with respect to the general
occupancies. Appendix B provides a general distribution of the building value by State and County.

Building Exposure by Occupancy Type

%
)
o —
B Residential
2 Commercial
N ® |ndustrial
%,
% .
Agricultural
% B Religious
Government
7004-
B Education
% ——
Table 1: Building Exposure by Occupancy Type
Occupancy Exposure ($1000) Percent of Tot
Residential 527,130 44.03 %
Commercial 513,610 42.90%
Industrial 125,615 10.49%
Agricultural 1,050 0.09%
Religious 13,882 1.16%
Government 5,366 0.45%
Education 10,444 0.87%
Total 1,197,097 100.00%

Essential Facility Inventory

For essential facilities, there are no hospitals in the region with a total bed capacity of no beds. There are 3
schools, 1 fire stations, 1 police stations and 1 emergency operation facilities.
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Hurricane Scenario

Hazus used the following set of information to define the hurricane parameters for the hurricane loss estimate
provided in this report.

Scenario Name: Probabilistic

Type: Probabilistic
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Building Damage

General Building Stock Damage

Hazus estimates that about 91 buildings will be at least moderately damaged. This is over 5% of the total number
of buildings in the region. There are an estimated 3 buildings that will be completely destroyed. The definition of
the ‘damage states’ is provided in the Hazus Hurricane technical manual. Table 2 below summarizes the expected
damage by general occupancy for the buildings in the region. Table 3 summarizes the expected damage by
general building type.

Expected Building Damage by Occupancy

400 |
350 —
B Minor

300

Moderate
250

Severe
200 B Destruction

150

100

50 T—
0 ] —

Agriculture Commercial Education Government Industrial Religion Residential

Table 2: Expected Building Damage by Occupancy : 500 - year Event

None Minor Moderate Severe Destruction

Occupancy Count (%) Count (%) Count (%) Count (%) Count (%)
Agriculture 2.94 73.51 0.73 18.16 022 5.39 0.10 2.60 0.01 0.34
Commercial 170.52 77.86 29.62 13.53 13.63 6.22 519 237 0.04 0.02
Education 719 79.94 141 1562 0.37 4.13 0.03 0.31 0.00 0.00
Government 4.81 80.19 0.92 15.25 025 4.24 0.02 0.32 0.00 0.00
Industrial 47.77 77.05 9.24 14.91 359 579 126 203 0.14 0.22
Religion 8.67 78.83 1.90 17.23 0.40 3.68 0.03 0.26 0.00 0.00
Residential 1,137.47 74.01 333.77 21.72 58.85 3.83 428 0.28 2.62 0.17
Total 1,379.38 377.58 77.32 10.90 2.81
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Table 3: Expected Building Damage by Building Type

: 500 - year Event

Building None Minor Moderate Severe Destruction

Type Count (%) Count (%) Count (%) Count (%) Count (%)
Concrete 26 80.47 5 14.77 1 4.41 0 0.34 0 0.00
Masonry 132 76.32 27 15.78 1 6.40 2 1.36 0 0.16
MH 21 89.59 1 588 1 331 0 0.14 0 1.09
Steel 121 78.11 18 11.35 1 713 5 3.38 0 0.03
Wood 1,087 74.30 322 22.03 48 329 4 024 2 0.14
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Essential Facility Damage

Before the hurricane, the region had no hospital beds available for use. On the day of the hurricane, the model
estimates that O hospital beds (0%) are available for use by patients already in the hospital and those injured by
the hurricane. After one week, none of the beds will be in service. By 30 days, none will be operational.
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Thematic Map of Essential Facilities with greater than 50% moderate

Table 4: Expected Damage to Essential Facilities

# Facilities

Probability of at Probability of Expected
Least Moderate Complete Loss of Use
Classification Total Damage > 50% Damage > 50% <1 day
EOCs 1 0 0 1
Fire Stations 1 0 0 1
Police Stations 1 0 0 1
Schools 3 0 0 0
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Debris Generation

Estimated Debris (Tons)

m Total Debris 6,053
Tree Debris 4,354

B Brick/ Wood 1,694
Concrete/ 5
Steel

0 1000 2000 3000 4000 5000 6000 7000

Hazus estimates the amount of debris that will be generated by the hurricane. The model breaks the debris into
four general categories: a) Brick/Wood, b) Reinforced Concrete/Steel, c) Eligible Tree Debris, and d) Other Tree
Debris. This distinction is made because of the different types of material handling equipment required to handle
the debris.

The model estimates that a total of 6,053 tons of debris will be generated. Of the total amount, 2,525 tons
(42%) is Other Tree Debris. Of the remaining 3,528 tons, Brick/Wood comprises 48% of the total, Reinforced
Concrete/Steel comprises of 0% of the total, with the remainder being Eligible Tree Debris. If the building debris
tonnage is converted to an estimated number of truckloads, it will require 68 truckloads (@25 tons/truck) to
remove the building debris generated by the hurricane. The number of Eligible Tree Debris truckloads will
depend on how the 1,829 tons of Eligible Tree Debris are collected and processed. The volume of tree debris
generally ranges from about 4 cubic yards per ton for chipped or compacted tree debris to about 10 cubic yards
per ton for bulkier, uncompacted debris.
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Social Impact

Shelter Requirement

Estimated Shelter Needs

Displaced 12
Households
Temporary

7 Shelter 6

0 2 4 6 8 10 12

Hazus estimates the number of households that are expected to be displaced from their homes due to the
hurricane and the number of displaced people that will require accommodations in temporary public shelters.
The model estimates 12 households to be displaced due to the hurricane. Of these, 6 people (out of a total
population of 4,356) will seek temporary shelter in public shelters.
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Economic Loss

The total economic loss estimated for the hurricane is 30.1 million dollars, which represents 2.51 % of the total
replacement value of the region’s buildings.

Building-Related Losses

The building related losses are broken into two categories: direct property damage losses and business
interruption losses. The direct property damage losses are the estimated costs to repair or replace the damage
caused to the building and its contents. The business interruption losses are the losses associated with inability
to operate a business because of the damage sustained during the hurricane. Business interruption losses also
include the temporary living expenses for those people displaced from their homes because of the hurricane.

The total property damage losses were 30 million dollars. 9% of the estimated losses were related to the
business interruption of the region. By far, the largest loss was sustained by the residential occupancies which
made up over 61% of the total loss. Table 5 below provides a summary of the losses associated with the
building damage.
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Loss by Business Interruption Type (left)

and Building Damage Type (right)

M Income Relocation M Rental B Wage M Building Content M Inventory
Loss Type by General Occupancy
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Building Content Income Inventory Relocation Rental Wage
Table 5: Building-Related Economic Loss Estimates
(Thousands of dollars)
Category Area Residential Commercial Industrial Others Total
Property Damage
Building 12,881.75 4,641.08 1,633.28 228.19 19,384.31
Content 4,718.52 1,773.16 1,120.37 54.97 7,667.02
Inventory 0.00 86.78 161.91 0.66 249.35
Subtotal 17,600.27 6,501.02 2,915.56 283.83 27,300.68
Business Interruption Loss
Income 0.00 239.15 17.24 26.07 282.46
Relocation 554.32 755.76 71.31 38.07 1,419.46
Rental 243.33 335.66 15.14 3.37 597.50
Wage 0.00 254.31 28.76 167.53 450.60
Subtotal 797.65 1,584.88 132.45 235.03 2,750.02
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Total
Total 18,397.92 8,085.90 3,048.01 518.86 30,050.70
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Appendix A: County Listing for the Region

Massachusetts
- Norfolk
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Appendix B: Regional Population and Building Value Data

Building Value (thousands of dollars)

Population Residential Non-Residential Total
|Massach usetts I
Norfolk 4,356 527,130 669,967 1,197,097
Total 4,356 527,130 669,967 1,197,097
Study Region Total 4,356 527,130 669,967 1,197,097
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Disclaimer:

This version of Hazus utilizes 2010 Census Data.
Totals only reflect data for those census tracts/blocks included in the user’s study region.

The estimates of social and economic impacts contained in this report were produced using Hazus loss estimation methodology software

which is based on current scientific and engineering knowledge. There are uncertainties inherent in any loss estimation technique.

Therefore, there may be significant differences between the modeled results contained in this report and the actual social and economic

losses following a specific earthquake. These results can be improved by using enhanced inventory, geotechnical, and observed ground
motion data.
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General Description of the Region

Hazus-MH is a regional earthquake loss estimation model that was developed by the Federal Emergency Management
Agency (FEMA) and the National Institute of Building Sciences. The primary purpose of Hazus is to provide a methodology
and software application to develop multi-hazard losses at a regional scale. These loss estimates would be used primarily
by local, state and regional officials to plan and stimulate efforts to reduce risks from multi-hazards and to prepare for
emergency response and recovery.

The earthquake loss estimates provided in this report was based on a region that includes 1 county(ies) from the following
state(s):

Massachusetts

Note:
Appendix A contains a complete listing of the counties contained in the region.

The geographical size of the region is 4.54 square miles and contains 1 census tracts. There are over 1 thousand
households in the region which has a total population of 4,356 people (2010 Census Bureau data). The distribution of
population by Total Region and County is provided in Appendix B.

There are an estimated 1 thousand buildings in the region with a total building replacement value (excluding contents) of
1,197 (millions of dollars). Approximately 83.00 % of the buildings (and 44.00% of the building value) are associated with
residential housing.

The replacement value of the transportation and utility lifeline systems is estimated to be 365 and 19  (millions of dollars) ,
respectively.
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Building and Lifeline Inventory

Building Inventory

Hazus estimates that there are 1 thousand buildings in the region which have an aggregate total replacement value of 1,197
(millions of dollars) . Appendix B provides a general distribution of the building value by Total Region and County.

In terms of building construction types found in the region, wood frame construction makes up 79% of the building inventory.
The remaining percentage is distributed between the other general building types.

Critical Facility Inventory

Hazus breaks critical facilities into two (2) groups: essential facilities and high potential loss facilities (HPL). Essential
facilities include hospitals, medical clinics, schools, fire stations, police stations and emergency operations facilities. High
potential loss facilities include dams, levees, military installations, nuclear power plants and hazardous material sites.

For essential facilities, there are 0 hospitals in the region with a total bed capacity of beds. There are 3 schools, 1 fire
stations, 1 police stations and 1 emergency operation facilities. With respect to high potential loss facilities (HPL), there
are no dams identified within the inventory. The inventory also includes 3 hazardous material sites, no military installations
and no nuclear power plants.

Transportation and Utility Lifeline Inventory

Within Hazus, the lifeline inventory is divided between transportation and utility lifeline systems. There are seven (7)
transportation systems that include highways, railways, light rail, bus, ports, ferry and airports. There are six (6) utility
systems that include potable water, wastewater, natural gas, crude & refined oil, electric power and communications. The
lifeline inventory data are provided in Tables 1 and 2.

The total value of the lifeline inventory is over 384.00 (millions of dollars). This inventory includes over 27.96 miles of
highways, 2 bridges, 123.65 miles of pipes.
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Table 1: Transportation System Lifeline Inventory

4 N\
# Locations/ Replacement value
System Component # Segments (millions of dollars)
Highway Bridges 2 12.6915
Segments 15 321.0334
Tunnels 0 0.0000
Subtotal 333.7249
Railways Bridges 0 0.0000
Facilities 0 0.0000
Segments 5 13.1081
Tunnels 0 0.0000
Subtotal 13.1081
Light Rail Bridges 0 0.0000
Facilities 0 0.0000
Segments 2 18.3503
Tunnels 0 0.0000
Subtotal 18.3503
Bus Facilities 0 0.0000
Subtotal 0.0000
Ferry Facilities 0 0.0000
Subtotal 0.0000
Port Facilities 0 0.0000
Subtotal 0.0000
Airport Facilities 0 0.0000
Runways 0 0.0000
Subtotal 0.0000

L Total 365.20
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Table 2: Utility System Lifeline Inventory

( # Locations / Replacement value )
System Component Segments (millions of dollars)
Potable Water Distribution Lines NA 2.2288

Facilities 0 0.0000
Pipelines 0 0.0000
Subtotal 2.2288
Waste Water Distribution Lines NA 1.3373
Facilities 0 0.0000
Pipelines 0 0.0000
Subtotal 1.3373
Natural Gas Distribution Lines NA 0.8915
Facilities 0 0.0000
Pipelines 2 15.5041
Subtotal 16.3956
Oil Systems Facilities 0 0.0000
Pipelines 0 0.0000
Subtotal 0.0000
Electrical Power Facilities 0 0.0000
Subtotal 0.0000
Communication Facilities 0 0.0000
Subtotal 0.0000
L Total 20.00
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Earthquake Scenario

Hazus uses the following set of information to define the earthquake parameters used for the earthquake loss estimate

provided in this report.

Scenario Name

Type of Earthquake

Fault Name

Historical Epicenter ID #
Probabilistic Return Period
Longitude of Epicenter
Latitude of Epicenter
Earthquake Magnitude
Depth (km)

Rupture Length (Km)
Rupture Orientation (degrees)

Attenuation Function

Magnitude 5 Earthquake
Arbitrary

NA
NA

NA

-71.05
42.13

5.00
10.00
NA

NA
Central & East US (CEUS 2008)

Earthquake Global Risk Report
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Direct Earthquake Damage

Building Damage

Hazus estimates that about 461 buildings will be at least moderately damaged. This is over 25.00 % of the buildings in the
region. There are an estimated 30 buildings that will be damaged beyond repair. The definition of the ‘damage states’ is
provided in Volume 1: Chapter 5 of the Hazus technical manual. Table 3 below summarizes the expected damage by
general occupancy for the buildings in the region. Table 4 below summarizes the expected damage by general building type.

Damage Categories by General Occupancy Type

450
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Table 3: Expected Building Damage by Occupancy
Ve
None Slight Moderate Extensive Complete
Count (%) Count (%) Count (%) Count (%) Count (%)
Agriculture 0.86 0.10 096 | 0.18 1.34 0.41 0.62 0.58 0.21 0.70
Commercial 4710 5.49 44.03 @ 8.33 72.02 22.25 4148 @ 38.53 14.37 @ 47.45
Education 2.08 0.24 1.82 | 0.34 2.94 0.91 1.62 1.50 0.54 1.79
Government 1.25 0.15 1.1 0.21 2.00 0.62 1.22 1.14 0.42 1.38
Industrial 12.74 148 11.33 | 2.15 20.57 6.36 12.90 @ 11.98 445 | 14.71
Other Residential 52.83 6.16 35.14 | 6.65 31.21 9.64 15.48 = 14.38 434  14.32
Religion 3.84 045 260 @ 0.49 2.65 0.82 1.44 1.33 0.48 1.58
Single Family 737.42 85.94 431.30 81.64 190.90 58.99 32.91 | 30.56 547 @ 18.06
L Total 858 528 324 108 30
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Table 4: Expected Building Damage by Building Type (All Design Levels)

( None Slight Moderate Extensive Complete
Count (%) Count (%) Count (%) Count (%) Count (%)

Wood 774.80 90.29 456.61 86.43 200.74 62.03 28.42 @ 26.39 2.43 8.04
Steel 29.38 3.42 2531  4.79 53.39 16.50 3449 @ 32.03 12.38 = 40.89
Concrete 3.93 0.46 3.55 0.67 8.48 2.62 5.57 5.18 1.70 5.61
Precast 1.39 0.16 1.05 0.20 2.77 0.86 2.87 2.67 0.94 3.09
RM 945 1.10 469 0.89 10.03 3.10 8.27 7.68 1.54 5.09
URM 36.21 4.22 3295 6.24 39.70 12.27 2213 | 20.55 9.79 32.35
MH 293 0.34 413 0.78 8.52 2.63 5.92 5.50 1.49 4.93

Uotal 858 528 324 108 30 )

*Note:
RM Reinforced Masonry

URM Unreinforced Masonry
MH Manufactured Housing
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Essential Facility Damage

Before the earthquake, the region had hospital beds available for use. On the day of the earthquake, the model estimates
that only hospital beds (%) are available for use by patients already in the hospital and those injured by the earthquake.
After one week, % of the beds will be back in service. By 30 days, % will be operational.

Table 5: Expected Damage to Essential Facilities

4 )
# Facilities
Classification Total At Least Moderate Complete With Functionality
Damage > 50% Damage > 50% > 50% on day 1
Hospitals 0 0 0 0
Schools 3 2 0 1
EOCs 1 1 0 0
PoliceStations 1 1 0 0
FireStations 1 1 0 0
\ 4
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Transportation Lifeline Damage_
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Table 6: Expected Damage to the Transportation Systems

( Number of Locations_
System Component ) . . . . .
Locations/ With at Least With Complete With Functionality > 50 %

Segments Mod. Damage Damage After Day 1 After Day 7

Highway Segments 15 0 0 2 2
Bridges 2 0 0 2 2

Tunnels 0 0 0 0 0

Railways Segments 5 0 0 0 0
Bridges 0 0 0 0 0

Tunnels 0 0 0 0 0

Facilities 0 0 0 0 0

Light Rail Segments 2 0 0 2 2
Bridges 0 0 0 0 0

Tunnels 0 0 0 0 0

Facilities 0 0 0 0 0

Bus Facilities 0 0 0 0 0
Ferry Facilities 0 0 0 0 0
Port Facilities 0 0 0 0 0
Airport Facilities 0 0 0 0 0
Runways 0 0 0 0 0

\_

Table 6 provides damage estimates for the transportation system.

Note: Roadway segments, railroad tracks and light rail tracks are assumed to be damaged by ground failure only. If ground
failure maps are not provided, damage estimates to these components will not be computed.

Tables 7-9 provide information on the damage to the utility lifeline systems. Table 7 provides damage to the utility system
facilities. Table 8 provides estimates on the number of leaks and breaks by the pipelines of the utility systems. For electric
power and potable water, Hazus performs a simplified system performance analysis. Table 9 provides a summary of the
system performance information.
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Table 7 : Expected Utility System Facility Damage

V.
# of Locations
; ; ; o
System Total # With at Least With Complete with Functionality > 50 %
Moderate Damage Damage After Day 1 After Day 7
Potable Water 0 0 0 0 0
Waste Water 0 0 0 0 0
Natural Gas 0 0 0 0 0
Oil Systems 0 0 0 0 0
Electrical Power 0 0 0 0 0
Communication 0 0 0 0 0
Table 8 : Expected Utility System Pipeline Damage (Site Specific)
4 \
System Total Pipelines Number of Number of
Length (miles) Leaks Breaks
Potable Water 69 18 5
Waste Water 42 9 2
Natural Gas 13 0 0
Oil 0 0 0
. J
Table 9: Expected Potable Water and Electric Power System Performance
Total # of Number of Households without Service
Households At Day 1 At Day 3 At Day 7 At Day 30 At Day 90
Potable Water 0 0 0 0 0
1,709
Electric Power 1,446 971 414 75 2
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Induced Earthquake Damage

Fire Following Earthquake

Fires often occur after an earthquake. Because of the number of fires and the lack of water to fight the fires, they can often
burn out of control. Hazus uses a Monte Carlo simulation model to estimate the number of ignitions and the amount of burnt
area. For this scenario, the model estimates that there will be 0 ignitions that will burn about 0.00 sq. mi 0.00 % of the
region’s total area.) The model also estimates that the fires will displace about 0 people and burn about 0 (millions of
dollars) of building value.

Debris Generation

Hazus estimates the amount of debris that will be generated by the earthquake. The model breaks the debris into two
general categories: a) Brick/Wood and b) Reinforced Concrete/Steel. This distinction is made because of the different types
of material handling equipment required to handle the debris.

The model estimates that a total of 56,000 tons of debris will be generated. Of the total amount, Brick/Wood comprises
33.00% of the total, with the remainder being Reinforced Concrete/Steel. If the debris tonnage is converted to an estimated
number of truckloads, it will require 2,240 truckloads (@25 tons/truck) to remove the debris generated by the earthquake.

Earthquake Debris (millions of tons)

M Total Debris
Total Debris Wood
M Total Debris Steel

0.00 0.01 0.02 0.03 0.04 0.05 0.06
Brick/ Wood Reinforced Concrete/Steel Total Debris Truck Load
0.02 0.04 0.06 2,240 (@25 tons/truck)
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Social Impact

Shelter Requirement

Hazus estimates the number of households that are expected to be displaced from their homes due to the earthquake and
the number of displaced people that will require accommodations in temporary public shelters. The model estimates 60
households to be displaced due to the earthquake. Of these, 31 people (out of a total population of 4,356) will seek
temporary shelter in public shelters.

Displaced Households/ Persons Seeking Short Term Public Shelter

Displaced households
H as a result of the
earthquake

Person seeking
temporary public shelter

Displaced households Persons seeking
as aresult of the temporary public shelter
earthquake
60 31
Casualties

Hazus estimates the number of people that will be injured and killed by the earthquake. The casualties are broken down
into four (4) severity levels that describe the extent of the injuries. The levels are described as follows;

- Severity Level 1: Injuries will require medical attention but hospitalization is not needed.

- Severity Level 2: Injuries will require hospitalization but are not considered life-threatening

- Severity Level 3: Injuries will require hospitalization and can become life threatening if not
promptly treated.

- Severity Level 4: Victims are killed by the earthquake.

The casualty estimates are provided for three (3) times of day: 2:00 AM, 2:00 PM and 5:00 PM. These times represent the
periods of the day that different sectors of the community are at their peak occupancy loads. The 2:00 AM estimate
considers that the residential occupancy load is maximum, the 2:00 PM estimate considers that the educational, commercial
and industrial sector loads are maximum and 5:00 PM represents peak commute time.

Table 10 provides a summary of the casualties estimated for this earthquake
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Table 10: Casualty Estimates

( p\
Level 1 Level 2 Level 3 Level 4

2AM  Commercial 0.31 0.08 0.01 0.02
Commuting 0.00 0.00 0.00 0.00
Educational 0.00 0.00 0.00 0.00

Hotels 0.00 0.00 0.00 0.00
Industrial 0.29 0.07 0.01 0.02
Other-Residential 3.26 0.78 0.11 0.21

Single Family 4.42 0.77 0.08 0.15

Total 8 2 0 0

2PM  Commercial 17.31 4.31 0.60 1.17
Commuting 0.00 0.00 0.00 0.00
Educational 6.63 1.70 0.25 0.49

Hotels 0.00 0.00 0.00 0.00
Industrial 213 0.54 0.08 0.15
Other-Residential 0.67 0.16 0.02 0.04

Single Family 0.91 0.16 0.02 0.03

Total 28 7 1 2

5PM | Commercial 11.92 2.98 0.42 0.81
Commuting 0.04 0.06 0.09 0.02
Educational 0.80 0.20 0.03 0.06

Hotels 0.00 0.00 0.00 0.00
Industrial 1.33 0.34 0.05 0.09
Other-Residential 1.28 0.31 0.04 0.08

Single Family 1.74 0.31 0.03 0.06
L Total 17 4 1 1)
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Economic Loss

The total economic loss estimated for the earthquake is 228.77 (millions of dollars), which includes building and lifeline
related losses based on the region's available inventory. The following three sections provide more detailed information
about these losses.
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Building-Related Losses

The building losses are broken into two categories: direct building losses and business interruption losses. The direct
building losses are the estimated costs to repair or replace the damage caused to the building and its contents. The
business interruption losses are the losses associated with inability to operate a business because of the damage sustained
during the earthquake. Business interruption losses also include the temporary living expenses for those people displaced
from their homes because of the earthquake.

The total building-related losses were 228.43 (millions of dollars); 15 % of the estimated losses were related to the business
interruption of the region. By far, the largest loss was sustained by the residential occupancies which made up over 22 % of
the total loss. Table 11 below provides a summary of the losses associated with the building damage.

Earthquake Losses by Loss Type ($ millions) ‘ Earthquake Losses by Occupancy Type ($
millions)
140
B CapitalRelated 2% 120 u Slng!e
Content 24% Family
M Inventory 1%
B Non_Structural  43% 100 Other
Il Relocation 6% . .
Rental 3% Residential
M Structural 17% 80
B Wage 3% B Commercial
Total: 100%
60
B |ndustrial
40
B Others
20
0
Table 11: Building-Related Economic Loss Estimates
(Millions of dollars)
4 )
Category Area Smgl? . Oth_er Commercial Industrial Others Total
Family Residential
Income Losses
Wage 0.0000 0.0000 6.9775 0.6871 0.3077 7.9723
Capital-Related 0.0000 0.0000 5.2190 0.4099 0.0418 5.6707
Rental 0.4664 0.4298 5.7637 0.2091 0.0805 6.9495
Relocation 1.6710 0.3695 9.3028 0.9258 0.7343 13.0034
Subtotal 2.1374 0.7993 27.2630 2.2319 1.1643 33.5959
Capital Stock Losses
Structural 3.9179 0.7748 28.2833 4.2410 1.0111 38.2281
Non_Structural 23.7139 4.8528 51.9030 14.4904 3.1819 98.1420
Content 11.4666 1.5177 29.7887 10.4505 1.8288 55.0523
Inventory 0.0000 0.0000 1.6349 1.7718 0.0068 3.4135
Subtotal 39.0984 7.1453 111.6099 30.9537 6.0286 194.8359
\ Total 41.24 7.94 138.87 33.19 7.19 228.43)
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Transportation and Utility Lifeline Losses

For the transportation and utility lifeline systems, Hazus computes the direct repair cost for each component only. There are
no losses computed by Hazus for business interruption due to lifeline outages. Tables 12 & 13 provide a detailed breakdown
in the expected lifeline losses.

Table 12: Transportation System Economic Losses
(Millions of dollars)

4 )
System Component Inventory Value Economic Loss Loss Ratio (%)
Highway Segments 321.0334 0.0000 0.00

Bridges 12.6915 0.1993 1.57
Tunnels 0.0000 0.0000 0.00
Subtotal 333.7249 0.1993
Railways Segments 13.1081 0.0000 0.00
Bridges 0.0000 0.0000 0.00
Tunnels 0.0000 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Subtotal 13.1081 0.0000
Light Rail Segments 18.3503 0.0000 0.00
Bridges 0.0000 0.0000 0.00
Tunnels 0.0000 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Subtotal 18.3503 0.0000
Bus Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Ferry Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Port Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Airport Facilities 0.0000 0.0000 0.00
Runways 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Total 365.18 0.20 J
\_
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Table 13: Utility System Economic Losses

(Millions of dollars)

4 N\
System Component Inventory Value Economic Loss Loss Ratio (%)
Potable Water Pipelines 0.0000 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Distribution Lines 2.2288 0.0828 3.72
Subtotal 2.2288 0.0828

Waste Water Pipelines 0.0000 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Distribution Lines 1.3373 0.0416 3.1
Subtotal 1.3373 0.0416

Natural Gas Pipelines 15.5041 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Distribution Lines 0.8915 0.0142 1.59
Subtotal 16.3956 0.0142

Oil Systems Pipelines 0.0000 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000

Electrical Power Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000

Communication Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Total 19.96 0.14

L J
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Appendix A: County Listing for the Region

Norfolk, MA
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Appendix B: Regional Population and Building Value Data

( Building Value (millions of dollars) w
State County Name Population
Residential Non-Residential Total
Massachusetts
Norfolk 4,356 527 669 1,197
(_ Total Region 4,356 527 669 1,197)
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Risk MAP

Increasing Resilience Together

Hazus: Earthquake Global Risk Report

Region Name Avon

Pri nt Date: October 28, 2020

Disclaimer:
This version of Hazus utilizes 2010 Census Data.
Totals only reflect data for those census tracts/blocks included in the user’s study region.

The estimates of social and economic impacts contained in this report were produced using Hazus loss estimation methodology software
which is based on current scientific and engineering knowledge. There are uncertainties inherent in any loss estimation technique.
Therefore, there may be significant differences between the modeled results contained in this report and the actual social and economic
losses following a specific earthquake. These results can be improved by using enhanced inventory, geotechnical, and observed ground

motion data.
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General Description of the Region

Hazus-MH is a regional earthquake loss estimation model that was developed by the Federal Emergency Management
Agency (FEMA) and the National Institute of Building Sciences. The primary purpose of Hazus is to provide a methodology
and software application to develop multi-hazard losses at a regional scale. These loss estimates would be used primarily
by local, state and regional officials to plan and stimulate efforts to reduce risks from multi-hazards and to prepare for
emergency response and recovery.

The earthquake loss estimates provided in this report was based on a region that includes 1 county(ies) from the following
state(s):

Massachusetts

Note:
Appendix A contains a complete listing of the counties contained in the region.

The geographical size of the region is 4.54 square miles and contains 1 census tracts. There are over 1 thousand
households in the region which has a total population of 4,356 people (2010 Census Bureau data). The distribution of
population by Total Region and County is provided in Appendix B.

There are an estimated 1 thousand buildings in the region with a total building replacement value (excluding contents) of
1,197 (millions of dollars). Approximately 83.00 % of the buildings (and 44.00% of the building value) are associated with
residential housing.

The replacement value of the transportation and utility lifeline systems is estimated to be 365 and 19  (millions of dollars) ,
respectively.
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Building and Lifeline Inventory

Building Inventory

Hazus estimates that there are 1 thousand buildings in the region which have an aggregate total replacement value of 1,197
(millions of dollars) . Appendix B provides a general distribution of the building value by Total Region and County.

In terms of building construction types found in the region, wood frame construction makes up 79% of the building inventory.
The remaining percentage is distributed between the other general building types.

Critical Facility Inventory

Hazus breaks critical facilities into two (2) groups: essential facilities and high potential loss facilities (HPL). Essential
facilities include hospitals, medical clinics, schools, fire stations, police stations and emergency operations facilities. High
potential loss facilities include dams, levees, military installations, nuclear power plants and hazardous material sites.

For essential facilities, there are 0 hospitals in the region with a total bed capacity of beds. There are 3 schools, 1 fire
stations, 1 police stations and 1 emergency operation facilities. With respect to high potential loss facilities (HPL), there
are no dams identified within the inventory. The inventory also includes 3 hazardous material sites, no military installations
and no nuclear power plants.

Transportation and Utility Lifeline Inventory

Within Hazus, the lifeline inventory is divided between transportation and utility lifeline systems. There are seven (7)
transportation systems that include highways, railways, light rail, bus, ports, ferry and airports. There are six (6) utility
systems that include potable water, wastewater, natural gas, crude & refined oil, electric power and communications. The
lifeline inventory data are provided in Tables 1 and 2.

The total value of the lifeline inventory is over 384.00 (millions of dollars). This inventory includes over 27.96 miles of
highways, 2 bridges, 123.65 miles of pipes.
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Table 1: Transportation System Lifeline Inventory

4 )
s # Locations/ Replacement value
ystem Component # Segments (millions of dollars)
Highway Bridges 2 12.6915
Segments 15 321.0334
Tunnels 0 0.0000
Subtotal 333.7249
Railways Bridges 0 0.0000
Facilities 0 0.0000
Segments 5 13.1081
Tunnels 0 0.0000
Subtotal 13.1081
Light Rail Bridges 0 0.0000
Facilities 0 0.0000
Segments 2 18.3503
Tunnels 0 0.0000
Subtotal 18.3503
Bus Facilities 0 0.0000
Subtotal 0.0000
Ferry Facilities 0 0.0000
Subtotal 0.0000
Port Facilities 0 0.0000
Subtotal 0.0000
Airport Facilities 0 0.0000
Runways 0 0.0000
Subtotal 0.0000

\_ Total 365.20 )
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Table 2: Utility System Lifeline Inventory

(. # Locations / Replacement value )
System Component Segments (millions of dollars)
Potable Water Distribution Lines NA 2.2288

Facilities 0 0.0000
Pipelines 0 0.0000
Subtotal 2.2288
Waste Water Distribution Lines NA 1.3373
Facilities 0 0.0000
Pipelines 0 0.0000
Subtotal 1.3373
Natural Gas Distribution Lines NA 0.8915
Facilities 0 0.0000
Pipelines 2 15.5041
Subtotal 16.3956
Oil Systems Facilities 0 0.0000
Pipelines 0 0.0000
Subtotal 0.0000
Electrical Power Facilities 0 0.0000
Subtotal 0.0000
Communication Facilities 0 0.0000
Subtotal 0.0000
L Total 20.00 )
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Earthquake Scenario

Hazus uses the following set of information to define the earthquake parameters used for the earthquake loss estimate
provided in this report.

Scenario Name Magnitude 7 Earhtquake
Type of Earthquake Arbitrary

Fault Name NA

Historical Epicenter ID # NA

Probabilistic Return Period NA

Longitude of Epicenter -71.05

Latitude of Epicenter 4213

Earthquake Magnitude 7.00

Depth (km) 10.00

Rupture Length (Km) NA

Rupture Orientation (degrees) NA

Attenuation Function Central & East US (CEUS 2008)
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Direct Earthquake Damage

Building Damage

Hazus estimates that about 1,679 buildings will be at least moderately damaged. This is over 91.00 % of the buildings in the
region. There are an estimated 677 buildings that will be damaged beyond repair. The definition of the ‘damage states’ is
provided in Volume 1: Chapter 5 of the Hazus technical manual. Table 3 below summarizes the expected damage by
general occupancy for the buildings in the region. Table 4 below summarizes the expected damage by general building type.

Damage Categories by General Occupancy Type

600

500

400

300 ® Complete
B Extensive
200 Moderate
B Slight
100
0 - —
o Q X S Q )
& © © S & © X
{\o\\% @‘2}0 e>\§;’7"Q e@é\ & O%‘Q} ({\\0\ ® ‘5\01@*
?g Oo(g\ & 004 & é\t@ 4
Qg;

Table 3: Expected Building Damage by Occupancy

-
None Slight Moderate Extensive Complete

Count (%) Count (%) Count (%) Count (%) Count| (%)
Agriculture 0.00/ 0.00 0.00 0.00 0.03 0.01 0.27 @ 0.06 3.70 | 0.55
Commercial 0.02 0.10 0.07 0.05 1.07 0.20 8.74 | 1.87 209.10 30.84
Education 0.00/ 0.00 0.00 0.00 0.04 0.01 0.35 @ 0.07 8.60 @ 1.27
Government 0.00, 0.00 0.00 0.00 0.02 0.00 0.18 @ 0.04 5.80 @ 0.86
Industrial 0.00 0.03 0.01 0.01 0.22 0.04 191 | 0.41 59.85 @ 8.83
Other Residential 0.97| 5.06 7.56 | 5.05 27.09 5.09 2498 | 5.33 78.39  11.56
Religion 0.05 0.28 042 0.28 1.52 0.29 1.48 @ 0.32 752 1.1
Single Family 18.13/94.52 141.63 94.61 502.56 94.37 430.69 91.91 304.99 44.99
L Total 19 150 533 469 678
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Table 4: Expected Building Damage by Building Type (All Design Levels)

( None Slight Moderate Extensive Complete )

Count (%) Count| (%) Count (%) Count (%) Count (%)
Wood 19.14 99.80 149.56 99.91 530.81 | 99.67 457.82 | 97.70 305.67 @ 45.09
Steel 0.01 0.04 0.01 0.01 0.17 0.03 3.17 0.68 151.60 | 22.36
Concrete 0.00/| 0.01 0.00 0.00 0.04 0.01 0.37 0.08 22.83 3.37
Precast 0.00 0.00 0.00 0.00 0.02 0.00 0.08 0.02 8.91 1.31
RM 0.01| 0.05 0.01 0.01 0.21 0.04 0.63 0.13 33.13 4.89
URM 0.02 0.10 0.10 0.07 1.23 0.23 5.75 1.23 133.68  19.72
MH 0.00| 0.00 0.01 0.00 0.09 0.02 0.76 0.16 22.15 3.27
\Total 19 150 533 469 678 )

*Note:

RM Reinforced Masonry
URM Unreinforced Masonry
MH Manufactured Housing
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Essential Facility Damage

Before the earthquake, the region had hospital beds available for use. On the day of the earthquake, the model estimates
that only hospital beds (%) are available for use by patients already in the hospital and those injured by the earthquake.
After one week, % of the beds will be back in service. By 30 days, % will be operational.

Table 5: Expected Damage to Essential Facilities

4 A
# Facilities

Classification Total At Least Moderate Complete = With Functionality
Damage > 50% Damage >50% > 50% on day 1

Hospitals 0 0 0 0

Schools 3 3 2 0

EOCs 1 1 1 0

PoliceStations 1 1 1 0

FireStations 1 1 1 0

N~ 7
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Transportation Lifeline Damage
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Table 6: Expected Damage to the Transportation Systems

( Number of Locations_ A
System Component Locations/  With at Least With Complete With Functionality > 50 %
Segments Mod. Damage Damage After Day 1 After Day 7
Highway Segments 15 0 0 2 2
Bridges 2 2 2 0 0
Tunnels 0 0 0 0 0
Railways Segments 5 0 0 0 0
Bridges 0 0 0 0 0
Tunnels 0 0 0 0 0
Facilities 0 0 0 0 0
Light Rail Segments 2 0 0 2 2
Bridges 0 0 0 0 0
Tunnels 0 0 0 0 0
Facilities 0 0 0 0 0
Bus Facilities 0 0 0 0 0
Ferry Facilities 0 0 0 0 0
Port Facilities 0 0 0 0 0
Airport Facilities 0 0 0 0 0
Runways 0 0 0 0 0
\_ 4

Table 6 provides damage estimates for the transportation system.

Note: Roadway segments, railroad tracks and light rail tracks are assumed to be damaged by ground failure only. If ground
failure maps are not provided, damage estimates to these components will not be computed.

Tables 7-9 provide information on the damage to the utility lifeline systems. Table 7 provides damage to the utility system
facilities. Table 8 provides estimates on the number of leaks and breaks by the pipelines of the utility systems. For electric
power and potable water, Hazus performs a simplified system performance analysis. Table 9 provides a summary of the
system performance information.
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Table 7 : Expected Utility System Facility Damage

e a
# of Locations
System Total # With at Least With Complete with Functionality > 50 %
Moderate Damage Damage After Day 1 After Day 7
Potable Water 0 0 0 0 0
Waste Water 0 0 0 0 0
Natural Gas 0 0 0 0 0
Oil Systems 0 0 0 0 0
Electrical Power 0 0 0 0 0
‘ Communication 0 0 0 0 0

Table 8 : Expected Utility System Pipeline Damage (Site Specific)

rSystem Total Pipelines | Number of Number of\
Length (miles) Leaks Breaks
Potable Water 69 496 124
Waste Water 42 249 62
Natural Gas 13 0 0
Qil 0 0
" >

Table 9: Expected Potable Water and Electric Power System Performance

Total # of Number of Households without Service
Households At Day 1 At Day 3 At Day 7 At Day 30
Potable Water 1,700 1,639 0 0
1,709
Electric Power 1,641 1,524 1,210 484

)

At Day90|
of

2
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Fire Following Earthquake

Fires often occur after an earthquake. Because of the number of fires and the lack of water to fight the fires, they can often
burn out of control. Hazus uses a Monte Carlo simulation model to estimate the number of ignitions and the amount of burnt
area. For this scenario, the model estimates that there will be 0 ignitions that will burn about 0.00 sg. mi 0.00 % of the
region’s total area.) The model also estimates that the fires will displace about 0 people and burn about 0 (millions of
dollars) of building value.

Debris Generation

Hazus estimates the amount of debris that will be generated by the earthquake. The model breaks the debris into two
general categories: a) Brick/Wood and b) Reinforced Concrete/Steel. This distinction is made because of the different types
of material handling equipment required to handle the debris.

The model estimates that a total of 334,000 tons of debris will be generated. Of the total amount, Brick/WWood comprises
30.00% of the total, with the remainder being Reinforced Concrete/Steel. If the debris tonnage is converted to an estimated
number of truckloads, it will require 13,360 truckloads (@25 tons/truck) to remove the debris generated by the earthquake.

Earthquake Debris (millions of tons)

M Total Debris
Total Debris Wood
M Total Debris Steel

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Brick/ Wood Reinforced Concrete/Steel Total Debris Truck Load

0.10 0.23 0.33 13,360 (@25 tons/truck)
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Social Impact

Shelter Requirement

Hazus estimates the number of households that are expected to be displaced from their homes due to the earthquake and
the number of displaced people that will require accommodations in temporary public shelters. The model estimates 634
households to be displaced due to the earthquake. Of these, 333 people (out of a total population of 4,356) will seek
temporary shelter in public shelters.

Displaced Households/ Persons Seeking Short Term Public Shelter

Displaced households
| 3s a result of the
earthquake

Person seeking
temporary public shelter

0 100 200 300 400 500 600 700

Displaced households Persons seeking
as a result of the temporary public shelter
earthquake
634 333
Casualties

Hazus estimates the number of people that will be injured and killed by the earthquake. The casualties are broken down
into four (4) severity levels that describe the extent of the injuries. The levels are described as follows;

- Severity Level 1: Injuries will require medical attention but hospitalization is not needed.

- Severity Level 2: Injuries will require hospitalization but are not considered life-threatening

- Severity Level 3: Injuries will require hospitalization and can become life threatening if not
promptly treated.

- Severity Level 4: Victims are killed by the earthquake.

The casualty estimates are provided for three (3) times of day: 2:00 AM, 2:00 PM and 5:00 PM. These times represent the
periods of the day that different sectors of the community are at their peak occupancy loads. The 2:00 AM estimate
considers that the residential occupancy load is maximum, the 2:00 PM estimate considers that the educational, commercial
and industrial sector loads are maximum and 5:00 PM represents peak commute time.

Table 10 provides a summary of the casualties estimated for this earthquake
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Table 10: Casualty Estimates

( N
Level 1 Level 2 Level 3 Level 4

2AM | Commercial 2.92 0.94 0.15 0.30
Commuting 0.02 0.03 0.04 0.01
Educational 0.00 0.00 0.00 0.00

Hotels 0.00 0.00 0.00 0.00
Industrial 2.60 0.85 0.14 0.27
Other-Residential 34.98 10.84 1.65 3.22

Single Family 70.64 17.38 1.64 2.99

Total 111 30 4 7

2PM  Commercial 164.64 52.81 8.47 16.61
Commuting 0.14 0.27 0.35 0.07
Educational 65.77 21.52 3.60 7.02

Hotels 0.00 0.00 0.00 0.00
Industrial 19.28 6.29 1.04 2.02
Other-Residential 7.24 2.26 0.36 0.66

Single Family 14.83 3.69 0.39 0.64

Total 272 87 14 27

5PM Commercial 114.05 36.60 5.93 11.42
Commuting 297 5.78 7.55 1.57
Educational 7.88 2.58 0.43 0.84

Hotels 0.00 0.00 0.00 0.00
Industrial 12.05 3.93 0.65 1.26
Other-Residential 13.89 4.34 0.68 1.27

Single Family 28.45 7.07 0.75 1.23
L Total 179 60 16 18)
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Economic Loss

The total economic loss estimated for the earthquake is 1,322.15 (millions of dollars), which includes building and lifeline
related losses based on the region's available inventory. The following three sections provide more detailed information
about these losses.
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Building-Related Losses

The building losses are broken into two categories: direct building losses and business interruption losses. The direct
building losses are the estimated costs to repair or replace the damage caused to the building and its contents. The
business interruption losses are the losses associated with inability to operate a business because of the damage sustained
during the earthquake. Business interruption losses also include the temporary living expenses for those people displaced
from their homes because of the earthquake.

The total building-related losses were 1,309.66 (millions of dollars); 11 % of the estimated losses were related to the
business interruption of the region. By far, the largest loss was sustained by the residential occupancies which made up over
25 % of the total loss. Table 11 below provides a summary of the losses associated with the building damage.

Earthquake Losses by Loss Type ($ millions)

‘ Earthquake Losses by Occupancy Type ($

millions)
800
Il Capital-Related 2% 700 u Singl.e
Content 22% Fam I|y
B Inventory 1% 600
B Non_Structural ~ 49% Other
W Retocation o 500 Residential
Il Structural 16%
M Wage 3% 400 B Commercial
Total: 100%
300 B |ndustrial
=0 B Others
100
0
Table 11: Building-Related Economic Loss Estimates
(Millions of dollars)
4 . )
Category  Area gmg.Ie . Oth.er Commercial Industrial Others Total
amily  Residential
Income Losses
Wage 0.0000 0.0000 30.8664 2.5531 1.1871 34.6066
Capital-Related 0.0000 0.0000 24.1649 1.5132 0.1927 25.8708
Rental 4.9746 2.8643 19.9610 0.6989 0.3505 28.8493
Relocation 16.7662 1.9856 28.7146 2.7184 3.1466 53.3314
Subtotal 21.7408 4.8499 103.7069 7.4836 4.8769 142.6581
Capital Stock Losses
Structural 44.9674 5.1371 138.1942 19.3617 5.3572 213.0176
Non_Structural 170.2907 31.1017 332.7025 91.5316 20.4329 646.0594
Content 421171 6.8434 170.5938 59.0342 9.8943 288.4828
Inventory 0.0000 0.0000 9.3401 10.0600 0.0407 19.4408
Subtotal 257.3752 43.0822 650.8306 179.9875 35.7251 1167.0006
\ Total 279.12 47.93 754.54 187.47 40.60 1309.66)
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Transportation and Utility Lifeline Losses

For the transportation and utility lifeline systems, Hazus computes the direct repair cost for each component only. There are
no losses computed by Hazus for business interruption due to lifeline outages. Tables 12 & 13 provide a detailed breakdown
in the expected lifeline losses.

Table 12: Transportation System Economic Losses
(Millions of dollars)

e )
System Component Inventory Value Economic Loss Loss Ratio (%)
Highway Segments 321.0334 0.0000 0.00

Bridges 12.6915 8.7520 68.96
Tunnels 0.0000 0.0000 0.00
Subtotal 333.7249 8.7520
Railways Segments 13.1081 0.0000 0.00
Bridges 0.0000 0.0000 0.00
Tunnels 0.0000 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Subtotal 13.1081 0.0000
Light Rail Segments 18.3503 0.0000 0.00
Bridges 0.0000 0.0000 0.00
Tunnels 0.0000 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Subtotal 18.3503 0.0000
Bus Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Ferry Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Port Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Airport Facilities 0.0000 0.0000 0.00
Runways 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Total 365.18 8.75
\ y,
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Table 13: Utility System Economic Losses
(Millions of dollars)

e ™)
System Component Inventory Value Economic Loss  Loss Ratio (%)
Potable Water Pipelines 0.0000 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Distribution Line 2.2288 2.2323 100.16
Subtotal 2.2288 2.2323

Waste Water Pipelines 0.0000 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Distribution Line 1.3373 1.1213 83.85
Subtotal 1.3373 1.1213

Natural Gas Pipelines 15.5041 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Distribution Line 0.8915 0.3842 43.10
Subtotal 16.3956 0.3842

Oil Systems Pipelines 0.0000 0.0000 0.00
Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000

Electrical Power Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000

Communication Facilities 0.0000 0.0000 0.00
Subtotal 0.0000 0.0000
Total

L ota 19.96 3.74 y
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Appendix A: County Listing for the Region
Norfolk,MA
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EARTHQUAKE - WIND - FLOOD

» TSUNAMI

Appendix B: Regional Population and Building Value Data

( Building Value (millions of dollars) )
State County Name Population
Residential Non-Residential Total
Massachusetts
Norfolk 4,356 527 669 1,197
(_Total Region 4,356 527 669 1,197 )

Earthquake Global Risk Report
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Listening Session Invitation
Greetings,

The Town of Avon was awarded a grant from the Commonwealth’s Municipal Vulnerability
Preparedness Program to identify priority action items that will improve our community’s resilience to
climate change. A Listening Session has been planned to present the plan and collect your feedback as a
valued member of the community.

We hope you can join the Town at this important workshop. By participating in this program, Avon will
be designated as an MVP Community and be eligible for future grants that promote resilience. Following
the workshop, we will be hosting a meeting open to public to receive broader input on the planning
process.


https://www.mass.gov/municipal-vulnerability-preparedness-mvp-program
https://www.mass.gov/municipal-vulnerability-preparedness-mvp-program

Implementation

Mitigation Action Geographic Coverage Responsibility Time Frame Priority
FLOODING
Improve SIEIMEEE SySiET Townwide Public Works Ongoing High
maintenance
Flsleseeiel e Townwide Public Works Short-term High
structures
Tloae .prooﬁn.g 19} Townwide Public Works Long-term High
pumping stations
IOl igEen Townwide Public Works Short and Long-Term Medium
measures for roadways
Assessment and major
cleaning of drainage Townwide Public Works Short and Long-Term Medium
system
Convert to sewer system or Industrial/Commercial .
upgrade septic systems Areas verim GeUie] Ongoing, Short and Long-
Pg plic sy ' . Public Works going. 9 Medium to High
(Stockwell and Memorial . . Term
Drive) Private Parties

Implement green

infrastructure and improve Townwide Public Works Ongoing Medium
existing BMPs.

Implement individual

stormwater project Townwide Public Works Long-Term Medium
retrofits.

Complete stormwater
mapping and make it
accessible to emergency
personnel.

Townwide Public Works Short-term High



S , : Implementation , .

WIND
Distributed generation Townwide o Cennel Long-term
9 Public Works 9
Treg CESEESMEN 2Me Townwide Egbl|o ke Short-term and Ongoing High
maintenance plan Utility Company

Mobile chipper for post-
storm fallen branch and Townwide Public Works Short-term High
debris management

Repeater site antenna Police Department

Page Street Water Tank Short-term High

replacement/repair Public Works

Provide backup power , Town Council . .

sources feiidice Public Works Cngraiig Al
Town Council

Convert to fiber optic lines Townwide Public Works Long-term High
Public Safety

Provide a radio control Townwide Public Safety Short-term High

option for communications Public Works



P , . Implementation , o
MULTI-HAZARD
Work with schools to School D
improve communication Townwide choo epartment Short-term and Ongoing
, . Town Council
with foreign born.
|dentify translators to assist

with dissemination of Townwide Short-term and Ongoing Medium
information.

Establish a website or call

center for translation Townwide Town Council Short-term and Ongoing Medium
services.
Provide variable message

. . Town Council
boarQs in strategic Public Safety
locations.

Medium

Long-term Medium

DROUGHT
Provide a water supply

interconnection for Townwide eri Gome] Long-term High

Public Works
purchase of water.
Repair existing water
Page Street . .
storage tanks Central Street Public Works Short-term High
WINTER STORMS
Add storage and
MBS |mpr.ovements Downtown Public Works Short-term and Ongoing Low
and regular maintenance

at snow compost site



TOWN OF AVON

Listening Session

Hazard Mitigation Plan & Municipal Vulnerability
Preparedness

April 13, 2021
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PROJECT

Robert Spurr
Jeffrey J. Bukunt
Kathleen Waldron
Brian Martin

Patricia Bessette
William Fitzgerald
Gregory Enos

WesTonO 2



Planning CRB Listening HMP-MVP
Grant Workshop Session Plan

September

Weston @ Sampson



Community
Resilience

MVP IN AVON

* Increase resilience of

community
Awareness

Implementation

 Raise awareness of climate
threats

* |dentify priority actions to move
forward

» Create implementation
pathways

Priority Actions

Wes’ron@Sompsoh



HAZARDS &
CLIMATE CHANGE

IN AVON AND NEW ENGLAND
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HAZARDS IN AVON

H
- 5 ” X

FLOOD HAZARDS WIND HAZARDS WINTER STORMS EARTHQUAKES,
LANDSLIDES, ETC.

& A * 4

FIRE EXTREME DROUGHT CLIMATE CHANGE
TEMPERATURES



GREENHOUSE
GASES (GHG)

« Naturally occurring

« Act as a blanket

« Examples: carbon dioxide and
methane

Climate mitigation
ensures there is less to adapt to
and is a key component of our
community’s resilience

Some of the longwave
radiation is not reflected
and radiates out into space

Smithsonian Environmental Research Center. “Too Much of a Good Thing.”
http://forces.si.edu/atmosphere/02_04 07.html



http://forces.si.edu/atmosphere/02_04_07.html

2006 GHG EMISSIONS

Municipal ,
Commercial 7 500, 3%
and Industrial, CO2e/year
23,300, 11%

Residential,
187,200, 86%



Hazards in Avon

Hazard

Frequency (in Avon)

Severity (in Avon)

Flooding High Minor to Serious
Dam Failures Very Low Minor
Snow and Blizzard High Minor to Extensive
Ice Storms High Minor to Extensive
Hurricanes Medium Serious
Nor’easters High Minor To Extensive
Thunderstorms High Minor to Extensive
Brush Fires Medium Minor to Extensive
Earthquakes Very Low Minor to Catastrophic
Landslides Low Minor
Extreme Temperatures High Minor to Serious
Drought High Minor to Serious

Wes’ron@Sompsoﬁ




EXTREME TEMPERATURES

WARMER ANNUAL AIR TEMPERATURES
UP 0.5°F PER DECADE SINCE 1970, ON AVERAGE

WARMER WINTERS
UP 1.3°F PER DECADE SINCE 1970, ON AVERAGE




Weston(&)Sampson

6 24 35

2005 MID-CENTURY END-OF-CENTURY
OBSERVED PROJECTED PROJECTED
ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE

‘DAYS WITH TEMPERATURES ABOVE 90°F

145 114 101

2005 MID-CENTURY END-OF-CENTURY
OBSERVED PROJECTED PROJECTED
ANNUAL AVERAGE ANNUAL AVERAGE ANNUAL AVERAGE

DAYS WITH TEMPERATURES BELOW 32°F

Massachusetts Executive Office of Energy & Environmental Affairs. 2019. “ResilientMA Datagrapher.” Massachusetts Climate Change Clearinghouse. Resilientma.org/datagrapher/?c=Temp/state/tx30/ANN/MA/

Notes: Mid-century projected annual averages use a 2040-2069 time range. End-of-century project annual averages use a 2080-2097 time range.



1961-1990
a0 by
Historic Area (1961-1990) : I/ 5
B Late-century Area (2070-2099) /._-;‘:" ~ 2010-2039
J 2040-2069
2070-2099
> e f._ | R &
Photo: UCSUSA “Confronting Climate Change in the U.S. Northeast”. . ngher Emissions Scenario

Lower Emissions Scenario

Photo: NECIA/UCS, 2007.
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wmosm \VPACTS OF RISING TEMPERATURES

WARMER ANNUAL AIR TEMPERATURES WARMER WINTERS
UP 0.5°F PER DECADE SINCE 1970, ON AVERAGE UP 1.3°F PER DECADE SINCE 1970, ON AVERAGE

INCREASE IN
VECTOR-BORNE
DISEASES

INCREASED SUMMER
DEMAND ON AGING
: ENERGY SYSTEMS
l /

INCREASED HEAT-

INCREASED HEAT- RELATED STRESS ON
RELATED ILLNESSES — LIVESTOCK & CROPS
& MORTALITY
NEEEABES ~ T ¢ INCREASED
ALLERGENS & — DROUGHT &
ASTHMA RATES WILDFIRES
/"/ ‘,/ . /
INCREASED STRESS 4l @ D
ON CRITICAL ) |
INFRASTRUCTURE INCREASE IN MIGRATING PLANT
HARMFUL ALGAL & ANIMAL SPECIES
BLOOMS
Massachusetts Executive Office of Energy & Environmental Affairs. 2019. “Rising Temperatures.” Massachusetts Climate Change Clearinghouse. http://www.resilientma.org/changes/rising-temperatures
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MOSQUITO SEASON GROWING

ﬁ NOW e

Bl 119

LS DAYS

980-1989 On average per year
since 2006

bourcos Yarrgss andc Eliahie (20131 MNCKIL
Nabiooal ity tes of Hestth, Doymet Data
Ok Ridge National Laboratory cLMATE QD) CENTRAL




PRECIPITATION DURING
HEAVY EVENTS IN THE
NORTHEAGST

PRECIPITATION INCREASED
BY MORE THAN

0%

BETWEEN 1958-2010

CHANGES IN

MORE INTENSE & FREQUENT EXTREME RAIN EVENTS

Massachusetts Executive Office of Energy & Environmental Affairs. 2019. “Changes in Precipitation.” Massachusetts Climate Change Clearinghouse. Resilientma.org/changes/changes-in-precipitation



EXTREME PRECIPITATION

O
8%  13%

precipitation events
by midcentury

Increase in extreme
precipitation events
by 2100

17
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PROJECTED
CHANGES IN
PRECIPITATION
oy o
st 5870  59.71 oot

00000 40000 40444
00004 40000 44444
04000 40004 44444
04000 40004 44444
00004 40004 44444
000" 4004°  40d4a
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wwers VMPACTS OF CHANGING PRECIPITATION

HIGHER AVERAGE ANNUAL PRECIPITATION

YY) INCREASED BY ABOUT 10% IN THE NORTHEAST INTHE LAST 50 YEARS

DECREASED SUMMER
PRECIPITATION COULD
INCREASE EPISODIC
DROUGHTS

WETTER SPRINGS
DELAY PLANTING
& REDUCE YIELD

NEW STRESSES
FOR ECOSYSTEMS

INCREASED ROAD
POLLUTANTS IN
WATERBODIES

DROUGHTS CAN
WEAKEN TREE
ROQOT SYSTEMS

CROP DAMAGE
FROM INTENSE
RAINFALL

DROUGHTS CAN
REDUCE LOCAL
WATER SUPPLY

lassachusetts Climate Change Clearinghouse. http://www.resilientma.org/changes/changes-in-precipitation

Massachusetts Executive Office of Energy & Environmental Affairs. 2019. “Changes in Precipitation.” Massac

19



ZONE ANNUAL CHANCE FLOODPLAIN
A, AE, A1-A30 1% ANNUAL CHANCE 100-YEAR FLOODPLAIN
X 0.2% ANNUAL CHANCE 500-YEAR FLOODPLAIN

“By 2050, Boston could experience the
current 100- year riverine flood every two to
three years on average”

20



FLOODING

Vulnerable Areas

» Poor drainage
« High amounts of impervious surface
» Undersized culverts

75 events reported by NOAA since 1998
for Norfolk County:

* No reported deaths or injuries

 Just over $41M in property
damage

« March 2010 accounts for just over
80% of total damage 2



WINTER STORMS

“Heavy blizzards are among the

most costly and disruptive
weather events for
Massachusetts communities.”

The blizzard of 2013 left nearly
400,000 Massachusetts

residents without power

22



Northeast and Midwest seasonal patterns

The most notable recent
drought event was in

2016 - 17

%
5
3
3
i

ATaWa
The occurrence of droughts
lasting 1 to 3 months
could go up by as much as
/5% over existing conditions
by the end of the century,
under the high emissions scenario

Shifted season projected from increasing temperatures and precipitation changes

Image credit: Northeast Climate Science Center, University of Maryland
Center for Environmental Science

23



'EROSION

« Caused by riverine flow & stormwater,

* Increased precipitation, including winter rains, could
Increase erosion;

* Drier soils will reduce resistance to erosion

24

1. Executive Office of Energy and Environmental Affairs, Adaptation Advisory Committee. 2011. “Massachusetts Climate Change Adaptation Report,” 42.



WILDFIRE HAZARD AREAS (INTERFACE AND INTERMIX)

2018 Massachusetts Hazard Mitigation and Climate Adaptation Plan

Legend Data Source: MassGIS 2017
SILVIS Lad,
Wildfire (2010) Municpaites Departmaent of Forest Ecology
intertace [ Countes and Management, University of
a8 s g States Wisconsin-Madison, 2010

A=COM

Massachusetts State Plane o & % . % % A
North American Oatum 1663 Sies o
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HURRICANES AND EARTHQUAKES

e

HURRICANE Atlantic hurricane activity EARTHQUAKE
Sandy since 1970 30-40
and nor’easters | Earthquakes occur in
cause downed trees and Nor easlters along the New England each
ower lines | Atlantlc poast are year, although most
increasing in frequency are not felt.

6

Upward trend in North

and intensity

Source: Climate Science Special Report, Fourth National Climate Assessment (NCA4), Volume prepared by the U.S. Global Change Research Program (USGCRP)Northern Middlesex
Council of Governments. 2015. “Hazard Mitigation Plan for the Northern Middlesex Region,” 159-160.



e IMPACTS OF EXTREME WEATHER

o STORMS ARE BECOMING MORE INTENSE AND DAMAGING

SALT MARSHES &

ECONOMIC DAMAGES
e % & BUSINESS DISRUPTION
COASTAL HABITAT

INCREASED
INJURIES &

RE-SHAPED RIVER
COURSES MORTALITY

DISPLACEMENT

OF RESIDENTS /

v ', ;
PROPERTY ? 3
DAMAGE

INCREASED
' INFRASTRUCTURAL

REPAIR COSTS

Massachusetts Executive Office of Energy & Environmental Affairs. 2019. “Extreme Weather." Massachusetts Climate Change Clearinghouse. http://www.resilientma.org/changes/extreme-weather
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HAZARD POTENTIAL OF DAMS &

Brockton Reservoir Dam Town of Avon Significant




As an FYIl: Boston Sea Level Rise Projections (ft)

Increased coastal flooding
Permanently inundated low-lying coastal areas

Increased shoreline erosion

Emission Scenario | 2030 | 2050 | 2070|2100 _
0.7 1.4 2.3 4.0

Intermediate

Intermediate-High 0.8 1.7 2.9 5.0
High 1.2 2.4 4.2 7.6
Extreme 1.4 3.1 5.4 10.2

(Source: Northeast Climate Adaption Science Center)
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Avon’s Land Use
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DATA
RESOURCES _

May 2015

Natural Hazard Mitigation Plan
for the Old Colony Region

WesTon@Sompsoﬁ

Within Avon and
Throughout Massachusetts

e

Massachusetts Climate
Change Projections, 2018)

Old Colony Region Hazard
Mitigation Plan

Massachusetts State
Hazard and Climate ®

Adaptation Plan, 2018 0@
Tl

US Census,
American Community
Survey, 2013-2017

Massachusetts Climate
Change Adaptation Report,
2011
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INFRASTRUCTURAL FEATURES

Roadways

33



SOCIETAL FEATURES

° Population Massachusetts
H‘ 2010 4,364 6,547,790
2017 4,468 6,902,149

Under 18 years: 16.9% 20%

65+ years: 16.0% 17%

Education

Bachelor’'s degree or higher: 27% 42.1%
Additional Information

Median household income: $74,225 S74,167
Persons in poverty: 8.5% 10.5%

Source: U.S. Census Bureau, 2013-2017 ACS Estimates



ENVIRONMENTAL FEATURES

Avon’s Open Space

Brockton Reservoir Demarco Park

35
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SYNOPSIS of ACTIONS

Wes’ron@SOmpsoh

Implementation

Improve drainage system
maintenance

Flood control measures for
structures

Floed proofing for
pumping stations
Cloudburst mitigation
rmeasures for roadways
Assessment and major
cleaning of drainage
syatem

Conwvert to sewer system or
upgrade seplic systems.

Implement green
infrastructure and improve
existing BMPs.

Implement individual
stormwater project
retrofits.

Complete stormwater
mapping and make it
accessible to emergency
personnel.

Townwide
Townwide
Townwide

Townwide

Townwide
Industrial/Commercial
Areas
(Stockwel and Memorial
Dhrivvez)

Townwide

Townwide

Townwide

FLOODING
Public Works

Public Works
Public Works

Fublic Works

Public Works

Town Council
Public Works
Private Parties

Fublic Works

Fublic Works

Public Works

Ongaing
Short-term
Lang-term

Short and Lang-Term

Short and Lang-Term

Ongoing, Shor and Long-

Term

Ongaing

Leng-Term

Short-term

Mediurm

Medium

Mediurmn ta High

Mediurm

Mediurm

High

37



SYNOPSIS of ACTIONS

|
WIND
Distributed generation Townwide Lol B e Long-tem
Public Works
Tree assessment and : Public Works :
maintenance plan Townwide Utility Company Short-term and Ongoing High

Maobile chipper for post-
storm fallen branch and Townwide Public Warks Short-term High
debris management

Repeater site antenna Police Department

replacement/repair Page Street Water Tank Public Warks Short-term High

Provide backup power . Town Council

SOUrces L ilr s Public Warks Ongaing High
Town Council

Convert to fiber optic lines Townwide Public Warks Lang-term High
Public Safety

Prowvide a radio control : Public Safety

option for communications Towmwide Public Works Short-enn High

Wes’ron@sgmpsoh



SYNOPSIS of ACTIONS

|

MULTI-HAZARD
Work with schoals to

improve communication Townwide School Department Shor-term and Ongoing Mediurm

} Town Council
with foreign borm.
ldentify translators to assist
with dissemination of Townwide Short-term and Ongoing Medium
infarmation.
Establish a website or call
center for translation Townwide Tewn Council Short-term and Ongoing Medium
services.
Provide variable message - - |

. own Counci .
boards in strategic . -
rds In strategi Public Safety Long-term Mediurm

locations.

DROUGHT
Provide a water supply

interconnection for Townwide Lﬂfﬁ;:‘;ﬁ" Long-term High
purchase of water.

Repair existing water

storage tanks Cﬁ'—i’fﬁfgﬁ‘et Public Works Short-term High
WINTER STORMS
Add storage and
lefen;il?;:?nzﬁr:giﬁ Downtown Public Works Short-term and Ongoing Low

at snow compost site
Wes’ron@sgmpsoh



WESTON & SAMPSON

Jim Riordan, Team Leader

riordanj@wseinc.com
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APPENDIX D

Plan Adoption
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BOARD OF SELECTMEN
Steven P. Rose, Chairman mn mn Df gh Un Town Offices
Eric S. Beckerman, Clerk Buckley Center 02322

Jason L. Suzor, Associate ﬁlaggatb ugettg (508) 588-0414

FAX (508) 559-0209
Gregory S. Enos
TOWN ADMINISTRATOR

CERTIFICATE OF ADOPTION
TOWN OF AVON, MASSACHUSETTS

A RESOLUTION ADOPTING THE TOWN OF AVON HAZARD MITIGATION PLAN 2021
UPDATE

WHEREAS, the Town of Avon established a Core Committee to prepare the Town of Avon
Hazard Mitigation Plan 2021 Update; and

WHEREAS, the Town of Avon Hazard Mitigation Plan 2021 Update contains several potential
future projects to mitigate impacts from natural hazards in the Town of Avon; and

WHEREAS, a duly noticed public meeting was held by the Core Committee on April 14", 2021;
and

WHERAS, the draft plan was reviewed by the Massachusetts Emergency Management Agency
(MEMA) and the Federal Emergency management Agency (FEMA) Region 1; and

WHERAS FEMA Region 1 notified the Town on December 15, 2021 an Approvable Pending
Adoption Notice, stating that it found the plan meets the requirements of 44 CFR 201 pending
adoption; and

WHEREAS, the Town of Avon authorizes responsible departments and/or agencies to execute
their responsibilities demonstrated in the plan; and

NOW, THEREFORE BE IT RESOLVED that,a t a duly noticed public meeting held January 6',

2022 the Avon Board of Selectmen adopts the Town of Avon Hazard Mitigation Plan 2021
Update.

ADOPTED: January 6, 2022

A /,
Signediy/;/l e /,/////C-—-v {/C)/A’ -
Eric S. Beckerman, Acting Chair, Board of Selectmen Date

ATTEST
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Plan Approval
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U.S. Department of Homeland Security
FEMA Region I

99 High Street, Sixth Floor

Boston, MA 02110-2132

FEMA

January 12, 2022

Dawn Brantley, Acting Director

Massachusetts Emergency Management Agency
400 Worcester Road

Framingham, Massachusetts 01702-5399

Dear Acting Director Brantley:

The U.S. Department of Homeland Security, Federal Emergency Management Agency (FEMA)
Region I Mitigation Division has approved the Town of Avon Hazard Mitigation Plan 2021 Update
effective January 11, 2022 through January 10, 2027 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 funding will be
evaluated according to the eligibility requirements identified for each of these programs. A specific
mitigation activity or project identified in this 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 to remain eligible for FEMA mitigation grant funding.

Thank you for your continued commitment and dedication to risk reduction demonstrated by
preparing and adopting a strategy for reducing future disaster losses. Should you have any
questions, please contact Brigitte Ndikum-Nyada at (617) 378-7951 or brigitte.ndikum-
nyada@fema.dhs.gov.

Sincerely,

Paul F. Ford
Acting Regional Administrator
DHS, FEMA Region [

PFF: bnn

cc:  Jeffrey Zukowski, Hazard Mitigation Planner, MEMA
Marybeth Groff, CFM, Hazard Mitigation & Climate Adaptation Coordinator

Beth Dubrawski, Hazard Mitigation Contract Specialist, MEMA


mailto:brigitte.ndikum-nyada@fema.dhs.gov
mailto:brigitte.ndikum-nyada@fema.dhs.gov

LOCAL MITIGATION PLAN REVIEW TOOL - Final
Town of Avon, MA

The Local Mitigation Plan Review Tool demonstrates how the Local Mitigation Plan meets the
regulation in 44 CFR §201.6 and offers States and FEMA Mitigation Planners an opportunity to
provide feedback to the community.

e The Regulation Checklist provides a summary of FEMA’s evaluation of whether the Plan has

addressed all requirements.
e The Plan Assessment identifies the plan’s strengths as well as documents areas for future

improvement.

e The Multi-jurisdiction Summary Sheet is an optional worksheet that can be used to

document how each jurisdiction met the requirements of each Element of the Plan
(Planning Process; Hazard Identification and Risk Assessment; Mitigation Strategy; Plan
Review, Evaluation, and Implementation; and Plan Adoption).

The FEMA Mitigation Planner must reference this Local Mitigation Plan Review Guide when
completing the Local Mitigation Plan Review Tool.

Jurisdiction: Town of Avon, MA

Title of Plan on adoption certificate: The Town | Date of Plan: Sept 2021
of Avon Hazard Mitigation Plan 2021 Update

Single or Multi-jurisdiction plan? SINGLE

New Plan or Plan Update? Update

Local Point of Contact: William Fitzgerald

Title: Director of Public Works

Agency/Address: Avon, MA Department of Public Works, 65 East

Main Street, Avon, MA 02332

Regional Point of Contact:
Title:
Agency/Address:

Phone Number:

Phone Number: 508-588-0414 E-Mail:
E-Mail: wfitzgerald@avon-ma.gov
State Reviewer: Title: Date:

Jeffrey Zukowski Hazard Mitigation Planner 9/27/2021; 12/10/2021 & 01/10/2022
FEMA Reviewer: Title: Date:
Jay Neiderbach FEMA Community Planner | 11/5/2021

Brigitte Ndikum-Nyada

Community Planner

11/10/2021; 12/8-12/15/21 & 1/11/2022 & 1/13/22

Date Received in FEMA Region |

9/27/2021, 12/10/2021 & 01/10/2022

Plan Not Approved 11/10/2021
Plan Approvable Pending Adoption | 12/15/2021
Plan Adopted 01/06/2022
Plan Approved 01/11/2022

Local Mitigation Plan Review Tool - Town of Avon, MA A-1



mailto:wfitzgerald@avon-ma.gov

SECTION 1:
REGULATION CHECKLIST

INSTRUCTIONS: The Regulation Checklist must be completed by FEMA. The purpose of the
Checklist is to identify the location of relevant or applicable content in the Plan by Element/sub-
element and to determine if each requirement has been ‘Met’ or ‘Not Met.” The ‘Required
Revisions’ summary at the bottom of each Element must be completed by FEMA to provide a clear
explanation of the revisions that are required for plan approval. Required revisions must be

explained for each plan sub-element that is ‘Not Met.” Sub-elements should be referenced in each
summary by using the appropriate numbers (A1, B3, etc.), where applicable. Requirements for each
Element and sub-element are described in detail in this Plan Review Guide in Section 4, Regulation

Checklist.

1. REGULATION CHECKLIST

Regulation (44 CFR 201.6 Local Mitigation Plans)

ELEMENT A. PLANNING PROCESS

Location in Plan
(section and/or
page number)

Not
Met

Al. Does the Plan document the planning process, including how it
was prepared and who was involved in the process for each
jurisdiction? (Requirement §201.6(c)(1))

pp. 13-21, Appendices
A C

A2. Does the Plan document an opportunity for neighboring
communities, local and regional agencies involved in hazard
mitigation activities, agencies that have the authority to regulate
development as well as other interests to be involved in the
planning process? (Requirement §201.6(b)(2))

pp. 13-21, Appendices
A C

A3. Does the Plan document how the public was involved in the
planning process during the drafting stage? (Requirement
§201.6(b)(1))

pp. 13-21, Appendices
A C

A4. Does the Plan describe the review and incorporation of existing
plans, studies, reports, and technical information? (Requirement
§201.6(b)(3))

pp. 15, 79-84,
citations throughout

AS5. Is there discussion of how the community(ies) will continue

mitigation plan within a 5-year cycle)? (Requirement §201.6(c)(4)(i))

public participation in the plan maintenance process? (Requirement | p. 19
§201.6(c)(4)(iii))

Ab. Is there a description of the method and schedule for keeping

the plan current (monitoring, evaluating and updating the pp. 77-78

ELEMENT A: REQUIRED REVISIONS

ELEMENT B. HAZARD IDENTIFICATION AND RISK ASSESSMENT

B1. Does the Plan include a description of the type, location, and
extent of all-natural hazards that can affect each jurisdiction(s)?
(Requirement §201.6(c)(2)(i))

pp. 22-58, Appendix B

B2. Does the Plan include information on previous occurrences of
hazard events and on the probability of future hazard events for
each jurisdiction? (Requirement §201.6(c)(2)(i))

pp. 22-58, Appendix B
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1. REGULATION CHECKLIST Location in Plan

(section and/or

Regulation (44 CFR 201.6 Local Mitigation Plans) page number)
B3. Is there a description of each identified hazard’s impact on the
community as well as an overall summary of the community’s pp. 22-58, Appendix B X

vulnerability for each jurisdiction? (Requirement §201.6(c)(2)(ii))
B4. Does the Plan address NFIP insured structures within the
jurisdiction that have been repetitively damaged by floods? p. 31 X
(Requirement §201.6(c)(2)(ii))
ELEMENT B: REQUIRED REVISIONS

ELEMENT C. MITIGATION STRATEGY

C1. Does the plan document each jurisdiction’s existing authorities,
policies, programs and resources and its ability to expand on and
improve these existing policies and programs? (Requirement
§201.6(c)(3))

C2. Does the Plan address each jurisdiction’s participation in the
NFIP and continued compliance with NFIP requirements, as pp. 60, 64 X
appropriate? (Requirement §201.6(c)(3)(ii))

C3. Does the Plan include goals to reduce/avoid long-term
vulnerabilities to the identified hazards? (Requirement p. 58 X
§201.6(c)(3)(i))

C4. Does the Plan identify and analyze a comprehensive range of
specific mitigation actions and projects for each jurisdiction being
considered to reduce the effects of hazards, with emphasis on new | pp. 70-76 X
and existing buildings and infrastructure? (Requirement
§201.6(c)(3)(ii))

C5. Does the Plan contain an action plan that describes how the
actions identified will be prioritized (including cost benefit review),
implemented, and administered by each jurisdiction? (Requirement
§201.6(c)(3)(iv)); (Requirement §201.6(c)(3)(iii))

C6. Does the Plan describe a process by which local governments
will integrate the requirements of the mitigation plan into other
planning mechanisms, such as comprehensive or capital p.78 X
improvement plans, when appropriate? (Requirement
§201.6(c)(4)(ii))

ELEMENT C: REQUIRED REVISIONS

pp. 59-66 X

pp. 70-76 X

ELEMENT D. PLAN REVIEW, EVALUATION, AND IMPLEMENTATION (applicable to plan
updates only)

D1. Was the plan revised to reflect changes in development? 11 X
(Requirement §201.6(d)(3)) -
D2. Was the plan revised to reflect progress in local mitigation 67-69 X
efforts? (Requirement §201.6(d)(3)) Pp-
D3. Was the plan revised to reflect changes in priorities?

.67-69, 73-76 X
(Requirement §201.6(d)(3)) PP !

ELEMENT D: REQUIRED REVISIONS
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1. REGULATION CHECKLIST

Regulation (44 CFR 201.6 Local Mitigation Plans)

ELEMENT E. PLAN ADOPTION

Location in Plan
(section and/or
page number)

Met

Not
Met

E1l. Does the Plan include documentation that the plan has been
formally adopted by the governing body of the jurisdiction
requesting approval? (Requirement §201.6(c)(5))

Signed adoption
certificate is on file.
HMP was adopted on
01/06/2022

E2. For multi-jurisdictional plans, has each jurisdiction requesting
approval of the plan documented formal plan adoption?
(Requirement §201.6(c)(5))

N/A

ELEMENT E: REQUIRED REVISIONS

ELEMENT F. ADDITIONAL STATE REQUIREMENTS (OPTIONAL FOR STATE REVIEWERS

ONLY; NOT TO BE COMPLETED BY FEMA)

F1.

F2.

ELEMENT F: REQUIRED REVISIONS
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SECTION 2:
PLAN ASSESSMENT

A. Plan Strengths and Opportunities for Improvement
This section provides a discussion of the strengths of the plan document and identifies areas

where these could be improved beyond minimum requirements.

Element A: Planning Process

Strengths:
e Integrating the plan with the MVP process encouraged a more comprehensive approach
with better feedback from stakeholders.
e The planincludes a clear description of the topics discussed during the CRB workshop.

Opportunities for Improvement:

e |n future plan updates ensure the HMP title is the same title referenced throughout the
plan as well as on the official adoption certificate. This is the title that was effective
captured on the formal adoption certificate: “The Town of Avon Hazard Mitigation Plan
2021 Update”

e Include more information about which stakeholders were invited and how they were
invited.

e On page 19 it is clearly stated that the April 14 meeting several comments were offered
and incorporated into the HMP/MVP. If public comments were not received during the
July 22" public meeting, state so.

e Consider expanding public engagement in the planning process for future updates.
Other communities have found success offering periodic presentations, distributing
guestionnaires or surveys, and posting on social media and interactive websites.

Element B: Hazard Identification and Risk Assessment

Strengths:
e The flooding and hurricane exposure analyses provides a useful framework for
estimating the impacts of future events in the community.
e The plan addresses how the probability or severity of future hazard events may change
in the future due to changes in climate, population, or land use.
e The plan incorporates 500-year floodplain data into the flood profile and map. While
not regulatory, the 500-year data is a great planning tool for future development.

Opportunities for Improvement:
e Ensure the most recent available information is incorporated for all hazards, including
wildfire and earthquakes.

Element C: Mitigation Strategy

Strengths:
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The plan's goals pertain specifically to mitigation, rather than response/preparedness,
and address long-term risk, as well as how to integrate the plan with other community
planning efforts.

After several meetings and technical assistance with plan developer, element C6.d.,
required revision was addressed and the revised draft HMP resubmitted, and APA
issued.

Opportunities for Improvement:

On page 8 of the plan, it is stated that Avon is not currently eligible to participate in the
CRS Program. It is important to clarify that the National Flood Insurance Program’s
Community Rating System (CRS) is a volunteer program, which means every
participating community in the NFIP can apply to join the CRS. Explain why the Town of
Avon thinks it is not eligible to join CRS.

Include more community-specific details about how the general local capabilities listed
in the plan apply to Avon. In the next and future Plan updates, ensure these local
capabilities are addressed to sufficiently meet element C1.a. What was included in this
update is a phrase indicating it can be done, not what has or could be done to expand
and improve upon these capabilities: “The Town can also expand on and improve the
existing policies and programs listed above.” The plan must describe existing authorities,
policies, programs and resources and the ability to expand and improve upon them. See
FEMA Local Mitigation Planning Handbook page 4-1 for Capability Assessment and the
worksheet on pages 4-16 to 4-28. Local Mitigation Planning Handbook (fema.gov)
Provide more details about mitigation actions. For example, for actions identified as
both short-term and long-term, describe what aspects will be short-term and which
aspects will be long-term. As another example, for the action of “flood control
measures for structures,” identify what the specific measures and structures will be.
Including more description will facilitate evaluation of the plan during future updates
and assist with implementation.

Element D: Plan Update, Evaluation, and Implementation (Plan Updates Only)

Strengths:

The community profile includes useful context on development.

Opportunities for Improvement and looking ahead and planning for the next HMP update

Clearly state what the changes in priorities are from the previous plan.

Identify how priorities were determined. Include information on what methodology or
model was used, such as STAPLEE (Social, Technical, Administrative, Political, Legal,
Economic, & Environmental).

Consider how equity can further be addressed and incorporated into the risk
assessment including in the changes in development and changes in risk.
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https://www.fema.gov/sites/default/files/2020-06/fema-local-mitigation-planning-handbook_03-2013.pdf

e Continue to highlight the successes of meeting the Town’s long-term reduction
(mitigation) goals.

e Future updates could include the number of building permits issued since the last plan
update and similar types of information to add to the changes in development narrative,
including general land use changes in neighboring jurisdictions that may affect the
community’s risk.

e Continue to get specific when identifying all forms of changes in development whether it’s
expansions or improvements to existing structures and infrastructure, changes in use,
future development plans and policies, or just building permit increases and changes in
population. Be sure these changes are always connected to whether it is increasing,
decreasing, or having no effect on the Town’s overall risk. The changes in development
specifically occurring since the last plan approval were lacking in establishing how these
may have changed the Town'’s risk (increased, decreased, no change). The changes over the
last 5 or so years were clearly identified but were not clearly associated to changes in risk.

e The changes in development are focused on flood hazards and zones or locations. How
structures are built are also important considerations to how risk may have increased or
decreased in the community. New building codes, design standards, policies, open space
preservation can all be considered changes in development and can actually reduce the
Town’s risk to other hazards such as high winds, heavy snow-loads, ground shifting or
erosion, brush or wildfires, and extreme heat. Continue to expand this section in the risk
assessment.

e Ensure that the changes in priorities are clearly identified. This can also include, for
example, changes to priorities in public involvement, stakeholder engagement, use of key
data or information, priorities on vulnerable key assets, expanding capabilities, and
priorities in the plan’s maintenance and implementation.

e Discuss the effect that recently completed mitigation work has had on reducing the
community’s risk.

e Expand on and describe how the mitigation strategy has helped to meet community’s
overall goals.

e Expand and describe the status of previously recommended mitigation actions (as well
as existing mitigation capabilities).

e |dentify barriers or obstacles to successful implementation or completion of mitigation
actions, along with possible solutions for overcoming risk.

e Document annual reviews and committee involvement.

e |dentify a lead person to take ownership of and champion the Plan.

e Serve as a guide for decisions makers as they commit resources to reducing the effects
of natural hazards.

e An approach to evaluating future conditions (i.e., expanding mitigation and making
connection to equity, socio-economic, environmental, demographic, changes in built
environment, etc.).

e Discuss how changing conditions and opportunities could impact community resilience
in the long term.
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e Describe general land use changes in neighboring jurisdictions that may affect the
community's risk. Invite and involve neighboring communities in development changes
that may impact them and vice versa.

e Consider including a discussion on how mitigation activities have increased the
community’s resilience and support other long-term community planning goals.

¢ Including a discussion of lessons learned about implementing mitigation actions would
strengthen the plan, as would a short narrative on some “success stories” about their
implementation.

e Be sure to reflect progress made in local mitigation efforts since the last plan update
and any changes in priorities.

e Provide more details about how development trends have changed since the last plan
update. Consider including data on building permits, major renovations, population
changes, and/or the number of structures located within the 1% floodplain.

e (learly state what the changes in priorities are from the previous plan, as a summary of
the changes in priorities for individual actions. If there have been overall changes in the
plan’s focus, such as more attention on climate resiliency, identify those priorities as
well.
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B. Resources for Implementing Your Approved Plan

Refer to the Massachusetts Integrated State Hazard Mitigation and Climate Action Plan, Resilient MA
Climate Clearinghouse, and State’s Climate Action Page to learn about hazards relevant to

Massachusetts and the State’s efforts and action plan.

Technical Assistance:

FEMA
[ ]

FEMA Climate Change: Provides resources that address climate change.

FEMA Library: FEMA publications can be downloaded from the library website. These resources
may be especially useful in public information and outreach programs. Topics include building
and construction techniques, NFIP policies, and integrating historic preservation and cultural
resource protection with mitigation.

FEMA RiskMAP: Technical assistance is available through RiskMAP to assist communities in
identifying, selecting, and implementing activities to support mitigation planning and risk
reduction. Attend RiskMAP discovery meetings that may be scheduled in the state, especially
any in neighboring communities with shared watersheds boundaries.

Other Federal

State

EPA Resilience and Adaptation in New England (RAINE): A collection of vulnerability, resilience
and adaptation reports, plans, and webpages at the state, regional, and community levels.
Communities can use the RAINE database to learn from nearby communities about building
resiliency and adapting to climate change.

EPA Soak Up the Rain: Soak Up the Rain is a public outreach campaign focused on stormwater
quality and flooding. The website contains helpful resources for public outreach and easy
implementation projects for individuals and communities.

NOAA C-CAP Land Cover Atlas: This interactive mapping tool allows communities to see their
land uses, how they have changed over time, and what impact those changes may be having on
resilience.

NOAA Sea Grant: Sea Grant’s mission is to provide integrated research, communication,
education, extension and legal programs to coastal communities that lead to the responsible
use of the nation’s ocean, coastal and Great Lakes resources through informed personal, policy
and management decisions. Examples of the resources available help communities plan, adapt,
and recovery are the Community Resilience Map of Projects and the National Sea Grant
Resilience Toolkit

NOAA Sea Level Rise Viewer and Union for Concerned Scientists Inundation Mapper: These
interactive mapping tools help coastal communities understand how their hazard risks may be
changing. The “Preparing for Impacts” section of the inundation mapper addresses policy
responses to protect communities.

NOAA U.S. Climate Resilience Toolkit: This resource provides scientific tools, information, and
expertise to help manage climate-related risks and improve resilience to extreme events. The
“Steps to Resilience” tool may be especially helpful in mitigation planning and implementation.

Massachusetts Emergency Management Agency: The Massachusetts State Hazard Mitigation
Officer (SHMO) and State Mitigation Planner(s) can provide guidance regarding grants, technical
assistance, available publications, and training opportunities.

Massachusetts Departments of Conservation and Recreation and Environmental Protection can
provide technical assistance and resources to communities seeking to implement their hazard
mitigation plans.
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https://www.mass.gov/service-details/massachusetts-integrated-state-hazard-mitigation-and-climate-adaptation-plan
http://resilientma.org/
http://resilientma.org/
https://www.mass.gov/topics/climate-action
https://www.fema.gov/climate-change
http://www.fema.gov/library
https://www.fema.gov/risk-mapping-assessment-and-planning-risk-map
https://www.epa.gov/raine
https://www.epa.gov/soakuptherain
https://coast.noaa.gov/ccapatlas/
https://seagrant.noaa.gov/
https://coast.noaa.gov/slr/
https://ucsusa.maps.arcgis.com/apps/MapSeries/index.html?appid=64b2cbd03a3d4b87aaddaf65f6b33332&entry=2
https://toolkit.climate.gov/
https://toolkit.climate.gov/#steps
https://www.mass.gov/orgs/massachusetts-emergency-management-agency
https://www.mass.gov/orgs/department-of-conservation-recreation
https://www.mass.gov/orgs/massachusetts-department-of-environmental-protection

e https://www.mass.gov/guides/floodplain-management Massachusetts 2020 Model Floodplain
Bylaws. https://msc.fema.gov/portal

® MA Mapping Portal: Interactive mapping tool with downloadable data

Not for Profit

e Kresge Foundation Online Library: Reports and documents on increasing urban resilience,
among other topics.

e Naturally Resilient Communities: A collaboration of organizations put together this guide to
nature-based solutions and case studies so that communities can learn which nature-based
solutions can work for them.

e Rockefeller Foundation Resilient Cities: Helping cities, organizations, and communities better
prepare for, respond to, and transform from disruption.

Funding Sources:

e Massachusetts Coastal Resilience Grant Program: Funding for coastal communities to address
coastal flooding, erosion, and sea level rise.

e  Massachusetts Municipal Vulnerability Preparedness program: Provides support for
communities to plan for climate change and resilience and implement priority projects.

e Massachusetts Water Quality Grants: Clean water grants that can be used for river restoration
or other kinds of hazard mitigation implementation projects.

e Grants.gov: Lists of grant opportunities from federal agencies (HUD, DOT/FHWA, EPA, etc.) to
support rural development, sustainable communities and smart growth, climate change and
adaptation, historic preservation, risk analyses, wildfire mitigation, conservation, Federal
Highways pilot projects, etc.

e FEMA Hazard Mitigation Assistance (HMA): FEMA’s Hazard Mitigation Assistance provides
funding for projects under the Hazard Mitigation Grant Program (HMGP), Pre-Disaster
Mitigation (PDM), and Flood Mitigation Assistance (FMA). States, federally recognized tribes,
local governments, and some not-for-profit organizations are eligible applicants.

e GrantWatch: The website posts current foundation, local, state, and federal grants on one
website, making it easy to consider a variety of sources for grants, guidance, and partnerships.
Grants listed include The Partnership for Resilient Communities, the Institute for Sustainable
Communities, the Rockefeller Foundation Resilience, The Nature Conservancy, The Kresge
Climate-Resilient Initiative, the Threshold Foundation’s Thriving Resilient Communities funding,
the RAND Corporation, and ICLEI Local Governments for Sustainability.

e USDA Natural Resource Conservation Service (NRCS) and Rural Development Grants: NRCS
provides conservation technical assistance, financial assistance, and conservation innovation
grants. USDA Rural Development operates over fifty financial assistance programs for a variety
of rural applications.
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June 2021
EXECUTIVE SUMMARY

The Town of Avon (the “Town”) has undertaken a study of stormwater retrofits to address flooding that
is predicted to come with climate change and the increased intensity of precipitation that it is bringing.
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This study compliments similar work completed for the Trout Brook Watershed by addressing
stormwater concerns in the remainder of the Town. The ultimate goal of the current study is to develop
conceptual stormwater best management practice (BMPs) designs with an approach for prioritizing
BMPs and next steps for implementation.

This draft report represents the first step in the development of the study and focuses on current
conditions in the study area related to stormwater along with methods for assessing BMP priorities. Next

steps will include desktop assessment to locate BMPs, field assessment of locations, and development
of a final with conceptual designs for potential BMPs.

\\wse03.loca\WSE\Projects\MA\Avon\MVP Grant Project\Stormwater\Desktop Assessment Methods and Mapping 20200517.docx
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1.0 AVAILABLE DATA AND CURRENT STUDY AREA CONDITIONS

This section discusses watershed data including land use, cultural resources and habitat and soils. This
section also discusses stormwater infrastructure data that is available from the Town. The purpose of
this discussion is to provide information to support the conceptual design of structural BMPs.

1.1 Relationship between Land Use and Stormwater

Stormwater runoff is a part of the hydrologic cycle (the movement of water between the Earth’s
atmosphere, land, and waterbodies). (See Figure 1.1.) When land is developed with buildings and
roads, that development interrupts the natural hydrologic cycle by blocking absorption of water into soil
and uptake by plants. Pavement and other surfaces that prevent precipitation from draining into the soil
are collectively referred to as impervious surface. Figure 1.1 below illustrates how increasing degrees
urbanization may disrupt the natural water cycle and reduce the land’s capacity to retain stormwater.

Figure 1.1 Stormwater Runoff and Urban Development

Stormwater runoff is a natural part of the hydrologic (i.e., water) cycle, but urban development and dense
areas of impervious surface increase stormwater runoff to the extent that it causes floods and degrades
water resources.

Impervious cover and intensity of development provide good metrics for the expected adverse effect of
stormwater and the overall health of a watershed. Numerous studies have documented the cumulative
effects of urbanization on stream and watershed ecology (Schueler et al., 1992; Schueler, 1994;
Schueler, 1995; Booth and Reinelt, 1993, Arnold and Gibbons, 1996; Brant, 1999; Shaver and Maxted,
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1996). Research has shown that when impervious cover in a watershed reaches between 10 and 25
percent, ecological stress becomes clearly apparent. Beyond 25 percent impervious cover, stream
stability is reduced, habitat is lost, water quality becomes degraded, and biological diversity decreases
(NRDC, May 1999).

Land use within in Avon was obtained from the most recent MassGIS land use layer. Land use describes
how the natural environment has been modified into a built environment. Impervious surface covers
approximately 22.8% of land in the study area and is denser in more developed areas of Town. Figure
1.2 on the following page shows the extent of impervious surface and urban land development
throughout the Town.

Table 1.1
Land Use in the Study Area

o Percentage of
Land Use Classification Study Area

Commercial 7.7%
Industrial 12.7%
Open land 42.4%
Residential - multi-family 3.3%
Residential - single family 15.8%
Right-of-way 15.8%
Tax exempt 2.1%
Unknown 0.2%
Total 100.0%

In recent years, Avon, like most of Southern New England has experienced an increase in severe weather
and intense rain and snow events. Climate data indicates this trend will probably continue as will the
challenge of managing stormwater. Avon finds itself at particular risk due to a particularly high density
of development and the condition of its stormwater system, most of which was developed many years
ago.

1.2 Municipally Owned Land

Municipally owned land is an ideal location for structural stormwater BMPs to reduce the volume of
runoff and associated pollutant loads, as the Town already owns these parcels and, therefore, does not
have to acquire land rights or request permission to install BMPs. The Town provided a municipally
owned parcel layer and a municipally owned open space layer. The total area of municipally owned land
in the study area is 337 acres. Municipally owned land is shown in figures 1.3 and 1.4.

1.3 Soils

To determine soil types within the watershed area, MassGIS publishes a layer from the U.S. Department
of Agriculture, Natural Resources Conservation Service. To be practical, stormwater BMPs must be
selected to fit in with the conditions of the watershed. We reviewed hydrologic soil groups (HSG) to
determine whether infiltration would be feasible. We assumed HSG soil types A, B and C could
reasonably support some volume of infiltration; however, HSG types A and B are generally preferred as
they will more readily infiltrate.

Table 1.2, on the following page, breaks down the distribution of hydrologic soil types.
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Table 1.2
Hydrologic Soil Groups in the Study Area

Hyg:g'tj"c General Distribution in Watershed

A 3.10% | Primarily in the south part of the study area
B 41.68% | Dominant hydrologic soil throughout the study area
C 16.34% | Primarily in the northern part of the study area
D 11.93% | Isolated pockets within the B and C areas
Urban Fill 24.34% | Isolated pockets throughout watershed

HSG A and B, which make up approximately 45% of the soils in the study area are generally appropriate
for infiltration BMPs, which are ideal for treatment and removal of bacteria. Figure 1.3 shows general
distribution of HSG soil types within Avon focusing on A, B, and C soils since these are the only
appropriate soils for infiltration BMPs.

1.4 Stormwater Infrastructure

Figures 1.3 and 1.4 depict stormwater drainage elements. Stormwater infrastructure in Avon consists
primarily of catch basins, manholes, drainage piping, and some detention basins. Table 1.3 provides a
general summary of stormwater system elements in the study area.

Table 1.3
Stormwater System Elements in the Study Area

Stormwater System Element Type

Catch Basins 870
Manholes 361
Outfalls 234
Miles of Pipe 2.89 miles

Avon, like most municipalities, generally manages stormwater with gravity fed systems as it is typically
impractical to pump stormwater. Retrofits proposed under this report also rely on gravity conveyance.
Understanding the location of existing stormwater infrastructure and its elevation is essential to
developing a strategy for retrofits.
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2.0 IDENTIFICATION AND EVALUATION OF CATCHMENTS

The following section discusses the selection of locations for development of conceptual BMP designs.

2.1 Selection of Areas for Conceptual Design Work

A primary obijective of this study is to select sites for conceptual BMP design. Structural stormwater BMP
alternatives were considered throughout the Avon-owned properties of the study area. Management
practices for flooding focus on increasing the capacity of existing stormwater drainage networks with
the addition and enlargement of pipes and addition of relief mechanisms. Retrofits will be sited using
best engineering judgement.

To be practical, stormwater BMPs must be selected to fit in with the conditions of the watershed.
Conditions considered should include land use, cultural resources, and environmental constraints such
as wetlands, soil type and proximity to groundwater. Candidate BMPs in this study are intended to be
appropriate for open spaces and roadways in residential areas. These BMPs include vegetated BMPs
(e.g., bioretention) and buried BMPs (e.g., drainage structure and pipe networks, subsurface infiltration).
BMP locations were selected using the following siting criteria:

When identifying locations to site BMPs, we used MassGIS and Town data.

e Site BMPs on Town- or publicly owned property to the extent practicable with a strong preference
for areas of Town-owned land.

o Maximize potential stormwater capture and treatment based on impervious surface within
stormwater catchments, hydrologic location, availability of public land, and existing drainage
patterns.

o Avoid disturbance of cultural and historic resources as well as wetlands and other sensitive
receptors.

e Assume HSG soil types A, B and C could reasonably support some volume of infiltration but
focus on HSG soil types A and B since they provide better infiltration capacity.

e Prioritize management of significant flood risk by siting BMPs in hydrologic proximity to the 100-
year floodplain.
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3.0 STRUCTURAL ALTERNATIVES
A primary objective of this study is to select suitable sites for conceptual BMP design. Structural
stormwater BMP alternatives were considered throughout Avon.

3.1 Identification of Preferred BMP Locations and their Capacity to Treat Stormwater
BMP locations were selected using the following siting criteria:
¢ Site BMPs on Town or publicly owned land to the extent practicable.
¢ Maximize potential stormwater capture and treatment based on hydraulic location and existing

drainage patterns.
e Avoid disturbances of cultural and historic resources as well as wetlands and other sensitive

receptors.
The Massachusetts Department of Environmental Protection (MassDEP) wetlands layer was used, along
with the Massachusetts Historic Commission and National Register of Historic Places cultural resources
database to identify potential BMP locations and selected preferred locations using the process
described in sections 3.1.1 through 3.1.4. The four figures on the pages that follow depict the BMP
locations the approximate area of imperious surface that can conceptually be routed to the BMP

locations.
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Figure 3.1 BMP Siting Grant Drive and Stockwell Drive

3-2



Stormwater Nature-Based Solutions

Outside of Trout Brook Watershed
June 2021

Legend
@ Outfall
——— Stormwater Gravity Main { 3 3 ,r :
—»— Culvert \ :
Water Bodies

| Parcels
|[|]]]I|] Town Owned Parcels
I:l Stormwater Catchments
10" Index Contour

U772 100 Year Fiood

Right of Way
- Impervious Surface
[ ] AType soil 319,742 sq ft
I & Type soil of impervious surface
I c Type soi 2\
S Subsurface Infiltration
[ sand Filter
Impervious Surface Area
Impervious Surface Area

407,145 sq ft
of impervious surface

sy

FIGURE 2
TOWN OF AVON, MASSACHUSETTS
HMP [ MVP

CONCEPTUAL STORMWATER
MANAGEMENT DESIGNS
SOUTH STREET

MAY 2021 SCALE: NOTED

Weston @ Sampson
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3.1.1  Selection of Candidate Locations Based on Property Ownership

Assessor parcel data from MassGIS, as well as stormwater infrastructure data supplied by the Town
and LIDAR were used to select candidate sites for conceptual BMPs. The general approach began
with identification of the following:

o Town-owned properties in Avon with green space. Town-owned properties were focused on
because they are under Town control and will not require purchase or transfer of development
rights. This simplifies the implementation process and eliminates significant potential expense.

e (Other public owned lands near outfalls and privately owned vacant lots contiguous to Town-
owned properties with green space. Additional space typically improves the feasibility of BMP
implementation. It is anticipated that the Town might wish to acquire the property rights to
implement BMPs in locations where hydrologic capacity of Town-owned property is limited,
but siting feasibility is otherwise favorable.

3.1.2 Analysis Based on Hydrology and Hydraulic Location

Feasibility of BMP installation at a given site relies significantly on hydrologic location, which can be
determined by reviewing topography. Available LIDAR data was used to develop topographic
mapping. It was assumed that both surface and subsurface flow direction generally followed surface
topography. A flow-to analysis was conducted, which approximately determined the catchment areas
of hydrologic low points on candidate BMP sites. MassGIS impervious surface coverage data layer
was overlaid to determine the approximate area of impervious surface that would be expected to drain
to the candidate sites.

3.1.3  Connectivity to Town-Owned Ouitfalls

The area of impervious surface within the drainage catchment of each candidate site was used as a
measure of its potential capacity to treat stormwater. Impervious surface is considered to be a primary
source of pollutants in urban runoff. As such, it is commonly used as a unit of measure to determine
the capacity of treatment elements in stormwater management practice design.

3.1.4 Environmental and General Land-Use Constraints

To be practical, BMPs must be selected to fit in with the conditions of the surrounding area. Conditions
considered should include land use, cultural resources, and environmental constraints such as
wetlands, soil type, and proximity to groundwater. All candidate BMPs are intended to be appropriate
for open spaces and roadways in residential areas. These BMPs include vegetated BMPs (e.g.,
bioretention) and buried BMPs (e.g., surface infiltration). When identifying locations to site BMPs,
MassGIS data was used to avoid wetland areas and areas near sensitive historic and cultural
resources. Hydrologic soil groups (HSG) were reviewed to determine whether infiltration would be
feasible. It was assumed that soil types A and B would support infiltration and HSG type C soils would
require nonfiltrating BMPs (e.g., wet vegetated treatment systems and sand filters).

3.2 Candidate Best Management Practices

For this conceptual design study, BMPs with significant capacity to treat bacteria were considered
and
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based on information available in the Massachusetts Stormwater Handbook, which was supplemented
with data from the Rhode Island Stormwater Design and Installation Standards Manual when data was
insufficient. Stormwater treatment mechanisms that work well to remove these pollutants include
vegetated treatment, filtration, and infiltration. The use of BMPs that treat stormwater primarily by
detention and sedimentation were considered but generally avoided since a number of field studies
have shown such BMPs to export pollutants such as bacteria and nutrients. Appendix B provides a
description of each type of BMP considered for this study as well as a discussion of their general
application, advantages, and limitations. Appendix B also provides schematics and photographs of
the candidate BMPs. The tables below provide a summary of information in Appendix B.

Since water quality treatment BMPs all provide good flood attenuation capacity (a principal focus of
this study), BMPs were primarily selected for their water quality improvement capacity, which can vary
quite substantially from BMP type to BMP type. Capacity to remove pathogens and phosphorus are
key stormwater pollutants for freshwater resources and were used for this purpose of selecting BMP
preferences. BMP types were also considered for their capacity to function appropriately in the subject
setting (e.g., residential versus industrial). Low-end limits for preferred BMPs were 70 percent removal
of pathogens and 30 percent removal of phosphorus. BMPs with vegetative treatment processes and
infiltrative capacity were considered to be preferred as these processes are generally more reliable for
nutrient removal. Selection of preferred BMPs was limited to those that have the capacity to treat large
areas (i.e., five acres or more) or roadways since we are focusing on retrofits to address community
areas as opposed to individual private properties.

The following BMPs were selected as preferred for further consideration. This is not intended to
preclude the use of other BMPs, but instead to provide guidance in selecting BMPs for conceptual
consideration and further study:

Table 3-1

Candidate BMPs Selected for Further Consideration
Preferred BMPs Secondary BMPs Removed from Consideration
(Any Setting) Consideration (Roadways Only) in this Study

(Any Setting)
o Bioretention o Water Quality Swale e Subsurface e Dry Wells
o Infiltration Basin e Sand Filter Infiltration e Green Roofs et al

¢ Constructed Stormwater
Wetland?

o Wet Retention Pond?

o Vegetated Filter Strip
Vegetated Drainage Ways
Planter and Tree Box
Porous Pavement
Proprietary Media Filter
Infiltration Trenches

Notes
a. Removed due to the presence of standing water, which is inappropriate for this application.
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Table 3-2
Summary of Candidate Best Management Practices for Selection of Retrofits

Pollutant Removal

peak Flow e Treatment Process Application
Control Bacteria o Infiltration Vegetative Common Drainage Area
(+70%) LA L) Filtration Treatment Areas Roads (+5 acres)
Bioretention v v v v v Appropriate | Appropriate Appropriate
Constructed Stormwater . . .
v v v

Wetland Appropriate | Appropriate Appropriate
Dry Wells v v v
Green Roofs v v v
Impervious Surface 4 4 Appropriate | Appropriate
Disconnection pprop pprop
Infiltration Basin v v v v v Appropriate | Appropriate Appropriate
Infiltration Trenches v v v v Appropriate | Appropriate Appropriate
Planter and Tree Box Filters v v v v Appropriate | Appropriate
Porous Pavement v v v Appropriate
Proprietary Media Filter v v v Appropriate
Sand Filters v v v v v Appropriate | Appropriate Appropriate
Subsurface Infiltration v v v v Appropriate Appropriate
Vegetated Filter Strip v v Appropriate | Appropriate
Vegetated Drainage Ways 4 Appropriate | Appropriate Appropriate
Water Quality Swale v 4 v v v Appropriate | Appropriate Appropriate
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Proposed Locations and Preferred BMPs

Proposed Location General Land Use HSG Soil Type Preferred BMP

Stormwater Nature-Based Solutions
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June 2021

Grant Drive and e Commercial ¢ Unclassified e Bioretention
Stockwell Drive e Roads e HSG B e Subsurface infiltration
¢ |nstitutional -
: : e HSG A e Grassed sand filter
South Street * Residential e HSG B e Subsurface infiltration
e Roads
Wales Avenue and * Commgrmal * Unclassified ¢ Bioretention
Bodwell Street * Industrial * HSGB e Grassed sand filter
e Roads e HSG C
e |nstitutional
North Main Street ¢ Residential e Unclassified e Subsurface sand filter
e Commercial e HSG B e Subsurface infiltration
e Roads
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3.3 BMP Sizing

Retrofit BMPs are typically sized based on required water quality volume and available space. The
Massachusetts Stormwater Handbook was used as a design standard and water quality volume was
determined using a standard of one inch depth over the impervious area in each catchment. In the
case of this study, limitations on available space prevent sizing BMPs to meet the water quality volume.
Therefore, BMPs have been made as large as reasonably possible given space constraints. Area of
imperviousness was determined from the MassGIS impervious area coverage.

The storage volume of stormwater BMPs was calculated on the available area and constraints
associated with each BMP type. The following assumptions were made:

e Nonlinear bioretention will have 3:1 side slopes.

e Subsurface infiltration provides 30 cubic feet of water quality storage per linear foot based on
three-foot storage depth, 30-foot bottom width on a road shoulder or up to 80% of a property
footprint and storage bed material porosity of 0.30.

e Subsurface sand filters will be 1.5 feet deep. Surface sand filters will be three feet deep. Both
will be sized at approximately 80% of the footprint of the available space and with a storage
bed material porosity of 0.30.

For further analysis, Table 3.7 on the following page summarizes the treatment and treatment capacity
that was identified in each of the subject catchments.

3.4 Opinions of Cost

Order of magnitude opinions of cost have been developed based on unit treatment values (i.e., cost
per cubic foot of treatment capacity) of each of the preferred BMP types. Table 3.8 provides cost on
a per catchment basis for the alternatives recommended for each catchment. Table 3.8 also provides
cost per a unit of treat volume (i.e., water quality volume), which can be used as a measure of cost-
benefit reflecting both water quality and peak flow management benefits. Unit costs for preferred BMPs
in dollars per cubic foot (cu ft) area listed in Table 3.6 below.

Table 3-4.
Unit Costs for Preferred BMP Types

BMP Type " Unit Cost (Dollars/cu ft)

Bioretention $14
Subsurface Infiltration $16
Sand Filter $17
Notes

a. Unit cost was determined based on empirical data and observations from previous projects
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Table 3-5
Capacity of Proposed BMPs

Capacity of BMPs Treatment
Bioretention Subsurface Sand Filter Capacity (cu
(cu ft) Infiltration (cu  (cu ) Y pacily
1)

WQVA (cu ft)

Proposed Location for Drainage Area
of Proposed BMPs

Grant Drive and 83.958 3,699 28,701 N/A 32,400
Stockwell Drive
South Strest 60,574 N/A 41,688 22874 64,562
Wales Avenue and 75.919 28,440 N/A 130,867 159,307
Bodwell Street
North Main Street 220,723 N/A 11,070 10,790 21,860

Note
a.  Water quality volume of the area draining to the proposed BMP location

Table 3-6
Construction Cost of Selected BMPs and Probable Cost Based on Unit Pricing
Cost of BMPs Cost  per Costper Unit of
Treatment | Bioretention  Subsurface Sand Filter Treatment Treatment
Capacity (cu | ($14/cu ft) Infiltration ($17/cu ft) Site Based (Total
ft) ($16/cu ft) on Unit Cost/Treatment
Price? Capacity)

Proposed

Location

Grant Drive and
Stockwell Drive 32,400 $51,786 $459,216 N/A $511,002 $15.77
South Street 64,562 N/A $667,008 $388,858 $1,055,866 $16.35
Wales Avenue
and Bodwell 159,307 $398,160 N/A $2,224,739 | $2,622,899 $16.46
Street
gtcr’ggt Main 21,860 N/A $177,120 | $183.430 | $360,500 $16.49
Total Costs $449,946 $1,303,344 | $2,797,027 | $4,550,267

Note

a. Actual cost may vary by approximately — 30% to + 50% from the conceptual design costs provided. Additionally, costs
provided do not include design, permitting, or construction oversight.
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4,0 RECOMMENDATIONS FOR PRIORITIZATON

We recommend prioritizing application of BMPs based on their cost benefit as shown in Table 3.8. We
also generally recommend completing BMP implementation in one drainage area at a time in order to
maximize cost benefit (e.g., construction mobilization for a single area per construction project).
Therefore, we recommend the following order of priorities:

Grant Drive and Stockwell Drive

South Street
Wales Avenue and Bodwell Street

North Main Street

For each of the four areas listed above, we would anticipate three phases of implementation as follows:

e Year 1 Design and Permitting
e Year 2 -3 Construction
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INTRODUCTION

The following text provides a description of best management practices (BMPs) that are used to
treat stormwater at end-of-pipe and in the upland areas of drainage catchments. The text provides
a general description of each BMP as well as an assessment of pollutant removal capacity, treatment
processes provided, and applications, advantages and limitations. The following BMPs are included
in alphabetical order:

¢ Bioretention, Rain Gardens, Stormwater Planters

e Constructed Stormwater Wetland (Including Gravel Wetlands)
e Dry Wells

¢ Green Roofs, Blue Roofs and Facades

e Infiltration Basin

e Infiltration Trenches

e Planter and Tree Box Filters

e Porous Pavement

e Proprietary Media Filter

e Sand Filters

e Subsurface Infiltration (Including Leaching Catch Basins)
e Vegetated Drainage Ways

o Water Quality Swale

For the most part, BMP types are based on BMPs listed in the Rhode Island Stormwater Design and
Installation Standards Manual (RIDEM, 2010). In certain instances (e.g., leaching catch basins), we
have adapted BMPs from other standards documents such as the Boston Water and Sewer
Commission’s Stormwater Best Management Practices: Guidance Document (2013).

Knowledge of pollutant removal capacity in conjunction with BMP treatment mechanisms is
important to understanding the capacity of BMPs to improve stormwater quality. Removal capacities
have been adapted from the Rhode Island Stormwater Design and Installation Standards Manual
and were taken from either Appendix H or the “Key Considerations” text boxes. Treatment processes
have been adapted from the Boston Water and Sewer Commission’s Stormwater Best Management
Practices: Guidance Document. Percent removal data is not available for metals in either of these
documents; however, Rhode Island Stormwater Design and Installation Standards Manual qualifies
BMPs as to whether they are able to achieve “good” metals removal or not.

A tabular summary of BMP application, advantages and limitations is provided to help ensure that
BMPs selected are appropriately suited to the surrounding land use and other watershed conditions.
This information was taken from several sources including the Rhode Island Stormwater Design and
Installation Standards Manual and the Stormwater Best Management Practices: Guidance
Document. We have also included our general knowledge of BMPs.

BIORETENTION, RAIN GARDENS, STORMWATER PLANTERS

westonandsampson.com Weston O



Bioretention and rain gardens are shallow
landscaped depressions designed to w;m:]

Hors o, Vegented o Sona dinad

manage and treat stormwater runoff.
Bioretention systems are a variation of a
surface sand filter, where the sand filtration
media is replaced with a planted soil bed
designed to remove pollutants through
physical and biological processes. The
concept of bioretention originated with the
Prince George’s County, Maryland,
Department of Environmental Resources in
the early 1990s as an alternative to more
traditional management practices.
Stormwater flows into the bioretention area,
ponds on the surface, and gradually
infiltrates into the soil bed. Treated water is
allowed to infiltrate into the surrounding
soils or is collected by an underdrain
system and discharged to the storm drain
system or receiving waters. Small-scale
bioretention applications (i.e., residential
yards, median strips, parking lot islands)
are commonly referred to as rain gardens.
Tree box filters are essentially mini
bioretention systems installed in concrete
vaults. They are most often designed to fit
in urban landscapes (e.g., sidewalks as
part of street tree systems) where space is
at a premium.

DY e

Table B-1 NG T S ——
Pollutant Removal Capacity Figure B.1 Picture and schematic of
Bioretention, Rain Gardens, Stormwater bioretention
Planters

Removal Rates Based on the Rhode Island
Stormwater Design and Installation Standards

Target Constituents

Bacteria 70%
Total Phosphorus 30%
Total Nitrogen 55%
1SS 90%
Metals Good
Notes:

a. Percent removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water Quality BMPs
and “Key Considerations” text boxes of the Rhode Island Stormwater Design and Installation Standards Manual.
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Table B-2

Treatment Processes Provided by
Bioretention, Rain Gardens, Stormwater Planters

Treatment Processes? Process Provided?

Biological Processes

Infiltration

(if designed to infiltrate)

Filtration

Sedimentation

Vegetated Treatment

\Volume Reduction

SNNYNYN N

Notes:

a. Treatment processes identified from Boston Water and Sewer Commission (BWSC) Stormwater Best
Management Practices: Guidance Document, January 2013,

Table B-3

Advantages, Disadvantages and Limitations of
Bioretention, Rain Gardens, Stormwater Planters

Applications

*May be used in a wide
variety of settings including
residential, commercial,
and industrial areas.

* May be decentralized (e.g.,
as rain gardens on individual
lots) or centralized in
common areas to
manage multiple

*May be lined and
underdrained; or designed to
infiltrate and recharge
groundwater.

Advantages

*Highly versatile and
adaptable to size of
watershed and type of
land use.

*High solids, metals, and
bacteria removal efficiency.

*Infiltrating bioretention
can provide groundwater
recharge.

*Helps to mimic
predevelopment runoff
conditions.

*Reduces need for end-
of-pipe treatment.

Limitations

*Bottom of the filter must
be at or above the
seasonal high
groundwater table if
*Generally requires
approximately 3-foot depth
for soil bed and
ponding area.

westonandsampson.com
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CONSTRUCTED STORMWATER WETLAND

A constructed stormwater wetland
is a system designed to maximize
pollutant removal through
vegetative uptake, retention, and
settling. A typical constructed
wetland consists of a sediment
forebay to provide pretreatment
and dissipate energy, a base with
shallow pockets planted with
diverse  emergent  vegetation,
deeper areas or micro-pools and a
water quality outlet structure. In
addition to water quality treatment,
constructed wetlands are designed
to control peak flow rates from the
2-and 10-year storm through
extended detention above the
permanent pool elevation. The
interactions between the incoming
stormwater runoff, aquatic Figure B.3—Photograph of constructed stormwater wetland.
vegetation, wetland soils, and

associated physical, chemical, and

biological processes are a fundamental part to reducing suspended soils, nutrients, metals, oils and
grease, and trash. Site investigations must be conducted prior to design and construction to ensure
proper soils, depth to groundwater and suitable land.

There are several types of Constructed Stormwater Wetlands. Common types of constructed
stormwater wetland include shallow marsh, basin/wetland, extended detention, and pocket.

Table B-4
Pollutant Removal Capacity
Constructed Stormwater Wetland

Target Constituents Removal Rates Based on the Rhode Island

Stormwater Design and Installation Standards
Manual?
Bacteria 60%
[Total Phosphorus 48%
Total Nitrogen 30%
1SS 85%
Metals Fair
Notes:

a. Removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water Quality BMPs of
the Rhode Island Stormwater Design and Installation Standards Manual
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Table B-5
Treatment Processes Provided by
Constructed Stormwater Wetland

Treatment Processes?® Process Provided?

Biological Processes
Infiltration, if designed as such
Filtration

Sedimentation

Vegetated Treatment

Volume Reduction

Notes:
a. Treatment processes identified from Boston Water and Sewer Commission (BWSC) Stormwater Best

Management Practices: Guidance Document, January 2013,

AN

Table B-6
Advantages, Disadvantages and Limitations of
Constructed Stormwater Wetland

Applications Advantages Limitations
*May be used as regional *[ ow maintenance cost *High land requirement
detention and treatment *Treatment of large tributary *High capital cost
*May be best for sites without areas *Design affected by depth to
space constraints *Provides wildlife habitat groundwater and bedrock
* Aesthetically pleasing * Additional restrictions

apply in cold-water fishery
watershed based on
distance from discharge
point to streams (and any
contiguous wetlands)
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DRY WELLS

A dry well is a small, excavated pit, backfilled with stone aggregate. Dry wells function like
infiltration systems to control roof runoff and are applicable for most types of buildings.
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Figure B.4—~Photograph and schematic of dry wells.
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Table B-7
Pollutant Removal Capacity

Dry Wells

Target Constituents Removal Rates Based on the Rhode Island
Stormwater Design and Installation Standards
Manual?
Bacteria 90%
[Total Phosphorus 55%
[Total Nitrogen 40%
1SS 90%
Metals Good
Notes:

a. Removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water Quality BMPs
of the Rhode Island Stormwater Design and Installation Standards Manual

Table B-8
Treatment Processes Provided by
Dry Wells
Treatment Processes? Process Provided?
Biological Processes
Infiltration v
Filtration v
Sedimentation v
Vegetated Treatment
Volume Reduction v
Notes:

a. Treatment processes identified from Boston Water and Sewer Commission (BWSC) Stormwater Best
Management Practices: Guidance Document, January 2013.
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Table B-9
Advantages, Disadvantages and Limitations of

Dry Wells
Applications Advantages Limitations
 Can be useful for disposing | * Low cost. * Clogging likely when used for
of roof runoff and reducing | * Provides retention of runoff runoff other than from
the overall runoff volume from roofs. rooftops

from a variety of building * Recharges groundwater. * Only applicable in small
sites. (e.g., residential, * Reduces need for end- drainage areas

commercial industrial, etc.). of- pipe treatment. * When located near

buildings, potential issues
with water seeping into
cellars or inducing

* Two-foot minimum
separation to groundwater

* Minimum soil infiltration
rate of 0.5 inches per hour

* Infiltration of rooftop runoff
from commercial or
industrial buildings with
pollution control, heating,
cooling, or venting
equipment may require UIC
review and approval.

D NI OA
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GREEN ROOFS, BLUE ROOFS AND
FACADES

Green roofs are vegetated roof covers
designed to reduce stormwater volumes
through storage of precipitation in a soil
media layer and increased
evapotranspiration. Green roofs decrease
the impervious footprint of buildings and
help mimic pre-development hydrology.
They are applicable in highly urbanized
locations where land is limited and
expensive. Due to an observed increase
in nitrogen and phosphorous discharged
from green roofs, they should not be used
in nutrient sensitive waters, or locations
where groundwater recharge is a priority
due to low base flows. There are two types Figure B.5—Photograph of green roofs.

of green roofs: intensive green roofs and

extensive green roofs. Extensive green

roofs are lightweight systems requiring minimal maintenance and a shallow soil media, while
intensive green roofs are larger and deeper systems requiring regular maintenance (irrigation,
fertilizing, mowing) throughout the year.

Rooftop runoff management structures are modifications to conventional building design that
attenuate runoff originating from roofs. The modifications include:

e Vegetated roof covers

e Roof gardens

e Vegetated building facades

e Roof ponding areas (e.g., blue roofs)

Roofs are significant sources of runoff from developed sites. If runoff is controlled at the source,
the size of other BMPs throughout the site can be reduced. Rooftop runoff management practices
influence the runoff hydrograph in two ways:

e Intercept rainfall during the early part of a storm.
e Limit the maximum release rate.

In addition to achieving specific stormwater runoff management objectives, rooftop runoff
management can also be aesthetically and socially beneficial.

Design Variations

o Vegetated roof cover — Vegetated roof covers, also called green roofs and extensive roof
gardens, involve blanketing roofs with a veneer of living vegetation. Vegetative roof covers
are particularly effective when applied to extensive roofs, such as those that typify
commercial and institutional buildings. The filtering effect of vegetated roof covers results in
a roof discharge that is free of leaves and roof litter. Therefore, it is recommended where
roof runoff will be directed to infiltration devices (see Standards for Infiltration Practices and
Dry Wells).

e Because of recent advances in synthetic drainage materials, vegetated covers now are
feasible on most conventional flat roofs. An efficient drainage layer is placed between the
growth media and the roof surface. This layer rapidly conveys water off of the roof surface
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and prevents water from “lying” on the roof. In fact, vegetated roof covers can be expected
to protect roof materials and prolong their life.

e If materials are selected carefully to reduce the weight of the system, vegetated roof covers
generally can be created on existing flat roofs without additional structural support.
Drainage nets or sheet drains constructed from lightweight synthetic materials can be used
as underlayments to carry away water and prevent ponding. The total load of a fully
vegetated and saturated roof cover system can be less than the design load computed for
gravel ballast on conventional tar roofs.

e Although vegetative roof covers are most effective during the growing season, they also are
beneficial during the winter months as additional insulation if the vegetative matter from the
dead or dormant plants is left in place and intact.

o Roof Gardens — Vegetated roof covers blanket an entire roof area and, although presenting
an attractive vista, generally are not intended to accommodate routine traffic by people.
Roof gardens, on the other hand, are landscaped environments, which may include
planters and potted shrubs and trees. Roof gardens can be tailor-made natural areas,
designed for outdoor recreation, and perched above congested city streets. Because of
the special requirements for access, structural support, and drainage, roof gardens are
found most frequently in new construction.

o Roof gardens generally are designed to achieve specific architectural objectives. The load
and hydraulic requirements for roof gardens will vary according to the intended use of the
space.

e Intensive roof gardens typically include design elements such as planters filled with topsoil,
decorative gravel or stone, and containers for trees and shrubs. Complete designs also may
detain runoff ponding in the form of water gardens or storage in gravel beds. A wide range
of hydrologic principles may be exploited to achieve stormwater management objectives,
including runoff peak attenuation and runoff volume control.

e Vegetated Building Facades — Vegetated facades provide many of the same benefits as
vegetated roof covers and roof gardens, including the interception of precipitation and the
retardation of runoff. However, their effectiveness is limited to small rainfall events.

o Vertical facades and walls of houses can be covered with the foliage of self-climbing plants
that are rooted in the ground and reach heights in excess of 80 feet. Vines can be evergreen
or prolific deciduous flowering plants. As for roof gardens, the designer must be judicial in
selecting plant species that will prosper in the constructed environment. Planters and
trellises can be installed so that vegetation can be placed strategically.

e Roof Ponding — Roof ponding, also known as blue roofs, is applicable where the increased
load of impounded water on a roof will not increase the building costs significantly or require
extensive reinforcement. Roof ponding generally is not viable for large-area commercial
buildings where clear spans are required. Special consideration must be given to ensuring
that the roof will remain watertight under a range of adverse weather conditions. Low-cost
plastic membranes can be used to construct an impermeable lining for the containment
area.

westonandsampson.com Weston O



Table B-10
Pollutant Removal Capacity
Extensive and Intensive Green Roofs

Target Constituents Removal Rates Based on the Rhode Island

Stormwater Design and Installation Standards
Manual?
Bacteria 70%
[Total Phosphorus 30%
[Total Nitrogen 55%
TSS 90%
Metals Good
Notes:

a. Removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water Quality BMPs of
the Rhode Island Stormwater Design and Installation Standards Manual

There is no available data on pollutant removal capacity on blue roofs or facades.

Table B-11
Treatment Processes Provided by
Extensive and Intensive Green Roofs

Treatment Processes? Process Provided?

Biological Processes
Infiltration

Filtration
Sedimentation v
Vegetated Treatment 4

\Volume Reduction v

Notes:
a. Treatment processes identified from Boston Water and Sewer Commission (BWSC) Stormwater Best

Management Practices: Guidance Document, January 2013,

Table B-12
Treatment Processes Provided by
Blue Roofs

Treatment Processes Process Provided?

Biological Processes
Infiltration

Filtration

Peak Flow Reduction
Plant Uptake
Sedimentation
Vegetated Treatment

\Volume Reduction 4

ofes:
a. Treatment processes identified from Boston Water and Sewer Commission (BWSC)

Stormwater Best Management Practices.: Guidance Document, January 2013.

AVRNRN
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Table B-13
Treatment Processes Provided by
Facades

Treatment Processes Process Provided?

Biological Processes v
Infiltration
Filtration
Sedimentation
Vegetated Treatment v

Volume Reduction
Notes:
a. Treatment processes identified from Boston Water and Sewer Commission (BWSC) Stormwater
Best Management Practices: Guidance Document, January 2013.

Table B-14
Advantages, Disadvantages and Limitations of
Extensive and Intensive Green Roofs

Applications Advantages Limitations
« Can use vegetative roofs on | * Rooftop runoff *  Maximum 20% roof slope,
residential, commercial and management techniques unless specific measures
light industrial buildings. can be retrofitted to most are provided to retain the
* Vegetative roof systems are constructed buildings. on steeper slopes.
most appropriate on roofs | * Reduces energy * Needs to be designed in
with slopes of 12:1 to 4:1. consumption for heating accordance with weight
* Vegetative roofs may be cooling. and aesthetics and
used on flatter slopes ifan | * Conserves space. consideration of thermal
underdrain is installed. * Reduces wear on roofs performance.

caused by UV damage,
wind, and extremes of
temperature. Vegetative
roof covers can reduce
bare roof temperatures in
summer by as much as 40

* Roof gardens, vegetated
roof covers, and vegetated
facades add aesthetic
value to residential and
commercial property that
attract songbirds, bees,
and butterflies.

* Benefit water quality by
reducing the acidity of runoff
and trapping airborne
particulates.

* May reduce the size of
onsite runoff attenuation
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INFILTRATION BASIN

An infiltration practice that stores the water in a surface depression before it is infiltrated into the
underlying soils or substratum. Infiltration basins are stormwater impoundments, over permeable
soils with vegetated bottoms and side slopes. Infiltration basins are designed to reduce
stormwater volumes through exfiltration and groundwater recharge. Pretreatment is vital to
ensuring successful performance. There are 2 types of infiltration basins: full exfiltration and
partial or off-line exfiltration. Full exfiltration basins are designed to store, treat, and exfiltrate the
full required water quality volume and attenuate peak flows. Partial or off-line exfiltration basins
are designed to exfiltrate a portion of the runoff (usually the *first flush” or runoff from first 0.5
inches of precipitation), while diverting the remaining runoff to another BMP through flow splitters
or weirs. The type of infiltration basin is chosen based upon site conditions and limitations.

Table B-15
Pollutant Removal Capacity
Infiltration Basin

Target Constituents Removal Rates Based on the Rhode Island

Stormwater Design and Installation Standards
Manual®
Bacteria 95%
[Total Phosphorus 65%
Total Nitrogen 65%
TSS 90%
Metals Good
Notes:

a. Removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water Quality BMPs
of the Rhode Island Stormwater Design and Installation Standards Manual

Table B-16
Treatment Processes Provided by
Infiltration Basin

Treatment Processes?® Process Provided?

Biological Processes
Infiltration

Filtration
Sedimentation
Vegetated Treatment

\Volume Reduction

Notes:
a. Treatment processes identified from Boston Water and Sewer Commission (BWSC) Stormwater Best

Management Practices: Guidance Document, January 2013.

A\RRRANAN
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Table B-17
Advantages, Disadvantages and Limitations of
Infiltration Basin

Applications \ Advantages Limitations
« Contributing drainage area | * Reduces local flooding * Requires pretreatment
should be between 2 and 15| * Can use near cold-water * Requires large pervious
acres fisheries * Clogging potential is high so
e Suitable for sites with high level of maintenance is
gentle slopes, permeable necessary
soils, and relatively deep * Not suitable for treating high
groundwater table loads of sediment or other
pollutants
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INFILTRATION TRENCHES

Gravel trenches are long, narrow, gravel-
filled trenches, which treat stormwater
runoff from small drainage areas. Gravel
trenches remove stormwater pollutants
through infiltration, sedimentation and
filtration. Reactive media (e.g., zeolite,
activated carbon, oxide-coated sand, etc.)
may be incorporated into the design to
increase sorption capacity and target
specific pollutants. Pretreatment may be
provided to prevent clogging of the gravel
bed and sub-grade.

6 INCH DIAMETER PERFORATED PVC RUNOFF FILTERS THROUGH GRASS

OVERFLOW BERM OBSERVATION WELL BUFFER STRIP (20' MINIMUM); GRASS
-\. = WITH SCREW TOP LID CHANNEL; OR SEDIMENTATION VAULT
ﬁ T} ._ ) == —
u"*r_n""’"“"n—:n'"P@n‘rn_"”: ”" 1] _": 5 =30 FIRIIIH _|||u rm Arrr\nn'iml"&ml"l%ﬂrll‘u ||--£—|4ﬂ’p-t Hi= :ml'
RECHARGE VOLUME - iy

PEA GRAVEL OR SAND FILTER LAYER

WaQ VOLUME PROTECTIVE LAYER OF FILTER FABRIC

TRENCH 3-7 FEET DEEP

FILLEDWITH 2705 INCH DIAMETER
WASHED STONE

(BANK RUN GRAVEL PREFERRED)

SAND FILTER 6" DEEP
(OR FABRIC EQUIVALENT)

RUNOFF EXFILTRATES THROUGH

MINIMUM OF 2° : UNDISTURBED SUBSOILS WITH A
FROM SEASONAL 2 MINIMUM RATE OF 0.5 INCHES PER HOUR
HIGH GROUNDWATER ELEVATION SECTION

Figure B.6 — Photograph and schematic of infiltration trench

Table B-18
Pollutant Removal Capacity
Infiltration Trenches

Target Constituents Removal Rates Based on the Rhode Island
Stormwater Design and Installation Standards
Manual®

Bacteria 95%

Total Phosphorus 65%

Total Nitrogen 65%

TSS 90%

Metals Good
Notes:

a. Removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water Quality BMPs of the
Rhode Island Stormwater Design and Installation Standards Manual
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Table B-19
Treatment Processes Provided by
Infiltration Trenches

Treatment Processes? Process Provided?

Biological Processes
Infiltration

Filtration
Sedimentation
Vegetated Treatment

Volume Reduction v
Notes:
a. Treatment processes are assumed to be same as Dry Wells and are identified from Boston Water and
Sewer Commission (BWSC) Stormwater Best Management Practices: Guidance Document, January 2013.

AN

Table B-20
Advantages, Disadvantages and Limitations of
Infiltration Trenches

Applications Advantages Limitations
« Infiltration may be useful for | *  Appropriate for * Susceptible to clogging by
disposing of roof runoff installation directly sediment
(e.g., dry wells), or runoff adjacent to parking lots * Maintenance required
from parking lots and or other impervious approximately every six
* Infiltration trenches generally| * Applicable to small drainage months
have a longer life cycle when areas, stormwater retrofits | *  Minimum soil infiltration
hydrologically proceeded by and highly developed sites. rate of 0.5 inches per
pretreatment such as a * High bacteria removal * Natural slope less than 15%
vegetated filter strip. efficiency. * Cannot accept LUHPPL
* Infiltration generally requires | * Infiltration provides runoff
UIC review and approval. groundwater recharge. * Separation to high
* Helps to mimic groundwater minimum
predevelopment runoff of 2 feet
conditions.
* Reduces need for end-
of-pipe treatment.
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LEACHING CATCH BASINS

Leaching catch basins are pre-cast concrete
structures with openings within the structure walls
and an open bottom. The openings allow water to
infiltrate into the surrounding soils. Preferable
design of a leaching catch basin involves an offline
system with a deep sump catch basin upstream for
pretreatment.

Table B-21
Pollutant Removal Capacity ~ 24" oPeNiNG
27 : ‘I [:"‘ i 'z _T ¢
Target Removal Rates Based e ————— b
Constituents on the Rhode Island © @E (4) 10" DA INLETS
Stormwater Design and 0 &
Installation Standards % 3
Manual® ae ® &
Bacteria 90% | |
0O &
Total Phosphorus | 55% N
Total Nitrogen 40% 11
TSS 90% oran |- 1
Metals Good - 'SHEA
Notes: Sl LA B
a. Removal rates assumed to be the same as Dry SECTION VIEW
Wells and taken from Table H-3 Pollutant Removal . . .
Efficiency Rating Values for Water Quality BMPs of Figure B.7—Schematic of leaching
the Rhode Island Stormwater Design and catch basins.

Installation Standards Manual

Table B-22
Treatment Processes Provided by
Leaching Catch Basins

Treatment Processes? Process Provided?

Biological Processes
Infiltration

Filtration
Sedimentation
Vegetated Treatment

Volume Reduction v
Notes:
a. Treatment processes are assumed to be same as Dry Wells and are identified from Boston Water and
Sewer Commission (BWSC) Stormwater Best Management Practices: Guidance Document, January 2013.

NN S
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Table B-23
Advantages, Disadvantages and Limitations of
Leaching Catch Basins

Applications \ Advantages Limitations
e Can beimplementedasa | e Low cost per unit of * Susceptible to clogging by
retrofit treatment sediment
e May be useful in urban e Especially suitable retrofit
areas with land for roads and parking lots
* Relatively easy to
repair/replace
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PLANTER AND TREE BOX FILTERS

Planter boxes are bioretention treatment control measures that are completely contained
within an impermeable structure with an underdrain (they do not infiltrate). The boxes can be
comprised of a variety of materials, such as brick or concrete, (usually chosen to be the same
material as the adjacent building or sidewalk) and are filled with gravel on the bottom (to
house an underdrain system), planting soil media, and vegetation. As stormwater passes
down through the planting sail, pollutants are filtered, adsorbed, and biodegraded by the soil
and plants.

Figure B.8 — Photographs of planter and tree box filters

Table B-24
Pollutant Removal Capacity
Planter and Tree Box Filters

Target Constituents Removal Rates Based on the Rhode Island

Stormwater Design and Installation Standards
Manual?
Bacteria 70%
Total Phosphorus 30%
Total Nitrogen 55%
TSS 90%
Metals Good
Notes:

a. Removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water
Quality BMPs of the Rhode Island Stormwater Design and Installation Standards Manual
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Table B-25
Treatment Processes Provided by
Planter and Tree Box Filters

Treatment Processes?® Process Provided?

Biological Processes
Infiltration

Filtration
Sedimentation
Vegetated Treatment

Volume Reduction

Notes:
a. Treatment processes identified from Boston Water and Sewer Commission (BWSC) Stormwater
Best Management Practices: Guidance Document, January 2013.

AR AN

Table B-26
Advantages, Disadvantages and Limitations of
Planter and Tree Box Filters

Limitations

Advantages
« Commonly used in densely | ¢ Reduces volume and rate » Requires vegetative

Applications

urbanized areas such as
along roads, highways,
sidewalks and parking lots

of runoff

Smaller footprint

required May be used

as pretreatment device
Provides decentralized
stormwater treatment
Ideal for redevelopment or
in ultra-urban settings

maintenance

Treats small volumes
Treats small tributary
areas
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POROUS PAVEMENT

Porous pavement is a permeable alternative to
conventional asphalt and concrete and constructed in
pedestrian, highly urbanized, or residential settings with
low traffic speeds and volumes. A high surface void ratio
allows precipitation to pass through the pavement and a
stone base, where runoff is retained and sediments and
metals are treated to some degree. Porous pavement is
designed to achieve peak flow attenuation of small
intensity storms and groundwater recharge through
infiltration into underlying soils. Porous pavement includes
porous asphalt and pervious concrete, which are poured
in place, and paving stones and grass pavers, which are
typically precast and installed in an interlocking array to
create a surface

Figure B.9 — Photographs of porous pavement

Table B-27
Pollutant Removal Capacity
Porous Pavement

Target Constituents Removal Rates Based on the Rhode Island

Stormwater Design and Installation Standards
Manual®
Bacteria 95%
Total Phosphorus 40%
Total Nitrogen 40%
TSS 90%
Metals Good
Nofes:

a. Removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water Quality
BMPs of the Rhode Island Stormwater Design and Installation Standards Manual
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Table B-28
Treatment Processes Provided by
Porous Pavement

Treatment Processes? Process Provided?

Biological Processes
Infiltration

Filtration
Sedimentation
Vegetated Treatment

Volume Reduction
Notes:
a. Treatment processes identified from Boston Water and Sewer Commission (BWSC) Stormwater
Best Management Practices: Guidance Document, January 2013.

AR NN
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Table B-29
Advantages, Disadvantages and Limitations of
Porous Pavement

Applications \ Advantages Limitations
* Good option for commercial | ¢ Reduces sediment and * Frequent clogging if not
and industrial parking lots particulate-bound pollutants maintained
* Can be used in urban and * Reduces amount of * No sanding in winter
residential settings impervious area needing e Compacting of underlying
* Can be implemented as a water quality treatment soils is common
retrofit e Limited removal of
* Preferable for low- dissolved constituents
volume, low-speed when underdrains are
areas or pedestrian used
* Useful application to
sidewalks
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PROPRIETARY MEDIA FILTER

Proprietary Media Filters are typically underground structures that first settle out in an upstream
structure and then flow through a specific filter media to reduce targeted pollutants.

Removal rates of pollutants vary depending on the filter media. Filtration is the main treatment
process that all proprietary media filters provide.

Advantages, Disadvantages and Limitations of
Proprietary Media Filter

Applications

Sites with space constraints
Ultra-urban areas

Table B-30

\ Advantages

Suitable for specialized
applications, such as
industrial sites, for
specific target pollutants
Preferred for
redevelopments or in the
ultra-urban setting when
LID or larger conventional
practices are not practical

Limitations

Must be purchased from
private sector firm

May require more
maintenance

“Wet” systems that are
designed to retain water
can cause mosquito and
vector problems unless
access points are sealed
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SAND FILTERS

Sand filters are engineered sand filled depressions that treat stormwater runoff from small
tributary areas. Sand filters allow for the percolation of runoff through the void space within the
sand before it is eventually released through an underdrain at the bottom of the filter.
Stormwater runoff enters the filter from a pretreatment system (sediment forebay or vegetated
filter strip) and spreads evenly over the surface. As flows increase, water backs up on the
surface of the filter where it is held until it can percolate through the sand. As stormwater
passes through the sand, pollutants are trapped in the small pore spaces between sand grains
or are adsorbed to the sand surface. The effectiveness and efficiency of a sand filter depends
heavily on the pretreatment BMPs performance to settle out sand, clay, and silt particles, which
prevent clogging of the sand filter.

12° Pipe inlet
8" Perforated standpipe
1% orifice plate

127 Q, Bypase

12" Crushed stone

&° Perforated

subdain
Not drown to scole

vertical exagerotion

Figure B.10 — Photographs and schematic of sand filters
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Table B-31
Pollutant Removal Capacity
Sand Filter

Target Constituents Removal Rates Based on the Rhode Island

Stormwater Design and Installation Standards

Manual®
Bacteria 70%
Total Phosphorus 59%
Total Nitrogen 32%
TSS 86%
Metals Good
Notes:

a. Removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water Quality
BMPs of the Rhode Island Stormwater Design and Installation Standards Manual

Table B-32

Treatment Processes Provided by

Sand Filter

Treatment Processes?® Process Provided?

Sedimentation

Biological Processes v

Infiltration

Filtration v
v

Vegetated Treatment

Volume Reduction

Notes:

a. Treatment processes identified from Boston Water and Sewer Commission (BWSC) Stormwater
Best Management Practices: Guidance Document, January 2013.

Advantages, Disadvantages and Limitations of

Applications

» (Can be used in ultra-urban
sites with small drainage
areas

* Drainage area can be 100%
impervious like parking lots

* May be useful as
redevelopment / retrofit
projects

Table B-33
Sand Filter

Advantages
* Long design life if properly
maintained
* Good for densely
urban areas or parking lots
* Relatively small footprint
area

Limitations

Pretreatment required to
prevent clogging
Frequent maintenance
required

Costly to build and install
Limited removal of
dissolved constituents
May not be effective

in winter

Can be unattractive

and create odors
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SUBSURFACE INFILTRATION

Subsurface infiltration structures are underground systems that capture and infiltrate runoff into the
groundwater through highly permeable rock and gravel.
It is usually not practical to infiltrate runoff at the same
rate that is generated; therefore, these facilities
generally include both a storage component and a
drainage component. Typical subsurface infiltration
systems that can be installed to enhance groundwater
recharge include pre-cast concrete or plastic pits,
chambers (manufactured pipes), and perforated pipes.

Figure B.11—Rendering of subsurface

Table B-34 N
Pollutant Removal Capacity infiltration structure.

Subsurface Infiltration

Target Constituents Removal Rates Based on the Rhode Island

Stormwater Design and Installation Standards
Manual®
Bacteria 90%
Total Phosphorus 55%
Total Nitrogen 40%
TSS 90%
Metals Good
Notes:

a. Removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water Quality BMPs of
the Rhode Island Stormwater Design and Installation Standards Manual

Table B-35
Treatment Processes Provided by
Subsurface Infiltration

Treatment Processes? Process Provided?

Biological Processes
Infiltration

Filtration
Sedimentation
Vegetated Treatment

Volume Reduction v

Notes:
a. Treatment processes identified from Boston Water and Sewer Commission (BWSC) Stormwater Best

Management Practices: Guidance Document, January 2013.

AN
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Table B-36
Advantages, Disadvantages and Limitations of
Subsurface Infiltration

Applications \ Advantages Limitations
e Applicable for private and | ® Low cost per unit of » Susceptible to clogging by
public projects, commercial treatment sediment
and residential * Especially suitable retrofit *  Minimum soil rate of 0.5
* Can be implemented as a roads and parking lots inches per hour
retrofit * Separation from seasonal
* May be useful in urban high groundwater,
areas adjacent to minimum of 2 feet
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VEGETATED DRAINAGE WAYS

Structural drainage systems and storm sewers
are designed to be hydraulically efficient for
removing stormwater from a site. However, in
doing so, these systems tend to increase peak
runoff discharges, flow velocities and the
delivery of pollutants to downstream waters. An
alternative is the use of natural drainage ways
such as grass natural drainage systems.

The use of natural open channels allows for
more storage of stormwater flows on-site, lower
stormwater peak flows, a reduction in erosive
runoff velocities, infiltration of a portion of the
runoff volume, and the capture and treatment of
stormwater pollutants

Figure B.12—Photograph of
vegetated drainage ways.

Table B-37
Pollutant Removal Capacity
Vegetated Drainage Ways

Target Constituents Removal Rates Based on the Rhode Island
Stormwater Design and Installation Standards
Manual®

Bacteria No Treatment

Total Phosphorus No Data

Total Nitrogen No Data

TSS No Data

Metals No Data

Notes:

a. Removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water Quality BMPs of
the Rhode Island Stormwater Design and Installation Standards Manual

Table B-38
Treatment Processes Provided by
Vegetated Drainage Ways

Treatment Processes Process Provided?

Biological Processes
Infiltration

Filtration
Sedimentation 4
Vegetated Treatment v

Volume Reduction
Notes:
a. Removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water Quality BMPs of
the Rhode Island Stormwater Design and Installation Standards Manual
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Advantages, Disadvantages and Limitations of

Applications

Use vegetated open
channels in the street
of-way to convey and treat
stormwater runoff from
roadways, particularly for
low-density development
and residential
subdivisions where
density, topography, soils,
slope, and safety issues
permit.

Use vegetated open
channels in place of curb
and gutter to convey and
Design drainage

systems and open

e Increase surface
roughness to retard
velocity.

e Include wide and
flat channels to
reduce velocity of
flow and
encourage sheet

e Increase channel
flow path to
increase time of
concentration and

Table B-39

Vegetated Drainage Ways

Advantages

¢ Reduces or eliminates the
cost of constructing storm
sewers or other
conveyances, and
reduce the need for land
disturbance and grading.

* Increases travel times and
lower peak discharges.

¢ (Can be combined with
buffer systems to enhance
stormwater filtration and
infiltration.

Limitations
Maximum longitudinal slope
of 4%, without checkdams
Can erode during
large storms
Treats small tributary areas
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WATER QUALITY SWALE

Water quality swales are shallow, open
conveyance channels with low-lying
vegetation designed to settle out
suspended pollutants due to shallow flow
depths and slow velocities. Additional
pollutant removal mechanisms include
volume reduction through infiltration and
evapotranspiration and  biochemical
processes that provide treatment of
dissolved constituents. It is generally
accepted that water quality swales have
higher pollutant removal efficiencies than
grass channels. An effective vegetated
swale achieves uniform sheet flow
through a vegetated area for at least 10
minutes. Figure B.13 — Photograph of water
quality swale

Vegetated open channels designed to treat and
attenuate the water quality volume and convey
excess stormwater runoff. Dry swales are primarily designed to receive drainage from small
impervious areas and rural roads.

Wet swales are primarily used for highway runoff, small parking lots, rooftops, and pervious areas.
Vegetated open channels designed to treat and attenuate the water quality volume and convey
excess stormwater runoff. Dry swales are primarily designed to receive drainage from small
impervious areas and rural roads. Wet swales are primarily used for highway runoff, small parking
lots, rooftops, and pervious areas.

Table B-40
Pollutant Removal Capacity
Water Quality Swale

Target Constituents Removal Rates Based on the Rhode Island

Stormwater Design and Installation Standards
Manual®
Bacteria 70%
Total Phosphorus 30%
Total Nitrogen 55%
TSS 90%
Metals Good
Notes:

a. Removal rates taken from Table H-3 Pollutant Removal Efficiency Rating Values for Water Quality BMPs of
the Rhode Island Stormwater Design and Installation Standards Manual
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Table B-41
Treatment Processes Provided by
Water Quality Swale

Treatment Processes?® Process Provided?
Biological Processes

Infiltration

Filtration
Sedimentation
Vegetated Treatment

Volume Reduction

Notes:
a. Treatment processes identified from Boston Water and Sewer Commission (BWSC) Stormwater Best

Management Practices: Guidance Document, January 2013.
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Table B-42
Advantages, Disadvantages and Limitations of
Water Quality Swale

Applications \ Advantages Limitations

* Residential settings along | ®* Low capital cost * (Can erode during large

roadways. * Low maintenance storms

requirements * Treats small tributary areas

* Not for areas with very flat
grades, steep topography,
or poorly drained soils

* Higher degree of
maintenance than curb and
gutter systems
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