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Acronyms and Abbreviations

e Acronyms, initials, and abbreviations are defined in each chapter in which they are used.

ADT- Average daily traffic
ALS- Advanced Life Support

AVCOG- Androscoggin Valley Council of
Governments

BCA- Benefit Cost Analysis

BLS- Basic Life Support

BO- Building Official

CAC- Community Assistance Contact

CAV- Community Assistance Visit

CC- Cloud-to-cloud

CEO- Chief elected official

CG- Clout-to-ground

CFR- Code of Federal Regulations

CIP- Capital Improvements Plan

CLEAR- Center for Land Use Education and
Research (at the University of

Connecticut)

ConnDOT- Connecticut Department
Transportation

CPC- Climate Prediction Center
CRS- Community Rating System

DEEP- Connecticut Department of Energy and
Environmental Protection

DEMHS- Division of Emergency Management
and Homeland Security (of the
Connecticut Department of Emergency
Services and Public Protection)

DESPP- Connecticut Department of Emergency
Services and Public Protection

Dfb- Humid continental climate with at least
four months above 10°C (according to
Koppen climate taxonomy)

DMA- Disaster Management Act

DOD- Degree of damage

DOL- Connecticut Department of Labor

ECEC- Eastern Connecticut Enterprise Corridor

EMD- Emergency Management Director

EOC- Emergency Operations Center

EOP- Emergency Operations Plan

FEMA- United States Federal Emergency
Management Agency

FIRM- Flood Insurance Rate Map

FMA- Flood Mitigation Assistance

GIS- Geographic Information Systems
HMA- Hazard Mitigation Assistance
HMGP- Hazard Mitigation Grant Program
IC- Intracloud

Knots- Nautical miles per hour

LEOP- Local Emergency Operations Plan
LiDAR- Light Detection and Ranging
LMA- Labor Market Area

MCS- Mesoscale convective system
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MMI- Modified Mercalli Intensity Scale
MMS- Moment Magnitude Scale
NCDC- National Climatic Data Center

NCEMC- Northeastern Connecticut Emergency
Management Committee

NDMC- National Drought Mitigation Center

NECCOG- Northeastern Connecticut Council of
Governments

NECTD- Northeastern Connecticut Transit
District

NFIP- National Flood Insurance Program

NHIRAM- Natural Hazard ldentification and
Risk Assessment Matrix

NOAA- National Atmospheric and Oceanic
Administration

NRCC- Northeast Regional Climate Center (at
Cornell University)

OPM- Connecticut Office of Policy and
Management

P.A.- Public Act

PDM- Pre-Disaster Mitigation

POCD- Plan of Conservation and Development
PZC- Planning and Zoning Commission
QVCC- Quinebaug Valley Community College
RCOG- Regional Council of Governments
RFC- Repetitive Flood Claims

RFV- Risk Factor Value

RHMPC- Regional Hazard Mitigation Planning
Committee

RL- Repetitive Loss
ROCI- Radius of outermost closed isobar

SCCOG- Southeastern Connecticut Council of
Governments

SEAT- Southeast Area Transit
SFHA- Special Flood Hazard Area

SHELDUS- Spatial Hazard Events and Losses
Database for the United States

SRL- Severe Repetitive Loss

TBD- To be determined

The 2013 Plan draft- 2013 Northeastern
Connecticut Natural Hazard Mitigation
Plan (draft)

The 2015 Plan- 2015 Northeastern Connecticut
Council of Governments Regional
Hazard Mitigation Plan

TP- Town Planner

UConn- University of Connecticut

USDA- United States Department of Agriculture

USDOT- United States Department of
Transportation

USGS- United State Geological Survey

WINCOG- Windham Region Council of
Governments

WRTD- Windham Region Transit District

ZEO- Zoning Enforcement Official
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Executive Summary

The 2015 Northeastern Connecticut Council of Governments Regional Hazard Mitigation Plan

(The 2015 Plan) represents the Northeastern Connecticut Council of Governments’, and its
constituent towns’, commitment to preparedness and safety. The Northeastern Connecticut
Council of Governments (NECCOG) is a Regional Council of Governments (RCOG), with

membership from 16 towns in northeastern Connecticut.

NECCOG staff led the development The 2015 Plan document and the following public officials

contributed:

Chief Elected Officials of NECCOG Member Towns

Michael Zambo, First Selectman, Ashford
Richard lves, First Selectman, Brooklyn
Roy Piper, First Selectman, Canterbury
William Rose, First Selectman, Chaplin
Arthur Brodeur, First Selectman, Eastford
Allan Cabhill, First Selectman, Hampton

John Hallbergh, Town Council Chairman,
Killingly

Paul Sweet, First Selectman, Plainfield

Maureen Nicholson, First Selectman,
Pomfret

Tony Falzarano, Mayor, Putnam

Daniel Syme, First Selectman, Scotland
Russell Gray, First Selectman, Sterling
Paul Lenky, First Selectman, Thompson
Andy Goodhall, First Selectman, Union

Robert Sirpenski, First Selectman,
Voluntown

Allan Walker, First Selectman, Woodstock

Members of the Northeastern Connecticut Emergency Management Committee

Thomas Borgman, Emergency Management
Director, Ashford

Michael Gardner, Deputy Emergency
Management Director, Ashford

Kevin Filchak, Emergency Management
Director, Brooklyn

Luther Thurlow, Emergency Management
Director, Canterbury

Jim Randall, Emergency Management
Director, Chaplin

Deborah Richards, Emergency Management
Director, Eastford
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Daniel Meade, Emergency Management
Director, Hampton

Randy Burchard, Emergency Management
Director, Killingly

John Gorman, Deputy Emergency
Management Director, Hampton

Paul Yellen, Emergency Management
Director, Plainfield

Derek May, Emergency Management
Director, Pomfret

Edward Perron, Emergency Management
Director, Putnam
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Ernest Mellor, Emergency Management Stuart Cobb, Emergency Management
Director, Scotland Director, Union

Don Buell, Emergency Management Joseph Grenier, Emergency Management
Director, Sterling Director, Voluntown

Stephen Benoit, Emergency Management Edward Munroe, Emergency Management
Director, Thompson Director, Woodstock

Brian Howell, Deputy Emergency
Management Director, Thompson

All questions and comments regarding The 2015 Plan may be direct to the NECCOG offices in
Dayville, Connecticut. More information is available at http://www.neccog.org.

Purpose of The 2015 Plan

The 2015 Plan provides the framework for natural hazard preparedness by identifying local and
regional actions that address threats before they occur.

An approved Hazard Mitigation Plan enables its participating jurisdictions to compete for Hazard
Mitigation Assistance (HMA) grant programs through the Federal Emergency Management
Agency (FEMA). HMA funds can be used for mitigation planning as well as implementing
mitigation actions, such as floodproofing a community facility, and belong to one of the three
following grant programs:

Hazard Mitigation Grant Program- The Hazard Mitigation Grant Program (HMGP)
assists in implementing long-term hazard mitigation measures following a major disaster.

Pre-Disaster Mitigation- Pre-Disaster Mitigation (PDM) provides funds for hazard
mitigation planning and projects on an annual basis.

Flood Mitigation Assistance- Flood Mitigation Assistance (FMA) provides funds for
projects to reduce or eliminate risk of flood damage, on an annual basis.

Natural Hazards Identification

The 2015 Plan addresses natural hazards which were identified through a series of meetings of
NECCOG and the Northeastern Connecticut Emergency Management Committee (NCEMC), a
regularly meeting group comprised of the region’s appointed Emergency Management Directors
(EMDs), as being relevant threats to the region. Natural hazards addressed in The 2015 Plan are:
Flooding, wind, severe summer storms (thunderstorms, lighting, hail), winter storms/nor’easters,
tropical cyclones, tornadoes, drought, earthquakes, and fluvial erosion.

Historic occurrences, anticipated risks, and vulnerability are described for each natural hazard.
Location, development and environmental trends, demographics, and topography affect specific
hazard vulnerability in each town, and in areas within each town.
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Since the passage of the Stafford Act in 1988, Connecticut has withstood 13 presidentially
declared natural disasters. Recently, the following have affected NECCOG towns:

Flooding and Wind Damage (March 2010) Super-storm Sandy (October 2012)
Record Snowfall (January 2011) Winter Storm Nemo (February 2013)
Tropical Storm Irene (August 2011) Winter Storm Juno (January 2015)

October Nor’easter (October 2011)

Risk and Vulnerability Assessments

A detailed risk assessment describes impact, probability, spatial extent, duration, and warning
time associated with each natural hazard for the entire region. These criteria were used to rank the
each hazard’s risk against one another in a standardized way.

The 2015 Plan’s vulnerability assessment considered the specific areas within each town that are
likely to be more at risk to the damaging effects of natural hazards. It also described vulnerability
in terms of potential damage to people and property. The effects of flooding, hurricane wind, and
earthquakes events were modeled using geographic information systems (GIS) software.

Hazard Mitigation Goals

A series of meetings of NECCOG and the NCEMC resulted in the designation of the following
goals, which guide the implementation hazard mitigation actions:

Goal 1: Implement Identified Mitigation Activities to Protect Life and Property.

Goal 2: Protect Existing Infrastructure and Design New Infrastructure to be
Resilient to the Effects of Natural Hazards.

Goal 3: Improve Education and Awareness of Hazards and Risks.

Goal 4: Ensure That Public Funds are Used in the Most Efficient Manner.

Hazard Mitigation Actions

Local Mitigation Actions were identified for each participating jurisdiction with the goal of
increasing that individual community’s resilience to one or more identified natural hazards.
Regional Mitigation Actions were also identified and may be carried out by NECCOG to support
regional resilience through coordination of hazard mitigation efforts and service sharing.

Adoption and Continued Planning

Following FEMA’s approval of The 2015 Plan, NECCOG member towns will have the
opportunity to adopt the plan through a formal adoption resolution, then incorporate the findings
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of the plan into local capabilities, such as zoning, capital improvements plans, and public works

responsibilities.

Progress of The 2015 Plan’s identified Local Mitigation Actions and Regional Mitigation Actions
will be continually monitored throughout its five-year life cycle. NECCOG staff will request
information from local chief elected officials and EMDs while soliciting feedback from the
general public in regards to possible changes to plan content. The next update of The 2015 Plan
will be completed prior to 2020. The updated plan will reassess identified hazards’ risks and
vulnerability, possibly being expanded to include additional hazards, while reporting on the status
and progress of Local Mitigation Actions and Regional Mitigation Actions, and proposing new
actions for each participation jurisdiction.

Plan Requirements

Statutory requirements for multi-jurisdictional HMPs are spelled out in 44 CFR 8201.6 and
interpreted in the 2011 FEMA publication, Local Mitigation Plan Review Guide. See below for
plan requirements and corresponding sections of The 2015 Plan, per the Local Mitigation Plan
Review Guide. Upon completion of a plan draft, HMPs in Connecticut are submitted to the
Connecticut Department of Emergency Services and Public Protection’s Division of Emergency
Management and Homeland Security (DEMHS). Following review by recommendations from
DEMHS, plans are then forwarded FEMA.. After receiving conditional approval from FEMA, a
multi-jurisdictional HMP is not finally approved until adopted by all participating municipalities.

Element A. Planning Process

Plan Element

Plan Requirement

Location in
Document

Al. Does the Plan a. Documentation of how the plan was prepared must include the e Chapter1.3.1
document the planning schedule or timeframe and activities that made up the plan’s e Appendix 2
process, including how it development as well as who was involved. Documentation typically is e Appendix 6
was prepared and who was | met with a narrative description, but may also include, for example, e Appendix 7
involved in the process for | other documentation such as copies of meeting minutes, sign-in sheets,
each jurisdiction? 44 CFR | or newspaper articles.
201.6(c)(1)
b. The plan must list the jurisdiction(s) participating in the plan that e  Chapter 1.0
seek approval. e  Executive
Summary
c. The plan must identify who represented each jurisdiction. The Plan e  Executive
must provide, at a minimum, the jurisdiction represented and the Summary
person’s position or title and agency within the jurisdiction.
d. For each jurisdiction seeking plan approval, the plan must document | e  Executive
how they were involved in the planning process. For example, the plan Summary
may document meetings attended, data provided, or stakeholder and Chapter 1.3.1
public involvement activities offered. Appendix 2
Executive Summary ES-4
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e. Plan updates must include documentation of the current planning
process undertaken to update the plan.

[Not Applicable]

A2. Does the Plan

a. The plan must identify all stakeholders involved or given an e Chapter1.3.1
document an opportunity opportunity to be involved in the planning process. At a minimum, e Appendix 2
for neighboring stakeholders must include: 1) Local and regional agencies involved in e Appendix 5
communities, local and hazard mitigation activities; 2) Agencies that have the authority to e Appendix 6
regional agencies involved regulate development; and 3) Neighboring communities. e Appendix 7
in hazard mitigation
activities, agencies that b. The Plan must provide the agency or organization represented and Chapter 1.3.1
have the authority to the person’s position or title within the agency. Appendix 7
regulate development as
well as other interests to be | c. The plan must identify how the stakeholders were invited to e Chapter1.3.1
involved in the planning participate in the process. e Appendix 5
process? 44 CFR e Appendix 6
201.6(b)(2) e  Appendix 7
A3. Does the Plan a. The plan must document how the public was given the opportunity to | ¢  Chapter 1.3.1
document how the public be involved in the planning process and how their feedback was e Appendix 2
was involved in the incorporated into the plan. e Appendix 3
planning process during e Appendix 5
the drafting stage? 44 CFR o Appendix 6
201.6(b)(1) and 201.6(c)(1)
b. The opportunity for participation must occur during the plan e Chapter1.3.1
development, which is prior to the comment period on the final plan e  Appendix 5
and prior to the plan approval / adoption. Appendix 6
A4. Does the Plan a. The plan must document what existing plans, studies, reports, and e  Chapter 1.2
document the review and technical information were reviewed.
incorporation of existing
plans, studies, reports, and | b. The plan must document how relevant information was incorporated | «  Chapter 1.2
technical information? 44 | into the mitigation plan. e Chapter 2.0
CFR 201.6(b)(3) e  Chapter 2.1
e Chapter 2.2
e  Chapter 2.3
e Chapter4.1
ADb. Is there discussion on a. The plan must describe how the jurisdiction(s) will continue to seek e Chapter 1.4
how the community(ies) public participation after the plan has been approved and during the
will continue public plan’s implementation, monitoring and evaluation.
participation in the plan
maintenance process? 44
CFR 201.6(c)(4)(iii)
AB. Is there a description a. The plan must identify how, when, and by whom the plan will be e Chapter1.4
of the method and schedule | monitored. Monitoring means tracking the implementation of the plan
for keeping the plan over time.
current (monitoring,
evaluating and updating b. The plan must identify how, when, and by whom the plan will be e Chapter1.4
the mitigation plan within | evaluated.
- ?
gosl)ée(i;(ggl)e)' 44 CPR c. The plan must identify how, when, and by whom the plan will be e Chapter 1.4
' updated.
d. The plan must include the title of the individual or name of the e  Chapter 1.4
department/agency responsible for leading each of these efforts.
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Element B. Hazard Identification and Risk Assessment

Plan Element

B1. Does the Plan
include a description
of the type, location,
and extent of all
natural hazards that
can affect each
jurisdiction? 44 CFR
201.6(c)(2)(i) and 44
CFR 201.6(c)(2)(iii)

Plan Requirement

a. The plan must include a description of the natural hazards that can
affect the jurisdiction(s) in the planning area.

(see table on page ES-9)

Location in
Document

Chapter 3.0
Chapter 3.1
Chapter 3.2
Chapter 3.3
Chapter 3.4
Chapter 3.5
Chapter 3.6
Chapter 3.7
Chapter 3.8
Chapter 3.9

b. The plan must provide the rationale for the omission of any natural
hazards that are commonly recognized to affect the jurisdiction(s) in the
planning area.

Chapter 2.4

c. The description, or profile, must include information on location,
extent, previous occurrences, and future probability for each hazard.
Previous occurrences and future probability are addressed in sub-element
B2.

(see table on page ES-9)

Chapter 3.1.2
Chapter 3.1.3
Chapter 3.2.2
Chapter 3.3.2
Chapter 3.4.2
Chapter 3.5.2
Chapter 3.6.2
Chapter 3.7.2
Chapter 3.8.2
Chapter 3.9.2
Chapter 4.2.1
Chapter 4.2.2
Chapter 4.2.3
Appendix 9

d. For participating jurisdictions in a multi-jurisdictional plan, the plan
must describe any hazards that are unique and/or varied from those
affecting the overall planning area.

(see table on page ES-9)

Chapter 3.9
Chapter 4.2.2
Chapter 4.2.3

B2. Does the Plan
include information
on previous
occurrences of hazard
events and on the
probability of future
hazard events for each
jurisdiction? 44 CFR
201.6(c)(2)(i)

a. The plan must include the history of previous hazard events for each of
the identified hazards.

(see table on page ES-9)

Chapter 3.1.1
Chapter 3.2.1
Chapter 3.3.1
Chapter 3.4.1
Chapter 3.5.1
Chapter 3.6.1
Chapter 3.7.1
Chapter 3.8.1
Chapter 3.9.1
Appendix 9

Appendix 16

b. The plan must include the probability of future events for each
identified hazard.

(see table on page ES-9)

Chapter 3.1.2
Chapter 3.2.2
Chapter 3.3.2
Chapter 3.4.2
Chapter 3.5.2
Chapter 3.6.2
Chapter 3.7.2

Executive Summary
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e Chapter 3.8.2
e Chapter3.9.2

¢. Plan updates must include hazard events that have occurred since the [Not Applicable]
last plan was developed.
B3. Isthere a a. For each participating jurisdiction, the plan must describe the potential e  Chapter4.2.2
description of each impacts of each of the identified hazards on the community. e Chapter4.2.3
identified hazard’s
impact on the b. The plan must provide an overall summary of each jurisdiction’s e Chapter4.2.1
community as well as vulnerability to the identified hazards. The overall summary of e  Chapter4.2.2
an overall summary of | vulnerability identifies structures, systems, populations or other e Chapter4.2.3
the community’s community assets as defined by the community that are susceptible to

vulnerability for each | damage and loss from hazard events. A plan will meet this sub-element by
jurisdiction? 44 CFR | addressing the requirements described in §201.6(c)(2)(ii)(A-C).
201.6(c)(2)(ii)

B4. Does the Plan a. The plan must describe the types (residential, commercial, institutional, | ¢  Chapter 4.1.1
address NFIP insured | etc.) and estimate the numbers of repetitive loss properties located in
structures within each | identified flood hazard areas.

jurisdiction that have
been repetitively
damaged by

floods? 44 CFR
201.6(c)(2)(ii)

Element C. Mitigation Strategy

Location in
Document

Plan Require

C1. Does the plan document a. The plan must describe each jurisdiction’s existing authorities, Chapter 4.1.1
each jurisdiction’s existing policies, programs and resources available to accomplish hazard e  Chapter4.1.2
authorities, policies, programs mitigation. e Chapter4.13
and resources, and its ability
to expand on and improve these
existing policies and

programs? 44 CFR 201.6(c)(3)

C2. Does the Plan address each | a. The plan must describe each jurisdiction’s participation in the e Chapter4.1.1
jurisdiction’s participation in NFIP and describe their floodplain management program for

the NFIP and continued continued compliance. Simply stating “The community will

compliance with NFIP continue to comply with NFIP,” will not meet this requirement.

requirements, as
appropriate? 44 CFR
201.6(c)(3)(ii)

C3. Does the Plan include goals | a. The plan must include general hazard mitigation goals that e  Chapter5.1
to reduce/avoid long-term represent what the jurisdiction(s) seeks to accomplish through
vulnerabilities to the identified mitigation plan implementation.

hazards? 44 CFR 201.6(c)(3)(i)

b. The goals must be consistent with the hazards identified in the e Chapter 5.1

plan.
C4. Does the Plan identify and a. The plan must include a mitigation strategy that 1) analyzes e Chapter5.2.1
analyze a comprehensive range | actions and/or projects that the jurisdiction considered to reduce e Chapter5.2.2
of specific mitigation actions the impacts of hazards identified in the risk assessment, and 2) e Chapter5.2.3
and projects for each identifies the actions and/or projects that the jurisdiction intends to

jurisdiction being considered to | implement.
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reduce the effects of hazards,
with emphasis on new and
existing buildings and
infrastructure? 44 CFR
201.6(c)(3)(ii) and 44 CFR
201.6(c)(3)(iv)

b. Each jurisdiction participating in the plan must have mitigation
actions specific to that jurisdiction that are based on the
community’s risk and vulnerabilities, as well as community
priorities.

Chapter 5.2.2

c. The action plan must reduce risk to existing buildings and
infrastructure as well as limit any risk to new development and
redevelopment.

e Chapter5.2.2

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? 44 CFR
201.6(c)(3)(iii) and 44 CFR
(©)(3)(iv)

a. The plan must describe the criteria used for prioritizing
implementation of the actions.

e Chapter5.2.2

b. The plan must demonstrate when prioritizing hazard mitigation
actions that the local jurisdictions considered the benefits that
would result from the hazard mitigation actions versus the cost of
those actions.

e Chapter5.2.2

c. The plan must identify the position, office, department, or
agency responsible for implementing and administering the action
(for each jurisdiction), and identify potential funding sources and
expected timeframes for completion.

e Chapter5.2.2
Chapter 5.2.3

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
improvement plans, when
appropriate? 44 CFR
201.6(c)(4)(ii)

a. The plan must describe the community’s process to integrate the
data, information, and hazard mitigation goals and actions into
other planning mechanisms.

e  Chapter 1.5

b. The plan must identify the local planning mechanisms where
hazard mitigation information and/or actions may be
incorporated.

e  Chapter 1.5

c. A multi-jurisdictional plan must describe each participating
jurisdiction’s individual process for integrating hazard mitigation
actions applicable to their community into other planning
mechanisms.

e  Chapter 1.5

d. The updated plan must explain how the jurisdiction(s)
incorporated the mitigation plan, when appropriate, into other
planning mechanisms as a demonstration of progress in local
hazard mitigation efforts.

[Not Applicable]

e. The updated plan must continue to describe how the mitigation
strategy, including the goals and hazard mitigation actions will be
incorporated into other planning mechanisms.

[Not Applicable]
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Element E. Plan Adoption

Plan Element Plan Requirement el
Document
E1. Does the Plan include a. The plan must include documentation of plan adoption, e Appendix1[To
documentation that the plan has usually a resolution by the governing body or other be added after
been formally adopted by the authority. adoption]

governing body of the jurisdiction
requesting approval? 44 CFR

201.6(c)(5)

E2. For multi-jurisdictional plans, | a. Each jurisdiction that is included in the plan must have its | e  Appendix 1 [To
has each jurisdiction requesting governing body adopt the plan prior to FEMA approval, even be added after
approval of the plan documented when a regional agency has the authority to prepare such adoption]
formal plan adoption? 44 CFR plans.

201.6(c)(5)

Additional, Descriptive Information of Compliance with Plan Requirements

Plan Requirement

B1 (a)

Description of Compliance

In Chapter 3, each natural hazard is assigned a section (e.g. Chapter 3.1). At the beginning of each
section is a detailed description of the natural hazard.

B1 (c)

Subsection 2 of each section in Chapter 3 (e.g. Chapter 3.1.2) includes information on Probability,
Impact, Spatial Extent, Warning Time, and Duration. For Erosion (Chapter 3.9), only impact (extent)
and probability are described under subsection 2 (Chapter 3.9.2), for the identified vulnerable area of
the region.

B1 (d)

Table 3-1 in Chapter 3.0 notes the regional location of the identified natural hazards. Chapters 4.2.2 and
4.2.3 describe the ways in which jurisdictions are uniquely vulnerable to the identified natural hazards,
using qualitative and quantitative means.

B2 (a)

Subsection 1 of each section in Chapter 3 (e.g. Chapter 3.2.1) includes information on Notable
Occurrences; particularly impactful events from reliable, historic sources. Appendix 9 contains tabular
data of events from the National Climatic Data Center’s Storm Events Database and the Spatial Hazard
Events and Losses Database for the United States (SHELDSU) by the University of South Carolina’s
Hazards and Vulnerability Research Institute.

B2 (b)

Probability is described in Subsection 2 of each section in Chapter 3 (e.g. 3.1.2) and is data-based,
using data from the Storm Events Database, SHELDUS, and other sources.
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Chapter One: Introduction

1.0

1.1

Introduction

“Hazard mitigation” is a critical element in emergency management and serves three primary
purposes: to protect people from injury and death, to protect property from harm and destruction,
and to limit the cost of disaster response and recovery through project funding and coordination
of services.

The 2015 Northeastern Connecticut Council of Governments Regional Hazard Mitigation Plan
(The 2015 Plan) is the result of dedicated stakeholder participation, from the northeastern
Connecticut towns of Ashford, Brooklyn, Canterbury, Chaplin, Eastford, Hampton, Killingly,
Plainfield, Pomfret, Putnam, Scotland, Sterling, Thompson, Union, Voluntown, and Woodstock,
toward strengthening the region’s resilience to natural hazard events.

The 2015 Plan was prepared by the staff of the Northeastern Connecticut Council of
Governments (NECCOG), a Regional Council of Governments (RCOG) with membership from
the 16 abovementioned towns (see Figures 1-1 and 1-2). NECCOG is an organization of each
town’s chief elected official (CEO) and provides a forum for regional and inter-municipal
planning, collaboration, and service sharing.

Why Plan?

Natural hazards present significant risks to people and property, as well as large-scale economic
costs. Responding to hazards before they occur—as opposed to responding to hazards as or after
they occur—goes a long way in reducing these risks. A natural hazard mitigation plan, approved
by the Federal Emergency Management Agency (FEMA) is a prerequisite to federal funding for
local mitigation projects, studies, and plans. Three grant programs allow for the opportunity to
mitigate the impacts of a region or town’s identified hazards.

Each of NECCOG’s member towns participated in the planning process that resulted in the
region’s natural hazard mitigation plan. In accordance with current FEMA guidelines, the
planning process was facilitated by NECCOG staff, in cooperation with regional CEOs,
government employees, other organizations and outside governments, the general public, and the
Northeastern Connecticut Emergency Management Committee (NCEMC), a group that meets
regularly, throughout the year, and consists of the 16 Emergency Management Directors (EMDs)
from each town.

Development of an effective natural hazard mitigation plan requires that the region identify risks
and vulnerabilities, and develop strategies to lessen or eliminate the effects of selected hazards. In
addition, the region can realize the following benefits:
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Figure 1-1: NECCOG in Relation to Major Cities
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Figure 2-2: NECCOG Member Towns
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¢ Identification of Hazards- Identification and risk assessment of hazards provides an
effective means for the implementation of funding for risk-reduction projects, development of
regulatory standards and policies to address the hazards, and articulating the region’s needs to
other levels of government when funding becomes available.

e Increased Public Awareness of Natural Hazards- Mitigation planning serves to help
residents better understand the threat to public health, safety, and welfare, economic vitality,
and the operational capability of critical infrastructure. It expands understanding of potential
risk reduction measures to include structural and regulatory tools, where available, such as
ordinances and building codes.

o Reduction of Impact- Hazard mitigation can reduce the impacts of natural disasters in the
region. Personal injury, loss of life, and monetary losses can be reduced.

e Building Partnerships- Mitigation planning helps to build partnerships with diverse
stakeholders, increasing opportunities to leverage data and resources in reducing workloads,
as well as achieving shared community objectives.

e Compliance Assurance- This Plan ensures that the region and its member towns are
compliant with the Federal Disaster Mitigation Act of 2000 (DMA 2000) and are eligible to
apply for and receive Hazard Mitigation Assistance (HMA) funds.

Review of Past and Recent Documents

Between the years of 2011 and 2013, NECCOG staff drafted and submitted the 2013
Northeastern Connecticut Natural Hazard Mitigation Plan draft (The 2013 Plan draft). In the
month of October, 2013, the Connecticut Department of Energy and Environmental Protection
(DEEP) and FEMA reviewed the draft but the document did not meet final approval by FEMA.
The drafted document was able to serve as a foundation for The 2015 Plan. Additionally,
FEMA'’s review process resulted in constructive feedback which allowed staff to specifically
tailor the design of The 2015 Plan to meet federal requirements.

In preparation for The 2015 Plan, NECCOG staff also reviewed multi-jurisdictional plans, state
plans, and local plans from Connecticut, neighboring states, and beyond. A review of nearby
plans provided important data, while plans from similarly sized regions allowed for the
development of a streamlined approach, based on each document’s best qualities. The most
important, reviewed documents were:

¢ Northeastern Connecticut Council of Governments: 2013 Northeastern Connecticut
Natural Hazard Mitigation Plan (draft).

¢ Windham Region Council of Governments (WINCOG): 2007 Pre-Disaster Natural
Hazards Mitigation Plan; 2012 Pre-Disaster Natural Hazards Mitigation Plan (draft).

e Southeastern Connecticut Council of Governments (SCCOG): Southeastern Connecticut
Council of Governments Multi-Jurisdictional Hazard Mitigation Plan Update (2012).

e Capitol Region Council of Governments (CRCOG): 2013-2018 Capitol Region Natural
Hazards Mitigation Plan Update.

e Androscoggin Valley Council of Governments (AVCOG): Androscoggin County Hazard
Mitigation Plan (2011). AVCOG is in Androscoggin County, Maine.
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e Huron County, Ohio: Huron County Multi-Jurisdictional Hazard Mitigation Plan 2011-
2016.

e State of Connecticut: 2014 Connecticut Natural Hazards Mitigation Plan Update.

o State of Rhode Island: 2014 Rhode Island Hazard Mitigation Plan Update.

¢ Commonwealth of Massachusetts: Commonwealth of Massachusetts State Hazard
Mitigation Plan (2013).

e Local Communities: Local Plans of Conservation and Development (POCDs), as well as
zoning regulations, subdivision regulations, inland wetlands regulations, codes of ordinances,
and other documents. These documents allowed for a proper assessment of present and future
vulnerability.

o FEMA Guidance Documents: A number of guidance documents, available through FEMA
were used in the drafting and planning processes. The most important of which was Multi-
Jurisdictional Mitigation Planning.

Plans from the Windham Region Council of Governments (WINCOG) and the Southeastern
Connecticut Council of Governments (SCCOG) served twofold because they also aided important
data needs for four towns in the NECCOG region: Chaplin, Hampton, Scotland, and VVoluntown.

Formation of a Regional Plan

Congress, in response to the national need to prepare for natural disasters, enacted the Disaster
Mitigation Act of 2000 to establish a unified national hazard mitigation program. This act (which
updated earlier preparedness acts) placed new emphasis on hazard mitigation planning in state
and local units of government, requiring adoption of mitigation plans as a prerequisite for certain
assistance programs. FEMA has implemented local and multi-jurisdictional planning
requirements through federal regulations (44 CFR §201). FEMA also provides a publication,
Multi-Jurisdictional Mitigation Planning, to guide county governments and regional planners to
meet the requirements of 44 CFR 8§201.6. All plans in Connecticut are submitted to Connecticut
Department of Emergency Services and Public Protection, Division of Emergency Management
and Homeland Security (DEMHS) for initial review, with DEMHS then forwarding the plans to
the Federal Emergency Management Agency, Region | office in Boston, Massachusetts for their
review, correction, and subsequent determination of compliance with reguations.

The following programs will become available to NECCOG member towns, pending approval of
a hazard mitigation plan:

e Pre-Disaster Mitigation Program (PDM) - This program was put in place to preemptively
plan for natural disasters, negating the need for federal assistance in recovery. Eligible
projects include: Voluntary acquisition of real property for open space; elevation of existing
public or private structures; retrofitting existing structures to meet building codes;
construction of safe rooms for public or private structures that meet certain FEMA
requirements; hydrologic and hydraulic studies/analyses, engineering and drainage studies for
project design and feasibility; vegetation management; protective measures for utilities,

1 This Act also covers man-made disasters
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water, sewer, roads and bridges; storm water management to reduce/eliminate long-term
flood risk; and dam or levee rehabilitation, replacement, or removal.

e Hazard Mitigation Grant Program (HMPG) - This program is designed to assist in
mitigation project implementation, directly following a natural disaster, to reduce risks from
future disasters. Eligible projects include, but are not limited to, hazard mitigation planning,
generator purchases, infrastructure retrofitting, and minor flood reduction projects.

¢ Flood Mitigation Assistance Program (FMA) - This program assists in the implementation
of cost-effective measures to reduce or eliminate long-term risk of flood damage to NFIP-
insured structures. Eligible projects include, but are not limited to, property acquisition and
structure elevation, demolition, or relocation, dry flood-proofing, and minor structural flood
control activities.

1.3.1 Planning Process

The planning process for The 2013 Plan draft proved valuable in developing a scope of hazard
mitigation planning that serves the needs of municipalities in northeastern Connecticut. The 2015
Plan built off of The 2013 Plan draft and additional information was sought from the general
public, town employees, EMDs, CEOs, as well as outside sources. The body of The 2015 Plan
was compiled between August, 2014 and December, 2014. The NCEMC and NECCOG were the
two groups at the center of the planning process. Stakeholders in the planning and construction of
The 2013 Plan draft and The 2015 Plan were:

o Northeastern Connecticut Emergency Management Committee- For both The 2013 Plan
draft and The 2015 Plan, the committee was actively involved in providing data, identifying
natural hazards, communicating with town governments, providing Local Mitigation Actions,
and coordinating meetings. Two NCEMC meetings overlapped with the drafting process of
The 2015 Plan (see Table 1-4 and Appendix 2). Results of the previous planning process
were reviewed at the September, 2014 meeting.

¢ Northeastern Connecticut Council of Governments: CEOs from each member town
comprise the Northeastern Connecticut Council of Governments. CEOs were valuable in
providing data, coordinating meetings, reviewing the plan, proposing Local Mitigation
Actions, and identifying hazards (see Table 1-4). When needed, CEOs were able to offer
support relative to the plan and will be integral in accomplishing Regional Goals and
Objectives.

e General Public- In preparation for The 2013 Plan draft, NECCOG staff held public,
informational meetings in the towns of Thompson, Sterling, Plainfield, and Pomfret. In
October and November, 2014, a NECCOG staff member, often accompanied by a local EMD
and/or CEO, held a public, informational meeting in each member town (see Table 1-3 and
Appendix 2). These meetings provided a forum for public participation when assessing
regional vulnerability and considering Local Mitigation Actions. Additionally, the public was
able to view and comment on the working draft of the plan through the NECCOG website
(see Appendix 5). Beginning in October, draft chapters were continually updated and
available for public consumption. The public was invited to offer feedback and local data by
contacting a NECCOG staff member or completing a structured gquestionnaire (see Appendix
3); however, it was not used. Moreover, the public was made aware of NECCOG’s planning

Chapter One: Introduction 1-6



2015 Northeastern Connecticut Council of Governments Regional Hazard Mitigation Plan

efforts by local press. Local radio station, WINY, and local newspapers, The Reminder and
The Willimantic Chronicle, attended meetings in Putnam, Plainfield, and Ashford,
respectively, and ran stories on The 2015 Plan (see Appendix 6).

e Qutside Entities: During the initial planning process, in 2011 and 2012, information about
planning meetings were posted on the NECCOG website, inviting participation. Additionally,
a number of outside entities attended early planning meetings (see Table 1-1 and Appendices
5). Prior to submittal of The 2015 Plan, NECCOG staff contacted a broad group of outside
stakeholders to view a working draft of The 2015 Plan and was offer specific input.
Participation was sought from EMDs from the neighboring, Connecticut towns of Stafford,
Willington, Mansfield, Windham, Sprague, Lisbon, Griswold, and North Stonington, as well
as staff from the Southeastern Connecticut Council of Governments, the Capital Region
Council of Governments, Central Massachusetts Regional Planning Commission, the Pioneer
Valley Planning Commission, and the Rhode Island Division of Planning (see Appendix 7).

Table 1-1: Outside Stakeholder Attendance at Planning Meetings

Organization Title

Northeastern District Department of Health Emergency Preparedness Coordinator

Connecticut DESPP, DEMHS Region 4 Coordinator

Disaster Action Team Leader and Government

American Red Cross .
Liaison

Northeast Utilities, Connecticut Light &

Community Relations Specialist
Power (Eversource Energy) y P

Federal Emergency Management Agency Mitigation/Tribal Specialist

Thames Valley Council for Community

Action Chief Operations Officer

Day Kimball Hospital Homecare Director, Day Kimball HomeCare

Hazard ldentification

In 2012, in preparation for The 2013 Plan draft, NECCOG staff sought participation from the
NCEMC and the Northeastern Connecticut Council of Governments’ CEOs in identifying the
region’s natural hazards. Following November 2012 NCEMC Meeting and NECCOG’s October
2012 Regular Meeting, both parties were asked to subjectively assess risk factors associated with
natural hazards identified in the 2014 Connecticut Natural Hazards Mitigation Plan Update and
WINCOG’s 2007 Pre-Disaster Natural Hazards Mitigation Plan. This risk assessment was
conducted with the use of a Natural Hazard Identification and Risk Assessment Matrix
(NHIRAM) (see Appendix 4) that used the criteria of “hazard frequency”, “hazard probability”,
“health and public safety [risks]”, “home damage”, “business disruption”, “public expenditures”,
“magnitude of population at risk”, “magnitude of homes at risk”, and “magnitude of businesses at
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risk” to compare flooding, drought, hail, high wind, tropical cyclones, lightning, heavy rain,
winter storms, temperature extremes (heat and cold), tornadoes, wildfires, earthquakes, ice jams,
and dam failures. The NHIRAM also allowed these stakeholders to input additional hazards, for
consideration in the coming plan.

Table 1-2: Outside Stakeholder Involvement through E-mail

Organization/Jurisdiction Involvement

Town of Stafford Emergency Management Director

Town of Willington Emergency Management Director

Town of Mansfield Emergency Management Director

Town of Windham Emergency Management Director

Town of Sprague Emergency Management Director

Town of Lisbon Emergency Management Director

Town of Griswold Emergency Management Director

Town of North Stonington Emergency Management Director
Capital Region Council of Governments Staff via Executive Director
Southeastern Connecticut Council of Governments Staff via Executive Director
Central Massa(éhou;er:issgggional Planning Staff via Executive Director
Pioneer Valley Planning Commission Staff via Executive Assistant
Rhode Islangsfgz:rgfegtl;;n?:gministration, Staff via Associate Director

The Last Green Valley, Inc. Staff via Common E-Mail Address

The 2015 Plan addresses the following, region-wide hazards, identified in the abovementioned
process: Flooding, wind, lightning, thunderstorms, winter storms/nor’easters, tropical cyclones,
tornadoes, drought, hail, and earthquakes. In addition, The 2015 Plan was expanded to include
erosion, specifically for the town of Putnam, due to an identified and impactful threat of fluvial

erosion (see Appendix 8).
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Table 1-3: Public Meeting Dates and Attendance

Town Meeting Date Attendance* Media Meeting Format
Eastford October 6, 2014 7 Board of Selectmen Meeting
Scotland October 8, 2014 9 Board of Selectmen Meeting
Pomfret October 20, 2014 7 Board of Selectmen Meeting

Union October 20, 2014 6 Informational NECCOG Meeting
Brooklyn October 22, 2014 3 Informational NECCOG Meeting
Hampton November 3, 2014 2 Informational NECCOG Meeting
Putnam November 5, 2014 2 WINY Radio Informational NECCOG Meeting

Woodstock | November 6, 2014 11 Board of Selectmen Meeting
Chaplin November 6, 2014 5 Board of Selectmen Meeting
Sterling Novezrglljzr 10, 1 Informational NECCOG Meeting

Plainfield Novezrgtler 12, 2 The Reminder Informational NECCOG Meeting

Thompson Novzrg?zr 13, 4 Informational NECCOG Meeting

Canterbury Nove;rg;;zr 17, 0 Informational NECCOG Meeting
Ashford Novezngi)zr 19, 4 Thec\:]\/ricl):irzlae ntic Informational NECCOG Meeting
Killingly Novezngi)zr 20, 8 Special Meeting of the Town Council

Voluntown November 24, 2 Informational NECCOG Meeting

2014

*Attendance includes town personnel and does not include NECCOG staff
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Meeting Date

Table 1-4: NECCOG and NCEMC Meeting Dates and Content

Meeting Type

Meeting Content

September Regular NECCOG Inclusion of work into the 2011-2012 NECCOG Budget and Work WINY
30, 2011 Meeting Plan Radio
WINY
November 15, . . . S Radio,
2011 NCEMC Meeting Overview of planning process and distribution of the NHIRAM Villager
Newspapers
February 7, Special meeting I . .
2012 held by NECCOG Natural Hazard Identification and discussion of all hazards
March 23, Regular NECCOG Discussion of the status of The 2013 Plan draft and the planning WINY
2012 Meeting process Radio
April 27, Regular NECCOG . WINY
2012 Meeting Update regarding progress of The 2013 Plan draft Radio
October 26, Regular NECCOG Discussion of specific natural hazards and hazard identification using WINY
2012 Meeting NHIRAM Radio
November 13 Draft plan distributed for review. EMDs asked to provide potential
" | NCEMC Meeting mitigation projects (Local Mitigation Actions) for inclusion in the
2012 e
plan's Mitigation Strategy
November 30, | Regular NECCOG Dr.a.ft pl_an dlst_rlbuted for rew_e_vv. C_:EOs agked to pr_owde_ potgntlal WINY
- mitigation projects (Local Mitigation Actions) for inclusion in the .
2012 Meeting o Radio
plan's Mitigation Strategy
January 8, . Review of Goals and Objectives. Additional Local Mitigation Actions
2013 NCEMC Mezting sought for inclusion in the plan's Mitigation Strategy
March 12, . Additional Local Mitigation Actions sought for inclusion in the plan's
2013 NCEMC Meeting Mitigation Strategy
August 22, Regular NECCOG Announcement of intent to draft The 2015 Plan as a continuation of WINY
2014 Meeting The 2013 Plan draft Radio
Sentember 9 Review of natural hazards identified in, and adopted from, The 2013
P 2014 ' NCEMC Meeting Northeastern Connecticut Natural Hazard Mitigation Plan draft.
Review of the needs for The 2015 Plan
September Regular NECCOG | Discussion of progress of The 2015 Plan and specific needs from each WINY
26,2014 Meeting member town Radio
October 24, Regular NECCOG | Discussion of progress of The 2015 Plan and specific needs from each WINY
2014 Meeting member town Radio
November 18, NCEMC Meeting Brief update regarding the drafting and planning process for The 2015 WINY
2014 Plan Radio
December 4, Regular NECCOG Official endorsement, from the Northeastern Connecticut Council of WINY
2014 Meeting Governments, of the draft of The 2015 Plan Radio
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Plan Maintenance Strategy

To ensure the success of an ongoing program, it is critical that The 2015 Plan remain relevant to
the changing needs of the region. To do this, members of the NCEMC and NECCOG must
continually offer feedback on the progress of the plan, relative to their own towns. Mitigation
actions, goals, and objectives, identified in the plan, are meant to guide jurisdictional and multi-
jurisdictional efforts. Information regarding the completion, planning, deferment, or elimination
of mitigation actions identified in Chapter 5.2 is crucial to keeping the plan current. The 2015
Plan should be viewed as a “living document” that changes with the conditions of the region.

Table 1-5: Timeline for Maintaining The 2015 Plan and Drafting The 2020 Update
Process Timeline Description
Regular meetings with CEOs and EMDs result in ideas for

2015 - 2019 improvement to The 2015 Plan and allow NECCOG staff to
monitor the progress of Local Mitigation Actions

Plan Evaluation and
Monitoring

Commence Planning for The NECCOG staff begin scheduling public meetings and

2017

2020 Update detailing an outline of the draft of The 2020 Update
NECCOG staff prepare a draft, using up-to-date information,
Plan Drafting and Review 2018 of The 2020 Update and conduct 16 public meetings in each

member town

NECCOG staff complete a final draft of The 2020 Update
Final Drafting and Submittal 2019 and submit to DEMHS and FEMA for initial review, making
amendments as needed

NECCOG member towns continue coverage under an up-to-

Continued Coverage 2020 - 2024 date plan, through 2024

Evaluating and Monitoring the Current Plan

It will be the responsibility of NECCOG staff and the NCEMC to continually monitor the
progress of the plan and complete a holistic review the document on a yearly basis. NECCOG
staff will stay track the status of projects by meeting with the NCEMC once every two months, or
as needed, and maintaining contact with CEOs, other town officials, and town employees.
Meetings will also serve the planning process by providing insight to needed amendments and
ideas for the next plan update. NECCOG staff members responsible for hazard mitigation
planning are: Executive Director, Associate Director, and Regional Project Analyst. Additional
staff may be added to assist in hazard mitigation planning.
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Public Participation

Public participation in the ongoing planning process will be facilitated through the NECCOG
website, local EMDs, and NECCOG meetings. The public will be able to view the final draft of
the plan and monitor its progress on the NECCOG website, and are invited to contact the
NECCOG staff member(s) responsible for maintaining records of public input. The public is
always invited to raise town-specific concerns, regarding the plan, with their local EMD and/or
dedicated commission, with the information being relayed to NECCOG staff. Additionally, the
public is always welcomed to attend a regular meeting of the Northeastern Connecticut Council
of Governments, held monthly.

Updating the Plan

Guidelines require that updated plans be submitted for approval on a five-year cycle in order to
preserve funding eligibility. Given the short-term nature of hazard mitigation planning, it is
imperative that the process for updating The 2015 Plan be viewed as continuous with plan
evaluation and monitoring—all taking place in one cycle.

The next anticipated update of the region’s plan is for the year 2020. “The 2020 Update” will
likely follow a similar planning process and outline to The 2015 Plan, making deviations when
needed, and will be expanded to better address climate change and possibly man-made hazards.
Once again, 16 public meetings will be held in NECCOG’s member towns during this process.
The 2020 Update will also include a section that inventories all progress made, and Local
Mitigation Actions and Regional Mitigation Actions accomplished or underway, since the
completion of The 2015 Plan. It is the intention of NECCOG and its member towns to implement
as many actions, identified in Chapter 5.2, as possible, while The 2015 Plan is active.

Plan Integration and Adoption

All participating municipalities must adopt the multi-jurisdictional hazard mitigation plan for that
plan to receive final, federal approval. Multi-jurisdictional plans must also include a discussion of
how the document will be integrated into municipal operations, town planning mechanisms, and
regulatory powers.

After FEMA issues an Approval Pending Adoption, NECCOG will send adoption resolutions to
each of its 16 towns for CEOs to sign at that town’s Board of Selectmen’s Meeting or Meeting of
the Town Council. See Figure 1-3 for a sample adoption resolution. Upon adoption, a copy of
each, signed resolution will be appended to The 2015 Plan. Prior to adoption, blank resolution
templates are located in the first appendix (see Appendix 1).

Proceeding plan adoption, NECCOG staff shall assist each town’s CEO in eliciting involvement
from boards, commissions, and departments that have interests and responsibilities relevant to the
hazard mitigation process. Letters will be sent to the heads of each party, requesting involvement
in, and espousal of, the goals and objectives of the plan. It is intended that all boards,
commissions, and departments integrate the plan into their routine practices, regulatory
authorities, and appropriate town documents, such as a Plan of Conservation and Development.
See Figures 1-4 and 1-5 for examples of letters that may be sent to elicit involvement.
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Municipal Adoption Resolution Template

Resolution Adopting the 2015 Northeastern

Connecticut Council of Governments Regional Hazard Mitigation Plan

WHEREAS, the Town of Town Council/Board of Selectmen recognizes the threats that natural
hazards pose to people and property with the Town of ; and
WHEREAS, the Town of in collaboration with the Northeastern Connecticut Council of

Governments (NECCOG) has prepared a multi-hazard mitigation plan known as the 2015 Northeastern
Connecticut Council of Governments Regional Hazard Mitigation Plan in accordance with the disaster
Mitigation Act of 2000; and

WHEREAS, the 2015 Northeastern Connecticut Council of Governments Regional Hazard Mitigation Plan
has identified mitigation goals and actions to reduce or eliminate long-term risk to people and property
from the impacts of future natural hazards and disasters that affect the Townof _ and the region; and

WHEREAS, the Federal Emergency Management Agency/ Department of Homeland Security has
approved the 2015 Northeastern Connecticut Council of Governments Regional Hazard Mitigation Plan,
on condition of local adoption, enabling the Town of to apply for Hazard Mitigation grant funding;
and

WHEREAS, adoption by the Town of Town Council/Board of Selectmen demonstrates their
commitment to achieving the hazard mitigation goals outlined in the Town of ‘s section of the
2015 Northeastern Connecticut Council of Governments Regional Hazard Mitigation Plan

NOW, THEREFORE, BE IT RESOLVED, that the Town of Town Council/Board of Selectmen
hereby adopts the 2015 Northeastern Connecticut Council of Governments Regional Hazard Mitigation
Plan.

Date of adoption:

Signed:

Figure 1-3: Sample adoption resolution
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Sample Letter to Pomfret Public Works,

As of January, 2015, the Northeastern Connecticut Council of Governments holds an approved
natural hazard mitigation plan through the Federal Emergency Management Agency. As part of the Northeastern
Connecticut Council of Governments, Pomfret formally adopted the natural hazard mitigation plan on January X,
2015; attached is a copy of Pomfret’s adoption resolution.

In addition to enabling opportunities for federal hazard mitigation funding, the 2015 Northeastern Connecticut
Council of Governments Regional Hazard Mitigation Plan addresses the need for local communities to enhance
hazard mitigation efforts through daily practices and capital improvements. The following regional goals and
objectives were established by the Regional Hazard Mitigation Planning Committee, comprised of local Emergency
Management Directors:

o Goal One o Goal Two - Goal Three

= Objective One = Objective One L] Objective One
= Objective Two *  Objective Two . Objective Two
= Objective Three = Objective Three L] Objective Three

We are calling on all departments, boards, and commissions to integrate the goals and objectives of this plan into
future and existing documents and regular procedures. It should also be understood that this plan is available as a
reference for decision making when needed. We ask that the Pomfret Department of Public Works develop ways in
which regular procedures can be modified or expanded to better serve regional hazard mitigation goals and
objectives. Example actions include: monthly inspection of storm drains for jamming debris and sediment; or
consideration of road management practices that reduce surface runoff from rainwater.

Support from the Pomfret Department of Public Works is integral in meeting the regional goals and objectives of
plan. The Northeastern Connecticut Council of Governments and the Regional Hazard Mitigation Planning
Committee thank you for your participation.

Sincerely,

Staff Contact, Title- Northeastern Comnecticut Council of Governments
First name Last xame

First name Last name, Emergency Management Director- Town of Pomfret
Finst rame Last rame

Figure 1-4: Sample letter to the Pomfret Public Works Department
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Sample Letter to Woodstock Planning and Zoning Commission,

As of January, 2015, the Northeastern Connecticut Council of Governments holds an
approved natural hazard mitigation plan through the Federal Emergency Management Agency. As part of the
Northeastern Connecticut Council of Governments, Woodstock formally adopted the natural hazard mitigation
plan on January X, 2015; attached is a copy of Woodstock’s adoption resolution.

In addition to enabling opportunities for federal hazard mitigation funding, the 2015 Northeastern Connecticut
Council of Governments Regional Hazard Mitigation Plan addresses the need for local communities to enhance
hazard mitigation efforts through daily practices and capital improvements. The following regional goals and
objectives were established by the Regional Hazard Mitigation Planning Committee, comprised of local
Emergency Management Directors:

L Goal One . Goal Two n Goal Three

= Objective One . Objective One *  Objective One
=  Objective Two = Objective Two *  Objective Two
= Objective Three L] Objective Three = Objective Three

We are calling on all departments, boards, and commissions to integrate the goals and objectives of this plan into
future and existing documents and regular procedures. It should also be understood that this plan is available as a
reference for decision making when needed. We ask that the Woodstock Planning and Zoning Commission
develop ways in which regular procedures can be modified or expanded to better serve regional hazard mitigation
goals and objectives. Additionally, we ask that, as the commission charged with comprehensive planning, the
Woodstock Planning and Zoning Commission integrate the goals, objectives, activities, and information laid out
in the 2015 Northeastern Connecticut Council of Governments Regional Hazard Mitigation Plan into next update
of the Woodstock Plan of Conservation and Development.

Support from the Woodstock Planning and Zoning Commission is integral in meeting the regional goals and
objectives of plan. The Northeastern Connecticut Council of Governments and the Regional Hazard Mitigation
Planning Committee thank you for your participation.

Sincerely,

Staff Contact, Title- Northeastern Connecticut Council of Governments
Fist name. Last xame

First name Last name, Emergency Management Director- Town
First name Last rame

Figure 1-5: Sample letter to the Woodstock Planning and Zoning Commission
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Chapter Two: The Region

2.0 The Region

The region making up the Northeastern Connecticut Council of Governments (NECCOG) borders
Rhode Island (Washington, Kent, and Providence Counties) to the east and Massachusetts
(Hampton and Worcester Counties) to the north. NECCOG member towns are mostly located in
Windham County; with the exceptions of Voluntown (New London County) and Union (Tolland
County). The region abuts the Connecticut towns of Stafford, Willington, Mansfield, Windham,
Sprague, Lisbon, Griswold, and North Stonington. The only town in Windham County that is not
a member of NECCOG is Windham.

Much of the region has been defined, both culturally and geographically, by the Quinebaug River
and its tributaries. Eleven mill villages can be found along the Route 12 corridor, mostly on the
Quinebaug River and in various states of decline and rebirth. In some small hubs along Interstate
395, modern commercial developments and industrial land uses have replaced these mill villages
as centers of commerce and employment. Away from the river, colonial village centers and a
rural landscape lend the region its nicknames: “The Last Green Valley” and the “Quiet Corner”.
Most of the region is forested—over 70%—and agriculture is present and persistent. Because of
this, at least some portion of every town retains a distinct rural character.

2.1 Demographics and Economy

Data in this section was taken from numerous sources and was studied to gain an understanding
of the economic and social conditions that create the context for hazard mitigation planning in
northeastern Connecticut. Used for its accuracy and reliability, 2010 Decennial Census! data was
employed to provide snapshots of racial/ethnic demographics, 2010 population, and selected
housing characteristics. The Connecticut State Data Center? contained population projections as
well as historic census data for each town. Recent workforce and employment figures were
available through the Connecticut Department of Labor®* (DOL), by Labor Market Area (LMA).

The region, for more than forty years, and especially during the past twenty years, has grown in
population, housing units, and businesses. The reasons for growth are tied to the strategic location
of the region, relatively low costs for land and housing, and affordable labor. The region is a
convenient distance from New England’s largest metropolitan areas: Providence, Worcester, and
Boston. These cities are more often the connection for work, culture, and commerce than any
large urban area in Connecticut. The 2010 Census designated much of 1-395 corridor (parts of,
Woodstock, Putnam, Pomfret, Killingly, Brooklyn and Plainfield) as part of the Worcester Urban
Area. Boston and its suburbs can be reached in about one hour and Providence and Worcester are,

1 United State Census Bureau, 2010 Census Summary File 1 Connecticut

2 Connecticut State Data Center at the University of Connecticut Libraries Map and Geographic Information Center, 2015-2025 Population
Projections for Connecticut at State, County, Regional Planning Organization, and Town Levels

3 Connecticut Department of Labor, Labor Market Area Information

4 Connecticut Department of Labor, Labor Market Area Information
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respectively, forty-five minutes and thirty minutes from most of the region’s people. Many new
residents have moved to northeastern Connecticut because of its access to these three metro areas
while affording them a rural lifestyle and a choice of affordable housing options. Within
Connecticut, the region is approximately one hour from the greater Hartford and Groton-New
London areas, and the state’s two tribal casinos, Mohegan Sun and Foxwoods, can be reached in
under one hour. Northeastern Connecticut is also one of the few places in southern New England
where a full spectrum of workers can find housing that fits their financial requirements.

Population and Housing

Table 2-1: Historic and Projected Population Growth

Town | 1970 | 1980 | 1990 | 2000 15 Year Growth
Ashford | 2,156 | 3,221 | 3,765 | 4,07 | 4,317 | 4413 | 4,483 | 4521 4.7%
Brooklyn | 4965 | 5691 | 6,681 | 7,176 | 8210 | 8671 | 9,079 | 9,474 15.4%
Canterbury | 2,673 | 3,426 | 4,467 | 4702 | 5132 | 5332 | 5483 | 5,607 9.3%
Chaplin | 1,621 | 1,793 | 2,048 | 2,251 | 2,305 | 2,293 | 2,262 | 2,202 -4.5%
Eastford 922 | 1,028 | 1,314 | 1,617 | 1,749 | 1,822 | 1,871 | 1,903 8.8%
Hampton | 1,129 | 1,322 | 1,578 | 1,760 | 1,863 | 1,889 | 1,894 | 1878 0.8%
Killingly | 13,573 | 14,519 | 15,889 | 16,488 | 17,370 | 17,738 | 17,974 | 18,080 4.1%
Plainfield | 11,957 | 12,774 | 14,363 | 14,626 | 15,405 | 15,759 | 15992 | 16,130 4.7%
Pomfret | 2,529 | 2,775 | 3,102 | 3,803 | 4,247 | 4,473 | 4678 | 4876 14.8%
Putnam | 8598 | 8580 | 9,031 | 9,002 | 9,584 | 9,935 | 10,245 | 10,478 9.3%
Scotland | 1,022 | 1,072 | 1215 | 1,557 | 1,726 | 1,783 | 1,820 | 1,833 6.2%
Sterling | 1,853 | 1,791 | 2,357 | 3,099 | 3,830 | 4,168 | 4,472 | 4742 23.8%
Thompson | 7,580 | 8,141 | 8,668 | 8,879 | 9458 | 9,733 | 9924 | 10,073 6.5%
Union 443 546 612 694 854 912 956 995 16.5%
Voluntown | 1,452 | 1,637 | 2,113 | 2,530 | 2,603 | 2,590 | 2543 | 2474 -5.0%
Woodstock | 4,311 | 5117 | 6,008 | 7,242 | 7,964 | 8,324 | 8,607 | 8862 11.3%
Total 66,784 | 73,433 | 83,211 | 89,533 | 89,533 | 99,835 | 102,283 | 104,128 16.3%

Source: Connecticut State Data Center at the University of Connecticut Libraries Map and Geographic
Information Center, 2015-2025 Population; United States Census Bureau, 2010 Census Summary File 1
Connecticut

According to the 2010 Decennial Census, the region’s 16 towns were home to 96,617 people. The
four towns along the 1-395 corridor, Killingly (17,370), Plainfield (15,405), Putnam (9,584), and
Thompson (9,458), accounted for 51,817 people, about 54% of the region’s residents. These four
towns were the most populous, with Brooklyn (8,210) and Woodstock (7,964) also having
relatively large populations. The three least-populous towns were Union (854), Scotland (1,726),
and Eastford (1,749).
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NECCOG towns’ populations are projected to climb slowly and steadily for the rest of the quarter
century (see Table 2-1). According to the Connecticut State Data Center, most towns should
experience consistent population increases; however Chaplin and Voluntown are expected to
decrease in size over the next eleven years. UConn also predicts that Sterling (23.8%), Union
(16.5%), Brooklyn (15.4%), Pomfret (14.8%), and Woodstock (11.3%) will experience the
sharpest increases in population. Approximately 8.9% of the region’s population is 70 years or
older.

The slow and steady population change of the region, coupled with its lack of high-activity urban
centers, lends itself to relatively homogenous racial and ethnic characteristics. In 2010, NECCOG
towns were 95.47% White/Hispanic. In the entire state of Connecticut, White and Hispanic

Table 2-2: Selected Demographic Characteristics

2010 White/ Black/African . American 70 Years 70 Years and
Population ~ Hispanic American Indian and Older Older
Ashford 4,317 94.09% 1.04% 1.34% 0.37% 302 7.00%
Brooklyn 8,210 92.63% 2.94% 1.07% 0.29% 831 10.12%
Canterbury 5,132 95.65% 1.11% 0.68% 0.41% 351 6.84%
Chaplin 2,305 94.75% 1.13% 0.26% 0.26% 199 8.63%
Eastford 1,749 96.05% 0.17% 0.97% 0.29% 159 9.09%
Hampton 1,863 96.08% 0.16% 0.86% 0.48% 164 8.80%
Killingly 17,370 93.11% 1.51% 1.80% 0.42% 1,734 9.98%
Plainfield 15,405 93.58% 1.15% 1.03% 0.57% 1,338 8.69%
Pomfret 4,247 95.69% 0.61% 1.62% 0.14% 326 7.68%
Putnam 9,584 94.09% 1.31% 1.01% 0.63% 1,059 11.05%
Scotland 1,726 97.10% 0.58% 0.35% 0.23% 120 6.95%
Sterling 3,830 96.01% 0.47% 0.78% 0.84% 171 4.46%
Thompson 9,458 95.94% 0.60% 0.69% 0.40% 931 9.84%
Union 854 95.08% 0.47% 0.47% 0.35% 91 10.66%
Voluntown 2,603 95.39% 0.54% 0.61% 0.73% 177 6.80%
Woodstock 7,964 97.23% 0.38% 0.74% 0.31% 680 8.54%
Total 96,617 N/A N/A N/A N/A 8,633 N/A
Average 6,039 94.57% 1.14% 1.07% 0.44% 540 8.94%
Connecticut 3,574,097 77.57% 10.14% 3.79% 0.31% 357,278 10.00%

Source: Source: United States Census Bureau, 2010 Census Summary File 1 Connecticut
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persons made up only 77.57% of the population while Black/African American persons

accounted for 10.14% of the population. In NECCOG towns, in 2010, 1.14% of the population

were Black/African American. The NECCOG region also had a lower-than-average Asian
population; only 1.07%, compared to the state’s 3.79%. American Indian, however, accounted for
a higher-than-average 0.44% of the region’s population—compared to the state’s share of 0.31%.

For a comprehensive inventory of town-by-town racial/ethnic statistics, see Table 2-2.

According to the 2010 Decennial Census, the region was home to 37,240 housing units (see Table

2-3). Approximately 75% of these housing units were owner-occupied and approximately 25%

were renter occupied. Home ownership in the NECCOG region greatly exceeds the state average.

Special Populations

Elderly and disabled populations are often at considerable risk during natural hazard events. As a
whole the region has fewer elderly and disabled persons than the state of Connecticut (see Tables

2-2 and 2-3); however, a number of towns deviate from this rule. Elderly and disabled
populations are important to note when planning for hazards.

Table 2-3: Estimated Share of Non-Institutionalized Civilian Population with Disability or

Impairments
Town ‘ Disability I-_|ee_1ring \_/i_sion ngpitive Ambl_JIatory Sglf_—care : Irjdepepd_ent
Status Difficulty | Difficulty Difficulty Difficulty Difficulty Living Difficulty
Ashford 4.4% 1.9% 2.4% 1.6% 2.0% 2.4% 3.3%
Brooklyn 4.9% 3.0% 3.7% 3.3% 3.2% 3.3% 3.6%
Canterbury 4.5% 3.8% 4.1% 4.0% 4.0% 3.8% 2.7%
Chaplin 4.0% 2.9% 3.3% 2.1% 2.4% 2.1% 3.1%
Eastford 4.3% 1.5% 2.7% 2.3% 2.1% 2.4% 2.8%
Hampton 4.3% 2.3% 3.2% 2.6% 2.7% 2.7% 1.6%
Killingly 4.1% 2.4% 2.7% 2.8% 2.4% 2.6% 2.4%
Plainfield 4.0% 2.7% 3.1% 2.9% 2.8% 2.9% 3.6%
Pomfret 4.9% 3.5% 3.5% 4.1% 4.0% 4.1% 3.3%
Putnam 5.5% 4.5% 4.8% 4.5% 4.6% 4.7% 4.5%
Scotland 1.6% 0.2% 0.2% 0.3% 0.3% 0.5% 1.5%
Sterling 2.7% 1.6% 1.4% 1.6% 1.6% 1.6% 1.7%
Thompson 2.8% 1.4% 1.8% 1.8% 1.5% 1.5% 1.4%
Union 4.4% 3.1% 3.4% 3.1% 3.7% 3.5% 3.9%
Voluntown 4.3% 2.0% 2.5% 3.3% 3.4% 3.4% 3.6%
Woodstock 2.8% 1.8% 2.0% 2.8% 1.9% 1.9% 0.9%
Connecticut 5.2% 3.4% 3.7% 4.0% 4.0% 4.0% 3.9%

Source: United States Census Bureau, 2009-2013 American Community Survey 5-year Estimates

Chapter Two: The Region




2015 Northeastern Connecticut Council of Governments Regional Hazard Mitigation Plan

According to the 2010 Decennial Census, the towns of Brooklyn, Putnam, and Union have
populations over persons 70 years and older above the state average of 10%; Eastford, Killingly,
and Thompson also have populations 70 years and older above the regional average of 8.94%.

According to the 2009-2013 5-year Community Survey by the United States Census Bureau, few
towns have disabled and impaired populations above state averages. Putnam was estimated to
exceed the state average for populations with a disability or hearing, vision, cognitive,
ambulatory, self-care, and independent living difficulties. The towns of Brooklyn, Canterbury,
Pomfret, and Union were estimated to exceed the state average in one or more category of
impairments.

Economy

Table 2-4: Selected Housing Characteristics

Average Average Total Owner- Percent Renter- Percent
Household Family Housing Occupied Owner- Occupied Renter-
Size Occupied Units Occupied
Ashford 2.51 2.98 1,716 1,337 77.91% 379 22.09%
Brooklyn 2.55 3.01 2,989 2,234 14.74% 755 25.26%
Canterbury 2.65 3.02 1,934 1,667 86.19% 267 13.81%
Chaplin 2.51 2.98 920 742 80.65% 178 19.35%
Eastford 2.53 2.92 690 572 82.90% 118 17.10%
Hampton 2.49 2.90 747 650 87.01% 97 12.99%
Killingly 2.52 2.98 6,749 4,646 68.84% 2,103 31.16%
Plainfield 2.66 3.05 5,726 4,061 70.92% 1,665 29.08%
Pomfret 2.57 3.05 1,582 1,185 74.91% 397 25.09%
Putnam 2.33 2.89 3,950 2,292 58.03% 1,658 41.97%
Scotland 2.71 3.03 637 564 88.54% 73 11.46%
Sterling 2.77 3.13 1,383 1,151 83.22% 232 16.78%
Thompson 2.51 2.98 3,730 2,963 79.44% 767 20.56%
Union 2.56 291 334 297 88.92% 37 11.08%
Voluntown 2.60 2.97 1,002 853 85.13% 149 14.87%
Woodstock 2.53 2.93 3,151 2,678 84.99% 473 15.01%
Total N/A N/A 37,240 27,892 74.90% 9,348 25.10%
Average 2.56 2.98 2,327.50 1,743.25 N/A 584.25 N/A
Connecticut 2.52 3.08 1,371,087 | 925,286 67.49% 445,801 32.51%

Source: United States Census Bureau, 2010 Census Summary File 1 Connecticut
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The regional economy and distribution of commercial and industrial land uses in northeastern
Connecticut is heavily defined by 1-395 and other high-volume routes like U.S. Routes 6 and 44.
The 1-395/Route 12 corridor mimics the north-south orientation of the Quinebaug River and runs
through, or proximate to, most of the Quinebaug’s mill villages. Because of this, today’s regional
development patterns closely resemble those of old. Today, some of the employment provided by
the original mill business has been replaced by industrial firms specializing in manufacturing,
food processing, and regional distribution. Many of the mills remain; some house new businesses
or have been repurposed for housing while others are sources of blight. Outside of the immediate
river valley, agriculture and silviculture remain established land uses and drivers of town culture.
With high returns for residential development, open space conservation is a growing issue in this
area. Many of the region’s rural towns, while lacking the benefits of economic development, are
interested in natural resources conservation and preserving their bucolic character. The fact that
these towns must rely on the commercial centers along the Quinebaug River or in Windham,
along the Shetucket River, helps to strengthen the regional economy, discourage competition for
economic development, and control sprawl.

Many NECCOG towns have economic development boards; however, few towns have paid staff
that work, at least in part, in economic development. Killingly, Sterling, Plainfield, and Putnam
have designated staff members. Other marketing and business attraction efforts come from
regional partnerships. The Eastern Connecticut Enterprise Corridor (ECEC), Northeast
Connecticut Economic Partnership, and The Last Green Valley, Inc. market business
opportunities from a regional perspective. The Northeastern Connecticut Economic Alliance is an
additional non-profit resource for business services and funding. Regional chambers of commerce
are, the Northeastern Connecticut

Chamber of Commerce, the

Windham Region Chamber of Table 2-5: Employers in Windham County with Over
Commerce, and the Eastern 500 Employees
Connecticut Chamber of ol Town el
Commerce.
Day Kimball Healthcare .

Education Center Putnam Health Services
Connecticut r_las its own sc_hool Frito-Lay Inc Killingly Potato Chips
district for primary education. ' (Wholesale)
_Secondary education in the regl.on Windham Hospital Windham* Hospitals
is more dispersed and students in
many towns have the option of Rite Aid Customer - Distribution Centers

- : Support Cent Killingly Wholesal
leaving the region for nearby upport Center (Wholesale)
school districts. Tourtellotte Lowe’s Distribution Plainfield Distribution Centers
Memorial High School Center (Wholesale)
(Thompson), Putnam High School,
K||||ng|y H|gh School, Plainfield Windham Public Schools | Windham* Schools

High School, Parish Hill High
School (Connecticut Regional
School District 11 in Chaplin), and
Woodstock Academy (a regional, Source: Connecticut Department of Labor, Labor Market Area Information

*The Town of Windham is outside of the region; however, it is a
large employment center for towns in northeastern Connecticut
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guasi-public school) serve much of the region’s secondary education students. Killingly is also
home to a state-run technical school, H.H. Ellis Technical High School. It serves as an additional
option for the region’s students, offering vocational and technical training.

The NECCOG region’s lone college, Quinebaug Valley Community College (QVCC) is located
in Killingly. QVCC is an asset to the region, affording higher education to future leaders and
those who may otherwise be unable to attend college. In neighboring towns are two public
universities, Eastern Connecticut State University in Windham and The University of Connecticut
in Mansfield. The region is also proximate to the college-dense areas surrounding Worcester and
Providence, as well as schools in southern and central Connecticut.

Natural Environment

Northeastern Connecticut is home to a range of natural, New England landscapes. Rolling hills
and river valleys create the grander picture, while hardwood and softwood forests, underlain by
glacial till, sandy soils, or poorly-drained silt, provide critical habitat for the region’s wildlife.

Moving forward, it is imperative that towns take steps to protect and enhance their own natural
beauty. Not only will these efforts ensure the region’s future as “The Last Green Valley”, but they
will serve an ongoing process of natural hazard mitigation through cooperation with nature.

Vegetation and Soils

The soils of northeastern Connecticut are primarily a product of the most recent ice age—roughly
18,000 years ago—and there are about sixty different soil classifications identified by the United
States Department of Agriculture (USDA). According to the 1981 document, Soil Survey of
Windham County by the USDA, there are six main soils types that lend themselves to distinct
natural landscapes: Brookfield-Brimfield, Charlton-Hollis, Charlton-Canton-Leicester,
Woodbridge-Paxton-Ridgebury, Hinckley-Merrimac, and Saco-Rippowam-Pootatuck. Of the six
soil types, the Saco-Rippowam-Pootatuck soils represent soils associated with flood plains along
major streams and are subject to frequent flooding and are more often part of the flood plain.

According to Soil Survey of Windham County, about 63% of Windham County’s commercial
forests (non-preserved, productive, non-urban forests) were oak-hickory (42%) or elm-ash-red
maple (21%) forests. Oak-hickory forests are common throughout southern New England and are
associate with well-drained soils. EIm-ash-red maple forests, on the other hand, are found in
wetland areas. Other principle forest types for the region were identified as maple-beech-birch,
oak-pine, white pine, red pine-hemlock, pitch pine-eastern red cedar, spruce-fir, and aspen-birch.

Wetlands, Watercourses, and Dams

Wetlands in Connecticut are delineated by the presence of certain soil types that are typically
favorable for agriculture or often associated with bogs, marshes, swamps, and intermittent
watercourses. Soils defined by the National Cooperative Soils Survey as poorly drained, very
poorly drained, alluvial, or floodplain are classified as “Connecticut Inland Wetlands Soils”.

Chapter Two: The Region 2-7



2015 Northeastern Connecticut Council of Governments Regional Hazard Mitigation Plan

Figure 2-1: Major and Regional Drainage Basins
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These soils are protected by the state’s Inland Wetlands and Watercourses Act—which empowers
towns to adopt protective wetlands and watercourses regulations—with the historic intent of
protecting the state’s agricultural future and natural environment. Northeastern Connecticut, with
its abundance of waterways and agricultural land uses, is wetlands-dense. Wetlands cover about

6% and watercourses cover about 2% of the region, together they account for roughly 8% of the
region’s total area.

For an inland region, northeastern Connecticut is heavily tied to the water. As previously
mentioned, the Quinebaug River and its tributaries have defined the existence of NECCOG’s
largest towns. Although the region’s other waterways are historically less-important economic
drivers, rivers such as the Shetucket, Natchaug, Moosup, and Fivemile once helped the regional
economy and/or continue to enhance the region’s rural character. The majority of these rivers
drain into the Thames River Drainage Basin, a major drainage basin for Long Island Sound,;
however, the Wood River and its local tributaries in Sterling and Voluntown drain into the
Pawcatuck River (see Figure 2-1).

In addition to its rivers, northeastern Connecticut is home to lakes ponds ranging from small,
swampy pools to lakes of over 400 acres, clear kettle lakes, and public utility reservoirs.
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Figure 2-2: Regional Watercourses and Class B and C Dams
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Quaddick Lake in Thompson and Mashapaug Pond in Union are the two largest, at 408 acres and
300 acres respectively. Many of the larger water bodies—and river sections—in the region are
held by dams. A dam on the south end of West Thompson Lake is the largest in the region. It is
operated by the New England District of the Army Corps of Engineers and has a mostly earthen
structure which supports a public roadway. West Thompson Lake Dam is classified by
Connecticut Dam Safety Inspection Regulations as “Class C” or “High Hazard”, meaning there
would be considerable economic loss, probably loss of life, and extensive damage if it were to
fail. The NECCOG area is home to 9 Class C dams and 28 Class B dams—which pose a
“Significant Hazard” (see Figure 2-2). Significant dams in each town are addressed in Chapter 4.
Northeastern Connecticut’s abundance of wetlands soils and watercourses, accompanied by Class
C and Class B dams, clarify the need for flood awareness and flood mitigation.

Climate

Possibly the most important environmental factor when considering natural hazard mitigation, the
region’s climate is categorized as a “humid continental climate”, with at least four months above
10°C, by the Kdppen climate taxonomy and given the designation, “Dfb”. Humid continental
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climates are characterized by four,
full seasons, each bringing different
weather conditions. Each season
experiences regular precipitation
and humidity is relatively high year-
round—there is no “wet season” or
“dry season”. See Table 2-6 for
average monthly temperatures and
average monthly precipitation
values for the region (taken in
Hampton). Humid continental
climates lie on the boundary
between polar and tropical air
masses. Precipitation is often a
result of the interaction of these air
masses, caused by uplift of the
moist, tropical air mass.

Northeastern Connecticut’s weather
patterns are driven by westerly
winds that blow from west to east
across the continental
United States. They often
bring heavy rain, heavy
snow, ice, and high wind,
but rarely tornadoes.
Additionally, tropical
storms and hurricanes

Month

Figure 2-3: Connecticut’s Shifting Climate
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Table 2-6: 30-Year Climate Normal for the NCDC’s Weather
Gauging Station in Hampton, from 1981-2010

Mean Avg.
Temperature

Normal Normal

make their way up the January 3.98 348 143 24.6
Atlantic coastline in the Feb - . .
autumn and summer ebruary 3.59 37 8 8
months, posing a regular March 454 46.4 24.4 35.4
and_ serious threat to the April 474 £8.3 451 6.7
region.

) ) May 3.79 68.8 44.4 56.6
The region’s climate
appears to be changing, June 4.37 74.8 54.1 64.5
creating challenges in the July 4.39 79.5 59.8 69.7
near term as well as the

. August 4.03 78.2 58.3 68.3

long term. According to
the independent Union of September 4.18 713 50 60.7
Concerned Scientists October 46 61.6 39.2 50.4
2007 publication,
Change in the U.S. December 4.34 402 211 30.7

Northeast: “Since 1970
the Northeast [United
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States] has been warming at a rate of nearly 0.5°F per decade. Winter temperatures have risen
even faster, at a rate of 1.3°F per decade from 1970 to 2000.” Most scientists recognize these
temperature changes as anthropogenic, meaning they are caused by human activity. When it
Rains it Pours, a 2012 report from Environment America, found that extreme rainstorms and
snowstorms in New England now occur 85% more frequently than they did in 1948.

It is important to consider present, historic, and future climatic characteristics when planning for
natural hazards. Most of northeastern Connecticut’s natural hazards are climate-driven and may
be greatly affected by climate change. Adaptive plans and forward-thinking procedures should
steer hazard mitigation in a changing environment.

Elevation

Northeastern Connecticut is a hilly region, but without tall peaks or significant elevation. Burley
Hill in Union is the highest point in Connecticut, east of the Connecticut River at over 1,300 feet
in elevation. The lowest point in the region is along the Quinebaug River in Canterbury.

Government and Land Management

Studying the ways in which people make use of land is critical in understanding hazard
mitigation. In Connecticut, it is largely up to municipalities to regulate, permit, and plan for the
ways in which businesses and citizens inhabit, and derive value from, their property. Each town’s
mitigation capabilities, in regards to governance and municipal responsibilities, are discussed in
Chapter 4.

Local Government

Each of the region’s towns operates with its own governmental structure. In New England’s small
towns, the Selectman-Town Meeting form of government is dominant. In the NECCOG region,
all but two towns operate under this system; Putnam has a Mayor-Town Council form of
government and Killingly has a Town Manager-Town Council form of government. Each town
is, as is the case throughout, highly dependent on property taxes for revenue in order to provide
services for their residents.

Land Use and Land Cover

Today, northeastern Connecticut is characterized by varied land uses, stemming from its
industrial history, abundance of agricultural land, and proximity to 1-395, other major routes, and
railroads. The interdependence of local economies has contributed to growth that somewhat
preserves the development patterns of the early-twentieth century. The region is home to an
abundance of streams, rivers, ponds, lakes, wetlands, swamps, and forested landscape. State-
owned forest and parks, land trusts, and municipal regulations seek to preserve the rural character
of the Quinebaug Valley’s upland areas. Unfortunately, some agricultural lands are returning to a
forested state and others are subdivided or sold for development.
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Typically, density increases along the Figure 2-4: Regional Land Cover
Quinebaug River and its tributaries, proximate
to historic mill villages. The villages like North
Grosvenordale in Thompson, Putnam,

Danielson in Killingly, and Moosup in Developed
Plainfield, have experienced varying levels of = 10%
economic decline and rebirth. Some of these 179 Water
villages are very small and are now dominated 3056

by residential land uses. The larger ones have
sought to retain their importance by adapting to
a new economy. Sprawled commercial
development and intensive industrial Forested
development are prevailing land uses in places 70%
like Dayville. Danielson, Moosup, and parts of
Putnam retain an urban density that may prove
valuable in a dynamic economy.

According to data from the Center for Land Source: University of Connecticut Center for Land Use
Use Education and Research (CLEAR) at the Education and Research

University of Connecticut® (see Figure 2-4),

most of the region was forested—about 70%—

in 2010, with about 10% remaining dedicated to agriculture. Wetlands account for over 6% of the
region’s total land cover.

Transportation

Like most of modern-day New England, regional transportation in northeastern Connecticut is
dominated by personal automobile use. There are roughly 336 miles of state-owned routes in the
NECCOG region and over 1,000 miles of municipally-owned routes. U.S. Route 6 and U.S.
Route 44 cross the region, as well as Interstate 395 and Interstate 84. 1-395 traverses the region’s
eastern half while 1-84 passes through Ashford and Union with exits convenient to much of the
region’s northwestern quadrant. 1-395 connects the region with points north and south, including
southern Connecticut and the Interstate 95 corridor, Worcester, Boston, and other cities along the
Massachusetts Turnpike (1-90). 1-84 is often the connection to central and western Connecticut
and New York. U.S. Routes 6 and 44 also run east-west through the region and are popular
connections to Hartford and Providence.

The Northeastern Connecticut Transit District (NECTD), operated by NECCOG, provides
deviated fixed-route bus transportation to a portion of the region, serving the towns of Killingly,
Putnam, Brooklyn, and Thompson, Monday through Friday. NECTD also offers Dial-a-Ride
service for the towns of Pomfret, Canterbury, Eastford, Woodstock, Plainfield, Putnam,
Brooklyn, Union, and Killingly, seven days a week. Windham Region Transit District (WRTD)
and Southeast Area Transit (SEAT) also serve portions of the region.

5 Figures derived from CLEAR data a rough estimates based on remote sensing techniques.
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Rail service in northeastern Connecticut is limited Table 2-7: Roadway Ownership by

to freight on the Providence and Worcester Town in 2013

Railroad. Boston commuter trains are available,

however, in both the Worcester and Providence T Smiceaiedl | e
own

areas. There are also no major airports in
northeastern Connecticut. The Woodstock Airport
and the state-owned Danielson Airport, serve only Ashford 20.17 67.59
small aircraft. However, the proximities of Bradley Brooklyn 15.98 65.99
International Airport in Windsor Locks,
Connecticut, T.F. Green International Airport in
Warwick, Rhode Island, and Logan International Chaplin 8.35 36.45
Airport in Boston make air travel very accessible.

Roads (miles)  Roads (miles)

Canterbury 15.77 68.47

Eastford 13.61 33.67
Emergency Services Hampton 1263 4314
Each town has an appointed Emergency Killingly 40.45 130.98
Management Director and Emergency Operations —

Plainfield 38.38 100.67

Center (EOC), both coordinated through the
Connecticut Department of Emergency Pomfret 26.78 64.39
Management and Homeland Security, Region IV. A

) ] ) Putnam 21.31 65.22
town’s EMD is responsible for overseeing
emergency preparedness and emergency service, Scotland 8.82 28.17
coordinating training programs, and acts as a I_ia_ison Sterling 10.12 4779
for FEMA and DEMHS. At the center of municipal
Thompson 31.22 97.14

emergency management is each town’s Emergency
Operations Plan (EOP), which provides a Union 19.46 23.72
framework for civil preparedness and resource

. . Voluntown 18.26 29.91
expenditure in the case of an emergency.
. . Woodstock 35.08 113.56
Each town is able to provide some level of
emergency services to its residents; however, due to Total 336.39 1,016.86
some towns’ small size, the number and types of Source: Connecticut Department of Transportation,
services vary. For instance. two of NECCOG’s Public Road Mileage by Maintenance Responsibility

member towns provide police service. Plainfield’s

police service is town-wide and Putnam provides police service for its Special Services District.
Chaplin, Brooklyn, and Killingly participate in Connecticut State Police’s Resident State Trooper
program. The majority of NECCOG towns rely on police response from Connecticut State Police
Troop D in Killingly (Canterbury, Scotland, Hampton, Pomfret, Eastford, Thompson, Putnam,
and Woodstock), Troop E in Montville (Voluntown), or Troop C in Tolland (Union and Ashford).
Fire and ambulance services are mostly provided by volunteer corps.

Day Kimball Hospital in Putnam is the primary provider of emergency and hospital health care.
Also, Backus Hospital in nearby Norwich, Connecticut is convenient to many of the region’s
residents. Backus Hospital also operates a remote Emergency Room, centrally located in
Plainfield. Hubbard Regional Hospital in Webster, Massachusetts and Windham Hospital in
Windham, Connecticut also serve the region.
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Local Authorities

The state of Connecticut enables its municipal governments to enact and enforce a number of
regulatory codes that guide the ways in which people are allowed to use, and derive value from,
their land. Justified by safeguarding their citizens and protecting the interests of the community,
these municipal powers play a vital role in hazard mitigation. All towns also have a Plan of
Conservation and Development (POCD), a document that outlines the town’s vision for future
growth, resource management, and service management. Regulations are often tailored to fit the
goals and objectives outlined in the POCD.

For the purposes of The 2015 Plan, NECCOG staff performed an inventory of its member towns’
regulatory powers, considering how they pertain to hazard mitigation. Specifically, each town’s
zoning regulations, wetlands regulations, and subdivision regulations, as well as relevant
ordinances, were examined. Each town’s regulatory powers, as they pertain to hazard mitigation
and the National Flood Insurance Program, are reviewed in Chapter 4. It should be noted that
Eastford is one of two towns in Connecticut without zoning regulations. All other NECCOG
member towns have zoning regulations; and all NECCOG member towns, including Eastford,
have wetlands regulations, subdivision regulations, and a code of ordinances.

Natural Hazards

While there is a broad number of natural hazards that can impact the region at any time, and to
varying extents, the hazards to which NECCOG and its member towns feel they are at greatest
risk demand attention in special mitigation planning. Ten natural hazards were identified as
posing a significant threat to the region, and one, additional hazard is also addressed for the town
of Putnam. The region’s identified hazards are:

e Flooding- Flooding is unique because portions of each town are at-risk; however, most of the
land in each town is subject to little or no flooding. Flooding in the NECCOG region can be
the result of rising water levels in a watercourse, the inability for soils to absorb water,
surface runoff, failure or overload in utilities, blockages like ice jams and beaver dams, or
dam or blockage failures. Flooding is possible throughout the year.

o Wind- Wind can occur at all times and in all areas of the NECCOG region. Wind can cause
damage by itself, but is often associated with other weather events, such as hurricanes.

e Lightning- Lightning is a deadly and destructive discharge of electrical energy in the
atmosphere. Lightning can be associated with a number of other hazards and is possible
anywhere in the region, at any time of the year; however, it is most common in the summer
months.

e Thunderstorms- Thunderstorms typically feature rain, high winds, and lightning. A number
of other hazards are associated with thunderstorms, which can occur throughout the region at
all times of the year; however, thunderstorms are most common in the summer months.

o Winter Storms/Nor’easters- Winter storms and nor’easters commonly occur throughout the
region in the winter months, but they are not uncommon in the spring and autumn months.
Winter storms and nor’easters typically bring snowfall and wind but can be responsible for a
wide range of precipitation.
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e Tropical Cyclones- Hurricanes, tropical storms, and tropical depressions are large,
destructive, cyclonic storms from tropical regions. The entire region is at-risk to hurricanes
and tropical storms. These storms typically occur between late spring and late fall.

e Tornadoes- Tornadoes are small-scale cyclonic wind events, and are commonly associated
with thunderstorms. A single tornado would affect only a small portion of the region;
however, the entire region is at-risk. Tornadoes are also extremely destructive and can occur
at any time of the year.

e Drought- Drought is the result of long-term deficits in precipitation for the region. A drought
single affects the entire region and can occur at any time of the year.

¢ Hail- Hail are large, falling pieces of ice, commonly associated with thunderstorms. Hail can
cause wide-spread property and crop damage across much of the region. The entire region is
vulnerable to hail, which is most likely to occur in the summer months.

e Earthquakes- Earthquakes have the potential to be extremely destructive. They are the result
of energy releases in the earth’s crust and can affect the entire region at any time.

e Erosion- Erosion is the removal of soil and rock, usually by water or wind flow. Fluvial
erosion—erosion caused by rivers and streams—is a specific concern in the town of Putham
along the banks of the Quinebaug River. Elsewhere in the region, erosion poses little
hazardous threat.

Hazards that were not included in The 2015 Plan, but were included in the 2014 Connecticut
Natural Hazards Mitigation Plan Update, are:

e Sea Level Rise- Sea level rise affects coastal communities, only. Northeastern Connecticut is
not a coastal region.

o Wildfire- Wildfires are rare in northeastern Connecticut, due to forest type and climate.
However, future plans may be expanded to include wildfires if they become a larger concern,
due to climate change.

Additional hazards that were not included in The 2015 Plan, but may become a larger concern in
the future, and may be considered in future plans, are:

e El Nifio/La Nifia- This climatological event affects other natural hazards addressed in The
2015 Plan. Future plans may be expanded to specifically address EI Nifio/La Nifia.

e Global Warming/Climate Change- Like El Nifio/La Nifia, this hazard affects other natural
hazards addressed in the plan. Global warming/climate change will be considered when
planning and implementing mitigation actions. Future plans may be expanded to specifically
address global warming/climate change.

o Heat Waves/Extreme Heat- Temperatures in northeastern Connecticut very rarely reach
100°F. However, future planning may be expanded to include heat waves/extreme heat if
conditions are exacerbated by climate change.

e Extreme Cold- Temperatures in northeastern Connecticut rarely fall below 0°F. However,
future planning may be expanded to include extreme cold if conditions are exacerbated by
climate change.
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Chapter Three: Regional Risk Assessment

3.0

Regional Risk Assessment

The ten regional hazards, and one single-jurisdictional hazard, on which The 2015 Plan is based,
were briefly discussed in Chapter 2.4. The following chapter offers a description of the identified
hazards, recounts historic occurrences, and assesses regional risk; lightning, thunderstorms, and
hail were combined into Severe Summer Storms. This chapter should be used as reference and
educational material for member municipalities, as well as the general public. Quantified risks of
the Regional Risk Assessment were used when prioritizing Local Mitigation Actions in Chapter

5.2.

Table 3-1: Areas and Jurisdictions Affected by Identified Hazards

Natural Hazard

Flooding (includes Dam Failure)

Jurisdictions

All jurisdictions

Areas Most Likely Affected

Identified floodplains; areas of poor drainage;
areas downstream of dams and flood control
structures.

Wind

All jurisdictions

Weak structures; developed land proximate to
forested land.

Severe Summers Storms
(Identified hazards: Lightning,
Thunderstorms, and Hail)

All jurisdictions

Weak structures; developed land proximate to
forested land; agricultural land.

Winter Storms/Nor’easters

All jurisdictions

Areas of dense development and high activity;
areas prone to isolation; buildings with poorly
maintained roofs.

Tropical Cyclones

All jurisdictions

Weak structures; developed land proximate to
forested land; areas prone to flooding; areas of
dense development and high activity.

Tornadoes All jurisdictions Areas of dense development and high activity.
Drought Al jurisdictions Agricultural land; properties reliant on
groundwater.
Earthquakes Al jurisdictions Masonry structures; areas of dense
development.
Erosion Town of Putnam Land along the Quinebaug River.
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3.0.1 Methodology

To conduct a proper risk assessment, NECCOG staff inventoried historic and scientific data to
determine each hazard’s expected impact, probability, spatial extent, warning time, and duration.
The following sources were used when researching past events or predicting the impact and
probability of future events:

e The Storm Events Database- Compiled by the National Climatic Data Center (NCDC) at
the National Oceanic and Atmospheric Administration (NOAA). This database contains
records of a list of weather events, some dating into the 1950s. For many events, county-level
data was used as a proxy for the NECCOG region. Property damage is expressed in 2011 US
Dollars.

e Spatial Hazard Events and Losses Database for the United States (SHELDUS)- Created
by the University of South Carolina’s Hazard & Vulnerability Research Institute. Data from
certain events dates to the 1960s; however, there is an information gap between 1985 and
1995. Like the Storm Events Database, much of the data is county-level and expressed in
2011 US Dollars.

o Hazus-MH software- A program used in conjunction with ArcMap GIS software by ESRI.
Hazus-MH models hurricane, earthquake, and flooding events and was used in determining
the spatial extent of flooding in the region. Hazus-MH was also important when assessing
hazard vulnerability to tropical cyclones, earthquakes, and flooding.

e Additional Sources- When the above mentioned databases were incomplete, additional
sources from NOAA, the State of Connecticut, other government or non-profit entities, or
research institutions were used.

Each hazard was given index values for the above mentioned criteria, which were then weighted
and combined, giving each hazard a “Risk Factor Value” (RFV). The Risk Factor Value was then
simplified to group hazards into “High Risk”, “Medium Risk”, and “Low Risk” categories. This
method was adopted from an active plan for Huron County, Ohio, Huron County Multi-
Jurisdictional Hazard Mitigation Plan 2011-2016, for its sound methodology and holistic
approach to risk assessment. For simplified results of the Regional Risk Assessment, and a matrix
detailing its methodology, see Tables 3-2 and 3-3. See Appendix 9 for an entire collection of
SHELDUS and Storm Events Database entries.

Limitations

Historic data was valuable to the Regional Risk Assessment because it reveals trends and can
allow planners to anticipate the impact of future events. However, natural hazards are dynamic
and often unpredictable. Additionally, even the best data sets are not 100% accurate and often
rely on non-comprehensive collection techniques. In the future, it may be found that different risk
assessment methods are appropriate for the NECCOG region. Each subsequent plan should use
the best, available techniques and data to limit oversight in the risk assessment process.
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Table 3-2: Matrix Used to Determine Risk Factor Values

Criterion Degree of Risk Index Value Weight
Unlikely <1% annually 1
Possible 1% - 20% annually 2
Probability 30%
Likely 20% - 100% annually 3
Highly Likely > 100% annually 4
Minor Few injuries; minor property damage 1
L Minor injuries; More than 10% of property in affected area damaged
Limited 2
or destroyed
Impact 30%
- Multiple deaths/injuries possible; or more than 25% of property in
Critical 3
affected area damaged or destroyed
Catastrophic High number of deaths/injuries possible; or more than 50% of 4
P property in affected area damaged or destroyed
Negligible Less than 1% of the region 1
Small Between 1% and 10% of the region 2
Spatial Extent 20%
Moderate Between 10% and 50% of the region 3
Large More than 50% of the region 4
More than 24 hours 1
12 to 24 hours 2
Warning o
Time 10%
6 to 12 hours 3
Less than 6 hours 4
Less than 6 hours 1
Less than 24 hours 2
Duration 10%
Less than 1 week 3
More than 1 week 4

Source: Huron County Emergency Management Agency and Office of Homeland Security, Huron County Multi-Jurisdictional

Hazard Mitigation Plan 2011-2016
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Table 3-3: Risk Factor Analysis Results for the Region’s Identified Hazards

- Spatial Warning . Hazard
Hazard Probability Impact Extent Time Duration RFV Grouping

Lightning 4 3 4 4 1 3.4 High Risk Entire
Region
Thunderstorms 4 3 4 4 1 34 High Risk Entire
Region
Flooding 4 4 2 4 2 34 High Risk Entire
Region

Winter . . .

. 4 3 4 1 2 3.2 High Risk Entire
Storms/Nor'easters Region
Tropical Cyclones 3 4 4 1 2 3.2 High Risk Entire

Region

Wind 4 2 4 4 2 3.2 High Risk Entire

Region

Tornadoes 1 4 2 4 1 2.4 M;?;llim Entire

Region

Drought 2 1 4 1 4 22 M;?"Iim Entire

S Region

Hail 4 1 2 1 1 21 M;‘.’“Iim Entire

IS Region

Earthquakes 1 1 4 4 1 1.9 Low Risk Entire

Region

Erosion 4 2 1 1 4 3.0 Medium | o tnam
Risk

3.0.2 Regional Vulnerability Assessment

Within the Regional Risk Assessment each hazard’s anticipated and historic impact is described
in terms of potential and historic losses to people and property, and people and property that are
especially vulnerable to the effects of the hazard. This chapter also serves as a Regional

Vulnerability Assessment. Vulnerability is described more specifically, for each municipality, in

Chapter 4.
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Flooding

Flooding, at any time of the year, is a common
occurrence in the region. Northeastern
Connecticut’s abundance of rivers, and
development patterns proximate to those rivers,
makes flooding one of the more pertinent hazards
affecting the region’s communities. Floods are
primarily the result of heavy or continuous
precipitation exceeding the absorptive capacity of
soil and the flow capacity of watercourses,
blockages or blockage failures along
watercourses, or the inability of man-made
structures and systems (sewer systems, drainage
areas, impervious surfaces) to handle an excess
volume of water. They are generally classified
into two categories: “flash floods”, which are
often caused by short-term, localized
precipitation, and “general floods”, which are
often caused by long-term, wide-spread
precipitation.

Flood levels are often measured in terms of
probability over a given return period. As an

NOAA definitions of flood and flash
flood

General Flood: An overflow of water onto
normally dry land. The inundation of a
normally dry area caused by rising water in an
existing waterway, such as a river, stream, or
drainage ditch. Ponding of water at or near the
point where the rain fell. Flooding is a longer
term event than flash flooding: it may last days
or weeks.

Flash flood: A flood caused by heavy or
excessive rainfall in a short period of time,
generally less than 6 hours. Flash floods are
usually characterized by raging torrents after
heavy rains that rip through river beds, urban
streets, or mountain canyons sweeping
everything before them. They can occur within
minutes or a few hours of excessive rainfall.
They can also occur even if no rain has fallen,
for instance after a levee or dam has failed, or
after a sudden release of water by a debris or
ice jam.

Source: National Weather Service at NOAA

example, a “100-year flood” is a flood level that has a 1% of being equaled or exceeded in a
given year, while a “500-year flood” has a 0.2% chance of being equaled or exceeded. The
flooded areas from these events can be expressed as the “100-year floodplain” and the “500-year

floodplain”, and are different for every watercourse.

Dam Failure

This section also addresses dam failure. NECCOG member towns are home to nine “High
Hazard” (Class C), 28 “Significant Hazard” (Class B) dams, and hundreds of smaller dams. Dam
failure can result in sudden and severe onset flooding, the extent of which is determined by the

type of failure and development downstream.

3.1.1 Notable Occurrences

In 1938, the region experienced its most dramatic flooding during the Great New England
Hurricane of 1938, a Category 3 hurricane that ravaged New England and New York. To this day,
it remains the deadliest hurricane to affect New England since the 17" century?. Passing just
south of northeastern Connecticut, the precipitation from the storm rose the Quinebaug and
Shetucket Rivers to their, still, record discharge levels. The low-lying mill village of Rogers in

! Laura Katz Smith, The Eye of the Storm: A Journey into the Natural Disasters in Connecticut

Chapter Three: Regional Risk Assessment

3-5



2015 Northeastern Connecticut Council of Governments Regional Hazard Mitigation Plan

Killingly was inundated by the Quinebaug
River, as was West Thompson—where the
river is now dammed?.

Flooding from 1938 hurricane, occurred
only two years after another serious flood
in New England, the Flood of March 1936.
The Flood of March 1938 was the result of
nine days or rain, coupled with melting
snow?. At the time, it was the greatest
flooding in state history*.

In August, 1955, two hurricanes hit New
England in the course of one week. Some
of the greatest damage in Connecticut
occurred along the Quinebaug River. In
Putnam, the Belding Hemingway
Magnesium Plant caught on fire and
railroads were destroyed®. The area of the
river in Jewett City, Connecticut reached

its peak height of 29 feet during this event®,

More recently, a powerful storm in March
2010 threatened the Quinebaug River’s
peak level, bringing it to approximately 23
feet in Jewett City’. Upstream, in the
NECCOG Region, the river rose above
flooding stage, as did the Mount Hope

River and several smaller rivers. One of the
Quinebaug’s major tributaries, the Moosup

River, flooded streets in the village of

Flood: 10/15/2005 07:30 — 15:00 EST

A low pressure system interacted with a plume of
tropical moisture as the low slowly moved parallel to
the Long Island and south Massachusetts coasts,
resulting in excessive rain and flooding across north
central and northeast Connecticut. Between
approximately 4 and 8.5 inches of rain fell across the
region. The county of Hartford was the hardest hit by
this flood event, with much of the damage
concentrated in the town of West Hartford... This
flood event directly resulted in two fatalities in
northern Connecticut. One fatality resulted when a
women slipped and fell into the raging flood waters
along the Natchaug River in Chaplin as she was
watching the rapids. An elderly man was swept away
and killed by flood waters when he attempted to
leave his truck, which was stranded in flood waters
from Roaring Brook in Stafford (Property Damage:
$600,000; Fatalities: 1 (2 total)).

Flood: 02/13 16:50 EST — 02/14/2008 05:15
EST

In Windham, Routes 6 and 32 were flooded. Several
streets and yards were flooded with six inches of
water in Putnam. In the Moosup area of Plainfield,
several yards were flooded. Freedley Road in
Pomfret was closed due to flooding (Property
Damage: $20,000).

Source: Storm Events Database, NCDC at NOAA

Moosup in Plainfield. This flooding event was the result of snowmelt and heavy rain.

SHELDUS by the University of South Carolina and the NCDC’s Storm Events Database contain
records from historic flooding events in the region (see Appendix 9).

It is possible that climate change may result in a greater number of floods in the region due to
more frequent and more sever tropical cyclones, summer storms, and winter storms.

2 Killingly Historical Society, The History of Killingly’s Villages

3 Laura Katz Smith, Going Beyond the Call: Southern New England Telephone Company's Response to Natural Disasters in Connecticut
4 Laura Katz Smith, The Eye of the Storm: A Journey into the Natural Disasters in Connecticut

5 Mark Jones, The Connecticut Floods of 1955: A Fifty-Year Perspective

6 Judy Benson, Climate Change Suggests Floods Will Probably Happen Again

7 Judy Benson, Climate Change Suggests Floods Will Probably Happen Again
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3.1.2 Regional Risk Assessment
Probability

SHELDUS data revealed that a total of 17 hazardous (causing damage to people or property)
flooding events occurred between 1975 and 20148, The most-significant event, in terms of
damage, occurred in 1982. Flood data from the NCDC can belong to a number of flood types,
only “flood” and “flash flood” events applied to the NECCOG region. Since flooding is often
local and town-level data exists, NCDC data from New London and Tolland Counties were
studied in addition to Windham County. Although data was sometimes duplicated or non-specific
on the number of towns affected, it was determined that as many as 13 regional events affected
NECCOG towns in the three counties since 1998. Additionally, the database included records of
seven town-level flooding events between 1998 and 2014.

After reviewing data from these sources, it was determined that the yearly probability of a
hazardous flood occurring in the NECCOG region is less than 100%. Although some years there
may be no significant flooding; on average, the region experiences approximately one hazardous
flood every two years. The index value for Probability is three out of four, or “Likely”, meaning
that there is an annual return rate between 20% and 100% for flooding in northeastern
Connecticut.

Impact

The effects of flooding can be disastrous for people, their property, crops, and entire
communities. Floods cause damage in a number of ways, including undermining structures
(buildings and infrastructure), mechanical and electrical damage, general water damage,
drowning deaths or related injuries, or injury and damage caused by floating debris. According to
NOAA, the national 30-year average number of flood deaths is 85, more than lightning (51),
tornadoes (75), and hurricanes (47)°.

One of the most disastrous, recent floods in the region, recorded in the Storm Events Database,
was a flood in October, 2005 in which a woman drowned in the Natchaug River in Chaplin. This
flooding event resulted in $600,000 in damage for Windham County alone. In 1955, Hurricanes
Connie and Diane hit southern New England within a week of one another, resulting in over
$350,000,000 in damage. Additional flooding records in SHELDUS and the Storm Events
Database show other instances of floods causing millions of dollars in damage—events like a
1982 storm that cost the region $14,772,727 and claimed one life. It should be expected, however,
that multiple deaths will be possible in an extreme flood.

Loss estimates from Hazus-MH, for a 100-year flooding event in the NECCOG region show that
towns should expect to see over $170,000,000 in structural damage to buildings, over
$75,000,000 in damage to utilizes, over $100,000 in damage to transportation infrastructure, and
the displacement of 6,782 people (see Chapter 4). The index value for Impact is three out of four,
or “Critical”, meaning that multiple casualties are possible or that 50% of the property in the
affected area (the floodplain) will be damaged or destroyed.

8 The years 1985 and 1995 contain incomplete data. Some floods may not be accounted-for.
9 National Weather Service, Weather Fatalities
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Spatial Extent

Flooding events are rarely isolated and their causes often affect the region as a whole, as opposed
to a single town. Northeastern Connecticut’s abundance of rivers and prominence of one major
drainage basin—the Thames River Drainage Basin—create favorable conditions for flooding
during heavy rain. Data from SHELDUS and the NCDC support the idea that flooding in
northeastern Connecticut often occurs on a regional scale. More often than not, data was recorded
on the county level and specifically mentioned serious flooding in more than one town. In the
case of more serious flooding, such as a 100-year flood, it should be expected that every town
will sustain property damage and, possibly, injuries or death. In this sense, the spatial extent of a
flood is region-wide.

Looking more specifically at the geography of flooding, floodplains can be used to describe the
exact percentage of land inundated by flood waters. Instead of relying only on historic data, 100-
year flood models created for Chapter 4 were used to study the spatial extent of floods. It was
determined that the 100-year floodplain covers approximately 5% of the region’s land area,
making the index value for Spatial Extent two out of four. People and property in this floodplain
are especially vulnerable to the effects of a flood.

Warning Time

When considering the warning time of floods, it is important to separate flash flooding from
general flooding events. For the purposes of this plan, flash flooding—the more early-onset form
of flooding—will be evaluated in respect to the warning time of floods. Flash floods are
characterized by their lack of warning, and according to NOAA, “...can occur within a few
minutes or a few hours of excessive rainfall. They can also occur if no rain has fallen, for instance
after a levee or dam has failed...”*° The index value for Warning Time is four out of four,
meaning that there is typically less than six hours of lead time associated with hazardous
flooding.

Duration

Many factors influence the duration of a flooding event. The duration of rain event, the
geography of a watercourse’s drainage basin, geology and soil makeup of the affected area,
topology, the carrying capacity of watercourses and underground utilities, and the presence of
vegetation are all common variables. General flooding is typically longer-lived than flash
flooding because it is associated with longer storm events and poor drainage. The Storm Events
Database from the NCDC includes a record of a general flood that lasted over 20 hours in
Windham County. For the most part, the database lacked durations for flooding. It should be
expected that a major flooding event in northeastern Connecticut will last over 6 hours, making
the index value for Duration, two out of four.

3.1.3 Dam Failure

Dam failure has most notably affected the northeastern Connecticut region during the August,
1955 flooding. A dam on the Quinebaug River in Southbridge, Massachusetts failed and greatly

10 National Severe Storms Laboratory, Severe Weather 101
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contributed to the historic flooding in Putnam, Thompson, and Killingly. At the same time, a dam
filed just downstream in Jewett City, an area of the town of Griswold. Eight years later, in 1963,
the failure of Spaulding Pond Dam, in the nearby town of Norwich, killed six people!!. Within the
geographic confines of the region, a privately owned dam in Hampton, in 2001 failed and closed
a portion of Route 97 but caused no quantifiable damage??. Also, the National Performance of
Dams Program database lists a record of overtopping of Mansure Pond dam in Chaplin, in 1982,
but with no report of damage®®.

Currently there is an identified issue of Dam Failure in the town of Killingly’s village of East
Killingly. A holding pond that once supplied the still-standing and historic East Killingly mill is
threatening to breach. A breach would affect the mill, roads, and possibly homes, while draining
an environmentally valuable pond. The Connecticut Department of Energy and Environmental
Protection (DEEP) classifies this dam as a Class C dam, or “High Hazard” dam.

Wind

Wind occurs throughout the region, at all times of the year and often occur in association with a
number of natural hazard events (winter storms, tornadoes, tropical cyclones, thunderstorms, hail
storms). Wind events vary greatly in magnitude, geographic extent, and time of occurrence.
Because of its unpredictability and reliance on dynamic, atmospheric activity, wind poses a
distinct hazard to the region.

Wind is the movement of air in the atmosphere, resulting from differences in air pressure. The
force of wind is determined by the difference in pressure and the geographic extent of that
difference. Meteorologists describe wind in a number of ways: direction and pattern of
movement, speed, associated weather, and probability over a given return period (like flooding).
A “gale force” wind, or anything greater, is typically considered to be a powerful and hazardous
wind. Gale force winds are usually defined as sustained winds between of 33 and 47 nautical
miles per hour (knots) or roughly 39 miles per hour. According to the Beaufort Scale, an index
used to assess wind damage on land and effects at sea, a gale force wind produces high and long
waves, breaks small branches on trees, and create difficult walking conditions. A “strong gale”,
according to the scale, is between 47 and 54 knots and will begin to cause structural damage.

3.2.1 Notable Occurrences

Northeastern Connecticut is in a region that is unlikely to be threatened by tornadoes; however,
they have occurred and are expected to occur again. Additionally, powerful winter and summer
storms, including hurricanes, are perennial threats to northeastern Connecticut, making strong
wind a regular occurrence.

11 United States Department of the Interior, Geological Survey, Floods of August 1955 in the Northeastern States
12 state of Connecticut, 2014 Connecticut Natural Hazards Mitigation Plan Update

13 National Performance of Dams Program, NPDP Database
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See Appendix 9 for a full inventory of past
events. Also, see Chapters 3.5 and 3.6 for
historic tropical cyclones and tornadoes.

3.2.2 Regional Risk Assessment
Probability

The probability of wind events is largely
dependent on the probability of associated
weather events because wind does not
always occur on its own. Historic data on
wind events was available through the Storm
Events Database.

According to the NCDC, “high wind” above
30 knots (33mph) was reported on 16
separate (18 reported events) dates between
19964 and 2013 for Windham County. 180
separate dates (228 reported events) with
weather events that featured winds in excess
of 30 knots occurred after 1992 in Windham
County. After reviewing NCDC data, it was
determined that, accounting for wind-only
and wind-coincident events, hazardous wind
events have at least a 100% chance of
occurring in any given year. The index value
for Probability is four out of four or “Highly
Likely”.

Impact

High Wind: 12/17/2000 11:00 — 22:00 EST

A rapidly strengthening low pressure system west
of New England brought a period of damaging
southerly winds to northern Connecticut, as lines
of showers passed through southern New England.
Following the passage of a strong cold front in the
afternoon, increasing northwest winds caused
additional damage. Peak wind gusts of nearly 60
mph were common in Hartford, Tolland, and
Windham Counties. There were several reports of
downed trees and wires, and several thousand
electric customers were left without power.

High Wind: 12/01/2004 13:00 - 20:30 EST

Damaging wind gusts affected much of northern
Connecticut as strengthening low pressure tracked
across northern New England and a strong cold
front moved through the region. Gusts estimated
as high as 60 mph brought down trees and wires
across the higher elevations of Hartford and
Windham Counties. No injuries were reported.
(Property Damage: $25,000).

High Wind: 01/31/2013 03:52 — 08:45 EST

The Automated Surface Observing System at
Windham Airport in Willimantic (K1JD) recorded
a wind gust to 58 mph. In addition, mesonet and
amateur radio operators reported gusts to 60 mph
in Thompson and North Grosvenor Dale. Several
trees were downed onto wires in Woodstock.
(Property Damage: $15,000).

Source: Strom Events Database, NCDC at NOAA

Hazardous winds events, whether alone or associated with another weather event, have the
capability to greatly stress a community’s resources, cause injury or loss of life, and cause wide-
spread property damage. According to the Storm Events Database, in 2012, high winds of 53
knots, from Hurricane Sandy were responsible for $483,000 in damage in Windham County.
Additionally, the database contains a 2005 record of high winds—in a snow storm—downing tree
limbs, injuring a Thompson man. Wind from this storm was responsible for $45,000 in property
damage. Information used for analyses in Chapters 3.3-3.6 also served to determine the impact of
wind. Historic data suggests that wind is capable of having a “Limited”, but nonetheless
noteworthy, impact on the region. The index value for Impact is two out of four, because minor
injuries can be expected alongside wide-spread property damage. Poorly built structures and
structures that pre-date the Connecticut State Building Code’s design wind speed standards
should be considered especially vulnerable to the effects of wind. Also, damages to buildings,
utilities, and transportation infrastructure, from trees and debris is likely to occur at the interface

14 pata on the “high wind” was not collected prior to 1996 for the region
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between forested land and human development. See Chapter 4 for the anticipated, regional effects
of a 50-year hurricane wind in northeastern Connecticut.

Spatial Extent

Damaging winds can be associated with many different weather events, so the spatial extent of its
damage is variable. In the case of a tornado, wind damage would largely be confined to the
tornado’s path. However, wind-only events and other wind-coincident events occur typically over
a very large area—Ilarger than the region—because they are associated with wide-spread, moving
patterns of atmospheric pressure. For example, a low-pressure system in New England may bring
thunderstorms that move in a northeasterly direction, across Connecticut and toward the Boston
area. Wind associated with the moving storm front is likely to affect the whole of the state.
Information from the NCDC supports this idea. 104 of 221 entries in the Storm Events Database
were on the county level while many others were same-day reports from different towns.
Information used for analyses in Chapters 3.3-3.6 was also useful in determining the spatial
extent of wind. The index value for Spatial Extent is four out of four.

Warning Time

The warning time associated with extreme wind events in also dependent on the associated storm
or weather conditions. For instance, wind associated with tornadoes will have less warning time
than wind associated with hurricanes. The severity of wind associated with hurricanes, however,
is often not fully realized until the hurricane has impacted the region. In most cases, the dynamic
nature of the atmosphere and the unpredictability of associated weather events provides very little
warning time hazardous winds.

Gale Warnings can be issued when an area is experiencing sustained wind exceeding 33 knots.
Gale Watches are issued in advance, attempting to predict future wind based on atmospheric data,
but with uncertainty as to the extent, exact locations, and timing of gale force winds®®. Because of
wind’s unpredictability, the index value for Warning Time is four out of four, meaning that it
can’t be reliably predicted in over six hours; this is especially the case with tornadoes.

Duration

Some wind events in the Storm Events Database contained temporal data, although others
displayed no data or incomplete data. Under the category, High Wind, the database contains 15
records over 13 days. When studying the duration of wind, three days of records were omitted
due to incompleteness. The ten remaining events averaged 6 hours and 20 minutes, each. Because
events averaged over six hours, the index value for Duration is two out of four. However, when
associated with wide-spread weather systems and events like tropical storms and winter storms,
powerful winds can persist for over a day.

15 National Weather Service, National Weather Service Glossary
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Severe Summer Storms

Three hazards identified in the Hazard Identification process, thunderstorms, lightning, and hail,
were combined under Severe Summer Storms for the purpose of the Regional Risk Assessment.

Thunderstorms

Thunderstorms are a common occurrence throughout the region, particularly in warmer months.
Thunderstorms, by their name, are characterized by the presence of thunder—the audile effect of
lightning. However, lightning only partially describes a thunderstorm’s threat to people and
property. According to NOAA, “Many hazardous weather events are associated with
thunderstorms. Under the right conditions, rainfall from thunderstorms causes flash flooding,
killing more people each year than hurricanes, tornadoes or lightning. Lightning is responsible for
many fires around the world each year, and causes fatalities. Hail up to the size of softballs
damages cars and windows, and kills livestock caught out in the open. Strong (up to more than
120 mph) straight-line winds associated with thunderstorms knock down trees, power lines and
mobile homes. Tornadoes (with winds up to about 300 mph) can destroy all but the best-built
man-made structures.”*

There are four types of thunderstorms: multi-cell storms, squall line storms, supercell storms, and
single-cell storms. Supercell storms are typically the most hazardous, but are not as common in
New England. A collection of thunderstorms that acts as a system, although rare, is a mesoscale
convective system (MCS). Historically, only a few MCSs have impacted the region. All
thunderstorms are caused by rising, warm, moist air that forms a cumulonimbus cloud. Water
droplets and ice create the potential for lightning then fall to earth as rain or hail. A downdraft
caused by the cooling effect of precipitation accounts for a thunderstorm’s strong wind, and
eventually causes the storm to dissipate.

Lighting

NOAA defines lightning as, “a rapid discharge of electrical energy in the atmosphere.” Although
it is commonly associated with thunderstorms, lightning can occur whenever there is high electric
potential between two regions in the atmosphere or the atmosphere and the earth. Lightning
comes in three forms. Cloud-to-Ground (CG) lightning, as opposed to Intracloud (IC) and Cloud-
to-Cloud (CC) lightning, is the most relevant form when planning for on-the-ground hazards. It
occurs when wind, water particles, and hail create a negative electrical charge inside clouds. If a
positive charge on the ground becomes large enough, the negative charge begins moving toward
the ground, creating a conductive path along the way. If the two charges make a connection, an
electrical current, lightning, moves through the conductive path. Between the years 2006 and
2013, lightning accounted for 261 deaths in the United States.!” A large number of these deaths
were preventable; many resulted from recklessness or ignorance of lightning safety. Finnish
company, Vaisala, offers a comparative and generalized representation of strike density in the
continental United States (see Figure 3-1). Lightning can be a product of many different storm
events and has even been known to strike in snow storms; however, it is most common during
warm months.

16 National Oceanic and Atmospheric Administration, Severe Weather 101
7 johnss. Jensenius, Jr., A Detailed Analysis of Lightning Deaths in the United States from 2006 through 2013

Chapter Three: Regional Risk Assessment 3-12



2015 Northeastern Connecticut Council of Governments Regional Hazard Mitigation Plan

Figure 3-1: Cloud-to-Ground Lightning Incidence in the Continental United States
(1997-2011)

Vaisala's National Lightning Detection Network® (NLDN®)
Cloud-to-Ground Lightning Incidence in the Continental U.S. (1997 - 2011)
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Source: Vaisala, Cloud-to-Ground Lightning Incidence in the Continental U.S. (1997-2010)

Hail

Hail is a weather condition that is associated with a number of previously identified hazards—
thunderstorms, winter storms/nor’easters, and tropical cyclones. But hail, like lightning and wind,
is worthy of recognition because of its distinct threats to people and property. Hail is a specific
form of solid (ice) precipitation, at least 5mm in diameter. The American Meteorological Society
defines hail as, “Precipitation in the form of balls or irregular lumps of ice, always produced by
convective clouds, nearly always cumulonimbus.”*®

Any storm that produces hail is known as a hailstorm. Hailstorms are born from storms that
feature convective updrafts—typically thunderstorms. Convective air currents cycle ice pellets
through different altitudes in storm clouds. A hailstone increases in size as it stays trapped in
these convective currents, gaining a layer each cycle, until it can no longer be supported and falls
to the ground. Heavier hailstones fall more quickly than lighter hailstones of the same shape,
increasing the risk to people and property. The largest hailstone in the United States fell in South
Dakota and had a diameter of 8 inches®. States that are known for tornadoes or violent and
frequent thunderstorms are more vulnerable to damaging hail.

Hail is commonly known for damaging cars and their windows, the windows and roofs of homes,
and other materials that are capable of being dented or shattered by falling ice; however, crops

18 American Meteorological Society, Meteorology Glossary
19 National Oceanic and Atmospheric Administration, ‘Volleyball' from the Sky: South Dakota Storm Produces Record Hailstone
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can be equally vulnerable to hail storms. According to the National Weather Service, hail is
responsible for about $1,000,000,000 in damage to property and crops each year in the United
States®. The National Weather Service will issue a Severe Thunderstorm Warning in the
presence of hailstones greater than 1” in diameter. This is the size at which hail begins causing

extensive damage. Much smaller hail can cause crop damage though, depending on the sensitivity

of the crop.

3.3.1 Notable Occurrences

In July, 1999, powerful storms made
their way through the state, bringing
lightning, rain and strong winds. In
Ashford, wind gusts were measured at
55 knots, and in Plainfield, a house was
struck by lightning. The Storm Events
Database did not record property
damage for this storm; however, it
should be expected that damage did
occur. Over 1,000 people in northern
Connecticut—including Windham
County—were left without power.

A type of mesoscale convective system,
called a “bow echo”, hit Windham
County in May, 2007. This storm
downed trees across Ashford, Eastford,
Pomfret, Killingly, and Putnam. It was
estimated that hundreds of trees came
down in one section of Pomfret. Winds
from this storm were estimated to be as
high as 80 mile per hour. A complete
listing of events from the Storm Events
Database and SHELDUS is located in

Appendix 9.

Thunderstorm Wind: 08/10/2001 12:50 EST

Severe thunderstorms brought damaging winds to parts
of northeast Connecticut. In Tolland County, trees and
wires were downed in Coventry and Andover. In
Windham County, the storms downed trees and wires in
Thompson and Plainfield.

Lightning: 08/21/2004 07:25 EST

Severe thunderstorms downed large branches in
Southington and Ashford, and produced nickel sized
hail in Ellington. Two men were struck by lightning
while attending a Civil War reenactment in Woodstock
(Injuries: 2).

Hail: 08/05/1999 13:48 EST

Severe thunderstorms produced large hail and damaging
winds in northern Connecticut. In Hartford County, the
storms produced quarter size hail in Unionville, and
downed trees and large branches in Farmington,
Unionville, Hartford, and Burlington. As the storms
moved across Windham County, they produced hail as
large as ping pong balls in Pomfret, and hail the size of
quarters in Killingly. Thunderstorm winds also downed
trees in Pomfret.

Source: Storm Events Database, NCDC at NOAA

Lightning is an extremely common phenomenon in northeastern Connecticut’s warmer months.
In one lightning-producing storm, the region should expect multiple strikes. The Storm Events
Database and SHELDUS contained limited records of lightning for the region (see Appendix 9),
restricting it to incidences that caused quantifiable damage, or incidents that resulted in injury or
loss of life.

20 National Weather Service Forcast Office, Columbia, SC, Hail...
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3.3.2 Regional Risk Assessment Probability

Northeastern Connecticut typically sees several severe summers storms each year and many
minor more minor thunder and lightning events. County-level data from SHELDUS revealed that
between 1960 and 19852, 53 hazardous thunderstorms affected the region. The NCDC’s Storm
Events Database does not contain “Thunderstorm” records but separate records for
“Thunderstorm Wind”, “Lighting, “Marine Thunderstorm Wind”, and other weather conditions
related to thunderstorms. Unfortunately, the Storm Events Database also contained limited
records of lightning. In the database, three events were reported for dates between 19992 and
2010 for Windham County. Separate from the Storm Events Database, the NCDC compiles Raw
Flash Data into a separate database that records the locations of individual lightning flashes. A
county-level summary of this data revealed that there were lightning strikes on 805 separate days,
in Windham County, between January, 1986 and May, 2013 (see Appendix 9). This data suggests
that lightning has at least a 100% chance of reoccurring each year.

Reviewing hail records from the Storm Events Database, Windham County towns experienced 24
days with 36 recorded hail events in the past 21 years (since 1994). The database kept records on
all instances of hail greater than 0.5 diameter. Additionally, ten days with hail greater than 1” in
diameter, over 12 separate events were recorded.

Considering the recorded frequency of thunderstorms, lighting, and hail, as well as local
knowledge, it was determined that severe summers storms are “Highly Likely”, making the index
value for Probability four out of four.

Impact

Severe summer storms are capable of causing damage from flooding, wind, hail, and lightning
strikes. Lightning has a great capacity to cause injury, loss of life, utility damage and power
outages, or property damage. According to the NCDC, lightning from a 2004 storm injured two in
Woodstock. Data from SHELDUS documents that two people have been killed by lightning in
the region since 1960. Also, a 1977 event resulted in $185,714 in lightning-related damages,
while wind and lightning from a 1979 storm caused $1,969,697 in property damage.

The Storm Events Database contained no records of property or crop damage from hail. Since
hailstones beyond 1.75” in diameter were not recorded, it is likely that damage was only
negligible and was never reported. Reviewing the narratives of individual records, there were also
no reports of property damage from hail. Hail, however is well known to cause damage to
buildings and vehicles, and injure people. It may be expected that climate change will increase
hail’s potential impact in the region.

The index value for severe summer storms’ Impact is three out of four because of the potential for
death and injury from lighting, and property damage from lighting and hail.

21 Because data between 1985 and 1995 was incomplete, the sample size was restricted to pre-1985 data.
22 Data on the lightning was not collected prior to 1996 for the region.
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Spatial Extent

Since severe summer storms are large scale weather events, they are likely to affect the entire
region, as well as much of the state, at once. The index value for Spatial Extent is four out of four,
meaning that greater than 50% of the region will be affected.

Warning Time

The National Weather Service issues “Severe Thunderstorm Warnings” and “Severe
Thunderstorm Watches”. A Severe Thunderstorm Warning is issued when a thunderstorm
producing wind gusts greater than 58mph and/or hail greater than 1 in diameter has been spotted
or detected with radar. A Severe Thunderstorm Watch is issued when conditions for a
thunderstorm exist in an area. Although the weather patterns that provide the conditions for
thunderstorms can be tracked and modeled further in advance, it is often unsure if, where, and
when the storms will develop and whether or not there will be CG lightning and/or hail. Barbara
Watson of NOAA writes, “[Thunderstorms] can develop in less than 30 minutes, allowing little
time for warning.”* Because of the unpredictability of severe summer storms, the index value for
Warning Time is four out of four; there is typically less than six hours lead time before a storm.

Duration

Severe summer storms and thunderstorms are often short-lived. Violent storms that produce hail
and lightning in northeastern Connecticut typically come and go quickly. The four
abovementioned categories of thunderstorms last anywhere from 20 minutes to over one hour?;
however, a multi-cell storm may be part of a system that lasts two or more hours, but this is a
short-duration event comparted to some other natural hazards. Mesoscale convective systems
have been known to last over 12 hours but are not typical to the region. Because severe summer
storms in northeastern Connecticut typically last less than six hours, the index value for Duration
is one out of four.

Winter Storms/Nor’easters

Winter storms are common occurrences in northeastern Connecticut and can bring different
combinations of individually hazardous weather conditions including snow, cold temperatures,
rain, freezing rain, ice, sleet, and high winds. Winter storms have the potential to cause significant
threats to safety on roadways, interrupt electric and other utilities, cause flooding, or cause
structure damage or collapse. Additionally, extreme cold is often exacerbated by these effects of
winter storms, such as utility failure, and can pose a significant threat to the public. Older-aged,
poor, homeless, and disabled populations are especially at-risk during the winter. They can be
threatened by even minor winter weather events. Nor’easters, explained below, are
meteorological phenomena that is relevant to this chapter and natural to the region.

23 Barabara Watson, Virginia Thunderstorms and Lightning

24 National Severe Storms Laboratory, Severe Weather 101
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Nor’easters

Nor’easters are large-scale, rotating storms that affect the Atlantic coasts of the United States and
Canada. They typically bring heavy precipitation and high wind, causing blizzard conditions (see

below). Nor’easters are commonly associated with winter storms; however, they can occur at
other times of the year (typically between November and April). A famous example of a
nor’easter is the Blizzard of 1978 in New England and the northeast. This nor’easter left many
without heat, water, and electricity and greatly stretched the region’s resources. According to
NOAA’s Neal Strauss, the storm accounted for approximately 100 lives®.

Blizzards

A blizzard is a specific combination of
snow and wind. A Blizzard Warning is
issued by the National Weather Service
when winds or frequent gusts reach or
exceed 35mph and falling or blowing
snow reduces visibility to within ¥
mile?,

3.4.1 Notable Occurrences

The Blizzard of 1888 was one of the
most impressive storms in
Connecticut’s post-industrial history.
Snow accumulations totaled between
twenty and fifty inches across the state,
over a three-day period?.
Accompanying the snow were gale
force winds and cold temperatures.

Ninety years after the Blizzard of 1888,
the Great Northeast Blizzard of 1978
broke Boston and Providence’s 24-hour
snowfall records, caused over
$25,000,000 in damage, and crippled
activity in southern New England?. In
Hartford, the flat roof of the Hartford
Civic Center collapsed under the weight
of the snow. Governor Ella T. Grasso

Heavy Snow: 03/31/1997 15:00 EST -
04/01/1997 09:00 EST

Heavy snow and strong winds produced near-blizzard
conditions across the area during the early morning
hours of April 1st. Snowfall totals of 12 to 21 inches
were reported. Some totals included: Putnam, 21 inches;
Union, 18.5 inches; and Mansfield, 16 inches. About
98,000 electric customers lost power statewide when the
heavy, wet snow knocked down tree limbs and power
lines. Most of the estimated dollar damage was from
snow removal and restoration of power/removal of
debris. (Property Damage: [not listed]).

Winter Storm: 01/08/2005 07:00 EST

Low pressure quickly strengthened as it passed south of
New England and brought a mix of snow, sleet and
freezing rain to much of interior southern New England.
North central Connecticut was especially hard hit by
freezing rain, where as much as one half inch of glaze
brought down trees, tree limbs and power lines. There
was no estimate of how many customers lost power, but
dozens of accidents were reported as a result of icy
roads. (Property Damage: $50,000).

Winter Storm: 02/01/2011 07:00 EST

A total of 6 inches of snow fell across Windham County
over the two day period. Damage amounts are for the
roof collapses of some 28 structures that occurred
following heavy snowfall that totaled 86.4 inches by the
end of the snow season. Most of this snow fell from
December 26 through February 2 and most roof
collapses occurred during or shortly after the February 1
and 2 snow storm. (Property Damage: $500,000).

Source: Storm Events Database, NCDC at NOAA

25 Neal Strauss, The Great Northeast Blizzard of 1978 Remembered 30 Years Later in Southern New England
26 National Weather Service, National Weather Service Glossary

27 | aura Katz Smith, The Eye of the Storm: A Journey into the Natural Disasters in Connecticut

28 Neal Strauss, The Great Northeast Blizzard of 1978 Remembered 30 Years Later in Southern New England
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ordered the closure of all roads in the state?.

A strange and destructive storm occurred on October 30, 2011. The 2011 Halloween Nor’easter
was an unseasonable snowstorm in New England and the Mid-Atlantic, making it particularly
destructive. Because most trees were still in-leaf, falling trees and broken branches caused power
outages that lasted as many as eleven days in Connecticut®®. Of the 39 people killed in the storm,
ten were in Connecticut—the highest of any state®.

Winter Storm Nemo, also known as the February 2013 Nor’easter, was a recent, major storm to
affect northeastern Connecticut. Over 22 inches of snow fell in Hartford and over 24 inches in
Boston®. According to the Storm Events Database, 22 to 26 inches of snow fell across Windham
County. Winter Storm Juno, in January 2015 also greatly affected the region. The database also
reported that thunderstorms were common during the height of the storm.See Appendix 9 for a
completed list of database records from the Storm Events Database and SHELDUS.

3.4.2 Regional Risk Assessment

Probability

In the NCDC’s Storm Events Database, all reported events were filed as “Heavy Snow”, “Winter
Weather”, or “Winter Storm”; the designation “Blizzard” was never used in Windham County.
Data for these three event types is available since 1996. The database contains records for 72
county-wide events in the 19 year period, meaning almost four major events—on average—per
year.

This data suggests that winter storms have at least a 100% chance of reoccurring each year,
making their occurrence “Highly Likely”. Probability was given an index value of four out of
four. It should be noted that winter storms may occur more frequently at higher elevations.

Impact

The impact of winter storms is largely determined by the physical ability of its precipitation to
disrupt infrastructure, limit movement, cause flood-related damage, and damage structures.
Common injuries and deaths result largely from car crashes. As of 2008, about 70% of injuries,
due to ice and snow, resulted from vehicle accidents. And 25% of these accidents occurred during
the storm. Other injuries and deaths can be contributed to extreme cold and wind chill. 50% of
cold-related injuries affected people over 60 years old, and 20% occurred in the home*. The
entire region is vulnerable to winter storms; however, poorly built structures should be expected
to sustain more damage, automobile accidents should occur more frequently in high-density areas
and on well-traveled roads, and elderly and disabled populations should be considered more
vulnerable to the effects of cold weather and isolation.

2 Connecticut State Library, Ella T. Grasso, Governor of Connecticut, 1975-1980

30 tederal Energy Regulatory Commission; North American Electric Reliability Corporation, Report on Transmission Facility Outages During the
Northeast Snowstorm of October 29-30, 2011

a Journal Inquirer, Death Toll From Storm Rises to 10

32 Strauss, Rice and McCoy, Slow Recovery for Northeast after Epic Blizzard

33 National Weather Service, Winter Storms: The Deceptive Killers
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NCDC and SHELDUS data was incomplete in regards to injury and death statistics related to
winter storms. To prove the impact of winter storms, recent news articles were examined and
cross referenced with NCDC records. A recent two-day storm dubbed, Winter Storm Nemo
brought multiple feet of snow to Connecticut and New England. According to official reports of
the storm, Nemo accounted for five deaths in Connecticut alone®*. Additionally, the NCDC
reported that this storm damaged or destroyed more than 140 agricultural structures in
Connecticut. Another recent and historic storm, the Halloween Nor’easter, resulted in ten
fatalities in Connecticut and 39 total fatalities on the east coast. The NCDC reports that roughly
830,000 customers in the state were without power, some for as long as 11 days®. This storm was
particularly damaging because of its timing.

Considering casualty rates of recent winter storms in Connecticut and the wide-spread effect on
property and agriculture, the anticipated impact of future winter storms on the region is
“Critical”; the index value of Impact is three out of four. It is expected that multiple injuries
and/or multiple deaths could result from a severe storm. It is also expected that wide-spread
property damage and disruption of critical facilities is possible.

Spatial Extent

Winter storms of significant size occur almost-exclusively on a multi-state, regional basis.
Westerly winds that define weather patterns in New England bring storms that cross much of the
continental United States. Although, topography and atmospheric conditions may cause local
variations in a storm’s intensity, their spatial extent is often great. For instance, the 2011
Halloween Nor’easter (see Figure 3-2) resulted in a swath of snowfall from Maine to West
Virginia. Central New England received the most-intense snowfall while nearby Rhode Island
and Cape Cod received relatively little.

Using RFCA, the index value of Spatial Extent is four out of four or “Large”, meaning that more
than 50% of the northeastern Connecticut could be affected by a single winter storm. In reality,
this only partially describes the spatial extent of winter storms.

Warning Time

The large spatial extent of winter storms lends itself to very high warning time. It is common that
school closures and closures of other community buildings or businesses will be decided a day in
advance of a storm.

The National Weather Service issues Winter Storm Outlooks, and Winter Storm Advisories.
Winter Storm Outlooks are predictions that communicate a storm is likely within 2-5 days.
Winter Storm Advisories are the most-immediate, warning people that a winter storm is affecting
the area and that they should take necessary precaution. Because of this, the index value for

34 Cable News Network, Live Blog: Reports of Five Deaths in Connecticut, Governor Says
35 Federal Energy Regulatory Commission; North American Electric Reliability Corporation, Report on Transmission Facility Outages During the
Northeast Snowstorm of October 29-30, 2011
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Figure 3-2: 2011 Halloween nor’easter snowfall totals
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Warning Time is one out of four, meaning that there is usually more than 24 hours warning
before an event.

Duration

The NCDC’s Storm Events Database provided severe winter storm data for 72 separate events
since 1996 in Windham County. In a sample of 19 events (all events between 2010 and 2014), the
average duration of a winter storm was 16.9 hours and storms ranged between 39 and six hours.
Using this data, the index value for Duration is two out of four, meaning that a typical storm lasts
less than one day.

3.5 Tropical Cyclones

Tropical cyclones have the greatest destructive potential of all natural disasters in Connecticut,
due to their probability, size, and the destructive combination of high winds, damage from debris,
storm surge and coastal erosion, and heavy rain and flooding. Tropical cyclones include
hurricanes, tropical storms, and tropical depressions—extremely large, rotating systems of low
pressure that originate in the tropics and are continually fed by moisture when moving over the
ocean. Tropical cyclones rotate around an “eye”, and the region of the storm immediately
surrounding the eye—they “eyewall”—is the most intense. In New England, tropical cyclones
arrive from the south, often tracking along the Atlantic coastline and affecting other states.
Because of a tropical cyclone’s size, one can be disastrous for an area without passing directly
over that region.
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Tropical cyclones are categorized by wind speed; hurricanes range from Category 1 hurricanes to
Category 5 hurricanes. Tropical storms have lower wind speeds than hurricanes (below 74mph)
but can be equally destructive. See Table 3-4 for storm classifications by wind speed, according
to the Saffir-Simpson Hurricane Wind Scale.

Category 3, or greater, hurricanes are rare in New England. The Great Colonial Hurricane of 1635
is thought to be the region’s most severe. Today this storm is estimated to be a “Category 3.5”,
judging by historic records®. The cooler waters of the North Atlantic reduce the strength of
particularly violent storms; southern states, the Caribbean, and the Gulf Coast are more
vulnerable to these storms.

Table 3-4: Saffir-Simpson Hurricane Wind Scale

Maximum Sustained

Classification Winds (nmph) Central Pressure (mb)
Tropical Depression <34

Tropical Storm 34 -63
Category 1 Hurricane 64 - 82 >980
Category 2 Hurricane 83-95 965 - 979
Category 3 Hurricane 96 - 112 945 - 964
Category 4 Hurricane 113-136 920 - 944
Category 5 Hurricane >136 <920

Source: National Weather Service, Tropical Cyclones: A Preparedness Guide; Stephen A.
Nelson, Tropical Cyclones

3.5.1 Notable Occurrences

As mentioned above, Category 3, 4, and 5 hurricanes are rare in New England. Nonetheless, the
region has been affected by a number of severe hurricanes and other tropical cyclones throughout
its history and may experience more frequent storms due to climate chanage. See Appendix 9 for
a complete list of database records from the Storm Events Database and SHELDUS.

The Great Colonial Hurricane of 1635 is thought to be the most powerful in the region’s history,
and was perhaps a Category 4 or 5 hurricane before reaching New England®”.

The Hurricane of 1938, mentioned in Chapter 3.1, was also a Category 3 hurricane and still is the
deadliest and most powerful hurricane, of recent history, to impact New England. This storm
made landfall directly south of Windham County.

36 Brian R. Jarvinen, Storm Tides in Twelve Tropical Cyclones (Including Four Intense New England Hurricanes)
37 Brian R. Jarvinen, Storm Tides in Twelve Tropical Cyclones (Including Four Intense New England Hurricanes)
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More recently, in 2011 and 2012, Connecticut and the
Atlantic coast experienced significant impact from two
tropical events: Hurricane Irene and Super Storm Sandy
(Hurricane Sandy). Both of these storms brought
torrential rain, causing localized flooding which
exacerbated response and accounted for property
damage; however, most notable in terms of impact from
these events was the loss of electrical power and
communications due to high winds. Specifically, fallen
trees or tree limbs were to blame for these utility
failures—a factor that continues to account for a large
amount of storm damage, since northeastern
Connecticut’s 1,016.86 miles of publicly owned
roadways are primarily tree-lined. The under-
management of trees along roadways was brought to
reality by these storms. During both events, the region
had towns with no passable roads. Trees along public
roadways contributed significantly to power outages and
the duration of those outages, limited emergency
response, and impaired public safety.

Other notable hurricanes for the region include: The Great Atlantic Hurricane in 1944; Hurricane

Tropical Storm: 08/28/2011
05:56 EST — 08/28/2011 13:30
EST

Trees and branches were downed
in Moosup (Lake Street) and
Plainfield (Route 12, Major and
Gendron Roads, Huntington
Estates). An amateur radio operator
recorded gusts to 57 knots (66
mph) on their home weather station

in Thompson. The Automated
Surface Observing System at
Windham Airport (KIJD) recorded
sustained wind speeds of 24 knots
(28 mph) and gusts to 44 knots (51
mph). (Property Damage:
$20,000,000).

Source: Storm Events Database, NCDC
at NOAA

Carols and Edna in 1954; Hurricane Bob in 1991; and Hurricane Floyd in 1999.

3.5.2 Regional Risk Assessment
Probability

It is difficult to model return rates for tropical cyclones. Data sources typically focus on one
storm type and methodology varies. As mentioned above, Category 3, 4, or 5 hurricanes are
extremely rare in New England. The return rate for these hurricanes off of Block Island, RI—the
nearest measurement station—is once every 52 years, about 2%, while the overall hurricane

return rate is once every 6 years, about 17%°%,

According to the National Weather Service Forecast Office in Boston, MA, 49 tropical cyclones
impacted New England between 1900 and 19973, This means that there is roughly a 44% chance
of a tropical storm or hurricane impacting New England in a given year. It should be noted,
however, that rising sea-surface temperatures in the North Atlantic contribute to increased
cyclonic activity®. If warming trends continue, increased frequency and intensity of storms could
place Connecticut at a much higher risk. The index value for Probability is three out of four or
“Likely”. This means that the annual probability of tropical cyclones in northeastern Connecticut
is greater than 20%.

38 National Weather Service, Tropical Cyclone Climatology
39 National Weather Service Forecast Office, Boston, Massachusetts, New England Hurricane Climatology
40 world Meteorological Organization International Workshop on Tropical Cyclones, Statement on Tropical Cyclones and Climate Change
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Impact

Tropical cyclones typically have a larger impact on coastal regions. High winds cause storm
surge and tidal extremes that can flood and inundate communities built along the shore. The
Hurricane of 1938 caused coastal flooding that lifted houses off of their foundations, moving
them miles. Cyclones also tend to lose strength after moving over land. Northeastern Connecticut,
however, is not very far inland; the strength of a cyclone should differ greatly after moving thirty
miles inland. Northeastern Connecticut is also very vulnerable to a cyclone’s high wind speeds.
Mentioned earlier, the presence of trees along minor and major roadways poses a threat to
mobility, utilities, response, and safety. Records presented in Chapter 3.2 cite instances of sub-
hurricane-force winds causing tens of thousands of dollars in utility-related damages.

Although northeastern Connecticut is safe from coastal flooding. The number of rivers and
streams in the region, its rolling topography, and the prominence of one major drainage basin—
the Thames River Drainage Basin—creates a great chance of inland flooding. The low-lying
villages along the Quinebaug River, Shetucket River, and their tributaries, could potentially see
historic flooding in an extreme cyclonic event. Similarly, Vermont experienced historic flooding
in 2011 during Hurricane Irene. Rolling topography and development along rivers proved
catastrophic for many low-lying areas in the southern portion of the state, with some areas
experiencing flooding that exceeded records set by the Hurricane of 1938%. Considering the
wide-spread, damaging, and life threatening potential of hurricanes and tropical storms in
Connecticut and the New England region, as well as modeling of future events using Hazus-MH,
these storms are a major priority for hazard mitigation efforts. The index value for Impact is four
out of four or “Catastrophic”. It is expected that multiple injuries and/or multiple deaths could
result from one of these storms. Also, most structures and utilities in the region will be prone to
property damage (see Chapters 3.1 and 3.2)

Spatial Extent

A storm’s gale radius is a measurement, in nautical miles, of the distance of the furthest gale
force wind from the center of the storm, in each quadrant (northeast, southeast, southwest, and
northwest) *2. For the purposes of the Regional Risk Assessment, Hurricane Sandy was used as a
model event when assessing the spatial extent of tropical cyclones. When Hurricane Sandy made
landfall in 2011, the gale radii of its four quadrants were estimated to be 460nm, 370nm, 400nm,
and 490nm, respectively*®. Smaller, tropical storms and tropical depressions should be expected
to be encompass a reduced area, but still affect the entire region. A tropical cyclone’s Spatial
Extent is “Large”, or an index value of four out of four, meaning that more than 50% of
northeastern Connecticut could be affected by an event. But, like winter storms, this only partially
describes the spatial extent of these large systems.

Warning Time

Similar to winter storms, the large spatial extent of tropical cyclones suggests very high warning
time. Weather professionals and radar systems are dedicated to tracking and monitoring potential
storms before they become cyclonic. When a potentially threatening storm develops. The

4 WCAX, Vermont Communities Inundated by Irene Flooding
42 The National Hurricane Center, Extended Best Track Dataset
43 The National Hurricane Center, Extended Best Track Dataset
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National Weather Service tracks it and models its trajectory. The National Weather Service also
issues “watches” and “warnings” for tropical storms and hurricanes. A Tropical Storm Watch or a
Hurricane Watch is issued 48 hours in advance of a storm’s possible onset, meaning that storm is
possible in a given area. Tropical Storm Warnings and Hurricane Warnings are issued when a
storm is expected within 36 hours. Extreme Wind Warnings are short-term warnings for winds in
excess of 115mph are expected within one hour for a region*. The index value for Warning Time
is one out of four; there is usually more than 24 hours’ warning before an event.

Duration

When estimating the duration of a tropical cyclones on the region, it is necessary to consider the
size of a storm and the average forward speed of past storms (see Table 3-5). At northeastern
Connecticut’s latitude (41° N), the average forward speed of a hurricane is 30.6mph or 26.6
knots. Given that Hurricane Sandy’s average estimated gale radius was 430 miles when it made
landfall, it would have taken roughly 28 hours to pass over a given point if traveling in a straight
line®. Using this data, the index value for Duration is three out of four. Tropical cyclones in
northeastern Connecticut may last over 24 hours.

Table 3-5: Forward Speed of Hurricanes

Latitude Speed (nmph) Number of Cases
0° —5° 14 186
50— 10° 11.9 4,678
10° - 15° 10.4 7,620
15°-20° 9.4 7,501
200 - 25° 9.4 8,602
25°-30° 10.8 6,469
30°-35° 14.6 3,397
35°—40° 21 1,120
40° - 45° 26.6 246
45°-50° 27.8 34
50° — 55° 27.8 15
55°—60° 30.1 1

Source: Neal Dorst, Frequently Asked Questions

Tornadoes

A tornado, sometimes referred to as a “twister” or “cyclone”, is defined by NOAA as, “A
violently rotating column of air, usually pendant to a cumulonimbus, with circulation reaching the
ground. It nearly always starts as a funnel cloud and may be accompanied by a loud roaring noise.

44 National Weather Service, Hurricane Preparedness - Watches & Warnings

45 The National Hurricane Center, Extended Best Track Dataset
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On a local scale, it is the most destructive of all atmospheric phenomena.” Tornadoes are most-
commonly associated with supercell thunderstorms but can also be formed absent of supercells
and even in tropical cyclones. Tornadoes produced from supercell thunderstorms are typically the
most dangerous, lasting longer than one hour and being fed by the storm’s updraft.

Tornados have historically been measured in terms of estimated wind speed from damage to man-
made structures. The Fujita-Pearson Scale (see Table 3-6) designates estimated tornado events
FO, F1, F2, F3, F4, or F5 with F5 being the most-intense. Today, the Enhanced Fujita Scale has
replaced the Fujita-Pearson Scale. It accounts for differences in construction quality and uses a
modified index to estimated wind speed. The Enhanced Fujita Scale designates events as EFO0,
EF1, EF2, EF3, EF4, or EF5 based on degree of damage (DOD) data.

Table 3-6: Fujita Scale with Damage Descriptions and Enhanced Fujita Scale

Enhanced
Fujita Scale

Fujita Scale

Light- some damage to chimneys, shallow-

Fo >13 rooted trees pushed over. EFO 65-85

F1 73-112 Peels surfaco:e off of roofs, moving EE1 86 - 110
automobiles blow off roads

2 113 - 157 Roofs torn from house frames, cars lifted off EE2 111 - 135

of ground

F3 158 - 207 Roofs and some walls t_orn from well- EE3 136 - 165
constructed homes, trains overturned

F4 208 - 260 | Well-constructed houses leveled, cars thrown EF4 166 - 200

F5 261 - 318 | Strong-framed houses leveled, trees debarked EF5 >200

Source: Storm Prediction Center, Fujita Tornado Damage Scale; Storm Prediction Center, Enhanced F Scale for
Tornado Damage

Despite their infrequent occurrence in the region, the seriousness and specific challenges related
to tornados demand great attention. Tornadoes have killed as many as 519 people in one year, in
the United States and, according to NOAA, 59 EF5 or F5 tornadoes have occurred in the United
States since 195047,

3.6.1 Notable Occurrences

The two most significant tornado events in Windham County took place one year apart, in 1786
and 17874, On August 23, 1786, a tornado touched down in Sturbridge, MA and traveled

46 AON Corporation, United States Tornado History
47 Storm Prediction Center, F5 and EF5 Tornadoes of the United States
“8 Colonial Sense, New England Weather
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southeastward through Woodstock, Pomfret, and Killingly. One person was killed in Woodstock,
and another in Killingly. The tornado also destroyed 20 homes and 63 barns in the region®.

Less than one year later, August 15, 1787, the northeast experienced a tornado outbreak, with six
storms in 3.5 hours across the states of Connecticut, Rhode Island, Massachusetts, and New
Hampshire. The Four-State Tornado Swarm did not kill anyone in Windham County, but two
people were killing in Wethersfield, Connecticut®.

Nearby counties in Connecticut, Rhode Island, and Massachusetts have recently experienced
severe tornadoes, similar in intensity to the two in 1787 and 1876. These tornadoes are discussed
in Chapter 3.6.2. See Appendix 9 for a complete list of database records from the Storm Events
Database and SHELDUS.

Tornado: 06/24/1985 11:45 EST

A small tornado touched down in rural, northeastern Connecticut in the town of Woodstock at 1:45 P.M.
E.D.T. and moved on a generally east-southeastward track through the towns of Woodstock, Pomfret. Putnam
and Killingly. The funnel moved along at generally treetop level throughout its course, tearing up thousands of
trees but doing relatively light structural damage. In Woodstock, a 200-ft. long, concrete block chicken coop
was totally demolished. A number of homes along the path of the tornado were damaged by falling trees. Five
sheds were demolished near Ballouville, and an apartment building there lost parts of its roof. In Killingly, a
portion of a roof to.a factory was blown off. Damage was estimated at about $600,000 along the total track of
the storm, which was a confirmed tornado by NWS investigation. It was the 6th tornado to be reported in
Windham County during the past three hundred years. (Property Damage: $2,500,000).

Tornado: 08/26/1985 12:45 EST
A small tornado moved through a camping area, damaging tents, trailers, and fences before moving eastward
across the state line into Rhode Island. No injuries were reported and damage was held to a minimum since the
vortex roved along at tree-top level. The occurrence wab confirmed by National Weather Service investigation.
The total path length in both states was 1.5 miles. (Property Damage: $250).
Tornado: 07/14/1992 16:30 EST
A small tornado touched down in a wooded area just off Route 12. No structures were damaged.

Source: Storm Events Database, NCDC at NOAA

3.6.2 Regional Risk Assessment
Probability

Tornadoes are significantly rarer to southern New England than most other regions in the
continental United States. The United States, however, has a very high incidence of land-born
tornadoes when compared to other countries. It appears that Windham County experiences fewer
tornados, on average, than almost all other Connecticut counties—New London County has the
least, with only has 2 records in the Storm Events Database. Counties in central and western

49 Thomas Grazulis, Significant Tornadoes 1586-1870
%0 Thomas Grazulis, Significant Tornadoes 1680-1991
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Connecticut had far higher incidence of tornados, and Litchfield County in northwestern
Connecticut recorded 22 separate events in the Storm Events Database.

The Storm Events Database keeps tornado records as late as 1950, longer than any other weather
event. An assessment of the database’s records revealed that Connecticut had experienced 73
separate events since 1950. Of these 73 events, two were F4 tornados, and neither one affected a
NECCOG town. Windham County had three entries in the database, two from 1985 and one from
1992. An entry for a F1 tornado in June, 1985 mentioned that it was the sixth tornado in
Windham County in 300 years. Nearby Worcester County, Massachusetts had 37 records
corresponding to 28 separate events since 1950. Worcester County’s most extreme tornado was a
F4 event in 1953 that claimed 90 lives. Kent and Providence Counties in northwestern Rhode
Island combined for seven separate tornados, including a record of a F2 tornado that formed in
nearby Burrillville.

After assessing the database’s records, it was determined that the probability of a tornado
affecting northeastern Connecticut is about 10%. The index value for Probability is two out of
four, or “Possible”.

Impact

Unlike in mid-western states where tornadoes are more common and pose an immediate threat,
Connecticut does not have designated tornado shelters®. However, the Connecticut Division of
Emergency Management and Homeland Security does provide all public schools in the state with
radios for National Weather Service broadcasts. This system for advanced warning allow some
mitigation of a tornado’s effect on the population. A tornado’s effect on property, however, is
much more difficult to mitigate. According to the Enhanced Fujita Scale, EF2 tornadoes can
cause serious damage to homes (see Table 3-6). According to NOAA, during an F4 tornado,
“Well-constructed houses [will be] leveled...”, and during an F3 tornado, “Roofs and some walls
torn off well-constructed houses...”®

The most significant tornado to affect Windham County, in recent history, occurred in 1985,
starting in Woodstock then traveling southeast through Pomfret, Putnam, then Killingly. This F1
tornado resulted in $600,000 in property damage®, destroying a chicken coop and damaging
homes and businesses (see Table 3-7). A short distance away, in northern Worcester County, a
famous 1953 F4 tornado claimed 90 lives, resulted in 1228 injuries, and caused a quarter of a
billion dollars in property damage. Tornadoes in Hartford and New Haven counties each
accounted for a similar amount of property damage but claimed less lives and fewer injuries.
These F4 tornados are extremely rare in the area are destructive due largely to a lack of
preparedness. Recently, a 2011 tornado that began in Springfield, Massachusetts and traveled
across much of the state, claimed four lives and injured 200 people. This smaller EF3 tornado
claimed accounted for greater property damage than the previous F4 tornados.

Considering the historic impact of tornadoes in Windham County and on surrounding regions,
totaling as many as 90 deaths in a single event, the index value for a tornado’s Impact is four out
of four, or “Catastrophic”; a high number of injuries and deaths are possible from tornadoes and

51 state of Connecticut, 2014 Connecticut Natural Hazards Mitigation Plan Update
52 Storm Prediction Center, Fujita Tornado Damage Scale
53 price adjusted to 2011 dollars.
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over 50% of homes in a tornadoes path could be destroyed. All people and property should be
considered vulnerable to tornadoes.

Table 3-7: Significant Tornadoes

Intensity Deaths Injuries Property ng?ge (e
1953 Worcester MA F4 90 1228 $250,000,000
1979 Hartford CT F4 3 500 $250,000,000
1985 Windham CT F1 $600,000
1985 Windham CT F1 $250
1986 Providence RI F2 $2,500,000
1989 New Haven CT F4 40 $250,000,000
1992 Windham CT F1
2011 Hampden MA EF3 4 200 $227,600,000

Source: National Climatic Data Center, Storm Events Database

Spatial Extent

As mentioned earlier, tornadoes are extremely localized phenomena. A tornado’s path of
destruction is normally very thin and the path’s length is small in comparison to many other
weather hazards. The record for widest recorded tornado path comes from a 2013 event in
Oklahoma. A tornado in El Reno had a path width of 2.6 miles, barely eclipsing an event in
Hallum, Nebraska with a width of 2.5 miles®. It should be noted, however that tornadoes of this
size are very uncommon, even in heavily affected areas.

An inventory of serious tornado events in Connecticut (see Table 3-8) revealed that no tornadoes
exceeded 1400 yards (roughly 0.8 miles) in width. The median width of these tornadoes was only
120 yards (roughly 0.07 miles). The maximum path distance belonged to a 1962 event that ran
11.6 miles through Hartford County and New Haven County. The 1979 tornado in Hartford
County had the greatest path area, just under nine square miles. Considering that the NECCOG
region has an area of over 560 square miles, a Connecticut-record tornado is likely to affect less
than 2% of the entire region. The index value for Spatial Extent is one out of four, or “Small”.

Warning Time

The National Weather Service issues Tornado Watches when tornadoes are possible in an area—
normally due to violent thunderstorms—and Tornado Warnings when a tornado has been spotted.
According to NOAA, the average lead-time for a Tornado Warning is 13 minutes before strike®.
This short lead-time contributes to the destructive nature of tornados, making it difficult to
prepare find shelter before a tornado strike. Since there is less than six hours of warning before a
tornado, the index value of Warning Time is four out of four.

54 National Climatic Data Center, Storm Events Database
55 National Oceanic and Atmospheric Administration, Tornadoes 101
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Duration

Tornadoes are relatively short-lived compared to other natural hazards in the region. The longest
United States tornado was the Tri-State Tornado in 1925. This tornado affected the states of
Missouri, Illinois, and Indiana, lasting over three and a half hours. Tornadoes in Connecticut,
however, are very short-lived and last only a few minutes. The index value of Duration is one out
of four, meaning that tornadoes last less than six hours.

Table 3-8: Path Sizes for Significant Connecticut Tornadoes

County State Intensity = Width (yards) Length (miles)
1951 Middlesex CT F3 33 Not Specified
1954 Tolland CT F3 33 0.3
1962 New Haven CT F3 120 9.3*
1962 Hartford CT F3 120 2.3*
1971 New Haven CT F3 200 Not Specified
1979 Hartford CT F4 1400 11.3
1989 New Haven CT F4 100 3

* Different segments of the same tornado
Source: National Climatic Data Center, Storm Events Database

Drought

Drought differs from many of the region’s other hazards because it is a long-onset condition,
brought on by unusual weather patterns across the continent. A drought occurs when there is
deficiency in an area’s water supply over an extended period of time, resulting from below-
average precipitation. The effects of drought differ based on a specific town’s water needs. In
agriculture, soil moisture affects crop growth and stored water is typically used for irrigation.
Thus, rural economies that are dependent on agriculture could be stressed when needing to
conserve water. Higher-population cities, on the other hand, could be forced to place restrictions
on public, commercial, or industrial water consumption. In extreme cases, famine, war, and
wildfires have occurred around the world as results of drought.

According to NOAA, there are four types of drought. A “meteorological drought” is the broad
term used to describe long-term dryness resultant of weather conditions. “Hydrological drought”,
“agricultural drought”, and “socioeconomic drought” are terms that describe droughts as they
impact different systems. The Drought Severity Classification (see Table 3-9), developed by the
National Drought Mitigation Center (NDMC), categorizes droughts according to different indices
that measure their individual effects.
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Table 3-9: Drought Severity Classification Chart

Drought Return Standardized NDMC Palmer
Sever%t Period Possible Impacts Precipitation Drought Drought
y (years) Index (SPI) Category Index
. Short-term dryness slowing
Minor 3-4 growth of crops or pastures; fire -0.5t0-0.7 DO -10t-
Drought . 1.9
risk above average
Moderate Some damage to crops or -2.0to -
Drought 5-9 pastures; fire risk high 08t0-1.2 Dl 2.9
Severe Crop or pasture losses likely; fire -3.0to -
Drought 10-17 risk very high -13t0-15 D2 3.9
Extreme ) Major crop and pasture losses; i i -4.0to -
Drought 18-43 extreme fire danger 16t0-19 D3 4.9
. Exceptional and widespread crop
Exceptional 44+ and pasture losses; exceptional less than -2 D4 ->00r
Drought fire risk less

Source: The National Drought Mitigation Center, U.S. Drought Monitor Classification Schemes

Connecticut’s population density and presence of agriculture and industry makes it vulnerable to
the social, environmental, and economic effects of a major drought. The region’s climate makes
drought unlikely. Northeastern Connecticut, and other rural parts of the state, could be at
increased risk due to a lack of public drinking water. Much of the region is dependent on well
water and these homes are more likely to experience shortages than homes and businesses
connected to public supplies for surface water reservoirs.

According to the 2014 Connecticut Natural Hazards Mitigation Plan Update, climate change
could be responsible for more-intense heat waves and variations in continental weather patterns.
It should be recognized that drought conditions could be more prevalent in the future if climate
change persists.

3.7.1 Notable Occurrences

According to the Northeast Regional Climate Center at Cornell University, the Central Climate
Division of Connecticut, which includes northeastern Connecticut, has experienced 8 severe or
extreme droughts, lasting two months or more, since 1895%. According to the NRCC, the longest

5 Northeast Regional Climate Center, U.S. Drought Monitor Northeast
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of these droughts lasted 28 months—36 months
according to the Connecticut Drought

Preparedness and Response Plan—and occurred The U.S. Drought Monitor declared severe
drought (D2) over Windham County from April

12 through April 24. This was deemed a

Drought: 04/12/2012 7:30 EST

between the years 1964 and 1966°".

meteorological drought due to precipitation

The storm events database included one record 2
levels approximately one half of normal.

of a severe drought in Windham County.
Source: Storm Events Database, NCDC at NOAA

3.7.2 Regional Risk Assessment
Probability

The Storm Events Database contains records of droughts as late as 1996. Six separate droughts
were recorded for the state of Connecticut since then—including one for Windham County. All
four counties in southern Connecticut experienced droughts in April, May, and June of 2002.
According to Kevin McCarthy at the Connecticut Office of Legislative Research in 2003, major
droughts in Connecticut occurred in the years 1964-1968, 1981, 1987, and 2002%,

The index value for drought’s Probability is two out of four, or “Possible”. The historic incidence
of drought in the region suggests that there is less than 20% chance, but greater than 1% chance,
of a drought occurring in a given year in northeastern Connecticut.

Impact

Droughts are a unique hazard in that they generally do not cause direct property damage.
Additionally, droughts in developed countries do not typically cause loss of life or injury. The
vulnerability of a region to drought, however, can vary based on its reliance on water for
agriculture, economy, and subsistence. In 2003, Connecticut adopted the Connecticut Drought
Preparedness and Response Plan. This plan established a framework for drought monitoring and
response. Then in December, 2008, the Connecticut Office of Policy and Management (OPM)
issued Managing Water in Connecticut, a report that examines the current management of public
water resources in Connecticut and explores options for improvements.

In Connecticut, a drought between the years 1964 and 1966 proved to slow forage production,
hay and pasture yields, to about 60% of normal, and corn silage yields to 80-85% of normal. Tree
fruits, some vegetable crops, corn, and strawberries saw slight yield reductions and heavier yield
reductions where irrigation was not applied™.

Windham County’s recent, 2012 drought did not cause any damage according to the Storm
Events Database. No other records in the database, from Connecticut counties, included crop
damage; although, this is likely inaccurate. Considering the history of drought the state, the index
value for Impact is one out of four, or “Minor”. All people and property are vulnerable to
drought; however, those reliant on on-site wells and those reliant on agriculture for livelihood
should be considered especially vulnerable.

57 Interagency Drought Working Group, Connecticut Drought Preparedness and Response Plan
%8 Kevin McCarthy, OLR Backgrounder: Nor Any Drop to Drink- Preparing for Drought in Connecticut
59 Byron and Brumbach, The 1964 Drought in Connecticut
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Spatial Extent

Despite slight, year-to-year fluctuations in precipitation and variations in water usage across the
region, it is expected that all towns in northeastern Connecticut will be affected by a severe
drought. This idea is supported by historic records in the Strom Events Database and from the
NRCC. The index value for Spatial Extent is four out of four, or “Large”, meaning that it will
affect over 50% of the region.

Warning Time

As mentioned earlier, droughts result from long-onset conditions and changes in weather patterns.
Monitoring weather—temperature, humidity, wind, and amount of precipitation—allows
advanced notice of drought conditions. Forecasting of local weather is increasingly accurate and
typically available for seven day periods, with accuracy increasing for more immediate forecasts.
Using current and past weather forecasts while monitoring water usage and availability can allow
property owners, business owners, municipalities, utility companies, and farmers to plan for
droughts.

Another resource for monitoring and anticipating drought conditions is the Drought Severity
Classification from the National Drought Mitigation Center. The Drought Severity Classification
for the entire United States is updated on a weekly basis and uses indexes—such as the Climate
Prediction Center (CPC) Soil Moisture Monitor—to assess drought levels. Monitoring the weekly
drought level, stakeholders will be able to anticipate the next week’s drought level if conditions
persist, worsen, or improve. Additionally, the Connecticut Drought Preparedness and Response
Plan established a monthly, criteria-based assessment of drought levels in the state. The Drought
Advisory stage is the earliest warning for drought conditions and roughly corresponds to D1 on
the Drought Severity Classification.

The index value for Warning Time is one out of four, meaning that there is typically more than 24
hours’ notice associated with the hazard. In reality, the warning time for drought is much longer.

Duration

Droughts are often long-lived compared to other natural hazards. A severe drought must persist
long enough to have an impact on the region’s economy, environment, agriculture, or people. Of
all of the region’s identified hazards, droughts last the longest.

The index value for Duration is four out of four, meaning that a drought typically lasts more than
one week.

Earthquakes

Earthquakes are violent vibrations in the Earth’s crust, resulting from a release of localized
tension, caused by crustal plates moving or subducting. As earthquake energy is released, it
quickly radiates outward as waves, shaking and rolling the ground, potentially undermining,
damaging, and collapsing buildings and structures, damaging roads and underground utilities, and
downing power lines and trees. Extreme earthquakes can cause landslides, slumps, tsunamis, and
avalanches. Additionally, smaller earthquakes or “aftershocks” can occur after a large earthquake,
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as crustal plates reset and change position. Fortunately, seismic (relating to earthquakes) activity
is very low in Connecticut, and earthquakes of significant magnitude do not pose a probable
threat to the region.

An earthquake in Connecticut would be classified as an “intraplate” earthquake, which occurs at
the interior of a crustal plate. Ninety percent of the world’s earthquakes are “interplate”
earthquakes and occur at plate boundaries®. The origin of an earthquake is deep underground and
its location is known as the “hypocenter”. The “epicenter” is the location, on the Earth’s surface,
directly above the hypocenter. Distance from these centers is an important factor when
determining the severity of an earthquake at a given location; all other things being equal, a closer
earthquake will have a greater impact. Another important factor is geology; bedrock geology and
soil geology play important roles in the conduction of earthquake energy. Stable areas, sitting on
solid bedrock experience less-destructive shaking than areas with underlying soils that are loose,
unconsolidated, or partially saturated.

Table 3-10: Modified Mercalli Intensity Scalar Values and Descriptions, Compared with
Approximate Richter and Moment Magnitude Scalar Values
Richter

MMI Description Scale MMS
| Only felt by instruments 2
1 Felt by few, especially on upper floors 2.5
Il Felt indoors; vibrations similar to a large truck <3 >2
v Felt indoors by many; dishes, windows may move 35
V Felt by most; tall objects may fall <4 >3
Vi Felt by all; light damage 4
Vil Very noticeable; damage to weaker buildings on fill <5
VI Walls, monuments, bookcases fall; soil liquefaction <6 5
IX Buildings shift off of foundations; ground is cracked <7 <6
X Most structures severely damaged; rails bent 7
XI Few structures standing; large fissures in ground 75-8 <7
Xl Total damage; objects thrown into the air 8.5 70-<8.0

Source: South Carolina Earthquake Education and Preparedness, Earthquake Size (Magnitude)

The Richter Scale was developed in the 1930s to measure the energy released by earthquakes. It
is a logarithmic scale with a base of 10, meaning that each scalar value is an order of magnitude
(10x) greater than the preceding value and an order of magnitude less than the proceeding value.
Typically, earthquakes greater than 5.0 magnitude (expressed as “M5.0”) can cause damage to
structures. M5.0 on the Richter Scale roughly corresponds to V on the Modified Mercalli
Intensity Scale (MMI), commonly used to measure earthquake intensity by describing peoples’
perceptions and expected damage to buildings and goods; the MMI uses 12 Roman numeral
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values from I to XII. The Moment Magnitude Scale (MMS) is the current scale used to measure
magnitude, replacing the Richter Scale. For a comparison of the three scales, see Table 3-10.

Connecticut and New England have experienced few earthquakes in the past; however, the
destructive nature of severe events suggests that steps should still be taken to protect the region’s
population and property. The entire region could either experience an earthquake directly or feel
the effects of one from a considerable distance away. So far, earthquakes are unpredictable;
however, they are extremely clustered, globally, and probabilities for future events can be

mapped (see Figure 3-4).

3.8.1 Notable Occurrences

Since 1950 there have been 15 earthquakes of at least M1.0 in Connecticut, and one off of the
coast in Long Island Sound, ranging between M1.7 and M3.8%%. None of these earthquakes
occurred in a NECCOG town.

The most severe earthquake in Connecticut’s history occurred on May 16, 1791 in Moodus,
Connecticut, a village in the town of East Haddam, near the mouth of the Connecticut River®?. It
is now believed that his earthquake would have registered V11 in intensity, using the MMI scale®,
Later, in the nineteenth century, Connecticut experienced four separate earthquakes between 1837
and 1875.

An intensity V earthquake in southern Connecticut cracked plaster walls and damaged items.
Recently, across the Connecticut River from Moodus, in the town of Chester, was the epicenter of
a M2.0 earthquake in 2008%. According to the 2014 Connecticut Natural Hazard Mitigation Plan
Update, this Connecticut’s most recent, noticeable earthquake.

Notable earthquakes that occurred outside of the state, but were still realized by Connecticut