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SECTION 1
INTRODUCTION

This section provides a general introduction to the Wake County Multi-Jurisdictional Hazard Mitigation
Plan. It consists of the following five subsections:

1.1 Background
1.2 Purpose
1.3 Scope

1.4 Authority

1.5 Summary of Plan Contents
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1.1 BACKGROUND

Natural hazards, such as floods, hurricanes and winter storms are a part of the world around us. Their
occurrence is natural and inevitable, and there is little we can do to control their force and intensity.
We must consider these hazards to be legitimate and significant threats to human life, safety, and
property.

Wake County is located in the eastern portion of the Piedmont area of North Carolina. The County
includes the Town of Apex, Town of Cary, Town of Fuquay-Varina, Town of Garner, Town of Holly
Springs, Town of Knightdale, Town of Morrisville, City of Raleigh, Town of Rolesville, Town of Wake
Forest, Town of Wendell, Town of Zebulon, and all unincorporated areas within the county. This area is
vulnerable to a wide range of natural hazards such as hurricanes, floods, severe thunderstorms, and
tornados. It is also vulnerable to human-caused hazards, including nuclear accidents and hazardous
material spills. These hazards threaten the life and safety of residents in the Wake County and have the
potential to damage or destroy both public and private property, disrupt the local economy, and impact
the overall quality of life of individuals who live, work, and vacation in Wake County.

While the threat from hazardous events may never be fully eliminated, there is much we can do to
lessen their potential impact upon our community and our citizens. By minimizing the impact of hazards
upon our built environment, we can prevent such events from resulting in disasters. The concept and
practice of reducing risks to people and property from known hazards is generally referred to as hazard
mitigation.
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iﬁ}% FEMA Definition of Hazard Mitigation:
% %ﬁ: “Any sustained action taken to reduce or eliminate the long-term risk to human life and
K2 &/ property from hazards.”
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Hazard mitigation techniques include both structural measures (such as strengthening or protecting
buildings and infrastructure from the destructive forces of potential hazards) and non-structural
measures (such as the adoption of sound land use policies and the creation of public awareness
programs). It is widely accepted that the most effective mitigation measures are implemented at the
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SECTION 1: INTRODUCTION

local government level, where decisions on the regulation and control of development are ultimately
made. A comprehensive mitigation approach addresses hazard vulnerabilities that exist today and in
the foreseeable future. Therefore, it is essential that projected patterns of future development are
evaluated and considered in terms of how that growth will increase or decrease a community’s overall
hazard vulnerability.

A key component in the formulation of a comprehensive approach to hazard mitigation is to develop,
adopt, and update a local hazard mitigation plan as needed. A hazard mitigation plan establishes the
broad community vision and guiding principles for reducing hazard risk, and further proposes specific
mitigation actions to eliminate or reduce identified vulnerabilities.

The county and each of the twelve municipalities participating in the development of the Wake County
Multi-Jurisdictional Hazard Mitigation Plan have an existing hazard mitigation plan that has evolved over
the years, as described in Section 2: Planning Process. This multi-jurisdictional plan draws from each of
the previous plans to document the efforts of each jurisdiction to incorporate hazard mitigation
principles and practices into routine government activities and functions. At its core, the Plan
recommends specific actions to minimize hazard vulnerability and protect residents from losses to those
hazards that pose the greatest risk. These mitigation actions go beyond simply recommending structural
solutions to reduce existing vulnerability, such as elevation, retrofitting, and acquisition projects. Local
policies on community growth and development, incentives for natural resource protection, and public
awareness and outreach activities are examples of other actions considered to reduce Wake County’s
vulnerability to identified hazards. The Plan remains a living document, with implementation and
evaluation procedures established to help achieve meaningful objectives and successful outcomes over
time.

1.1.1 The Disaster Mitigation Act and the Flood Insurance Reform Acts

In an effort to reduce the Nation's mounting natural disaster losses, the U.S. Congress passed the
Disaster Mitigation Act of 2000 (DMA 2000) in order to amend the Robert T. Stafford Disaster Relief and
Emergency Assistance Act. Section 322 of DMA 2000 emphasizes the need for state, local and Tribal
government entities to closely coordinate on mitigation planning activities and makes the development
of a hazard mitigation plan a specific eligibility requirement for any local or Tribal government applying
for federal mitigation grant funds. In short, if a jurisdiction is not covered by an approved mitigation
plan, it will not be eligible for mitigation grant funds. These funds include the Hazard Mitigation Grant
Program (HMGP) and the Pre-Disaster Mitigation (PDM) program, both of which are administered by the
Federal Emergency Management Agency (FEMA) under the Department of Homeland Security.
Communities with an adopted and federally-approved hazard mitigation plan thereby become pre-
positioned and more apt to receive available mitigation funds before and after the next disaster strikes.

Additionally, the Flood Insurance Reform Act of 2004 (P.L. 108-264) created two new grant programs,
Severe Repetitive Loss (SRL) and Repetitive Flood Claim (RFC), and modified the existing Flood Mitigation
Assistance (FMA) program. One of the requirements of this Act is that a FEMA-approved Hazard
Mitigation Plan is now required if communities wish to be eligible for these FEMA mitigation programs.
However, as of early 2014, these programs have been folded into a single Flood Mitigation Assistance
(FMA) program.

This change was brought on by new, major federal flood insurance legislation that was passed in 2012
under the Biggert-Waters Flood Insurance Reform Act (P.L. 112-141) and the subsequent Homeowner
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SECTION 1: INTRODUCTION

Flood Insurance Affordability Act in 2014 which revised Biggert-Waters. These acts made several
changes to the way the National Flood Insurance Program is to be run, including raises in rates to reflect
true flood risk and changes in how Flood Insurance Rate Map (FIRM) updates impact policyholders.
These acts further emphasize Congress’ focus on mitigating vulnerable structures.

The Wake County Multi-Jurisdictional Hazard Mitigation Plan has been prepared in coordination with
FEMA Region IV and the North Carolina Division of Emergency Management (NCEM) to ensure that the
Plan meets all applicable FEMA and state requirements for hazard mitigation plans. A Local Mitigation
Plan Review Tool, found in Appendix C, provides a summary of federal and state minimum standards
and notes the location where each requirement is met within the Plan.

1.2 PURPOSE
The purpose of the Wake County Multi-Jurisdictional Hazard Mitigation Plan is to:

¢ Merge the existing Wake County, Town of Apex, Town of Cary, Town of Fuquay-Varina, Town of
Garner, Town of Holly Springs, Town of Knightdale, Town of Morrisville, City of Raleigh, Town of
Rolesville, Town of Wake Forest, Town of Wendell, and Town of Zebulon hazard mitigation plans
into one multi-jurisdictional plan;

Complete update of existing plans to demonstrate progress and reflect current conditions;
Increase public awareness and education about the plan and the planning process;

Maintain grant eligibility for participating jurisdictions; and

L 2 2 2 4

Maintain compliance with state and federal legislative requirements for local hazard mitigation
plans.

1.3 SCOPE

The focus of the Wake County Multi-Jurisdictional Hazard Mitigation Plan is on those hazards
determined to be “high” or “moderate” risks to Wake County, as determined through a detailed hazard
risk assessment. Other hazards that pose a “low” or “negligible” risk will continue to be evaluated
during future updates to the Plan, but they may not be fully addressed until they are determined to be
of high or moderate risk. This enables the participating jurisdictions to prioritize mitigation actions
based on those hazards which are understood to present the greatest risk to lives and property.

The geographic scope (i.e., the planning area) for the Plan includes all of Wake County including all of its
incorporated jurisdictions (see below) and unincorporated areas. Table 1.1 indicates the participating
jurisdictions.

TABLE 1.1: PARTICIPATING JURISDICTIONS IN THE WAKE COUNTY MULTI-JURISDICTIONAL
HAzARD MITIGATION PLAN

Wake County
Apex Morrisville
Cary Raleigh
Fuquay-Varina Rolesville
Wake County Hazard Mitigation Plan 1:3
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SECTION 1: INTRODUCTION

Garner Wake Forest
Holly Springs Wendell
Knightdale Zebulon

1.4 AUTHORITY

The Wake County Multi-Jurisdictional Hazard Mitigation Plan has been developed in accordance with
current state and federal rules and regulations governing local hazard mitigation plans and has been
adopted by each participating jurisdiction in accordance with standard local procedures. Copies of the
adoption resolutions for each participating jurisdiction are provided in Appendix A. The Plan shall be
routinely monitored and revised to maintain compliance with the following provisions, rules, and
legislation:

¢ Section 322, Mitigation Planning, of the Robert T. Stafford Disaster Relief and Emergency
Assistance Act, as enacted by Section 104 of the Disaster Mitigation Act of 2000 (P.L. 106-390);

4 FEMA's Final Rule published in the Federal Register, at 44 CFR Part 201 (201.6 for local
mitigation planning requirements and 201.7 for Tribal planning requirements); and

¢ Flood Insurance Reform Act of 2004 (P.L. 108-264), Biggert-Waters Flood Insurance Reform Act
of 2012 (P.L. 112-141) and the Homeowner Flood Insurance Affordability Act.

1.5 SUMMARY OF PLAN CONTENTS

The contents of this Plan are designed and organized to be as reader-friendly and functional as possible.
While significant background information is included on the processes used and studies completed (i.e.,
risk assessment, capability assessment), this information is separated from the more meaningful
planning outcomes or actions (i.e., mitigation strategy, mitigation action plan).

Section 2, Planning Process, provides a complete narrative description of the process used to prepare
the Plan. This includes the identification of participants on the planning team and describes how the
public and other stakeholders were involved. It also includes a detailed summary for each of the key
meetings held, along with any associated outcomes.

The Community Profile, located in Section 3, provides a general overview of Wake County, including
prevalent geographic, demographic, and economic characteristics. In addition, building characteristics
and land use patterns are discussed. This baseline information provides a snapshot of the planning area
and helps local officials recognize those social, environmental, and economic factors that ultimately play
a role in determining the region’s vulnerability to hazards.

The Risk Assessment is presented in three sections: Section 4, Hazard Identification; Section 5, Hazard
Profiles; and Section 6, Vulnerability Assessment. Together, these sections serve to identify, analyze,
and assess hazards that pose a threat to Wake County. The risk assessment also attempts to define any
hazard risks that may uniquely or exclusively affect specific areas of Wake County.

The Risk Assessment begins by identifying hazards that threaten Wake County. Next, detailed profiles
are established for each hazard, building on available historical data from past hazard occurrences,
spatial extent, and probability of future occurrence. This section culminates in a hazard risk ranking
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SECTION 1: INTRODUCTION

based on conclusions regarding the frequency of occurrence, spatial extent, and potential impact
highlighted in each of the hazard profiles. In the vulnerability assessment, FEMA’s Hazus™ loss
estimation methodology is used in conjunction with GIS analysis to evaluate known hazard risks by their
relative long-term cost in expected damages. In essence, the information generated through the risk
assessment serves a critical function as the participating jurisdictions in Wake County seek to determine
the most appropriate mitigation actions to pursue and implement—enabling them to prioritize and
focus their efforts on those hazards of greatest concern and those structures or planning areas facing
the greatest risk(s).

The Capability Assessment, found in Section 7, provides a comprehensive examination of Wake
County’s capacity to implement meaningful mitigation strategies and identifies opportunities to increase
and enhance that capacity. Specific capabilities addressed in this section include planning and
regulatory capability, staff and organizational (administrative) capability, technical capability, fiscal
capability, and political capability. Information was obtained through the use of a detailed survey
guestionnaire and an inventory and analysis of existing plans, ordinances, and relevant documents. The
purpose of this assessment is to identify any existing gaps, weaknesses, or conflicts in programs or
activities that may hinder mitigation efforts and to identify those activities that should be built upon in
establishing a successful and sustainable local hazard mitigation program.

The Risk Assessment, and Capability Assessment collectively serve as a basis for determining the goals
for the Wake County Multi-Jurisdictional Hazard Mitigation Plan, each contributing to the development,
adoption, and implementation of a meaningful and manageable Mitigation Strategy that is based on
accurate background information.

The Mitigation Strategy, found in Section 8, consists of broad goal statements as well as an analysis of
hazard mitigation techniques for the jurisdictions participating in the Wake County Multi-Jurisdictional
Hazard Mitigation Plan to consider in reducing hazard vulnerabilities. The strategy provides the
foundation for a detailed Mitigation Action Plan, found in Section 9, which links specific mitigation
actions for each jurisdiction to locally-assigned implementation mechanisms and target completion
dates. Together, these sections are designed to make the Plan both strategic, through the identification
of long-term goals, and functional, through the identification of immediate and short-term actions that
will guide day-to-day decision-making and project implementation.

In addition to the identification and prioritization of possible mitigation projects, emphasis is placed on
the use of program and policy alternatives to help make Wake County less vulnerable to the damaging
forces of hazards while improving the economic, social, and environmental health of the community.
The concept of multi-objective planning was emphasized throughout the planning process, particularly
in identifying ways to link, where possible, hazard mitigation policies and programs with complimentary
community goals related to disaster recovery, housing, economic development, recreational
opportunities, transportation improvements, environmental quality, land development, and public
health and safety.

Plan Maintenance, found in Section 10, includes the measures that the jurisdictions participating in the
plan will take to ensure the Plan’s continuous long-term implementation. The procedures also include
the manner in which the Plan will be regularly evaluated and updated to remain a current and
meaningful planning document.
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SECTION 1: INTRODUCTION

Municipality-specific Annexes have been created to include specific information for each municipality.
Topics covered in the annexes include community profile, risk assessment, vulnerability, and capability
assessment information. The mitigation actions relevant for each particular municipal jurisdiction are
also included in the Annex.
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SECTION 2
PLANNING PROCESS

This section describes the planning process undertaken to develop the Wake County Multi-Jurisdictional
Hazard Mitigation Plan. It consists of the following eight subsections:

¢ 2.1 Overview of Hazard Mitigation Planning

2.2 History of Hazard Mitigation Planning in Wake County
2.3 Preparing the 2014 Plan

2.4 East and West Wake Work Groups

2.5 The Wake County Coordinating Committee

2.6 Meetings and Workshops

2.7 Involving the Public

LA 2B B 2R 2B 2 2

2.8 Documentation of Plan Progress

44 CFR Requirement

44 CFR Part 201.6(c)(1): The plan shall include documentation of the planning process used to develop the plan,
including how it was prepared, who was involved in the process and how the public was involved.

2.1 OVERVIEW OF HAZARD MITIGATION PLANNING

Local hazard mitigation planning is the process of organizing community resources, identifying and
assessing hazard risks, and determining how to best minimize or manage those risks. This process
culminates in a hazard mitigation plan that identifies specific mitigation actions, each designed to
achieve both short-term planning objectives and a long-term community vision.

To ensure the functionality of a hazard mitigation plan, responsibility is assigned for each proposed
mitigation action to a specific individual, department, or agency along with a schedule or target
completion date for its implementation. Mitigation actions for this plan are found in Section 9:
Mitigation Action Plan and in each jurisdiction’s Annex.

Plan maintenance procedures (see Section 10: Plan Maintenance) are established for the routine
monitoring of implementation progress, as well as the evaluation and enhancement of the mitigation
plan itself. These plan maintenance procedures ensure that the Plan remains a current, dynamic, and
effective planning document over time that becomes integrated into the routine local decision making
process.

Communities that participate in hazard mitigation planning have the potential to accomplish many
benefits, including:

€ saving lives and property,
¢ saving money,

€ speeding recovery following disasters,

Wake County Hazard Mitigation Plan 2:1
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SECTION 2: PLANNING PROCESS

¢ reducing future vulnerability through wise development and post-disaster recovery and
reconstruction,

¢ expediting the receipt of pre-disaster and post-disaster grant funding, and
¢ demonstrating a firm commitment to improving community health and safety.

Typically, communities that participate in mitigation planning are described as having the potential to
produce long-term and recurring benefits by breaking the repetitive cycle of disaster loss. A core
assumption of hazard mitigation is that the investments made before a hazard event will significantly
reduce the demand for post-disaster assistance by lessening the need for emergency response, repair,
recovery, and reconstruction. Furthermore, mitigation practices will enable local residents, businesses,
and industries to re-establish themselves in the wake of a disaster, getting the community economy
back on track sooner and with less interruption.

The benefits of mitigation planning go beyond solely reducing hazard vulnerability. Mitigation measures
such as the acquisition or regulation of land in known hazard areas can help achieve multiple community
goals, such as preserving open space, maintaining environmental health, and enhancing recreational
opportunities. Thus, it is vitally important that any local mitigation planning process be integrated with
other concurrent local planning efforts, and any proposed mitigation strategies must take into account
other existing community goals or initiatives that will help complement or hinder their future
implementation.

2.2 HISTORY OF HAZARD MITIGATION PLANNING IN WAKE COUNY

Each of the thirteen participating jurisdictions has a previously adopted hazard mitigation plan. The
FEMA approval dates for each of these plans are listed below:

<&

Town of Apex Hazard Mitigation Plan (1/18/2011)

Town of Cary Hazard Mitigation Plan (11/9/2010)

Town of Fuquay-Varina Hazard Mitigation Plan (3/5/2010)
Town of Garner Hazard Mitigation Plan (10/25/2011)
Town of Holly Springs Hazard Mitigation Plan (4/11/2011)
Town of Knightdale Hazard Mitigation Plan (10/28/2009)
Town of Morrisville Hazard Mitigation Plan (12/22/2010)
City of Raleigh Hazard Mitigation Plan (2/23/2010)

Town of Rolesville Hazard Mitigation Plan (4/26/2011)
Wake County Hazard Mitigation Plan (6/6/2010)

Town of Wake Forest Hazard Mitigation Plan (8/27/2010)
Town of Wendell Hazard Mitigation Plan (1/13/2010)
Town of Zebulon Hazard Mitigation Plan (6/5/2012)

L 2 2 2 2B 2R 2B 2 2B 2 2N 2 2

Each of the plans was developed using the multi-jurisdictional planning process recommended by the
Federal Emergency Management Agency (FEMA). For this plan, all of the aforementioned jurisdictions
have joined to form a multi-jurisdictional plan. The process of merging all of the above plans into this
multi-jurisdictional plan is described in more detail below.

Wake County Hazard Mitigation Plan 2:2
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SECTION 2: PLANNING PROCESS

2.3 PREPARING THE 2014 PLAN

Hazard mitigation plans, are required to be updated every five years to remain eligible for federal
mitigation funding. To simplify planning efforts, the jurisdictions in Wake County decided to join
together to create the Wake County Multi-Jurisdictional Hazard Mitigation Plan. This allows resources
to be shared amongst the participating jurisdictions and eases the administrative duties of all of the
participants by combining the thirteen separate plans into one multi-jurisdictional plan.

To prepare the Plan, a team led by the consulting firm called Atkins was hired to provide professional
mitigation planning services. The Atkins team was also supported by subconsultants from the Triangle J
Council of Governments and AMEC. To meet planning requirements of the Community Rating System,
the region ensured that the planning process was facilitated under the direction of a professional
planner. Nathan Slaughter from Atkins served as the lead planner for this project and is a member of
the American Institute of Certified Planners (AICP). Further, CRS planning requirements from section
510 of the 2013 Coordinator’s Manual are addressed throughout this plan. The intent is to try to
maximize the number of CRS points for those jurisdictions that currently participate in the CRS program
(City of Raleigh) and those that may wish to join in the future.

Per the contractual scope of work, the consultant team followed the mitigation planning process
recommended by FEMA (Publication Series 386 and Local Mitigation Plan Review Guide) and
recommendations provided by North Carolina Division of Emergency Management (NCEM) mitigation
planning staff'. The Local Mitigation Plan Review Tool, found in Appendix C, provides a detailed
summary of FEMA’s current minimum standards of acceptability for compliance with DMA 2000 and
notes the location where each requirement is met within this Plan. These standards are based upon
FEMA'’s Final Rule as published in the Federal Register in Part 201 of the Code of Federal Regulations
(CFR). The planning team used FEMA'’s Local Mitigation Plan Review Guide (October 2011) for reference
as they completed the Plan.

Although each participating jurisdiction had already developed a plan in the past, the combination of the
thirteen plans into one multi-jurisdictional plan still required making some plan update revisions based
on FEMA’s Local Mitigation Plan Guide. Since all sections of the multi-jurisdictional plan are technically
new, plan update requirements do not apply. However, since this is the first multi-jurisdictional plan
that includes all of the jurisdictions in the County, key elements from the previous approved plans are
referenced throughout the document (e.g., existing actions) and required a discussion of changes made.
For example, all of the risk assessment elements needed to be updated to include most recent
information. It was also necessary to formulate a single set of goals for the region, but they were based
on previously determined goals (Section 8: Mitigation Strategy). The Capability Assessment section
includes updated information for all of the participating jurisdictions and the Mitigation Action Plan
provides implementation status updates for all of the actions identified in the previous plans.

The process used to prepare this Plan included twelve major steps that were completed over the course
of approximately six months beginning in October 2013. Each of these planning steps (illustrated in
Figure 2.1) resulted in critical work products and outcomes that collectively make up the Plan. Specific
plan sections are further described in Section 1: Introduction.

L A copy of the negotiated contractual scope of work between Wake County and Atkins is available through Wake County upon
request.
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SECTION 2: PLANNING PROCESS

Over the past five years, each participating jurisdiction has been actively working to implement their
existing plans. This is documented in the Mitigation Action Plan through the implementation status
updates for each of the Mitigation Actions. The Capability Assessment also documents changes and
improvements in the capabilities of each participating jurisdiction to implement the Mitigation Strategy.

FIGURE 2.1: MITIGATION PLANNING PROCESS FOR WAKE COUNTY
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As is further detailed below, the planning process was conducted through Regional Work Groups
comprised primarily of local government staff from each of the participating jurisdictions and a
Coordinating Committee comprised of advisory stakeholders.

44 CFR Requirement

44 CFR Part 201.6(b)(2): The planning process shall include an opportunity for neighboring communities, local
and regional agencies involved in hazard mitigation activities, and agencies that have the authority to regulate
development, as well as businesses, academia and other non-profit interests to be involved in the planning
process.
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2.4

EAST AND WEST WAKE WORK GROUPS

In order to ensure adequate jurisdiction representation in the planning process, and to ensure that the
consulting team was able to spend more constructive time with representatives from each jurisdiction,
two Work Groups were formed for the development of this plan. The Work Groups consisted of
representatives from each of the participating jurisdictions. The Work Groups coordinated on all
aspects of plan preparation and provided valuable input to the process. In addition to regular meetings,
Work Group members routinely communicated and were kept informed through an e-mail distribution

list.

Specifically, the tasks assigned to the Work Group members included:

¢
¢

participate in Work Group meetings and workshops
provide best available data as required for the risk assessment portion of the Plan

provide information that will help complete the Capability Assessment section of the Plan and
provide copies of any mitigation or hazard-related documents for review and incorporation into
the Plan

support the development of the Mitigation Strategy, including the design and adoption of
regional goal statements

help design and propose appropriate mitigation actions for their department/agency for
incorporation into the Mitigation Action Plan

review and provide timely comments on all study findings and draft plan deliverables
support the adoption of the 2014 Wake County Multi-Jurisdictional Hazard Mitigation Plan

Figure 2.2 below provides a graphical representation of how the Work Groups were organized. The East
Wake Work group included the jurisdictions of:

L 2 2 & 2 2 4

Knightdale
Rolesville
Wake Forest
Wendell
Zebulon
Raleigh

Wake County

The West Wake Work Group included the jurisdictions of:

L A 2 & B 2 2 4

Apex

Cary
Fuquay-Varina
Garner

Holly Springs
Morrisville
Raleigh

Wake County
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SECTION 2: PLANNING PROCESS

The City of Raleigh and Wake County participated on both Work Groups given the importance of these
jurisdictions in helping to coordinate regional mitigation planning efforts.

FIGURE 2.2: WAKE COUNTY WORK GROUPS
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Table 2.1 lists the members of the Regional Work Groups who were responsible for participating in the
development of the Plan. Committee members are listed in alphabetical order by last name.

TABLE 2.1: MEMBERS OF THE REGIONAL WORK GROUPS

NAME/TITLE
East Wake Work Group
Jeff Triezenberg / Senior Planner
Tim Guffey / Fire Chief

*Benjamin Brown / Stormwater Development
Supervisor

*Derrick Remer / Emergency Manager

Thomas Lloyd / Planning Director

Bryan Hicks / Town Manager

*Joshua Creighton / Emergency Management Director
*Sharon Peterson / Land Use Plan Administrator

*Tim Maloney / Director Planning Development &
Inspections

Charlie Yokley / Senior Planner
Agnes Wanman /Planner

DEPARTMENT / JURISDICTION

Long Range Planning /Knightdale
Fire Department / Knightdale

Stormwater Department / Raleigh
Emergency Management / Raleigh
Planning Department /Rolesville
Administration / Rolesville

Emergency Management / Wake County
Planning Department / Wake County

Planning Department /Wake County
Planning Department / Wake Forest
Planning Department / Wake Forest

Wake County Hazard Mitigation Plan
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SECTION 2: PLANNING PROCESS

NAME/TITLE DEPARTMENT / JURISDICTION

Patrick Reidy / Planner

Alton Bryant / Director

David Bergmark / Planner

Julie Spriggs / Senior Planner

Robyn Snow / Public Works

West Wake Work Group

June Cowles / Senior Planner

Adam Stephenson / Senior Engineer
Mary Beerman / Senior Planner

Charles Brown / Stormwater Program Analyst
Samantha Smith / Planner Il

Michael Sorensen / Planning Director
Rodney Dickerson / Assistant Town Manager
Jaclyn Rametta / Stormwater Engineer
David Bamford / Senior Planner

Daniel Weeks / Project Manager

Jeff Jones / Senior Planner

TJ Cawley / Town Council Member
Courtney Tanner / Senior Planner

Brad West / Planner

Chuck Queen / Risk and Safety Manager

*Benjamin Brown / Stormwater Development
Supervisor

*Derrick Remer / Emergency Manager

Planning Department / Wendell
Planning Department / Wendell
Planning Department /Wendell
Planning Department / Zebulon
Public Works / Zebulon

Planning Department / Apex
Engineering Services / Apex

Planning Department / Cary

Water Resources / Cary

Planning Department / Fuquay-Varina
Planning Department / Fuquay-Varina
Administration / Garner

Engineering Department / Garner
Planning Department / Garner

Town Manager’s Office / Holly Springs
Planning Department / Holly Springs
Holly Springs

Planning Department / Morrisville
Planning Department / Morrisville
Risk and Safety Management / Morrisville

Stormwater Department / Raleigh
Emergency Management / Raleigh

*Joshua Creighton / Emergency Management Director Emergency Management / Wake County

*Sharon Peterson / Land Use Plan Administrator Planning Department / Wake County
*Tim Maloney / Director Planning Development &
Inspections

*Participated on both East and West Wake Work Groups

Planning Department /Wake County

2.4.1 Multi-Jurisdictional Participation

The Wake County Multi-Jurisdictional Hazard Mitigation Plan includes the county and twelve
incorporated municipalities. To satisfy multi-jurisdictional participation requirements, each county and
its participating jurisdictions were required to perform the following tasks:

® Participate in mitigation planning process;
¢ Identify completed mitigation projects, if applicable; and
¢ Develop and adopt (or update) their local Mitigation Action Plan.

Wake County Hazard Mitigation Plan 2:7
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SECTION 2: PLANNING PROCESS

Each jurisdiction that is participating in this plan has participated in the planning process and has
developed a local Mitigation Action Plan unique to their jurisdiction. Each jurisdiction will adopt their
Mitigation Action Plan separately. This provides the means for jurisdictions to monitor and update their
Plan on a regular basis. Once FEMA has granted conditional approval of the Plan, each jurisdiction’s
local governing body will officially adopt the final Plan. Adoption resolutions will be included in
Appendix A.

2.5 THE WAKE COUNTY COORDINATING COMMITTEE

With assistance from planning and social services staff of Triangle J Council of Governments, a
Coordinating Committee was recruited and convened to serve as advisory stakeholders on the
mitigation plan. The Coordinating Committee represents diverse community interests including
business/industry, academia, social services, neighborhood and community groups, and the non-profit
sector.

The Coordinating Committee engaged in two meetings in spring of 2014 to discuss and review tasks
completed by the Regional Work Groups associated with the Plan. Project staff also set up a project
Wikispaces website for providing draft Plan components for review to the Coordinating Committee, with
the ability for them to provide input in three ways: 1) contact jurisdictional staff, whose contact
information was provided; 2) leave comments on the Wiki pages; and 3) participate in Coordinating
Committee meetings held as part of the Plan development process.

TABLE 2.2: MEMBERS OF THE WAKE COUNTY COORDINATING COMMITTEE

- NAME________ | AFFILIATION

Randy Stark Cary CERT

Louis Hufham Citizen

Robert Greer Citizen

Kyle Bolton Cary CERT

Sue-Lynn Hinson Cisco

Dave Wulff Campbell University

Wendell Goodwin Wake Tech Community College
Rob Denton Wake Tech Community College
Steve Hardin Wake Tech Community College
Tom Hegfle Cary CERT

Lisa Booze City of Raleigh

John Faison CIR

Tolga Erkmen Cary CERT

Lee Bullock Wake Tech Community College
Leslie Richard Cary CERT

2.6 MEETINGS AND WORKSHOPS

The preparation of this Plan required a series of meetings and workshops for facilitating discussion,
gaining consensus and initiating data collection efforts with local government staff, community officials,
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and other identified stakeholders. More importantly, the meetings and workshops prompted
continuous input and feedback from relevant participants throughout the drafting stages of the Plan.
The following is a listing of the key meetings and community workshops held during the development of
the Plan update.” In many cases, routine discussions and additional meetings were held by local staff to
accomplish planning tasks specific to their department or agency, such as the approval of specific
mitigation actions for their department or agency to undertake and include in the Mitigation Action
Plan.

November 21, 2013 - Project Kickoff Meeting December 13, 2013 — West Wake Work Group Meeting

November 21, 2013 — Project Kickoff Meeting (all stakeholders, advertised to public)
December 12, 2013 — First East Wake Work Group Meeting

December 13, 2013 — First West Wake Work Group Meeting

January 28, 2014 — Second East Wake Work Group Meeting

e January 31, 2014 — Second West Wake Work Group Meeting

e April 1, 2014 - First Coordinating Committee Meeting

Detailed meeting summaries from each of the meetings listed above can be found in Appendix D.

2.7 INVOLVING THE PUBLIC

44 CFR Requirement

44 CFR Part 201.6(b)(1): The planning process shall include an opportunity for the public to comment on the plan
during the drafting stage and prior to plan approval.

An important component of the mitigation planning process involved public participation. Individual
citizen and community-based input provides the entire planning team with a greater understanding of
local concerns and increases the likelihood of successfully implementing mitigation actions by
developing community “buy-in” from those directly affected by the decisions of public officials. As
citizens become more involved in decisions that affect their safety, they are more likely to gain a greater
appreciation of the hazards present in their community and take the steps necessary to reduce their
impact. Public awareness is a key component of any community’s overall mitigation strategy aimed at

2 Copies of agendas, sign-in sheets, minutes, and handout materials for all meetings and workshops can be found in Appendix D.
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making a home, neighborhood, school, business or entire city safer from the potential effects of
hazards.

Public involvement in the development of the Wake County Multi-Jurisdictional Hazard Mitigation Plan
sought using four methods: (1) all meetings in the development of the Plan were open to the public, and
two meetings were advertised in local media; (2) public survey instruments were made available in hard
copy and online in English and in Spanish; (3) the Coordinating Committee included multiple members of
the general public; and 4) the draft Plan deliverables were made available on county and municipal
websites and at government offices as well as on a project Wikispaces website along with contact
information for providing input.

The general public was provided two opportunities to be involved in the development of the regional
plan: (1) during the drafting stage of the Plan; and (2) upon completion of a final draft Plan, but prior to
official Plan approval and adoption. In addition, a public participation survey (discussed in greater detail
in Section 2.7.1) was made available during the planning process at various locations throughout the
County and on participating jurisdiction websites.

A final open public meeting was held on December 30, 2014 at the City of Raleigh Municipal Building.
The meeting, specifically held to discuss the hazard mitigation plan, was held more than two weeks prior
to most plan adoption dates and was advertised by the participating jurisdictions on community
websites and through community newsletters and ebulletins. The purpose of the meeting was to
present the final plan and its findings and recommendations and so that the public could ask questions
and submit any final comments for review, consideration, and potential modification of the plan. No
additional public comments for the plan were provided at this meeting. The meeting agenda and sign-in
sheet are included in Appendix D.

HHEH 0 ﬁlteceive Updates [Enter Email Address |[Go ]

MyRaleigh Subscriptions City of Raleigh

Multi-jurisdictional Hazard Mitigation Plan Public Meeting -
December 30, 2014

An open public meeting will be held to review the final multi-jurisdictional hazard mitigation
plan that includes Wake County, Apex, Cary, Fuquay-Varina, Garner, Holly Springs,
Knightdale, Morrisville, Raleigh, Rolesville, Wake Forest, Wendell, and Zebulon.

Tuesday, December 30, 2014
Raleigh Municipal Building, 222 W. Hargett Street, Room#305, Raleigh, NC 27601

Questions - Contact Ben Brown, PE @ 919-996-3940

Fowered by go‘vnf'.fvzwﬁ
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When the final Plan is officially adopted by the local governing bodies of each of the participating
jurisdictions, the meetings of those local governing bodies will also be open to the public.

2.7.1 Public Survey

Triangle J Council of Governments, the Coordinating Committee, and the two Regional Work Groups
were successful in getting citizens to provide input to the mitigation planning process through the use of
the Public Survey for Hazard Mitigation Planning. The Public Survey was designed to capture data and
information from residents of Wake County that might not be able to participate on the Coordinating
Committee or participate through other means in the mitigation planning process.

The Public Survey was widely distributed in English (as a Word document, online, and in hard copy) and
in Spanish (as a Word document and in hard copy)®. A total of 494 survey responses were received (5
translated from Spanish), which provided valuable input for the Coordinating Committee and Regional
Work Groups to consider in the development of the Plan update. Selected survey results are presented
below.

¢ Approximately 53 percent of survey respondents had been impacted by a disaster, mainly
hurricanes (Fran—1996, Floyd—1999), winter storms (ice storm—2002, winter storm—
2000, 2005, and 2014), and tornadoes (2011 and 2012).

¢ Respondents ranked Hurricane/Tropical Storm Wind as the highest threat to their
neighborhoods (27 percent), followed by Severe Thunderstorm/High Wind (23 percent),
Tornado (19 percent), and Severe Winter Storm/Freeze (13 percent).

¢ Approximately 43 percent of respondents have taken actions to make their homes more
resistant to hazards and 87 percent are interested in making their homes more resistant to
hazards.

® 74 percent of respondents do not know what office to contact regarding reducing their
risks to hazards.

® Emergency Services and Prevention were ranked as the most important activities for
communities to pursue in reducing risks.

A copy of the survey (in English and Spanish) is provided in Appendix B and a detailed summary of the
survey results are provided in Appendix F.

2.8 DOCUMENTATION OF PLAN PROGRESS

Progress in hazard mitigation planning for the jurisdictions in Wake County is documented in this plan
update. Since hazard mitigation planning efforts officially began in the participating jurisdictions with
the development of the initial Hazard Mitigation Plans in the late 1990s and early 2000s, many
mitigation actions have been completed and implemented in the participating jurisdictions. These
actions will help reduce the overall risk to natural hazards for the people and property in Wake County.
The actions that have been completed are documented in the Mitigation Action Plan found in Section 9.

% Details of the public survey can be found in Appendix B and Appendix F.
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In addition, community capability continues to improve with the implementation of new plans, policies
and programs that help to promote hazard mitigation at the local level. The current state of local
capabilities for the participating jurisdictions is captured in Section 7: Capability Assessment. The
participating jurisdictions continue to demonstrate their commitment to hazard mitigation and hazard
mitigation planning and have proven this by developing the Coordinating Committee and Regional Work
Groups to update the Plan and by continuing to involve the public in the hazard mitigation planning
process.
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COMMUNITY PROFILE

This section of the Plan provides a general overview of Wake County and its participating municipalities.
It consists of the following four subsections:

¢ 3.1 Geography and the Environment
3.2 Population and Demographics
3.3 Housing, Infrastructure, and Land Use

L 2 2 2

3.4 Employment and Industry

3.1 GEOGRAPHY AND THE ENVIRONMENT

Wake County is located in the eastern portion of the Piedmont of North Carolina. For the purposes of
this plan, Wake County includes the Town of Apex, Town of Cary, Town of Fuquay-Varina, Town of
Garner, Town of Holly Springs, Town of Knightdale, Town of Morrisville, City of Raleigh, Town of
Rolesville, Town of Wake Forest, Town of Wendell, Town of Zebulon, and all unincorporated areas
within the county. An orientation map is provided as Figure 3.1.

Wake County is best known as being home of the capital of North Carolina, Raleigh, and is home to a
number of government agencies and functions. Many state agencies are located in Wake County as are
many federal agencies.

Wake County is also known as one of three counties that comprise the Research Triangle metropolitan
region, so named for the Research Triangle Park (RTP) which encompasses the three major metropolitan
areas of Chapel-Hill, Durham, and Raleigh. Each of these metropolitan areas is home to a major
research university (UNC-Chapel Hill, Duke, and NC State University, respectively) and RTP draws on
these universities for its workforce. The Research Triangle Park is a hub of high-tech and biotech
research and is a defining feature of the economy in Wake County.

Wake County is a popular tourist destination, especially for tourists from around the state who often
come to learn about the state’s history. In addition, Wake County and its municipalities are consistently
ranked as some of the top places to live in the country which has led to significant population growth
over the last 30 to 50 years.

The total land area of each of the participating jurisdictions is presented in Table 3.1.

TABLE 3.1: TOTAL LAND AREAS OF PARTICIPATING JURISDICTIONS

Total Land Area

WAKE COUNTY 834 square miles
Apex 15 square miles
Cary 54 square miles
Fuquay-Varina 12 square miles
Wake County Hazard Mitigation Plan 3:1
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Total Land Area

Garner 15 square miles
Holly Springs 15 square miles
Knightdale 6 square miles
Morrisville 8 square miles
Raleigh 142 square miles
Rolesville 4 square miles
Wake Forest 14 square miles
Wendell 5 square miles
Zebulon 4 square miles

Source: US Census Bureau

Wake County enjoys a moderate climate that is characterized by mild winters and hot, humid summers.
In general, the spring months are marked by unpredictable weather and changes can occur rapidly with
sunny skies yielding to severe thunderstorms in just a few hours. From March through May,
temperatures have an average high in the low to mid 70s°F with lows in the 50s°F. Typically, the
weather is milder by late March and warm by late April.

In the summer, afternoon showers and thunderstorms are common and average temperatures increase
with afternoon highs reaching the 90s in July and August. These months are also the most common for
rain in Wake County.

September through mid-November is typified by clear skies and cooler weather that alternates between
warm days and cool nights. Highs and lows are usually similar to those experienced in the spring, with
November days cooling off considerably.

Winter in Wake County is generally moderate but extremes do occur. High temperatures are usually in
the lower 50s°F and winter lows are usually at or just below freezing. Snow is most common during
January and February.
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FIGURE 3.1: WAKE COUNTY ORIENTATION MAP
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3.2 POPULATION AND DEMOGRAPHICS

Raleigh is the largest participating municipal jurisdiction by area and it also has the largest population.
Between 2000 and 2010, the majority of participating jurisdictions experienced population growth,

sometimes doubling or tripling in size. Rolesville had the highest county growth rate at around

317%.

Population counts from the US Census Bureau for 1990, 2000, and 2010 for each of the participating

jurisdictions are presented in Table 3.2.

TABLE 3.2: POPULATION COUNTS FOR PARTICIPATING JURISDICTIONS

1990 Census 2000 Census 2010 Census % Change
Population Population Population 2000-2010

WAKE COUNTY 423,380 627,846 900,993 43.51%
Apex 4,968 20,212 37,476 85.41%
Cary 43,858 94,536 135,234 43.05%
Fuquay-Varina 4,562 7,898 17,937 127.11%
Garner 14,967 17,575 25,745 46.49%
Holly Springs 908 9,192 24,661 168.29%

3:3
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1990 Census 2000 Census 2010 Census % Change

5 R
Knightdale 1,884 5,958 11,401 91.36%
Morrisville 1,022 5,208 18,576 256.68%
Raleigh 207,951 276,093 403,892 46.29%
Rolesville 572 907 3,786 317.42%
Wake Forest 5,769 12,588 30,117 139.25%
Wendell 2,822 4,247 5,845 37.63%
Zebulon 3,173 4,046 4,433 9.57%
Note: The total population of Cary, Raleigh, and Wake Forest includes population residing in adjacent counties.

Source: US Census Bureau

Based on the 2010 Census, the median age of residents of in Wake County is 35.3. The racial

characteristics of the participating jurisdictions are presented in Table 3.3. Generally, whites make up
the majority of the population in the county accounting for over 65 percent of the population in overall.

However, several jurisdictions have much higher

minority populations than others including Garner,

Knightdale, Morrisville, Raleigh, Wendell, and Zebulon.

TABLE 3.3: DEMOGRAPHICS OF PARTICIPATING JURISDICTIONS

White Black American Other Persons of
Persons, Persons, Indian or Race, Hispanic
Percent Percent Alaska Native, | Percent | Origin, Percent
(2010) (2010) Percent (2010) (2010) (2010)*
WAKE COUNTY 66.3% 20.7% 0.5% 12.5% 9.1%
Apex 79.5% 7.6% 0.3% 12.6% 7.1%
Cary 73.1% 8.0% 0.4% 18.5% 7.2%
Fuquay-Varina 72.3% 19.7% 0.6% 7.4% 9.1%
Garner 57.8% 32.9% 0.5% 8.8% 9.3%
Holly Springs 79.8% 12.6% 0.4% 7.2% 5.8%
Knightdale 50.0% 38.3% 0.6% 11.1% 11.4%
Morrisville 54.0% 12.9% 0.4% 32.7% 5.5%
Raleigh 57.5% 29.3% 0.5% 12.7% 10.6%
Rolesville 74.1% 17.8% 0.4% 7.7% 6.1%
Wake Forest 77.3% 15.3% 0.4% 7.0% 5.1%
Wendell 58.1% 30.2% 0.8% 10.9% 10.5%
Zebulon 47.3% 38.6% 0.5% 13.6% 14.3%

*Hispanics may be of any race, so also are included in applicable race categories

Source: US Census Bureau

3.3 HOUSING, INFRASTRUCTURE, AND LAND USE

3.3.1 Housing

According to the 2010 US Census, there were 371,836 housing units in Wake County, the majority of

which are single family homes or mobile homes.

Housing information for the thirteen participating
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jurisdictions is presented in Table 3.4. As shown in the table, there is a moderate range in the
percentage of vacant housing across the jurisdictions.

TABLE 3.4: HOUSING CHARACTERISTICS

Housing Units | Housing Units | Vacant Units, Median Home
(2000) (2010) Percent (2010) | Value (2007-2011)

WAKE COUNTY 258,953 371,836 7.0% $230,400
Apex 8,028 13,922 5.0% $258,500
Cary 36,863 55,303 6.4% $302,500
Fuquay-Varina 3,375 7,325 8.6% $192,700
Garner 7,252 10,993 7.2% $168,300
Holly Springs 3,642 8,658 5.9% $236,700
Knightdale 2,352 4,723 10.5% $170,900
Morrisville 3,210 8,357 8.6% $266,600
Raleigh 120,699 176,124 7.5% $208,000
Rolesville 384 1,341 7.8% $246,200
Wake Forest 5,091 11,370 7.5% $255,500
Wendell 1,785 2,430 6.6% $132,600
Zebulon 1,661 1,862 11.1% $110,400

Source: US Census Bureau
3.3.2 Infrastructure

Transportation
There are several major roadways that cross Wake County. The most prominent is Interstate 40 which

runs through the county on an east-west track. It has two spurs that more or less encompass the city of
Raleigh and provide access to many of the outlying municipalities. In conjunction with 1-40, I-440 makes
up the “Beltline” that encircles most of central Raleigh. Meanwhile, I-540/NC-540 is a partly completed
loop that is outside the beltline that currently connects many of the northern and western
municipalities. In addition to the Interstate, there are many major highways that traverse the county.
Federal highways of note are US-1, US-64, US-264, US-70, and US-401, while state highways in the
county include NC-39, NC-42, NC-50, NC-54, NC-55, NC-96, NC-98, and NC-231.

In terms of other transportation services, Raleigh-Durham International Airport (RDU) is one of the
largest airports in the state and serves more than 35 international and domestic locations and over 9
million passengers a year. Wake County is also home to two Amtrak railway facilities, located in Raleigh
and Cary. The Triangle Transit authority operates a bus system that connects Raleigh, Durham, and
Chapel-Hill and there are also several intra-county bus lines that provide service between Wake County
municipalities.

Utilities

Electrical power in Wake County is provided by two entities and Duke Energy and Wake Electric
Membership Corporation with Duke Energy providing service to a majority of the county. Water and
sewer service is provided by two main entities as well: The City of Raleigh Public Utilities and Western
Wake Partners. Natural gas is provided by PSNC Energy.
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Community Facilities
There are a number of public buildings and community facilities located throughout Wake County.

According to the data collected for the vulnerability assessment (Section 6.4.1), there are 81 fire
stations, 38 police stations, and 158 public schools located within the study area.

Three major hospitals are located in Wake County: Rex Hospital, WakeMed, and Duke Raleigh.
WakeMed also operates several satellite locations throughout the county.

Wake County is also home to several parks, including three state parks: Falls Lake State Recreation Area,
William B. Umstead State Park, and Jordan Lake State Recreation Area. There are also a number of
county and municipal parks located throughout the jurisdictions, including the American Tobacco Trail
which is a rails to trails project that is open to a wide variety of non-motorized uses.

3.3.3 Land Use

Much of Wake County is developed and relatively urbanized. However, there are some areas that are
more sparsely developed, sometimes due to the conservation of land. As shown in Figure 3.1 above,
there are many incorporated municipalities located throughout the study area, and these areas are
where the region’s population is generally concentrated. The incorporated areas are also where many
businesses, commercial uses, and institutional uses are located. Land uses in the balance of the study
area consist of a variety of types of residential, commercial, industrial, government, and recreational
uses. Local land use and associated regulations are further discussed in Section 7: Capability Assessment.

3.4 EMPLOYMENT AND INDUSTRY

The early modern economy Wake County was built around agriculture and government, as the state
capital of Raleigh was established in 1793. Since that time, much of the growth and economic well-being
of the county has been linked to the county’s status as a hub of government. While the county’s position
as home to the state capital remains important, in recent decades, the county’s economic focus has
shifted towards the fields of information technology and health care. The Research Triangle Park,
located between Raleigh and Durham, is home to more than 160 companies that employ more than
50,000 people.

According to the North Carolina Employment Security Commission, in 2012 (the last full year with data
available), Wake County had an average annual employment of 453,415 workers. The Retail Trade
industry employed 11.4% of the County’s workforce followed by Health Care and Social Assistance
(10.5%); Professional and Technical Services (9.3%); and Accommodation and Food Services (9.2%). In
2012, the projected median household income was $60,412 compared to $42,941 for the state of North
Carolina in 2011 (2012 numbers were not available).
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HAZARD IDENTIFICATION

This section describes how the planning team identified the hazards to be included this plan. It consists
of the following five subsections:

¢ 4.1 Overview

4.2 Description of Full Range of Hazards
4.3 Disaster Declarations

4.4 Hazard Evaluation

4.5 Hazard ldentification Results

L 2 2R R 2

44 CFR Requirement

44 CFR Part 201.6(c)(2)(i): The risk assessment shall include a description of the type, location and extent of all
natural hazards that can affect the jurisdiction. The plan shall include information on previous occurrences of
hazard events and on the probability of future hazard events.

4.1 OVERVIEW

Wake County is vulnerable to a wide range of natural and human-caused hazards that threaten life and
property. Current FEMA regulations and guidance under the Disaster Mitigation Act of 2000 (DMA
2000) require, at a minimum, an evaluation of a full range of natural hazards. An evaluation of human-
caused hazards (i.e., technological hazards, terrorism, etc.) is encouraged, though not required, for plan
approval. Wake County has included a comprehensive assessment of both types of hazards.

Upon a review of the full range of natural hazards suggested under FEMA planning guidance, the
participating jurisdictions in Wake County (Apex, Cary, Fuquay-Varina, Garner, Holly Springs, Knightdale,
Morrisville, Raleigh, Rolesville, Wake Forest, Wendell, Zebulon) have identified a number of hazards that
are to be addressed in their Multi-Jurisdictional Hazard Mitigation Plan. These hazards were identified
through an extensive process that utilized input from the Wake County Hazard Mitigation Planning
Committee members, research of past disaster declarations in the participating counties', and review of
the North Carolina State Hazard Mitigation Plan (2010). Readily available information from reputable
sources (such as federal and state agencies) was also evaluated to supplement information from these
key sources.

Table 4.1 lists the full range of natural hazards initially identified for inclusion in the Plan and provides a
brief description for each. This table includes 24 individual hazards. Some of these hazards are
considered to be interrelated or cascading, but for preliminary hazard identification purposes these
individual hazards are broken out separately.

Next, Table 4.2 lists the disaster declarations in Wake County.

1 A complete list of disaster declarations for Wake County can be found below in Section 4.3.
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Next, Table 4.3 documents the evaluation process used for determining which of the initially identified
hazards are considered significant enough to warrant further evaluation in the risk assessment. For
each hazard considered, the table indicates whether or not the hazard was identified as a significant
hazard to be further assessed, how this determination was made, and why this determination was
made. The table works to summarize not only those hazards that were identified (and why) but also
those that were not identified (and why not). Hazard events not identified for inclusion at this time may
be addressed during future evaluations and updates of the risk assessment if deemed necessary by the
Hazard Mitigation Planning Committee during the plan update process.

Lastly, Table 4.4 provides a summary of the hazard identification and evaluation process noting that 17

of the 24 initially identified hazards are considered significant enough for further evaluation through this
Plan’s risk assessment (marked with a “M”).

4.2 DESCRIPTION OF FULL RANGE OF HAZARDS

TABLE 4.1: DESCRIPTIONS OF THE FULL RANGE OF INITIALLY IDENTIFIED HAZARDS
Hazard Description

ATMOSPHERIC HAZARDS

Avalanche A rapid fall or slide of a large mass of snow down a mountainside.

Drought A prolonged period of less than normal precipitation such that the lack of water
causes a serious hydrologic imbalance. Common effects of drought include crop
failure, water supply shortages, and fish and wildlife mortality. High temperatures,
high winds, and low humidity can worsen drought conditions and also make areas
more susceptible to wildfire. Human demands and actions have the ability to
hasten or mitigate drought-related impacts on local communities.

Hailstorm Any storm that produces hailstones that fall to the ground; usually used when the
amount or size of the hail is considered significant. Hail is formed when updrafts in
thunderstorms carry raindrops into parts of the atmosphere where the
temperatures are below freezing.

Heat Wave A heat wave may occur when temperatures hover 10 degrees or more above the
average high temperature for the region and last for several weeks. Humid or
muggy conditions, which add to the discomfort of high temperatures, occur when a
“dome” of high atmospheric pressure traps hazy, damp air near the ground.
Excessively dry and hot conditions can provoke dust storms and low visibility. A
heat wave combined with a drought can be very dangerous and have severe
economic consequences on a community.
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Hurricane and Tropical
Storm

Hurricanes and tropical storms are classified as cyclones and defined as any closed
circulation developing around a low-pressure center in which the winds rotate
counter-clockwise in the Northern Hemisphere (or clockwise in the Southern
Hemisphere) and with a diameter averaging 10 to 30 miles across. When maximum
sustained winds reach or exceed 39 miles per hour, the system is designated a
tropical storm, given a name, and is closely monitored by the National Hurricane
Center. When sustained winds reach or exceed 74 miles per hour the storm is
deemed a hurricane. The primary damaging forces associated with these storms are
high-level sustained winds, heavy precipitation and tornadoes. Coastal areas are
also vulnerable to the additional forces of storm surge, wind-driven waves and tidal
flooding which can be more destructive than cyclone wind. The majority of
hurricanes and tropical storms form in the Atlantic Ocean, Caribbean Sea and Gulf of
Mexico during the official Atlantic hurricane season, which extends from June
through November.

Lightning

Lightning is a discharge of electrical energy resulting from the buildup of positive
and negative charges within a thunderstorm, creating a “bolt” when the buildup of
charges becomes strong enough. This flash of light usually occurs within the clouds
or between the clouds and the ground. A bolt of lightning can reach temperatures
approaching 50,000 degrees Fahrenheit. Lightning rapidly heats the sky as it flashes,
but the surrounding air cools following the bolt. This rapid heating and cooling of
the surrounding air causes thunder. On average, 73 people are killed each year by
lightning strikes in the United States.

Nor’easter

Similar to hurricanes, nor’easters are ocean storms capable of causing substantial
damage to coastal areas in the Eastern United States due to their associated strong
winds and heavy surf. Nor'easters are named for the winds that blow in from the
northeast and drive the storm up the East Coast along the Gulf Stream, a band of
warm water that lies off the Atlantic coast. They are caused by the interaction of
the jet stream with horizontal temperature gradients and generally occur during the
fall and winter months when moisture and cold air are plentiful. Nor’easters are
known for dumping heavy amounts of rain and snow, producing hurricane-force
winds, and creating high surf that causes severe beach erosion and coastal flooding.

Tornado

A tornado is a violently rotating column of air that has contact with the ground and
is often visible as a funnel cloud. Its vortex rotates cyclonically with wind speeds
ranging from as low as 40 mph to as high as 300 mph. Tornadoes are most often
generated by thunderstorm activity when cool, dry air intersects and overrides a
layer of warm, moist air forcing the warm air to rise rapidly. The destruction caused
by tornadoes ranges from light to catastrophic depending on the intensity, size and
duration of the storm.

Severe Thunderstorm

Thunderstorms are caused by air masses of varying temperatures meeting in the
atmosphere. Rapidly rising warm moist air fuels the formation of thunderstorms.
Thunderstorms may occur singularly, in lines, or in clusters. They can move through
an area very quickly or linger for several hours. Thunderstorms may result in hail,
tornadoes, or straight-line winds. Windstorms pose a threat to lives, property, and
vital utilities primarily due to the effects of flying debris and can down trees and
power lines.
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Winter Storm and Winter storms may include snow, sleet, freezing rain, or a mix of these wintry forms
Freeze of precipitation. Blizzards, the most dangerous of all winter storms, combine low
temperatures, heavy snowfall, and winds of at least 35 miles per hour, reducing
visibility to only a few yards. Ice storms occur when moisture falls and freezes
immediately upon impact on trees, power lines, communication towers, structures,
roads and other hard surfaces. Winter storms and ice storms can down trees, cause
widespread power outages, damage property, and cause fatalities and injuries to
human life.

GEOLOGIC HAZARDS

Earthquake A sudden, rapid shaking of the Earth caused by the breaking and shifting of rock
beneath the surface. This movement forces the gradual building and accumulation
of energy. Eventually, strain becomes so great that the energy is abruptly released,
causing the shaking at the earth’s surface which we know as an earthquake.
Roughly 90 percent of all earthquakes occur at the boundaries where plates meet,
although it is possible for earthquakes to occur entirely within plates. Earthquakes
can affect hundreds of thousands of square miles; cause damage to property
measured in the tens of billions of dollars; result in loss of life and injury to hundreds
of thousands of persons; and disrupt the social and economic functioning of the
affected area.

Expansive Soils Soils that will exhibit some degree of volume change with variations in moisture
conditions. The most important properties affecting degree of volume change in a
soil are clay mineralogy and the aqueous environment. Expansive soils will exhibit
expansion caused by the intake of water and, conversely, will exhibit contraction
when moisture is removed by drying. Generally speaking, they often appear sticky
when wet, and are characterized by surface cracks when dry. Expansive soils
become a problem when structures are built upon them without taking proper
design precautions into account with regard to soil type. Cracking in walls and floors
can be minor, or can be severe enough for the home to be structurally unsafe.

Landslide The movements of a mass of rock, debris, or earth down a slope when the force of
gravity pulling down the slope exceeds the strength of the earth materials that
comprise to hold it in place. Slopes greater than 10 degrees are more likely to slide,
as are slopes where the height from the top of the slope to its toe is greater than 40
feet. Slopes are also more likely to fail if vegetative cover is low and/or soil water
content is high.

Land Subsidence The gradual settling or sudden sinking of the Earth’s surface due to the subsurface
movement of earth materials. Causes of land subsidence include groundwater
pumpage, aquifer system compaction, drainage of organic soils, underground
mining, hydrocompaction, natural compaction, sinkholes, and thawing permafrost.

Tsunami A series of waves generated by an undersea disturbance such as an earthquake. The
speed of a tsunami traveling away from its source can range from up to 500 miles
per hour in deep water to approximately 20 to 30 miles per hour in shallower areas
near coastlines. Tsunamis differ from regular ocean waves in that their currents
travel from the water surface all the way down to the sea floor. Wave amplitudes in
deep water are typically less than one meter; they are often barely detectable to the
human eye. However, as they approach shore, they slow in shallower water,
basically causing the waves from behind to effectively “pile up”, and wave heights to
increase dramatically. As opposed to typical waves which crash at the shoreline,
tsunamis bring with them a continuously flowing ‘wall of water’ with the potential
to cause devastating damage in coastal areas located immediately along the shore.
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Volcano

A mountain that opens downward to a reservoir of molten rock below the surface of
the earth. While most mountains are created by forces pushing up the earth from
below, volcanoes are different in that they are built up over time by an
accumulation of their own eruptive products: lava, ash flows, and airborne ash and
dust. Volcanoes erupt when pressure from gases and the molten rock beneath
becomes strong enough to cause an explosion.

HYDROLOGIC HAZARDS

Dam and Levee Failure

Dam failure is the collapse, breach, or other failure of a dam structure resulting in
downstream flooding. In the event of a dam failure, the energy of the water stored
behind even a small dam is capable of causing loss of life and severe property
damage if development exists downstream of the dam. Dam failure can result from
natural events, human-induced events, or a combination of the two. The most
common cause of dam failure is prolonged rainfall that produces flooding. Failures
due to other natural events such as hurricanes, earthquakes or landslides are
significant because there is generally little or no advance warning.

Erosion Erosion is the gradual breakdown and movement of land due to both physical and
chemical processes of water, wind, and general meteorological conditions. Natural,
or geologic, erosion has occurred since the Earth’s formation and continues at a very
slow and uniform rate each year.

Flood The accumulation of water within a water body which results in the overflow of

excess water onto adjacent lands, usually floodplains. The floodplain is the land
adjoining the channel of a river, stream ocean, lake or other watercourse or water
body that is susceptible to flooding. Most floods fall into the following three
categories: riverine flooding, coastal flooding, or shallow flooding (where shallow
flooding refers to sheet flow, ponding and urban drainage).

Storm Surge

A storm surge is a large dome of water often 50 to 100 miles wide and rising
anywhere from four to five feet in a Category 1 hurricane up to more than 30 feet in
a Category 5 storm. Storm surge heights and associated waves are also dependent
upon the shape of the offshore continental shelf (narrow or wide) and the depth of
the ocean bottom (bathymetry). A narrow shelf, or one that drops steeply from the
shoreline and subsequently produces deep water close to the shoreline, tends to
produce a lower surge but higher and more powerful storm waves. Storm surge
arrives ahead of a storm’s actual landfall and the more intense the hurricane is, the
sooner the surge arrives. Storm surge can be devastating to coastal regions, causing
severe beach erosion and property damage along the immediate coast. Further,
water rise caused by storm surge can be very rapid, posing a serious threat to those
who have not yet evacuated flood-prone areas.
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OTHER HAZARDS

Hazardous Materials Hazardous material (HAZMAT) incidents can apply to fixed facilities as well as
Incident mobile, transportation-related accidents in the air, by rail, on the nation’s highways
and on the water. HAZMAT incidents consist of solid, liquid and/or gaseous
contaminants that are released from fixed or mobile containers, whether by
accident or by design as with an intentional terrorist attack. A HAZMAT incident can
last hours to days, while some chemicals can be corrosive or otherwise damaging
over longer periods of time. In addition to the primary release, explosions and/or
fires can result from a release, and contaminants can be extended beyond the initial
area by persons, vehicles, water, wind and possibly wildlife as well.

Terror Threat Terrorism is defined by FEMA as, “the use of force or violence against persons or
property in violation of the criminal laws of the United States for purposes of
intimidation, coercion, or ransom.” Terrorist acts may include assassinations,
kidnappings, hijackings, bomb scares and bombings, cyber attacks (computer-
based), and the use of chemical, biological, nuclear and radiological weapons.

Wildfire An uncontrolled fire burning in an area of vegetative fuels such as grasslands, brush,
or woodlands. Heavier fuels with high continuity, steep slopes, high temperatures,
low humidity, low rainfall, and high winds all work to increase risk for people and
property located within wildfire hazard areas or along the urban/wildland interface.
Wildfires are part of the natural management of forest ecosystems, but most are
caused by human factors. Over 80 percent of forest fires are started by negligent
human behavior such as smoking in wooded areas or improperly extinguishing
campfires. The second most common cause for wildfire is lightning.

Nuclear Accident A nuclear and radiation accident is defined by the International Atomic Energy
Agency as “an event that has led to significant consequences to people, the
environment or the facility. Often, this type of incident results from damage to the
reactor core of a nuclear power plant which can release radioactivity into the
environment. The degree of exposure from nuclear accidents has varied from
serious to catastrophic.

4.3 DISASTER DECLARATIONS

Disaster declarations provide initial insight into the hazards that may impact the Wake County planning
area. Since 1968, thirteen presidential disaster declarations have been reported in Wake County. This
includes five storms related to severe winter weather, three events related to severe storms, tornadoes,
and flooding, three hurricanes or tropical storms, and two drought related events.

TABLE 4.2: WAKE COUNTY DISASTER DECLARATIONS

Disaster
Year Description
- Number

1968 234 Severe Ice Storm
1977 3033 Drought & Freezing
1977 3049 Drought
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Year SIS Description
Number P

1988

1993

1996

1996

1998

1999

2000

2002

2003

2011

818

3110

1087

1134

1211

1292

1312

1448

1490

1969

Severe Storms &
Tornadoes

Severe Snowfall & Winter
Storm

Blizzard Of 96

Hurricane Fran

Severe Storms
Tornadoes, And Flooding

Hurricane Floyd Major
Disaster Declarations

Severe Winter Storm

Severe Ice Storm

Hurricane Isabel

Severe Storms,
Tornadoes, And Flooding
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4.4 HAZARD EVALUATION

TABLE 4.3: DOCUMENTATION OF THE HAZARD EVALUATION PROCESS

Was this hazard
identified as a
significant

Natural Hazards hazard to be

How was this

Why was this determination made?

State Hazard
Mitigation Plan
Review of the North
Carolina Drought
Monitor website
Review of previous
hazard mitigation
plans in Wake
County

Considered addressed in determination made?
the plan at this
time?
(Yes or No)

ATMOSPHERIC HAZARDS

Avalanche NO Review of US Forest There is no risk of avalanche events in
Service National North Carolina. The United States
Avalanche Center avalanche hazard is limited to
web site mountainous western states including
Review of the NC Alaska, as well as some areas of low risk
State Hazard in New England.
Mitigation Plan Avalanche hazard was removed from
Review of FEMA’s the North Carolina State Hazard
Multi-Hazard Mitigation Plan after determining the
Identification and mountain elevation in Western North
Risk Assessment Carolina did have enough snow not
Review of previous produce this hazard.
hazard mitigation Avalanche is not included in any of the
plans in Wake previous Wake County or municipal
County mitigation plans.

Drought YES Review of the NC There are reports of drought conditions

in each of the last fourteen years in
Wake County, according to the North
Carolina Drought Monitor.

Droughts are discussed in NC State
Hazard Mitigation Plan as a lesser
hazard.

The NC State Hazard Mitigation Plan
lists drought as a hazard for the
Piedmont 4 Region which includes
Wake County.

Drought is included in 12 of 13 previous
hazard mitigation plans.
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Was this hazard
identified as a
significant

Natural Hazards hazard to be

How was this

Why was this determination made?

Considered addressed in determination made?
the plan at this
time?
(Yes or No)

Hailstorm YES Review of NC State Hailstorm events are discussed in the
Hazard Mitigation state plan under the Severe
Plan Thunderstorm hazard.
Review of FEMA’s NCDC reports 261 hailstorm events (3/4
Multi-Hazard inch size hail to 4 inches) for Wake
Identification and County between 1966 and 2013. For
Risk Assessment these events there were $9,000 (2013
Review of NOAA dollars) in property damages.
NCDC Storm Events Although hail is not addressed as an
Database individual hazard in any of the previous
Review of previous hazard mitigation plans, it is addressed
hazard mitigation as a sub-item under thunderstorms in
plans in Wake many of the plans. Given the frequency
County of the event, individual analysis is

warranted.
Heat Wave YES Review of NOAA NCDC reports 2 extreme heat events

NCDC Storm Events
Database

Review of the North
Carolina State
Hazard Mitigation
Plan

Review of previous
hazard mitigation
plans in Wake
County

for Wake County.

The NC State Hazard Mitigation Plan
includes Heat Wave as a top hazard for
the Piedmont 4 Region which includes
Wake County.

The NC State Hazard Mitigation Plan
reports the central portion of the state
as having a moderate vulnerability.
Heat wave was mentioned in two of the
13 previous hazard mitigation plans in
tandem with the drought hazard.
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Was this hazard
identified as a
significant

Natural Hazards hazard to be

How was this

Why was this determination made?

Considered addressed in determination made?
the plan at this
time?
(Yes or No)
Hurricane and YES e Review of NC State Hurricane and tropical storm events are
Tropical Storm Hazard Mitigation discussed in the state plan and are
Plan listed as a top hazard in the Piedmont 4
e Analysis of NOAA Region which includes Wake County
historical tropical NOAA historical records indicate 8
cyclone tracks and hurricanes, 55 tropical storms and 24
National Hurricane tropical depressions have come within
Center Website 75 miles of Wake County since 1850.
o Review of NOAA Three out of thirteen disaster
NCDC Storm Events declarations in Wake County are
Database directly related to hurricane and
e Review of historical tropical storm events.
presidential disaster Hurricane and tropical storm hazard
declarations was addressed in all of the previous
e FEMA Hazus-MH plans.
storm return periods
e Review of previous
hazard mitigation
plans in Wake
County
Lightning YES e Review of NC State Lightning events are discussed in the

Hazard Mitigation
Plan

e Review of FEMA’s
Multi-Hazard
Identification and
Risk Assessment

e Review of NOAA
NCDC Storm Events
Database, NOAA
lightning statistics

e Review of previous
hazard mitigation
plans in Wake
County

state plan as part of the severe
thunderstorm hazard.

NCDC reports 34 lightning events for
Wake County since 1950. These events
have resulted in a recorded 2 deaths
and $3.3 million (2013 dollars) in
property damage.

Although lightning is not addressed as
an individual hazard in any of the
previous hazard mitigation plans, it is
addressed under thunderstorms in
several plans. Given the damage and
reported deaths, individual analysis is
warranted.
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Was this hazard
identified as a
significant
Natural Hazards hazard to be How was this . . L.
Considered addressed in determination made? Why was this determination made?
the plan at this
time?
(Yes or No)
Nor’easter NO Review of NC State Nor’easters are discussed in the state
Hazard Mitigation plan. The Piedmont Region, which
Plan includes Wake County, has the lowest
Review of NOAA vulnerability in the state.
NCDC Storm Events NCDC does not report any nor’easter
Database activity for Wake County. However,
Review of previous nor’easters may have affected the area
hazard mitigation as severe winter storms. In this case,
plans in Wake the activity would be reported under
County winter storm events.
Nor’easters were not identified in any
of the previous hazard mitigation plans.
Tornado YES Review of NC State Tornado events are discussed in the NC
Hazard Mitigation State Hazard Mitigation Plan.
Plan NCDC reports 33 tornado events in
Review of FEMA’s Wake County since 1956. These events
Multi-Hazard have resulted in 7 recorded deaths and
Identification and have caused 213 injuries and $706.3
Risk Assessment million (2013 dollars) in property
Review of NOAA damage with the most severe being an
NCDC Storm Events F4.
Database Tornado events were addressed in all
Review of previous of the previous plans.
hazard mitigation
plans in Wake
County
Severe YES Review of NC State Severe thunderstorm events are
Thunderstorm Hazard Mitigation discussed in the NC State Hazard
Plan Mitigation Plan. The Piedmont 4
Review of FEMA’s Region, including Wake County, has a
Multi-Hazard moderately high vulnerability.
Identification and NCDC reports 351 thunderstorm wind
Risk Assessment events in Wake County between since
Review of NOAA 1950. These events have resulted in 1
NCDC Storm Events death, 6 injuries and $1.2 million (2013
Database dollars) in property damage.
Review of previous Severe thunderstorm events were
hazard mitigation addressed in all of the previous plans.
plans in Wake
County
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Winter Storm and YES
Freeze

Review of NC State
Hazard Mitigation
Plan

Review of FEMA’s
Multi-Hazard
Identification and
Risk Assessment
Review of historical
presidential disaster
declarations.
Review of NOAA
NCDC Storm Events
Database

Review of previous
hazard mitigation
plans in Wake
County

Severe winter storms, including snow
storms and ice storms, are discussed in
the state plan. They are listed as a
hazard in the Piedmont 4 Region which
includes Wake County.

NCDC reports that Wake County has
been affected by 28 snow and ice
events since 1993. These events
resulted in over $900,000 (2013dollars)
in damages but did not cause any
deaths or injuries in Wake County.

Five of the region’s thirteen disaster
declarations were directly related to
winter storm events.

Winter storm events were addressed in
all of the previous plans.
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Was this hazard
identified as a
significant

Natural Hazards hazard to be

How was this

Why was this determination made?

Hazard Mitigation
Plan

Review of previous
hazard mitigation
plans in Wake
County USGS
Earthquake Hazards
Program web site
Review of the
National
Geophysical Data
Center

Review of FEMA’s
Multi-Hazard
Identification and
Risk Assessment

Considered addressed in determination made?
the plan at this
time?
(Yes or No)
GEOLOGIC HAZARDS
Earthquake YES Review of NC State e Earthquake events are discussed in the

state plan and all of the participating
jurisdictions in Wake County are
considered to be at low to moderate
risk to an earthquake event.

Twelve of thirteen previous plans
address earthquake.

Earthquakes have occurred in and
around the State of North Carolina in
the past. The state is affected by the
Charleston and the New Madrid (near
Missouri) Fault lines which have
generated a magnitude 8.0 earthquake
in the last 200 years.

13 events are known to have occurred
in the region according to the National
Geophysical Data Center. The greatest
MMI reported was an 8.

According to USGS seismic hazard
maps, the peak ground acceleration
(PGA) with a 10% probability of
exceedance in 50 years for Wake
County is approximately 2%g. Although
FEMA recommends that earthquakes
be further evaluated for mitigation
purposes in areas with a PGA of 3%g or
more, this is close enough to warrant
consideration given the history of some
earthquake activity.
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Was this hazard
identified as a
significant
Natural Hazards hazard to be How was this . —
Considered addressed in determination made? Why was this determination made?
the plan at this
time?
(Yes or No)
Expansive Soils NO Review of NC State Expansive soils are identified in the
Hazard Mitigation state plan; however Piedmont 4 Region
Plan does not identify expansive soils as a
Review of FEMA’s top hazard.
Multi-Hazard Although Wake County is located in an
Identification and area that has some clay swelling
Risk Assessment potential, it is not great enough to
Review of USDA Soil consider evaluating in terms of
Conservation mitigation.
Service’s Soil Survey Only one of the previous hazard
Review of previous mitigation plans identify expansive soils
hazard mitigation as a potential hazard.
plans in Wake
County
Landslide YES Review of NC State Landslide/debris flow events are
Hazard Mitigation discussed in the state plan, and ranked
Plan as a hazard in the Piedmont 4 Region
Review of USGS which includes Wake County.
Landslide Incidence USGS landslide hazard maps indicate
and Susceptibility that a moderate incidence rate is found
Hazard Map in at least part of the county.
Review of the North Data provided by NCGS indicate 11
Carolina Geological recorded landslide events in the Wake
Survey database of County. There were no recorded
historic landslides deaths or injuries but some reports of
Review of previous damage to houses and roads.
hazard mitigation All but 4 of the previous hazard
plans in Wake mitigation plans address landslides.
County
Land Subsidence NO Review of NC State The state plan delineates certain areas
Hazard Mitigation that are susceptible to land subsidence
Plan hazards in North Carolina; however
Review of previous none of these areas are located in
hazard mitigation Wake County.
plans in Wake The plan identifies Wake County as
County having scored low to moderate for the
land subsidence hazard.
Only one of the previous hazard
mitigation plans identifies land
subsidence as a potential hazard.
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Was this hazard
identified as a
significant
Natural Hazards hazard to be How was this . —
Considered addressed in determination made? Why was this determination made?
the plan at this
time?
(Yes or No)
Tsunami NO Review of NC State Tsunamis are discussed in the state
Hazard Mitigation plan and described as a “greater”
Plan hazard for the state. However, the
Review of previous Piedmont Region scored a zero for
hazard mitigation tsunami hazard risk.
plans in Wake Although several of the previous plans
County mention the tsunami hazard, it is not
Review of FEMA’s fully addressed in any of the plans as it
Multi-Hazard is identified as being highly unlikely to
Identification and occur.
Risk Assessment No record exists of a catastrophic
Review of FEMA Atlantic basin tsunami impacting the
“How-to” mitigation mid-Atlantic coast of the United States.
planning guidance Tsunami inundation zone maps are not
(Publication 386-2, available for communities located
“Understanding along the U.S. East Coast.
Your Risks — FEMA mitigation planning guidance
Identifying Hazards suggests that locations along the U.S.
and Estimating East Coast have a relatively low
Losses). tsunami risk and need not conduct a
tsunami risk assessment at this time.
Volcano NO Review of NC State There are no active volcanoes in North
Hazard Mitigation Carolina.
Plan There has not been a volcanic eruption
Review of USGS in North Carolina in over 1 million
Volcano Hazards years.
Program web site No volcanoes are located near Wake
County.
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Was this hazard
identified as a
significant

Natural Hazards hazard to be

How was this

Why was this determination made?

Considered addressed in determination made?
the plan at this
time?
(Yes or No)
HYDROLOGIC HAZARDS
Dam and Levee YES e Review of NC State Dam failure is discussed in the state
Failure Hazard Mitigation plan as a hazard of concern for Wake
Plan County. It is a hazard for Piedmont
e Review of North Region 4 which Wake County. However,
Carolina Division of the region does not have the greatest
Land Management vulnerability in the state.
web site Of the 401 dams reported on the
e Review of U.S. Army National Inventory of Dams, 144 are
Corps of Engineers high hazard (36%), (High hazard is
National Inventory defined as “where failure or mis-
of Dams database operation will probably cause loss of
e Review of previous human life.”)
hazard mitigation 12 of 13 of the previous hazard
plans in Wake mitigation plans address dam failure.
County
Erosion YES e Review of NC State Erosion is addressed directly in few of
Hazard Mitigation the previous mitigation plans. However,
Plan it is considered a cascading hazard that
e Review of previous results from other hazards in many
hazard mitigation plans.
plans in Wake Riverine erosion has the potential to
County affect Wake County since several
rivers/streams run through the county.
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Materials Incident

hazard mitigation
plans in Wake
County

Review of hazardous
materials spills in
the county

Was this hazard
identified as a
significant
Natural Hazards hazard to be How was this . —
Considered addressed in determination made? Why was this determination made?
the plan at this
time?
(Yes or No)
Flood YES Review of NC State e The flood hazard is thoroughly
Hazard Mitigation discussed in the state plan.
Plan e Three out of thirteen Presidential
Review of historical Disaster Declarations were flood-
disaster declarations related and an additional three were
Review of NOAA hurricane or tropical storm-related
NCDC Storm Events which caused flooding issues.
Database o NCDC reports that Wake County has
Review of FEMA'’s been affected by 100 flood events since
NFIP Community 1993. These events in total caused an
Status Book and estimated $10.6 million (2013 dollars)
Community Rating in property damages.
System (CRS) e Roughly 10% of Wake County is located
Review of previous in an identified floodplain (100 or 500
hazard mitigation year).
plans in Wake o Alljurisdictions participate in the NFIP.
County o All of the previous plans address flood
hazard.
Storm Surge NO Review of NC State e Storm surge is discussed in the state
Hazard Mitigation plan under the hurricane hazard and
Plan indicates that the Piedmont 4 Region
Review of previous has zero vulnerability to storm surge.
hazard mitigation e None of the previous hazard mitigation
plans in Wake plans address storm surge.
County o No historical events were reported by
Review of NOAA NCDC
NCDC Storm Events e Given the inland location of the
Database Piedmont 4 Region, storm surge would
not affect the area.
OTHER HAZARDS
Hazardous YES Review of previous e Although few of the previous hazard

mitigation plans include hazardous
materials incidents, several identify
man-made hazards.

There is a moderate history of
hazardous materials incidents in Wake
County
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Was this hazard
identified as a
significant
Natural Hazards hazard to be How was this . —
Considered addressed in determination made? Why was this determination made?
the plan at this
time?
(Yes or No)

Terror Threat YES e Review of previous Some of the previous hazard mitigation
hazard mitigation plans for the region included terrorism
plans in Wake threat as a hazard under human caused
County or man-made hazards.

e Review of local There are several high profiles targets
official knowledge in the area that caused the planning
committee to determine that the
hazard should be evaluated further.

Wildfire YES e Review of NC State Wildfires are discussed in the state
Hazard Mitigation plan as a “greater” hazard of concern.
Plan Most of the previous plans addressed

e Review of previous wildfire.
hazard mitigation The state plan lists wildfire as a hazard
plans in Wake in the Piedmont 4 Region.
County A review of SWRA data indicates that
e Review of Southern there are some areas of elevated
Wildfire Risk concern in Wake County.
Assessment (SWRA) According to the North Carolina
Data Division of Forest Resources, Wake
e Review of the NC County experiences an average of 16
Division of Forest fires each year which burn a combined
Resources website 98 acres.
Wildfire hazard risks will increase as
low-density development along the
urban/wildland interface increases.

Nuclear Accident YES e Review of NC State Although nuclear accidents are not
Hazard Mitigation specifically identified in the State
Plan Hazard Mitigation Plan, the location of

e Review of previous nuclear reactors in the county is well
hazard mitigation known.
plans in Wake Although most of the previous plans
County did not address a nuclear accident, this
e Review of IAEA data is not uncommon given the natural
on the location of hazard focus of previous mitigation
nuclear reactors plans.
A nuclear accident is unlikely to occur,
but could cause severe damage in the
event of a major incident.
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4.5 HAZARD IDENTIFICATION RESULTS

TABLE 4.4: SUMMARY RESULTS OF THE HAZARD IDENTIFICATION AND EVALUATION PROCESS

ATMOSPHERIC HAZARDS

Avalanche

Drought

Hailstorm

Heat Wave

Hurricane and Tropical Storm
Lightning

Nor’easter

Tornado

Severe Thunderstorm

NN ORRXNRNRNF™O

Winter Storm and Freeze

M = Hazard considered significant enough for further evaluation in the Wake County hazard risk assessment.

GEOLOGIC HAZARDS
Earthquake
Expansive Soils
Landslide

Land Subsidence
Tsunami

O00RNO~

Volcano

HYDROLOGIC HAZARDS
M Dam and Levee Failure
M Erosion
M Flood
O Storm Surge
OTHER HAZARDS
M Hazardous Materials Incident
M Wildfire
M Nuclear Accident
M Terror Threat
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SECTION 5
HAZARD PROFILES

This section includes detailed hazard profiles for each of the hazards identified in the previous section
(Hazard Identification) as significant enough for further evaluation in the Wake County Multi-
Jurisdictional Hazard Mitigation Plan. It contains the following subsections:

¢ 5.1 Overview ¢ 5.12 landslide
¢ 5.2 Study Area 4 5.13 Dam and Levee Failure
4 5.3 Drought 4 5.14 Erosion
¢ 5.4 Extreme Heat 4 5.15 Flood
¢ 5.5 Hailstorm ¢ 5.16 Hazardous Materials Incident
¢ 5.6 Hurricane and Tropical Storm ¢ 5.17 Wildfire
¢ 5.7 Lightning 4 5.18 Nuclear Accident
¢ 5.8 Severe Thunderstorm/High Wind ¢ 5.19 Terror Threat
¢ 5.9 Tornado ¢ 5.20 Conclusions on Hazard Risk
¢ 5.10 Winter Storm and Freeze ¢ 5.21 Final Determinations
¢ 5.11 Earthquake
44 CFR Requirement

44 CFR Part 201.6(c)(2)(i): The risk assessment shall include a description of the type, location and extent of all
natural hazards that can affect the jurisdiction. The plan shall include information on previous occurrences of
hazard events and on the probability of future hazard events

5.1 OVERVIEW

This section includes detailed hazard profiles for each of the hazards identified in the previous section
(Hazard Identification) as significant enough for further evaluation in the Wake County hazard risk
assessment by creating a hazard profile. Each hazard profile includes a general description of the
hazard, its location and extent, notable historical occurrences, the probability of future occurrences, and
a brief consequence analysis that outlines potential impacts on people, the built environment, the
economy, and the natural environment. Each profile also includes specific items noted by members of
the Wake County Regional Work Groups as it relates to unique historical or anecdotal hazard
information for the county and its municipalities.

The following hazards were identified:

¢ Atmospheric
¢ Drought
¢ Extreme Heat
¢ Hailstorm
¢ Hurricane and Tropical Storm
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¢ Lightning
¢ Severe Thunderstorm (including straight-line winds)
¢ Tornado
¢ Winter Storm and Freeze
¢ Geologic
¢ Earthquake
¢ Landslide

¢ Hydrologic
¢ Dam and Levee Failure

¢ Erosion
¢ Flood
¢ Other
¢ Hazardous Materials Incident

¢ Wildfire
¢ Nuclear Accident
¢ Terror Threat

5.2 STUDY AREA

Wake County includes twelve municipalities. Table 5.1 provides a summary table of the participating
jurisdictions within the county. In addition, Figure 5.1 provides a base map, for reference, of Wake
County and its incorporated municipalities.

TABLE 5.1: PARTICIPATING JURISDICTIONS IN THE WAKE COUNTY MULTI-JURISDICTIONAL
HAzARD MITIGATION PLAN

Wake County

Apex Morrisville
Cary Raleigh
Fuquay-Varina Rolesville
Garner Wake Forest
Holly Springs Wendell
Knightdale Zebulon
Wake County Hazard Mitigation Plan 5:2
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FIGURE 5.1: WAKE COUNTY BASE MAP
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Table 5.2 lists each significant hazard for Wake County and identifies whether or not it has been
determined to be a specific hazard of concern for the county and twelve municipal jurisdictions. This is

based on the best available data and information from the Regional Work Groups. (e = hazard of
concern)

TABLE 5.2 SUMMARY OF IDENTIFIED HAZARD EVENTS IN WAKE COUNTY
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Atmospheric Geologic Hydrologic
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Atmospheric Hazards

5.3 DROUGHT

5.3.1 Background

Drought is a normal part of virtually all climatic regions, including areas with high and low average
rainfall. Drought is the consequence of a natural reduction in the amount of precipitation expected over
an extended period of time, usually a season or more in length. High temperatures, high winds, and low
humidity can exacerbate drought conditions. In addition, human actions and demands for water
resources can hasten drought-related impacts.

Droughts are typically classified into one of four types: 1) meteorological, 2) hydrologic, 3) agricultural,
or 4) socioeconomic. Table 5.3 presents definitions for these types of drought.

TABLE 5.3 DROUGHT CLASSIFICATION DEFINITIONS

The degree of dryness or departure of actual precipitation from an expected average or
normal amount based on monthly, seasonal, or annual time scales.

Meteorological Drought

The effects of precipitation shortfalls on stream flows and reservoir, lake, and groundwater

Hydrologic Drought levels.

Agricultural Drought Soil moisture deficiencies relative to water demands of plant life, usually crops.

The effect of demands for water exceeding the supply as a result of a weather-related
supply shortfall.

Socioeconomic Drought

Source: Multi-Hazard Identification and Risk Assessment: A Cornerstone of the National Mitigation Strategy, FEMA

Droughts are slow-onset hazards, but, over time, can have very damaging affects to crops, municipal
water supplies, recreational uses, and wildlife. If drought conditions extend over a number of years, the
direct and indirect economic impact can be significant.

Wake County Hazard Mitigation Plan 5:4
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The Palmer Drought Severity Index (PDSI) is based on observed drought conditions and range from -0.5
(incipient dry spell) to -4.0 (extreme drought). Evident in Figure 5.2, the Palmer Drought Severity Index
Summary Map for the United Stated, drought affects most areas of the United States, but is less severe
in the Eastern United States.

FIGURE 5.2: PALMER DROUGHT SEVERITY INDEX SUMMARY MAP FOR THE
UNITED STATES

Palmer Drought Severity Index

1895-19956
Percent of time in severe and extrem e drought

% of time PDSI = -3

[ Less than 5%
[ 5% to 9.99%
1 10% to 14.9%
B 15% to 19.9%
M 202 or greater

Source: National Drought Mitigation Center

5.3.2 Location and Spatial Extent

Drought typically covers a large area and cannot be confined to any geographic or political boundaries.
According to the Palmer Drought Severity Index (Figure 5.2), Central North Carolina has a relatively low
risk for drought hazard. However, local areas may experience much more severe and/or frequent
drought events than what is represented on the Palmer Drought Severity Index map. Furthermore, it is
assumed that Wake County would be uniformly exposed to drought, making the spatial extent
potentially widespread. It is also notable that drought conditions typically do not cause significant
damage to the built environment.

5.3.3 Historical Occurrences

Data from the North Carolina Drought Management Advisory Council and National Climatic Data Center
(NCDC) were used to ascertain historical drought events in Wake County. The North Carolina Drought
Management Advisory Council reports data on North Carolina drought conditions from 2000 to 2013
through the North Carolina Drought Monitor. It classifies drought conditions by county on a scale of DO
to D4:

Wake County Hazard Mitigation Plan 5:5
FINAL- December 2014



SECTION 5: HAZARD PROFILES

DO: Abnormally Dry
D1: Moderate Drought
D2: Severe Drought
D3: Extreme Drought

L 2R 2 2 B 2

D4: Exceptional Drought

According to the North Carolina Drought Monitor, Wake County has had drought occurrences in all of
the last fourteen years (2000-2013) (Table 5.4). In addition, Table 5.5 shows the most severe drought
classification for each year, according to North Carolina Drought Monitor classifications.

TABLE 5.4: SUMMARY OF DROUGHT OCCURRENCES IN WAKE COUNTY
. Number Years with Drought Number Years with Exceptional
Location
Occurrences Drought Occurrences
Wake County 14 3

Source: North Carolina Drought Monitor

TABLE 5.5: HISTORICAL DROUGHT OCCURRENCES IN WAKE COUNTY

Abnormally Dry Moderate Drought Severe Drought Extreme Drought Exceptional Drought
]

2000 MODERATE

2001 SEVERE

2002 EXCEPTIONAL
2003 ABNORMAL
2004 ABNORMAL
2005 SEVERE

2006 SEVERE

2007 EXCEPTIONAL
2008 EXCEPTIONAL
2009 MODERATE
2010 SEVERE

2011 SEVERE

2012 MODERATE

2013 MODERATE

Source: North Carolina Drought Monitor

5.3.4 Probability of Future Occurrences

Based on historical occurrence information, it is assumed that all of Wake County has a probability level
of likely (10-100 percent annual probability) for future drought events. This hazard may vary slightly by
location but all areas have an equal probability of experiencing a drought. However, historical
information also indicates that there is a much lower probability for extreme, long-lasting drought
conditions.
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5.3.5 Consequence Analysis

People (The Public and Public Confidence)

Drought can have a detrimental effect on the livelihood of farmers and agricultural producers in Wake
County. Efforts to mitigate against drought, such as using irrigation equipment, have a high initial cost,
including the need for an increase in management requirements, cost of operation and maintenance,
and the lack of good quality water resources—which during times of drought would be severely
affected. Public confidence would likely not be impacted severely.

Responders
Although drought would have many of the same impacts on responders as it would on the public, the

overall effects would be relatively limited when compared to other hazards.

Continuity of Operations
Drought would have minimal impacts on continuity of operations due to the relatively long warning time
that would allow for plans to be made to maintain continuity of operations.

Built Environment (Property, Facilities, and Infrastructure)

Water Use

Drought has the potential to affect Wake County’s water supply for residential, commercial,
institutional, industrial, and government-owned areas. Drought can reduce water supply in wells and
reservoirs. When drought conditions persist with no relief, local or State governments often institute
water restrictions.

Irrigation

Drought would affect irrigation and outdoor landscaping efforts around residential, commercial,
institutional, industrial, and government-owned land. Water conservation strategies can limit the
amount of water used to maintain the aesthetic environment around buildings, businesses, and areas
such as golf courses. This would include automatic and non-automatic spray irrigation systems, hose-
end sprinklers, handheld hoses, bucket watering, drip irrigation, athletic field irrigation, swimming pools,
car washing, pressure washing, and reuse water.

Economy
Drought can have a detrimental effect on agricultural and agribusiness industry sectors. In 2000, all

agricultural and agribusiness industries in the United States encompassed $2,330,828,659, which is 8.19
percent share of the county income." In addition, in 2000, employment in agriculture and agribusiness
was 64,367, or 13 percent of the county’s total employment.

Extreme drought has the potential to depress local businesses and industries such as landscaping,
recreation and tourism, and public utilities. Nursery and landscape businesses can also face significant
losses from a drought. Losses include reduction of output and sales of nursery crops, reduction in plant
sales, and an increase in watering costs. This can lead to the closing of many business locations, lay-off
of employees, and increases in bankruptcy filing.

! North Carolina State University College of Agriculture and Life Sciences. (2003). Agriculture and agribusiness in Wake
County. Retrieved May 7, 2012, from http://www.cals.ncsu.edu/cfprod/apps/calswebsite/documents/County/wake.pdf
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Environment

Agriculture

The agriculture sector of Wake County is particularly susceptible to drought damage. Table 5.6 shows
there are 827 farms in Wake County, with 84,956 acres of 532,415 acres total being farmland.?
Agricultural drought has the potential to directly affect almost 16.0 percent of the land in Wake County.
Agricultural areas at particular risk are cropland (54.05 percent of farmland in Wake County) and
pastures (10.67 percent of farmland in Wake County).

TABLE 5.6: WAKE COUNTY FARMLAND OVERVIEW

Census of Agriculture (2007)

Total Acres in County 532,415
Number of Farms 827
Total Land in Farms, Acres 84,956
Average Farm Size, Acres 103
Median Farm Size, Acres 38

Crops

Prolonged periods of dry weather are the most difficult and damaging problem faced by crop growers
and agricultural suppliers. Wake County has 35,610 acres (6.69 percent) of harvested cropland (see
Table 5.7).

TABLE 5.7: WAKE COUNTY AGRICULTURE INFORMATION

Census of Agriculture (2007)

Harvested Cropland, Acres 35,610
Irrigated land, Acres 3,764

Short- or long-term moisture deficits—even with the use of irrigation methods—during critical stages of
crop development can severely reduce yields, with the amount of yield lost depending on when the
drought occurs (see Table 5.8for a list of Wake County crop specific information), the growth stage of
the crop, the severity of dry conditions, and the amount of available water that the soil can hold.

TABLE 5.8: WAKE COUNTY CROP INFORMATION

m_m

Corn for Grain 2,224 152,018

Wheat for grain, all 44 3,238 126,880

Winter wheat for grain 44 3,238 126,880

Oats for grain 20 493 25,930
Livestock®

Table 5.9shows the type of livestock in Wake County, including the number of farms and the quantity of
livestock that are at risk for being affected by drought conditions in the county, based on the 2007
Agriculture Census.

2 Wake County: Census of agriculture—2007. Retrieved May 7, 2012, from http://www.ncagr.gov/stats/codata/wake.pdf

% North Carolina Division of Water Resources. (2009). The water connection: Water resources, drought and the hydrologic cycle
in North Carolina. Retrieved May 7, 2012, from
http://www.ncwater.org/Reports_and_Publications/primer/The_Water_Connection_Booklet 9x12_150dpi.pdf
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Livestock losses from drought will most likely be confined to forage-based production systems. Losses in
beef and dairy systems will potentially be of a single-season or multiyear variety. Single-season losses
will include lost forage production (on both hay and grazing land), reduced weaning weights, reduced
milk production, and increased mortality.

Multiyear losses could include the cost of reestablishing pastures and reduced meat or milk production
in subsequent years due to forced sales in the drought year. In addition, drought conditions could result
in poor pasture conditions, reduced drinking water supplies, and a critical hay shortage that directly
affects livestock and poultry health.

TABLE 5.9: WAKE COUNTY LivesTock (2010)

| Livestock | Farms | Number |

Cattle and calves inventory 159 4,392
Beef cows 121 -

Milk cows 5 -
Cattle and calves sold 134 1812
Hogs and pigs inventory 8 -

Hogs and pigs sold - 30
Sheep and lambs inventory 581 71
Layers inventory 71 24,534

Broilers and other meat-type -
) 10
chickens sold

Environmental Degradation

Drought may also lead to pollution of water sources as a result of lack of rain water to dilute industrial
and agricultural chemical runoff. This poses a risk to plants and animals and makes it difficult to
maintain a clean drinking water supply.

Lack of water reaching the soil may also cause the ground to become dry and unstable. Erosion can
increase and loss of topsoil can be severe if a high-intensity rain falls on ground lacking a ground cover
of plants. As a result of these environmental impacts, habitats may be degraded through a loss of
wetlands, lake capacity, and vegetation.

5.4 EXTREME HEAT

5.4.1 Background

Extreme heat, like drought, poses little risk to property. However, extreme heat can have devastating
effects on health. Extreme heat is often referred to as a “heat wave.” According to the National
Weather Service, there is no universal definition for a heat wave, but the standard U.S. definition is any
event lasting at least three days where temperatures reach ninety degrees Fahrenheit or higher.
However, it may also be defined as an event at least three days long where temperatures are ten
degrees greater than the normal temperature for the affected area. Heat waves are typically
accompanied by humidity but may also be very dry. These conditions can pose serious health threats
causing an average of 1,500 deaths each summer in the United States”.

* http://www.noaawatch.gov/themes/heat.php
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According to the National Oceanic and Atmospheric Administration, heat is the number one weather-
related killer among natural hazards, followed by frigid winter temperatures’. The National Weather
Service devised the Heat Index as a mechanism to better inform the public of heat dangers. The Heat
Index Chart, shown in Figure 5.3, uses air temperature and humidity to determine the heat index or
apparent temperature. Table 5.10 shows the dangers associated with different heat index
temperatures. Some populations, such as the elderly and young, are more susceptible to heat danger
than other segments of the population.

FIGURE 5.3: HEAT INDEX CHART
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Source: NOAA

TABLE 5.10: HEAT DISORDERS ASSOCIATED WITH HEAT INDEX TEMPERATURE

Heat Index Temperature A .
. P Description of Risks
(Fahrenheit)
80°- 90° Fatigue possible with prolonged exposure and/or physical activity
. o Sunstroke, heat cramps, and heat exhaustion possible with prolonged exposure
90°- 105 . .
and/or physical activity
o o Sunstroke, heat cramps, and heat exhaustion likely, and heatstroke possible with
105°- 130 . .
prolonged exposure and/or physical activity
_ Heatstroke or sunstroke is highly likely with continued exposure

Source: National Weather Service, NOAA

In addition, NOAA has seventeen metropolitan areas participating in the Heat HealthWatch/Warning
System in order to better inform and warn the public of heat dangers. A Heat HealthWatch is issued
when conditions are favorable for an excessive heat event in the next 12 to 48 hours. A Heat Warning is
issued when an excessive heat event is expected in the next 36 hours. Furthermore, a warning is issued
when the conditions are occurring, imminent, or have a high likelihood of occurrence. Urban areas

Wake County Hazard Mitigation Plan 5:10
FINAL- December 2014



SECTION 5: HAZARD PROFILES

participate in the Heat Health Watch/Warning System because urban areas are at greater risk to heat
affects. Stagnant atmospheric conditions trap pollutants, thus adding unhealthy air to excessively hot
temperatures. In addition, the “urban heat island effect” can produce significantly higher nighttime
temperatures because asphalt and concrete (which store heat longer) gradually release heat at night.

5.4.2 Location and Spatial Extent

Excessive heat typically impacts a large area and cannot be confined to any geographic or political
boundaries. All of Wake County is susceptible to extreme heat conditions.

5.4.3 Historical Occurrences

Data from the National Climatic Data Center was used to determine historical extreme heat and heat
wave events in Wake County. There were two events reported:

July 22, 1998 — Excessive Heat - Excessive heat plagued central North Carolina during July 22 through
July 23. Maximum temperatures reached the 98 to 103 degree range combined with dew points in the
78 to 80 degree range with little wind to give heat index values of around 110 degrees.

August 22, 2007 — Heat - An athlete from Enloe High School running track collapsed from heat
exhaustion and was sent to the hospital in critical condition. The student remained in the hospital in
critical condition for several days.

In addition, information from the State Climate Office of North Carolina was reviewed to obtain
historical temperature records in the county. Temperature information has been reported since 1898.
The recorded maximum for Wake County was 107 degrees Fahrenheit in Raleigh at North Carolina State
University in 2011.

The State Climate Office also reports average maximum temperatures in various locations in the region.
The most centralized location is in Raleigh at North Carolina State University. Table 5.11 shows the
average maximum temperatures from 1971 to 2000 at the North Carolina State University observation
station which can be used as a general comparison for the region.

Table 5.11: AVERAGE MAXIMUM TEMPERATURE IN RALEIGH, WAKE COUNTY

| Month | Jan_| Feb | Mar | Apr | May | yun | Jul | Aug | sept | Oct | Nov ] Dec |

Avg.
Max (°F)
Source: State Climate Office of North Carolina

48.8 53.0 61.2 70.6 77.5 84.4 87.9 85.9 80.0 69.8 61.3 52.1

5.4.4 Probability of Future Occurrences

Based on historical occurrence information, it is assumed that all of Wake County has a probability level
of likely (10 to 100 percent annual probability) for future extreme heat events to impact the region.

Wake County Hazard Mitigation Plan 5:11
FINAL- December 2014



SECTION 5: HAZARD PROFILES

5.4.5 Consequence Analysis

People (The Public and Public Confidence)

Extreme heat can affect many people and to varying degrees. Often the elderly and very young are
susceptible to the most detrimental impacts, but heat stroke and exhaustion can plague anyone. A heat
wave would have minimal effects on public confidence.

Responders
Extreme heat can also affect responders who are often more susceptible to heat stroke and exhaustion

due to the nature of their work which often forces police and emergency medical providers to be
exposed to the elements. In these cases, responders could be negatively impacted by extreme heat.

Continuity of Operations

Extreme heat would likely have few impacts on continuity of operations as the warning time for these
events is usually long and direct impacts to large numbers of personnel or other resources necessary to
maintain operations are unlikely.

Built Environment (Property, Facilities, and Infrastructure)

Extreme heat would likely have a minor effect on the built environment, although high temperatures
could potentially put a strain on infrastructure such as power generation and water systems due to
higher demand.

Economy
An extreme heat event could potentially have a negative impact on the economy in the short term as

the public may be advised to stay inside, causing them to reduce overall spending and negatively impact
businesses in the community. Extended periods of extreme heat may also disrupt the local economy if
agricultural, dairy, and livestock production declines, resulting in income loss for famers and others
affected.

Environment

The environment would be impacted by extreme heat as many plants and animals that are not able to
withstand the heat may die off and crops and livestock may be impacted by unusually high
temperatures, resulting in death orillness.

5.5 HAILSTORM

5.5.1 Background

Hailstorms are a potentially damaging outgrowth of severe thunderstorms (thunderstorms are discussed
separately in Section 5.8). Early in the developmental stages of a hailstorm, ice crystals form within a
low-pressure front due to the rapid rising of warm air into the upper atmosphere and the subsequent
cooling of the air mass. Frozen droplets gradually accumulate on the ice crystals until they develop to a
sufficient weight and fall as precipitation. Hail typically takes the form of spheres or irregularly-shaped
masses greater than 0.75 inches in diameter. The size of hailstones is a direct function of the size and
severity of the storm. High velocity updraft winds are required to keep hail in suspension in
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thunderclouds. The strength of the updraft is a function of the intensity of heating at the Earth’s
surface. Higher temperature gradients relative to elevation above the surface result in increased
suspension time and hailstone size.

5.5.2 Location and Spatial Extent

Hailstorms frequently accompany thunderstorms, so their locations and spatial extents coincide. It is
assumed that Wake County is uniformly exposed to severe thunderstorms; therefore, all areas of the
region are equally exposed to hail which may be produced by such storms.

5.5.3 Historical Occurrences

According to the National Climatic Data Center, 261 recorded hailstorm events have affected Wake
County since 1966.° Table 5.12 is a summary of the hail events in Wake County. Table 5.13 provides
detailed information about each event that occurred in the region. In all, hail occurrences resulted in
around $9,000 (2013 dollars) in property damages. Hail ranged in diameter from 0.75 inches to 4.0
inches. It should be noted that hail is notorious for causing substantial damage to cars, roofs, and other
areas of the built environment that may not be reported to the National Climatic Data Center.
Therefore, it is likely that damages are greater than the reported value. Additionally, a single storm
event may have affected multiple jurisdictions.

TABLE 5.12: SUMMARY OF HAIL OCCURRENCES IN WAKE COUNTY

Number of Occurrences Property Damage (2013)

Apex 12 SO
Cary 22 $9,008
Fuquay-Varina 10 0
Garner 13 SO
Holly Springs 7 SO
Knightdale 8 SO
Morrisville 7 S0
Raleigh 55 SO
Rolesville 5 SO
Wake Forest 8 SO
Wendell 6 SO
Zebulon 6 $0

Unincorporated Area

WAKE COUNTY TOTAL “ 59, oo

Source: National Climatic Data Center

TABLE 5.13: HisTORICAL HAIL OCCURRENCES IN WAKE COUNTY

|| pate | wagnitude ] Deaths/injuries | Property Damage*

Wake County
Wake County 8/15/1958 1in. 0/0 S0

® These hail events are only inclusive of those reported by the National Climatic Data Center (NCDC). It is likely that additional
hail events have affected Wake County. In addition to NCDC, the North Carolina Department of Insurance office was contacted
for information. As additional local data becomes available, this hazard profile will be amended.
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| pate | wagnitude | Deaths/nuries L Pty ozt

Wake County 3/19/1966 lin.

Wake County 3/19/1966 lin. O/O SO
Wake County 2/9/1970 0.75in. 0/0 SO
Wake County 5/23/1973 0.75in. 0/0 SO
Wake County 5/28/1973 1.75in. 0/0 SO
Wake County 4/8/1976 1.5in. 0/0 S0
Wake County 4/19/1978 1.25in. 0/0 S0
Wake County 4/19/1978 lin. 0/0 S0
Wake County 6/22/1978 lin. 0/0 SO
Wake County 4/27/1980 1.75in. 0/0 SO
Wake County 4/27/1980 0.75in. 0/0 SO
Wake County 4/27/1980 0.75in. 0/0 S0
Wake County 4/30/1981 0.75in. 0/0 S0
Wake County 6/3/1982 lin. 0/0 S0
Wake County 6/3/1982 1.75in. 0/0 S0
Wake County 6/3/1982 2in. 0/0 SO
Wake County 6/16/1982 2in. 0/0 SO
Wake County 5/26/1983 0.75in. 0/0 SO
Wake County 4/16/1985 0.75in. 0/0 S0
Wake County 6/24/1986 1.75in. 0/0 S0
Wake County 6/24/1986 1.75in. 0/0 S0
Wake County 8/2/1986 0.75in. 0/0 SO
Wake County 7/13/1987 1.5in. 0/0 SO
Wake County 8/21/1987 1.75 in. 0/0 SO
Wake County 10/6/1987 lin. 0/0 S0
Wake County 5/17/1988 1.75in. 0/0 S0
Wake County 5/19/1988 lin. 0/0 S0
Wake County 5/19/1988 lin. 0/0 S0
Wake County 6/2/1988 2in. 0/0 SO
Wake County 6/2/1988 0.75in. 0/0 SO
Wake County 6/17/1988 1lin. 0/0 SO
Wake County 7/19/1988 0.75in. 0/0 S0
Wake County 7/31/1988 lin. 0/0 S0
Wake County 9/24/1988 2.5in. 0/0 S0
Wake County 4/25/1989 1.75 in. 0/0 SO
Wake County 6/15/1989 0.88in. 0/0 SO
Wake County 6/16/1989 3in. 0/0 SO
Wake County 4/2/1990 lin. 0/0 SO
Wake County 5/4/1990 1.5in. 0/0 S0
Wake County 6/3/1990 1in. 0/0 S0
Wake County 7/1/1990 2.5in. 0/0 S0
Wake County 8/29/1990 1.75 in. 0/0 SO
Wake County 8/29/1990 0.75in. 0/0 SO
Wake County 6/26/1992 0.75in. 0/0 SO
Wake County 6/26/1992 lin. 0/0 S0
Wake County 7/26/1992 1in. 0/0 S0
Wake County 9/4/1992 1.5in. 0/0 SO
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| pate | wagnitude | Deaths/nuries L Pty ozt

New Hill 3/27/1993 0.75 in.

New Hill 5/19/1993 1.75in. O/O SO
Wake County 5/1/1994 0.75in. 0/0 SO
Wake County 5/26/1995 1.75in. 0/0 SO

FALLS LAKE 5/11/1996 0.75 in. 0/0 $0
CARPENTER 3/21/1999 1in. 0/0 $0
SHOTWELL 8/13/2000 0.88 in. 0/0 $0
NEW HILL 5/14/2006 0.75 in. 0/0 $0
FALLS 5/20/2006 0.75in. 0/0 S0
BAYLEAF 5/9/2008 0.75in. 0/0 S0
WAKE XRDS 5/9/2008 0.75in. 0/0 S0
WILLOW SPGS 5/9/2008 0.88in. 0/0 S0
NEWHILL 5/20/2008 1.75in. 0/0 $0
WILLOW 5/20/2008 0.88in. 0/0 $0
MACEDONIA 5/20/2008 0.75 in. 0/0 $0
WILLOW SPGS 5/20/2008 1in. 0/0 $0
MACEDONIA 7/6/2008 0.75 in. 0/0 $0
MILLBROOK 7/22/2008 0.75 in. 0/0 $0
FAWLERS XRDS 5/5/2009 0.88in. 0/0 $0
WILLOW SPGS 7/1/2009 0.75 in. 0/0 $0
FALLS 7/27/2009 lin. 0/0 $0
LEESVILLE 7/28/2009 0.88in. 0/0 $0
WILLIAMS XRDS 8/5/2009 0.88 in. 0/0 $0
ROYAL MILLS 2/28/2011 1in. 0/0 $0
SIX FORKS 8/29/2011 1.25in. 0/0 $0
ECHO HGTS 3/31/2012 0.75in. 0/0 S0

AUBURN 3/31/2012 1.25in. 0/0 $0

PET XRDS 5/4/2012 lin. 0/0 S0

AUBURN 5/17/2012 1.25in. 0/0 $0

AUBURN 5/23/2012 1.25in. 0/0 $0
FORESTVILLE 5/23/2012 1in. 0/0 $0
STARMOUNT 5/23/2012 lin. 0/0 S0
STARMOUNT 5/23/2012 lin. 0/0 S0
STARMOUNT 5/23/2012 lin. 0/0 S0

BAYLEAF 7/1/2012 1in. 0/0 $0

BAYLEAF 7/1/2012 1.75in. 0/0 $0

UPCHURCH 7/1/2012 1in. 0/0 $0
FAWLERS XRDS 7/1/2012 1in. 0/0 $0
FAWLERS XRDS 7/1/2012 1.5in. 0/0 S0

BAYLEAF 7/1/2012 1.75in. 0/0 $0

FALLS 7/1/2012 lin. 0/0 S0

UPCHURCH 7/1/2012 1.75in. 0/0 $0

SIX FORKS 7/1/2012 1in. 0/0 $0

AUBURN 7/1/2012 1in. 0/0 $0

FALLS 7/6/2012 lin. 0/0 S0
STARMOUNT 7/6/2012 1.75in. 0/0 S0
Apex
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| pate | wagnitude | Deaths/nuries L Pty ozt

Apex 5/19/1993 1.75in.
Apex 5/19/1993 lin. O/O SO
Apex 5/19/1993 1.75in. 0/0 SO
Apex 3/23/1995 1.75in. 0/0 SO
APEX 3/21/1999 0.75in. 0/0 S0
APEX 4/22/2006 lin. 0/0 S0
APEX 5/14/2006 1.75in. 0/0 S0
APEX 6/13/2007 0.75in. 0/0 S0
APEX 6/1/2008 0.75in. 0/0 S0
APEX 6/21/2008 0.88in. 0/0 S0
APEX 3/23/2011 0.75in. 0/0 S0
APEX 6/21/2011 lin. 0/0 S0

Cary
Cary 5/19/1993 2.25in. 0/0 $9,008
Cary 5/19/1993 1.75in. 0/0 S0
CARY 7/2/1996 0.75in. 0/0 S0
CARY 6/2/1997 lin. 0/0 S0
CARY 6/2/1997 0.88 in. 0/0 S0
CARY 3/20/1998 0.75in. 0/0 S0
CARY 5/7/1998 0.75in. 0/0 S0
CARY 4/29/2000 0.75in. 0/0 S0
CARY 4/1/2001 0.75in. 0/0 S0
CARY 5/12/2001 0.75in. 0/0 S0
CARY 5/12/2001 0.75in. 0/0 S0
CARY 5/14/2006 0.75in. 0/0 S0
CARY 5/14/2006 0.75in. 0/0 S0
CARY 4/21/2008 0.88 in. 0/0 S0
CARY 5/20/2008 0.75in. 0/0 S0
CARY 5/20/2008 0.75in. 0/0 S0
CARY 8/30/2008 lin. 0/0 S0
CARY 8/29/2011 lin. 0/0 S0
CARY 3/31/2012 1.75in. 0/0 S0
CARY 5/23/2012 2in. 0/0 S0
CARY 7/27/2012 1.75in. 0/0 S0
Fuquay Varina
FUQUAY SPGS 3/20/1998 0.75in. 0/0 S0
FUQUAY SPGS 7/10/2003 1.75in. 0/0 S0
FUQUAY SPGS 3/31/2004 0.75in. 0/0 S0
VARINA 5/14/2006 lin. 0/0 S0
FUQUAY SPGS 5/14/2006 lin. 0/0 S0
FUQUAY SPGS 5/14/2006 lin. 0/0 S0
FUQUAY SPGS 5/14/2006 lin. 0/0 S0
FUQUAY SPGS 5/14/2006 1.25in. 0/0 S0
FUQUAY SPGS 5/14/2006 lin. 0/0 S0
FUQUAY SPGS 4/15/2007 lin. 0/0 S0
FUQUAY SPGS 7/17/2007 0.75in. 0/0 S0
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|| pate | wagnitude | Deaths/injuries | Property Damage*

Garner
Nr Garner 7/10/1995 0.75in. 0/0 SO
GARNER 3/20/1998 0.75in. 0/0 S0
GARNER 5/26/1998 0.75in. 0/0 S0
GARNER 6/3/2000 1.75in. 0/0 S0
GARNER 6/14/2000 lin. 0/0 S0
GARNER 5/19/2004 lin. 0/0 S0
GARNER 6/7/2005 lin. 0/0 S0
GARNER 4/3/2006 1.75in. 0/0 S0
GARNER 5/14/2006 0.75in. 0/0 S0
GARNER 5/14/2006 lin. 0/0 S0
GARNER 5/14/2006 1.75in. 0/0 S0
GARNER 5/14/2006 0.88in. 0/0 S0
GARNER 5/14/2006 1.75in. 0/0 S0
GARNER 5/20/2006 0.75in. 0/0 S0
Holly Springs
HOLLY SPGS 6/3/2000 0.75in. 0/0 S0
HOLLY SPGS 6/1/2001 0.75in. 0/0 S0
HOLLY SPGS 5/29/2007 lin. 0/0 S0
HOLLY SPGS 4/27/2008 0.75in. 0/0 S0
HOLLY SPGS 5/9/2008 0.75in. 0/0 S0
HOLLY SPGS 5/20/2008 1.75in. 0/0 S0
HOLLY SPGS 5/23/2012 0.88 in. 0/0 S0
Knightdale
KNIGHTDALE 5/29/1996 0.75in. 0/0 S0
KNIGHTDALE 5/7/1998 0.75in. 0/0 S0
KNIGHTDALE 4/1/2001 lin. 0/0 S0
KNIGHTDALE 8/5/2004 0.75in. 0/0 S0
KNIGHTDALE 3/28/2005 0.75in. 0/0 S0
KNIGHTDALE 5/25/2006 1.75in. 0/0 S0
KNIGHTDALE 5/20/2008 0.75in. 0/0 S0
KNIGHTDALE 5/5/2009 lin. 0/0 S0
Morrisville
Morrisville 7/10/1994 0.75in. 0/0 $0
MORRISVILLE 7/14/2004 0.88in. 0/0 S0
MORRISVILLE 5/9/2008 0.75in. 0/0 S0
MORRISVILLE 5/20/2008 1.5in. 0/0 S0
MORRISVILLE 5/20/2008 0.88in. 0/0 S0
MORRISVILLE 6/14/2008 0.75in. 0/0 S0
MORRISVILLE 5/5/2009 0.75in. 0/0 S0
Raleigh
Raleigh 3/27/1993 0.75in. 0/0 S0
Raleigh 3/27/1993 0.75in. 0/0 S0
Raleigh 5/19/1993 lin. 0/0 S0
Raleigh 5/19/1993 0.75in. 0/0 S0
RALEIGH, WAKE 5/29/1996 0.75in. 0/0 S0
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| bate | wagnitude | Deaths/injuries | Property Damage*

FOREST

RALEIGH 7/31/1996 0.75in. 0/0 S0
RALEIGH DURHAM 0/0
ARPT ST lin. / S0
NW RALEIGH 5/1/1997 0.75in. 0/0 S0
2S RDU AIRPORT 5/1/1997 0.88 in. 0/0 S0
RALEIGH 5/1/1997 0.75in. 0/0 S0
RALEIGH 5/1/1997 0.75in. 0/0 S0
RALEIGH, CARY, APEX 6/2/1997 1.75in. 0/0 S0
RALEIGH 6/2/1997 0.75in. 0/0 S0
NW RALEIGH 7/4/1997 lin. 0/0 S0
N RALEIGH 7/16/1997 0.75in. 0/0 S0
RALEIGH 5/8/1998 lin. 0/0 S0
RALEIGH 5/27/1998 0.75in. 0/0 S0
RALEIGH 6/15/1998 1.75in. 0/0 S0
RALEIGH 6/23/1998 lin. 0/0 S0
RALEIGH 7/4/1998 0.75in. 0/0 S0
RALEIGH 7/6/1999 0.75in. 0/0 S0
RALEIGH 5/28/2000 0.75in. 0/0 S0
RALEIGH 6/3/2000 lin. 0/0 S0
RALEIGH 6/14/2000 1.75in. 0/0 S0
RALEIGH 7/17/2000 1.75in. 0/0 S0
RALEIGH DURHAM 0/0
ARPT 4/1/2001 0.75in. / $0
RALEIGH 3/26/2002 0.88in. 0/0 S0
RALEIGH 3/31/2002 0.88in. 0/0 S0
RALEIGH 7/4/2002 0.75in. 0/0 S0
RALEIGH 3/31/2004 0.88 in. 0/0 S0
RALEIGH 7/14/2004 0.88 in. 0/0 S0
RALEIGH 5/12/2005 lin. 0/0 $0
RALEIGH 7/13/2005 2in. 0/0 $0
RALEIGH 10/21/2005 4 in. 0/0 S0
RALEIGH 10/21/2005 0.75in. 0/0 S0
RALEIGH 4/3/2006 0.88 in. 0/0 S0
RALEIGH 4/22/2006 1.75in. 0/0 S0
RALEIGH 5/14/2006 lin. 0/0 S0
RALEIGH 5/14/2006 lin. 0/0 S0
RALEIGH 5/14/2006 1.75in. 0/0 S0
RALEIGH 5/20/2006 0.75in. 0/0 S0
RALEIGH 5/20/2006 1.75in. 0/0 S0
RALEIGH 5/20/2006 lin. 0/0 S0
RALEIGH 5/25/2006 lin. 0/0 S0
RALEIGH 6/6/2006 0.75in. 0/0 S0
RALEIGH 6/11/2006 lin. 0/0 S0
RALEIGH 7/27/2006 0.75in. 0/0 S0
RALEIGH 4/11/2007 0.75in. 0/0 S0
PURNELL 4/15/2007 0.75in. 0/0 S0
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| pate | wagnitude | Deaths/nuries L Pty ozt

RALEIGH 4/15/2007 0.88 in.
RALEIGH 6/29/2007 0.75in. 0/0 so
RALEIGH 6/29/2007 0.88in. 0/0 $0
RALEIGH 7/17/2007 0.75in. 0/0 $0
RALEIGH 7/17/2007 1in. 0/0 $0
RALEIGH 7/17/2007 1in. 0/0 $0
RALEIGH 7/17/2007 0.75in. 0/0 $0
RALEIGH 7/27/2007 1in. 0/0 $0
Rolesville
Rolesville 6/12/1995 1.5in. 0/0 SO
ROLESVILLE 4/3/2006 1in. 0/0 $0
ROLESVILLE 5/18/2006 1.75in. 0/0 $0
ROLESVILLE 5/20/2006 0.88in. 0/0 $0
ROLESVILLE 5/20/2008 1in. 0/0 $0
Wake Forest
WAKE FOREST 5/27/1996 0.75in. 0/0 $0
WAKE FOREST 4/21/1997 0.75in. 0/0 $0
WAKE FOREST 6/3/1998 1.25in. 0/0 $0
WAKE FOREST 6/1/2002 0.75 in. 0/0 $0
WAKE FOREST 4/22/2006 1.75in. 0/0 $0
WAKE FOREST 4/22/2006 1.75in. 0/0 $0
WAKE FOREST 4/15/2007 0.88 in. 0/0 $0
WAKE FOREST 6/9/2007 0.88in. 0/0 S0
Wendell
Wendell 6/8/1995 0.75in. 0/0 $0
WENDELL 6/4/1996 1in. 0/0 $0
WENDELL 5/14/2006 0.75in. 0/0 $0
WENDELL 5/26/2006 0.75in. 0/0 $0
WENDELL 6/6/2006 0.75 in. 0/0 $0
WENDELL 5/9/2008 0.75 in. 0/0 $0
Zebulon
Zebulon 5/26/1995 0.75in. 0/0 $0
ZEBULON 5/24/1996 1in. 0/0 $0
ZEBULON 6/3/1998 0.75 in. 0/0 $0
ZEBULON 6/1/2002 1.75in. 0/0 S0
ZEBULON 3/28/2005 0.75in. 0/0 $0
ZEBULON 5/25/2006 0.88 in. 0/0 $0

*Property damage is reported in 2013 dollars; All damage may not have been reported.
Source: National Climatic Data Center

5.5.4 Probability of Future Occurrences

Based on historical occurrence information, it is assumed that the probability of future hail
occurrences is likely (10 — 100 percent annual probability). Since hail is an atmospheric hazard
(coinciding with thunderstorms), it is assumed that all of Wake County has equal exposure to this
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hazard. It can be expected that future hail events will continue to cause minor damage to property and
vehicles throughout the region.

5.5.5 Consequence Analysis

People (The Public and Public Confidence)

Hail can have a negative impact on the public as it can often cause injury if people are struck by hail
stones. Often the impoverished are detrimentally impacted if they cannot find shelter, but hail can
impact anyone. There would be little negative impact on public confidence.

Responders
Hail can also affect responders who are often more susceptible to hail events due to the nature of their

work which often forces police and emergency medical providers to be exposed to the elements. In
these cases, responders could be negatively impacted by hail.

Continuity of Operations

Hail would likely have some impacts on continuity of operations as the warning time for these events is
usually shorter and hail stones could potentially knock out power supplies or other critical resources
which would affect operations.

Built Environment (Property, Facilities, and Infrastructure)

Hail can often have a significant effect on the built environment, depending on the size of the hail
stones. Often these can damage roofs or other parts of homes and businesses as they are essentially
rocks that are being propelled at high speeds. Hail can affect most any type of facility or infrastructure as
well, causing damage to the structure.

Economy
A hailstorm could negatively impact the economy to some degree if the damage from the storm is large

enough. Often hail causes a great deal of damage to personal property such as cars and homes, and
these impacts would hurt the overall economy due to recovery efforts.

Environment

Hail often has a serious effect on crops and has been known to cause millions of dollars’ worth of
damage to farmers. It can also negatively impact livestock, as well as any flora or fauna that is not
properly sheltered.

5.6 HURRICANE AND TROPICAL STORM

5.6.1 Background

Hurricanes and tropical storms are classified as cyclones and defined as any closed circulation
developing around a low-pressure center in which the winds rotate counter-clockwise in the Northern
Hemisphere (or clockwise in the Southern Hemisphere) and whose diameter averages 10 to 30 miles
across. A tropical cyclone refers to any such circulation that develops over tropical waters. Tropical
cyclones act as a “safety-valve,” limiting the continued build-up of heat and energy in tropical regions by
maintaining the atmospheric heat and moisture balance between the tropics and the pole-ward
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latitudes. The primary damaging forces associated with these storms are high-level sustained winds,
heavy precipitation, and tornadoes.

The key energy source for a tropical cyclone is the release of latent heat from the condensation of warm
water. Their formation requires a low-pressure disturbance, warm sea surface temperature, rotational
force from the spinning of the earth, and the absence of wind shear in the lowest 50,000 feet of the
atmosphere. The majority of hurricanes and tropical storms form in the Atlantic Ocean, Caribbean Sea,
and Gulf of Mexico during the official Atlantic hurricane season, which encompasses the months of June
through November. The peak of the Atlantic hurricane season is in early to mid-September and the
average number of storms that reach hurricane intensity per year in the Atlantic basin is about six.

As an incipient hurricane develops, barometric pressure (measured in millibars or inches) at its center
falls and winds increase. If the atmospheric and oceanic conditions are favorable, it can intensify into a
tropical depression. When maximum sustained winds reach or exceed 39 miles per hour, the system is
designated a tropical storm, given a name, and is closely monitored by the National Hurricane Center in
Miami, Florida. When sustained winds reach or exceed 74 miles per hour the storm is deemed a
hurricane. Hurricane intensity is further classified by the Saffir-Simpson Scale (Table 5.14), which rates
hurricane intensity on a scale of 1 to 5, with 5 being the most intense.

TABLE 5.14: SAFFIR-SIMPSON SCALE

e Ma.ximum Sustained Minimum S'w"face
Wind Speed (MPH) Pressure (Millibars)
1 74-95 Greater than 980
2 96-110 979-965
3 111-129 964-945
130-156 944-920
157 + Less than 920

Source: National Hurricane Center (2012)

The Saffir-Simpson Scale categorizes hurricane intensity linearly based upon maximum sustained winds
and barometric pressure, which are combined to estimate potential damage. Categories 3, 4, and 5 are
classified as “major” hurricanes and, while hurricanes within this range comprise only 20 percent of total
tropical cyclone landfalls, they account for over 70 percent of the damage in the United States. Table
5.15 describes the damage that could be expected for each category of hurricane. Damage during
hurricanes may also result from spawned tornadoes, storm surge, and inland flooding associated with

heavy rainfall that usually accompanies these storms.
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TABLE 5.15: HURRICANE DAMAGE CLASSIFICATIONS

. Damage Description of Damages i
Category Level P J Example

No real damage to building structures. Damage primarily to
1 MINIMAL unanchored mobile homes, shrubbery, and trees. Also, some
coastal flooding and minor pier damage.

Some roofing material, door, and window damage.
Considerable damage to vegetation, mobile homes, etc.
Flooding damages piers and small craft in unprotected
moorings may break their moorings.

2 MODERATE

Some structural damage to small residences and utility
buildings, with a minor amount of curtainwall failures. Mobile
3 EXTENSIVE homes are destroyed. Flooding near the coast destroys smaller
structures, with larger structures damaged by floating debris.
Terrain may be flooded well inland.

More extensive curtainwall failures with some complete roof
EXTREME structure failure on small residences. Major erosion of beach
areas. Terrain may be flooded well inland.

Complete roof failure on many residences and industrial
buildings. Some complete building failures with small utility
CATASTROPHIC buildings blown over or away. Flooding causes major damage
to lower floors of all structures near the shoreline. Massive
evacuation of residential areas may be required.

Source: National Hurricane Center; Federal Emergency Management Agency

5.6.2 Location and Spatial Extent

Hurricanes and tropical storms threaten the entire Atlantic and Gulf seaboard of the United States.
While coastal areas are most directly exposed to the brunt of landfalling storms, their impact is often
felt hundreds of miles inland and they can affect Wake County and its municipalities. All areas in Wake
County are equally susceptible to hurricane and tropical storms.

5.6.3 Historical Occurrences

According to the National Hurricane Center’s historical storm track records, 87 hurricane or tropical
storm tracks have passed within 75 miles of Wake County since 1850.° This includes eight hurricanes,
fifty-five tropical storms, and twenty-four tropical depressions.

Of the recorded storm events, twenty-one storms traversed directly through Wake County as shown in
Figure 5.4. Table 5.16 provides for each event the date of occurrence, name (if applicable), maximum
wind speed (as recorded within 75 miles of Wake County) and Category of the storm based on the Saffir-
Simpson Scale.

® These storm track statistics do not include extra-tropical storms. Though these related hazard events are less severe in intensity,
they may cause significant local impact in terms of rainfall and high winds.
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FIGURE 5.4: HisTORICAL HURRICANE STORM TRACKS WITHIN 75 MILES OF WAKE COUNTY

Wake County
Hurricane Tracks Within 75 Miles

- Legend
Category

Tropical Depression

Tropical Storm

Category 1

Category 2

[ ] wake County ‘ g, ‘
* Participating Municipalities .‘

[j Surrounding Counties

Source: National Oceanic and Atmospheric Administration; National Hurricane Center

TABLE 5.16: HISTORICAL STORM TRACKS WITHIN 75 MiLES oF WAKE COUNTY (1850-2013)

Maxi Wi
Date of Occurrence aximum Wind Speed Storm Category
(knots)

1851 NOT NAMED 35 Tropical Storm
1853 NOT NAMED 62 Tropical Storm
1854 NOT NAMED 57 Tropical Storm
1859 NOT NAMED 53 Tropical Storm
1859 NOT NAMED 35 Tropical Storm
1867 NOT NAMED 35 Tropical Storm
1873 XXXX873144 44 Tropical Storm
1873 NOT NAMED 44 Tropical Storm
1876 NOT NAMED 62 Tropical Storm
1877 NOT NAMED 48 Tropical Storm
1878 NOT NAMED 44 Tropical Storm
1878 NOT NAMED 79 Category 1

1882 NOT NAMED 53 Tropical Storm
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Date of Occurrence B e pee Storm Category
(knots)

1883
1885
1886
1886
1886
1887
1888
1889
1891
1893
1893
1893
1896
1899
1902
1902
1904
1907
1911
1912
1913
1913
1915
1916
1916
1920
1924
1927
1928
1928
1929
1935
1940
1944
1944
1945
1946
1947
1954
1955
1956
1959

NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
NOT NAMED
HAZEL
DIANE

VY

CINDY

35
31
35
53
31
31
35
35
44
70
31
62
66
35
31
48
53
22
53
57
66
35
31
31
31
53
44
35
40
35
53
62
48
31
35
22
22
70
53
35
26

Tropical Storm
Tropical Storm
Tropical Depression
Tropical Storm
Tropical Storm
Tropical Depression
Tropical Depression
Tropical Storm
Tropical Storm
Tropical Storm
Category 1
Tropical Depression
Tropical Storm
Category 1
Tropical Storm
Tropical Depression
Tropical Storm
Tropical Storm
Tropical Depression
Tropical Storm
Tropical Storm
Category 1
Tropical Storm
Tropical Depression
Tropical Depression
Tropical Depression
Tropical Storm
Tropical Storm
Tropical Storm
Tropical Storm
Tropical Storm
Tropical Storm
Tropical Storm
Tropical Storm
Tropical Depression
Tropical Storm
Tropical Depression
Tropical Depression
Category 1
Tropical Storm
Tropical Storm
Tropical Depression
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Date of Occurrence B e pee Storm Category
(knots)

1960 BRENDA Tropical Storm
1961 UNNAMED 44 Tropical Storm
1964 CLEO 26 Tropical Depression
1965 UNNAMED 26 Tropical Depression
1968 CELESTE 31 Tropical Depression
1970 ALMA 22 Tropical Depression
1971 UNNAMED 40 Tropical Storm
1971 HEIDI 40 Tropical Storm
1972 AGNES 35 Tropical Storm
1976 SUBTROP:SUBTROP 3 35 Tropical Storm
1979 DAVID 35 Tropical Storm
1984 DIANA 40 Tropical Storm
1985 ONE-C 31 Tropical Depression
1985 BOB 26 Tropical Depression
1987 UNNAMED 53 Tropical Storm
1996 JOSEPHINE 44 Tropical Storm
1996 BERTHA 57 Tropical Storm
1996 FRAN 57 Tropical Storm
1997 DANNY 31 Tropical Depression
1998 EARL 66 Category 1
1999 DENNIS 31 Tropical Depression
1999 FLOYD* 66 Category 1
2000 GORDON 35 Tropical Storm
2000 HELENE 35 Tropical Storm
2003 NOT NAMED 57 Tropical Storm
2004 CHARLEY 79 Category 1
2004 GASTON 35 Tropical Storm
2004 JEANNE 31 Tropical Depression
2006 ALBERTO 35 Tropical Storm
2008 OMAR 26 Tropical Depression
2008 SIXTEEN 26 Tropical Depression
2008 HANNA 40 Tropical Storm

*Although Hurricane Floyd'’s track traversed just outside of the 75 mile buffer area, it was included in the hazard history since
a federal disaster area was declared for Wake County as a result of the storm’s impact.
Source: National Hurricane Center

The National Climatic Data Center reported seven events associated with a hurricane or tropical storm in
Wake County between 1950 and 2013. These storms are listed in Table 5.17 and are generally
representative of storms with the greatest impact on the county over the time period.

TABLE 5.17: HisTORICAL HURRICANE/TROPICAL STORM OCCURRENCES IN WAKE COUNTY

Date of Occurrence m Deaths/ Injurles Property Damage*

7/12/1996 Hurricane Bertha
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Date of Occurrence m Deaths/ Injurles Property Damage*

9/5/1996 Hurricane Fran

8/27/1998 Hurricane Bonnie O/O SO
9/4/1999 Hurricane Dennis 0/0 SO
9/15/1999 Hurricane Floyd 0/0 $179,765,471
9/18/2003 Hurricane Isabel 1/0 $776,235
9/1/2006 Tropical Storm Ernesto 0/0 o)

*Property damage is reported in 2013 dollars; All damage may not have been reported.

Federal records also indicate that three disaster declarations were made in 1996 (Hurricane Fran), 1999
(Hurricane Floyd), and 2003 (Hurricane Isabel) for the county.’

Flooding and high winds are both hazards of concern with hurricane and tropical storm events in Wake
County as evidenced by the difference in impacts caused by Hurricanes Fran and Floyd. Whereas Floyd’s
effects were primarily due to flooding, Fran’s high winds caused damage throughout the county in
conjunction with flooding impacts. Some anecdotal information is available for the major storms that
have impacted the area as found below:

Hurricane Fran — September 5-6, 1996

After being saturated with rain just a few weeks earlier by Hurricane Bertha, Wake County was impacted
by the one of the most devastating storms to ever make landfall along the Atlantic Coast. Fran dropped
more than 10 inches of rain in many areas and had sustained winds of around 115 miles per hour as it
hit the coast and began its path along the 1-40 corridor towards Wake County. In the end, over 900
million dollars in damages to residential and commercial property and at least 1 death were reported in
Wake County alone. Damages to infrastructure and agriculture added to the overall toll and more than
1.7 million people in the state were left without power.

Hurricane Floyd — September 16-17, 1999

Much like Hurricane Fran, Hurricane Floyd hit the North Carolina coast just 10 days after Tropical Storm
Dennis dropped more than 10 inches of rain in many areas of the state. As a result, the ground was
heavily saturated when Floyd dumped an additional 15 to 20 inches in some areas. Although much of
the heavy damage from the storm was found further east, Wake County suffered significant damage
from the storm. Across the state more than 6 billion dollars in property damage was recorded and
agricultural impacts were extremely high.

5.6.4 Probability of Future Occurrences

Given the inland location of the county, Wake County is less likely to be affected by a hurricane or
tropical storm system than counties closer to the coast. However, given its location in the eastern part
of the state, hurricanes and tropical storms still remain a real threat to Wake County. Based on
historical evidence, the probability level of future occurrence is likely (annual probability between 10
and 100 percent). Given the regional nature of the hazard, all areas are equally exposed to this hazard.
When the county is impacted, the damage could be catastrophic, threatening lives and property
throughout the planning area.

" A complete listing of historical disaster declarations can be found in Section 4: Hazard Identification.
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5.6.5 Consequence Analysis

People (The Public and Public Confidence)

HAZUS-MH estimates the number of households that are expected to be displaced from their homes
and the number of displaced people that will require accommodations in temporary public shelters due
to a hurricane scenario that was modeled similar to Hurricane Fran in 1996. The model estimates 637
households to be displaced due to the hurricane. Of these, 156 people (out of a total population of
627,846) will seek temporary shelter in public shelters. The total economic loss estimated for the
hurricane is $751 million, which represents 1.53 percent of the total replacement value of the county’s
buildings. This hazard could potentially have a negative effect on public confidence due to the possibility
of a high magnitude event and the difficulties that might arise for governments in terms of response and
recovery.

Responders
The impacts on responders from this type of storm could potentially be very high as responders may be

physically injured or killed during a storm event by flooding or high winds. In addition, their homes and
personal effects could also be impacted which would limit their response capability.

In terms of their actual response capacity, downed trees in the wake of a hurricane often block roads
and make ingress and egress difficult, thereby causing issues with response time. This is also often true
of the resulting floodwaters. Moreover, due to the large scale spatial impact of hurricanes and the
number of citizens affected by the storm, response time will be reduced because of the number of
incidents that require emergency responders.

Continuity of Operations

Continuity of operations in a hurricane event can be severely affected if power is lost or if critical
facilities or infrastructure are damaged during an event. Although Wake County has a plan in place to
maintain continuity of operations in the event of a storm, a hurricane with a high magnitude would
likely disrupt operations to some degree due to the impacts it would have on personnel.

Built Environment (Property, Facilities, and Infrastructure)

HAZUS-MH estimates that about 8,186 buildings will be at least moderately damaged due to the
Category 3 storm. This is over 3 percent of the total number of buildings in the county. There are an
estimated 163 buildings that will be completely destroyed. Table 5.18 summarizes the expected damage
by general occupancy for buildings in Wake County, and Table 5.19 summarizes the expected damage
by general building type.

TABLE 5.18 DAMAGE BY GENERAL BUILDING OccuPANCY IN WAKE COUNTY

| Occupancy | None | Minor | Moderate | Severe | Destruction|

Agriculture 861 (82.12%) 131 (12.50%) 38 (3.61%) 17 (1.61%) 2 (.16%)
Commercial 12,784 (82.31%) 1,908 (12.28%) 769 (4.95%)  70(.45%) 1(.01%)
Education 460 (84.49%) 65 (12.00%) 18 (3.23%)  2(28%)  0(0%)
Government 392 (80.26%) 69 (14.24%) 24(4.99%)  2(51%)  0(0%)
Industrial 3,797 (85.66%) 479 (10.81%) 132(2.98%) 22 (55%)  1(.03%)
Religion 1,127 (84.26%) 171 (12.78%) 36 (2.73%) 3(.23%)  0(0%)
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| Occupancy | None | Minor | Moderate | Severe | Destruction|

Residential 173,128 (79.19%) 38,447 (17.59%) 6,693 (3.06%) 195 (.09%) 159 (.07%)
Total 192,549 41,271 7,711 312 163

TABLE 5.19 DAMAGE BY GENERAL BUILDING TYPE IN WAKE COUNTY

Building Type | None ] Minor | Moderate | Severe | Destruction_

Concrete 2,677 (79.81%) 477 (14.21%) 194 (5.79%) 6 (.19%) 0 (0%)

Masonry 23,733 (79.53%) 4,180 (14.01%) 1,846 (6.19%) 76 (.25%) 7 (.02%)

MH 13,453 (96.56%) 314 (2.25%) 130 (.93%) 2(.001%) 34 (.24%)

Steel 9,223 (82.45%) 1,260 (11.26%) 635 (5.68%)  68(.61%) 1 (.01%)

Wood 145,517 (79.22%) 33,708 (18.35%) 4,157 (2.26%) 176 (.10%) 128 (.07%)

Total 194,603 39,939 6,962 328 170
Economy

Debris Generation

HAZUS-MH estimates the amount of debris that will be generated by the hurricane scenario. The model
breaks the debris into three general categories: brick/wood, reinforced concrete/steel, and trees. This
distinction is made because of the different types of material-handling equipment required to handle
the debris. The model estimates that a total of 623,927 tons of debris will be generated. Of the total
amount, brick/wood comprises 20 percent of the total, reinforced concrete/steel comprises 0 percent of
the total, and tree debris comprises 80 percent of the total. The total economic loss estimated for the
hurricane is $751 million, which represents 1.53 percent of the total replacement value of the county’s
buildings.

Building-Related Losses

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

TABLE 5.20 BUILDING DAMAGE LOSSES (IN THOUSANDS OF DOLLARS)

Area

Building $482,932.2 $57,563.02 $7,848.39 $9,540.64 $557,884.47
Content $46,139.39 $17,695.36 $4,083.74 $2,969.34 $79,887.82
Inventory S0 $501.80 $1,009.18 $121.81 $1,632.79
Subtotal $529,071.59 $75.760.18 $12,941.31  $12,631.79 $639,405.08

Property Damage and Business Interruption

Total property damage losses are $751 million. Four percent of the estimated losses were related to the
business interruption of the county. By far, the largest loss was sustained by the residential occupancies
which made up over 78 percent of the total loss. Table 5.20 provides a summary of the losses associated
with the building damage, and Table 5.21 provides a summary of the losses associated with property
damage.
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TABLE 5.21 PROPERTY DAMAGE LOSSES (IN THOUSANDS OF DOLLARS)

Category Area | Residential | Commercial | Industrial | Others | Total |

Income $.11 $11,463.75 $144.66 $1,546.19  $13,154.72

Relocation $41,120.72 $15,923.89 $867.87 $2,717.07  $60,629.55

Rental $19,385.88 $8,314.43 $113.84 $354.26 28,168.41

Wage $.26 $9,056.99 $243.10 $9,457.60  $18,757.94

Subtotal $60,506.97 $44,759.06 $1,369.47  $14,075.12 $120,710.62
Environment

Flooding and wind damage are the main impacts that would be felt by a hurricane in Wake County.
Please refer to the Flood Hazard Profile for a discussion on flood-related impacts and the Tornado
Hazard Profile for a discussion on relevant wind-related impacts.

5.7 LIGHTNING

5.7.1 Background

Lightning is a discharge of electrical energy resulting from the buildup of positive and negative charges
within a thunderstorm, creating a “bolt” when the buildup of charges becomes strong enough. This
flash of light usually occurs within the clouds or between the clouds and the ground. A bolt of lightning
can reach temperatures approaching 50,000 degrees Fahrenheit. Lightning rapidly heats the sky as it
flashes but the surrounding air cools following the bolt. This rapid heating and cooling of the
surrounding air causes the thunder which often accompanies lightning strikes. While most often
affiliated with severe thunderstorms, lightning may also strike outside of heavy rain and might occur as
far as 10 miles away from any rainfall.

Lightning strikes occur in very small, localized areas. For example, they may strike a building, electrical
transformer, or even a person. According to FEMA, lightning injures an average of 300 people and kills
80 people each year in the United States. Direct lightning strikes also have the ability to cause
significant damage to buildings, critical facilities, and infrastructure largely by igniting a fire. Lightning is
also responsible for igniting wildfires that can result in widespread damages to property.

Figure 5.5 shows a lightning flash density map for the years 1997-2010 based upon data provided by
Vaisala’s U.S. National Lightning Detection Network (NLDN").
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FIGURE 5.5: LIGHTNING FLASH DENSITY IN THE UNITED STATES

Vaisala's National Lightning Detection Network (NLDN)
Cloud-to-Ground Lightning Incidence in the Continental U.S. (1997 - 2010)
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5.7.2 Location and Spatial Extent

Lightning occurs randomly, therefore it is impossible to predict where and with what frequency it will
strike. It is assumed that all of Wake County is uniformly exposed to lightning.

5.7.3 Historical Occurrences

According to the National Climatic Data Center, there have been a total of 34 recorded lightning events
in Wake County since 1950.2 These events resulted in nearly $3.4 million (2013 dollars) in damages, as
listed in summary Table 5.22. Furthermore, lightning caused two fatalities throughout Wake County.
Detailed information on historical lightning events can be found in Table 5.23.

It is certain that more than 34 events have impacted the county. Many of the reported events are those
that caused significant damage. Therefore, it should be expected that damages are likely much higher
for this hazard than what is reported.

8 These lightning events are only inclusive of those reported by the National Climatic Data Center (NCDC). It is certain that
additional lightning events have occurred in Wake County. The State Fire Marshall’s office was also contacted for additional
information but none could be provided. As additional local data becomes available, this hazard profile will be amended.
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TABLE 5.22: SUMMARY OF LIGHTNING OCCURRENCES IN WAKE COUNTY

Location Number of Deaths/Injuries Property Damage
Occurrences (2013)

Apex $95,703
Cary 6 0/0 $133,182
Fuguay-Varina 1 0/0 SO
Garner 0 0/0 S0
Holly Springs 2 0/0 $1,463,162
Knightdale 2 1/0 $11,255
Morrisville 1 0/0 $5,305
Raleigh 6 0/0 $670,412
Rolesville 0 0/0 SO
Wake Forest 1 0/0 $55,838
Wendell 1 0/0 $622,905
Zebulon 0 0/0 S0
Unincorporated Area $294,407

WAKE COUNTY TOTAL “ _ $3,352,169

Source: National Climatic Data Center

TABLE 5.23: HISTORICAL LIGHTNING OCCURRENCES IN WAKE COUNTY

Deaths/ Property
Injuries Damage*
Wake County

A man was stepping from his
boat onto the dock when he
FALLS 7/24/1999 1/0 S0 was hit by lightning. He never
regained consciousness and
died the next day.

A broken line of showers and
thunderstorms developed
across western North Carolina
MACEDONIA 7/16/2010 0/0 $11,255 during the afternoon and then
moved east across central and
eastern North Carolina during
the evening hours

An upper level disturbance
combined with strong
afternoon heating to produce
FALLS 7/20/2010 0/0 $11,255 scattered strong to severe
storms. Additional storms then
developed along the numerous
outflow boundaries.

Thunderstorms developed
across Virginia and central
North Carolina as a small long
lived MCS crossed the central
WILDERS GROVE 7/17/2010 0/0 $11,255 and southern Appalachians.
Widespread wind damage was
reported across northern and
central portions of central
North Carolina.
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Deaths/ Property
Injuries Damage*

SIX FORKS 7/29/2010
LEESVILLE 7/20/2010
FORESTVILLE 7/1/2009
UPCHURCH 6/15/2010
UPCHURCH 6/22/2010
WILLOW 6/2/2010
WYATT 5/9/2012

0/0

0/0

0/0

0/0

0/0

0/0

0/0

$2,251

$16,883

$5,796

$56,275

$140,689

$28,138

$5,305

A line of strong to severe
storms formed as a cold front
moved into a very moist and
moderately unstable air mass..

An upper level disturbance
combined with strong
afternoon heating to produce
scattered strong to severe
storms. Additional storms then
developed along the numerous
outflow boundaries.

A strong upper level
disturbance and attendant
surface cold front combined to
produce scattered showers and
thunderstorms across the
eastern half of central North
Carolina. The unseasonably dry
low levels of the atmosphere
across central North Carolina
created a favorable
environment for any
thunderstorms that developed
to produce damaging winds.
Many of the thunderstorms
that developed became severe
and produced damaging winds
across the eastern half of
central North Carolina

A broken line of thunderstorms,
some which were severe,
tracked east across the
Northwest and Eastern
Piedmont. The storms were
associated with a weak upper
level disturbance which
combined with afternoon
heating.

Strong insolation underneath an
oppressive upper level heat
ridge resulted in isolated pulse
severe convection.

Strong to severe slow moving
storms and merging storms
resulted in severe damaging

winds and flash flooding across
portions of Central North
Carolina. Frequent to excessive
lightning resulted in property
damage across the area to
homes and businesses.

A cold front moved into central
North Carolina and interacted
with an unstable air mass to
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Deaths/ Property
Injuries Damage*
produce scattered showers and

UPCHURCH
Apex
Apex
APEX
Cary
CARY
CARY
CARY
CARY
CARY

7/6/2012

5/19/1993

7/27/2010

5/3/1998

9/3/2000

3/7/2005

2/28/2011

2/28/2011

thunderstorms. Some of these
storms became strong to severe
across portions of the Piedmont
and Coastal Plain of central
North Carolina.
An upper level disturbance
moved across central North
Carolina and interacted with
moderate to strong instability
$5 305 to trigger scattered showers
! and thunderstorms. Several of
these storms became severe
and produced damaging winds
and a few isolated severe hail
reports.

0/0

Lightning caused $5,000 of
LTS structural damage to a house.
A very moist and moderately
unstable air mass combined
with a weak upper level
SR disturbance to cause minor
flash flooding and an isolated
severe storm..

0/0

0/0

A large house was struck by
lightning on Gold Meadow
Drive in Cary. The strike caused
an electrical fire that damaged
most of the house. Smoke from
the fire produced the most
damage.

Lightning struck a house.

Lighting struck a tree outside a
Cary residence. Lightning then
entered the natural gas line
AR rupturing the line under the
house resulting in a severely
damaging fire.

A bowing line segment

0/0 $79,768

0/0 S0

0/0

developed ahead of a strong

cold front approaching from the
west. Despite very strong deep

0/0
resulted in only sporadic

i layer shear, marginal instability

| reports of wind damage across

central North Carolina.
A bowing line segment

developed ahead of a strong

0/0 $5,464

cold front approaching from the
west. Despite very strong deep

layer shear, marginal instability
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Deaths/ Property
Injuries Damage*

resulted in only sporadic
| reports of wind damage across
central North Carolina.

A cluster of shower and
thunderstorms moved off the
Appalachians and into central

North Carolina during the
afternoon. The severe storms
produced thunderstorm wind

damage across the Central
Piedmont with minor structural
damage to a couple of outdoor
buildings.

CARY 7/24/2011 0/0 $16,391

Fuquay-Varina

Lightning set fire to a house on
FUQUAY SPGS 6/22/2001 0/0 S0 Bennet Road. Damage amount
unknown.
Garner

None reported
Holly Springs

A line of strong to severe
storms formed as a cold front
moved into a very moist and
moderately unstable air mass.

HOLLY SPGS 7/29/2010 0/0 $337,653

Strong to severe slow moving
storms and merging storms
resulted in severe damaging

winds and flash flooding across
HOLLY SPGS 6/2/2010 0/0 $1,125,509 portions of Central North
Carolina. Frequent to excessive
lightning resulted in property
damage across the area to
homes and businesses.

Knightdale
A smoldering tree which had
been struck by lightning a few
KNIGHTDALE Az L e hours earlig’r fill kiII?ng a
firefighter.

Thunderstorms developed
across Virginia and central
North Carolina as a small long
lived MCS crossed the central
KNIGHTDALE 7/17/2010 0/0 $11,255 and southern Appalachians.
Widespread wind damage was
reported across northern and
central portions of central
North Carolina.

Morrisville
An upper level disturbance

moved across central North
RGOS 7/6/2012 0/0 35,305 Carolina and interacted with

moderate to strong instability
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Deaths/ Property
Injuries Damage*

Raleigh
Raleigh 7/10/1994
Raleigh 7/17/1994
N Raleigh 7/17/1995
RALEIGH 4/22/2006
RALEIGH 4/3/2006
RALEIGH 8/15/2008
Rolesville

None reported
Wake Forest

WAKE FOREST 1/16/1998
Wendell

WENDELL 8/22/2003
Zebulon

None reported

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

$87,785

$87,785

$256,032

S0

S0

$238,810

$55,838

$622,905

to trigger scattered showers
and thunderstorms. Several of
these storms became severe
and produced damaging winds
and a few isolated severe hail
reports.

A lightning strike entered a
home on New Hope Road and
shorted out the television set,
causing the house to go up in

flames.

Three house fires were caused
by lightning.
Lightning started a fire that
destroyed a home.

Numerous house fires reported
throughout the county. At least
four homes totally destroyed
and 24 apartments in brier
creek community destroyed.
Lightning destroyed 3
apartment units.

Two homes struck by lightning
in the Raleigh caught fire
resulting in extensive damage
to each home.

Lightning struck a brick house
on Seawell Drive in Wake Forest
about 20 miles northeast of
Raleigh during the early
afternoon. The lightning bolt hit
the chimney of the new two
story house, and the current
ran throughout the house's
wiring and into one of the
bedrooms. Most of the damage
was to the roof and in the
bedroom. Flying debris and
brick knocked holes in the walls,
and bricks from the chimney
were found 105 feet away in a
neighbor’s yard.

Lightning set fire to a home,
destroying it.
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Deaths/ Property
Injuries Damage*

*Property damage is reported in 2013 dollars; All damages have not likely been reported.
Source: National Climatic Data Center

5.7.4 Probability of Future Occurrences

Although there were not a high number of historical lightning events reported throughout Wake County
via NCDC data, it is a regular occurrence accompanied by thunderstorms. In fact, lightning events will
assuredly happen on an annual basis, though not all events will cause damage. According to Vaisala’s
U.S. National Lightning Detection Network (NLDN®), Wake County is located in an area of the country
that experienced an average of 4 to 5 lightning flashes per square kilometer per year between 1997 and
2010. Therefore, the probability of future events is highly likely (100 percent annual probability). It can
be expected that future lightning events will continue to threaten life and cause minor property
damages throughout the region.

5.7.5 Consequence Analysis

People (The Public and Public Confidence)

Although relatively rare when compared to other hazards, the impacts of lightning on people can be
severe, resulting in death or severe injury if a person is struck. Fatalities and injuries from lightning
events most often occur when a person is exposed and in outdoor conditions during a thunderstorm.
Exposure to water and open areas also increases the likelihood that a person will be struck. Lightning
generally has a low probability of impacting public confidence.

Responders
Although responders are generally aware of the effects of lightning and take precautions to avoid being

impacted by a lightning strike, it is possible that they could be struck. Moreover, taking the necessary
precautions to avoid a lightning strike can often reduce response times as staying inside and away from
lightning is the best way to avoid injury from the hazard.

Continuity of Operations

Most critical facilities and infrastructure are protected against lightning via surge protectors and
lightning rods. However, if lightning were to shut down large parts of the power grid due to blowing a
transformer, operations would be detrimentally impacted. In general, however, continuity of operations
during a lightning event would not be affected.

Built Environment (Property, Facilities, and Infrastructure)

Lightning generally does not have a major impact on property, facilities, or infrastructure. However, it
has been known to affect power and energy sources through strikes which can shut down power for
hours and sometimes days. Lightning is also responsible for igniting fires that can result in widespread
damage to property.

Economy
Since lightning events generally pass through the area quickly and cause relatively little property

damage when compared to other hazards, effects on the economy will likely be minimal. Nevertheless,
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if power-related infrastructure is damaged, this could cause some economic strain to replace and get
the system back to full capacity.

Environment

The environmental effects of lightning are relatively minimal, although lightning has been known to
cause wildfires which can lead to widespread damage. For more details on these impacts, please see this
section of the wildfire hazard.

5.8 SEVERE THUNDERSTORM/HIGH WIND

5.8.1 Background

Thunderstorms can produce a variety of accompanying hazards including wind (discussed here), halil,
and lightning.? Although thunderstorms generally affect a small area, they are very dangerous and may
cause substantial property damage.

Three conditions need to occur for a thunderstorm to form. First, it needs moisture to form clouds and
rain. Second, it needs unstable air, such as warm air that can rise rapidly (this often referred to as the
“engine” of the storm). Third, thunderstorms need lift, which comes in the form of cold or warm fronts,
sea breezes, mountains, or the sun’s heat. When these conditions occur simultaneously, air masses of
varying temperatures meet, and a thunderstorm is formed. These storm events can occur singularly, in
lines, or in clusters. Furthermore, they can move through an area very quickly or linger for several
hours.

According to the National Weather Service, more than 100,000 thunderstorms occur each year, though
only about 10 percent of these storms are classified as “severe.” A severe thunderstorm occurs when
the storm produces at least one of these three elements: 1) hail of three-quarters of an inch, 2) a
tornado, or 3) winds of at least 58 miles per hour.

Thunderstorm events have the capability of producing straight-line winds that can cause severe
destruction to communities and threaten the safety of a population. Such wind events, sometimes
separate from a thunderstorm event, are common in Wake County. Therefore, high winds are also
reported in this section.

High winds can form due to pressure of the Northeast coast that combines with strong pressure moving
through the Ohio Valley. This creates a tight pressure gradient across the region, resulting in high winds
which increase with elevation. It is common for gusts of 30 to 60 miles per hour during the winter
months.

Downbursts are also possible with thunderstorm events. Such events are a burst of wind in excess of
125 miles per hour. They are often confused with tornadoes. Downbursts are caused by down drafts
from the base of a convective thunderstorm cloud. It occurs when rain-cooled air within the cloud
becomes heavier than its surroundings. Thus, air rushes towards the ground in a destructive yet isolated
manner. There are two types of downbursts. Downbursts less than 2.5 miles wide, duration less than 5
minutes, and winds up to 168 miles per hour are called “microbursts.” Larger events greater than 2.5

®Lightning and hail hazards are discussed as separate hazards in this section.
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miles at the surface and longer than 5 minutes with winds up to 130 miles per hour are referred to as
“macrobursts.”

5.8.2 Location and Spatial Extent

A wind event is an atmospheric hazard, and thus has no geographic boundaries. It is typically a
widespread event that can occur in all regions of the United States. However, thunderstorms are most
common in the central and southern states because atmospheric conditions in those regions are
favorable for generating these powerful storms. Also, Wake County typically experiences several
straight-line wind events each year. These wind events can and have caused significant damage. It is
assumed that Wake County has uniform exposure to a thunderstorm/wind event and the spatial extent
of an impact could be large.

5.8.3 Historical Occurrences

Severe storms were at least partially responsible for three disaster declarations in Wake County in 1988,
1998, and 2011. According to NCDC, there have been 351 reported historic thunderstorm/high wind
events in Wake County.”® This includes data collected since 1994 for high wind and since 1950 for
thunderstorms. These events caused over $1.2 million (2013 dollars) in damages. There were reports of
six injuries and one fatality. Table 5.24 summarize this information. Table 5.25 present detailed high
wind and thunderstorm wind event reports including date, magnitude, and associated damages for each
event. !

TABLE 5.24: SUMMARY OF HIGH WIND/THUNDERSTORM OCCURRENCES IN WAKE COUNTY

Location Number of Deaths/Injuries Property Damage
Occurrences (2013 dollars)
9 0/0

Apex $51,338
Cary 18 0/0 $51,206
Fuquay-Varina 21 0/4 $467,105
Garner 11 0/0 SO
Holly Springs 13 0/0 $119,110
Knightdale 2 0/0 $1,126
Morrisville 5 0/0 S0
Raleigh 67 0/0 $164,787
Rolesville 9 0/0 SO
Wake Forest 5 0/0 SO
Wendell 1 0/0 $24,303
Zebulon 4 0/0 $40,283
Unincorporated Area 186 1/2 $323,146

WAKE COUNTY TOTAL [ 351 | 1/6 $1,242,404

Source: National Climatic Data Center

10 These thunderstorm events are only inclusive of those reported by the National Climatic Data Center (NCDC). It is likely that
additional thunderstorm events have occurred in Wake County. As additional local data becomes available, this hazard profile
will be amended.

! The dollar amount of damages provided by NCDC is divided by the number of affected counties to reflect a damage estimate
for the county.
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TABLE 5.25: HisTORICAL HIGH WIND/THUNDERSTORM OCCURRENCES IN WAKE COUNTY

. . Deaths/ | Property
S e e

Wake County
Wake County 6/15/1958 TSTM WIND 0 kts. 0/0 SO
Wake County 6/15/1958 TSTM WIND 0 kts. 0/0 S0
Wake County 6/21/1964 TSTM WIND 50 kts. 0/0 S0
Wake County 10/7/1965 TSTM WIND 0 kts. 0/0 S0
Wake County 7/14/1966 TSTM WIND 0 kts. 0/0 SO
Wake County 7/20/1970 TSTM WIND 0 kts. 0/0 SO
Wake County 8/3/1970 TSTM WIND 0 kts. 0/0 SO
Wake County 5/17/1973 TSTM WIND 0 kts. 0/0 S0
Wake County 5/28/1973 TSTM WIND 0 kts. 0/0 S0
Wake County 8/12/1973 TSTM WIND 0 kts. 0/0 S0
Wake County 8/12/1973 TSTM WIND 0 kts. 0/0 S0
Wake County 6/23/1974 TSTM WIND 0 kts. 0/0 S0
Wake County 3/24/1975 TSTM WIND 0 kts. 0/0 S0
Wake County 3/24/1975 TSTM WIND 0 kts. 0/0 S0
Wake County 3/24/1975 TSTM WIND 0 kts. 0/0 S0
Wake County 10/9/1976 TSTM WIND 0 kts. 0/0 S0
Wake County 7/13/1977 TSTM WIND 0 kts. 0/0 S0
Wake County 2/11/1981 TSTM WIND 0 kts. 0/0 S0
Wake County 6/16/1982 TSTM WIND 0 kts. 0/0 S0
Wake County 7/3/1982 TSTM WIND 0 kts. 0/0 S0
Wake County 7/4/1982 TSTM WIND 0 kts. 0/0 S0
Wake County 8/23/1983 TSTM WIND 0 kts. 0/0 S0
Wake County 3/20/1984 TSTM WIND 52 kts. 0/0 S0
Wake County 3/20/1984 TSTM WIND 0 kts. 0/0 S0
Wake County 3/21/1984 TSTM WIND 0 kts. 0/0 S0
Wake County 3/21/1984 TSTM WIND 0 kts. 0/0 S0
Wake County 4/4/1984 TSTM WIND 0 kts. 0/0 S0
Wake County 5/8/1984 TSTM WIND 0 kts. 0/0 S0
Wake County 5/8/1984 TSTM WIND 52 kts. 0/0 S0
Wake County 5/8/1984 TSTM WIND 0 kts. 0/0 S0
Wake County 5/8/1984 TSTM WIND 0 kts. 0/0 S0
Wake County 4/16/1985 TSTM WIND 0 kts. 0/0 S0
Wake County 5/22/1985 TSTM WIND 0 kts. 0/0 S0
Wake County 6/5/1985 TSTM WIND 0 kts. 0/0 S0
Wake County 6/5/1985 TSTM WIND 0 kts. 0/0 S0
Wake County 2/6/1986 TSTM WIND 0 kts. 0/0 S0
Wake County 2/6/1986 TSTM WIND 0 kts. 0/0 S0
Wake County 3/13/1986 TSTM WIND 0 kts. 0/0 S0
Wake County 7/22/1986 TSTM WIND 0 kts. 0/0 S0
Wake County 7/26/1986 TSTM WIND 0 kts. 0/0 S0
Wake County 7/26/1986 TSTM WIND 0 kts. 0/0 S0
Wake County 7/29/1986 TSTM WIND 0 kts. 0/0 S0
Wake County 8/2/1986 TSTM WIND 53 kts. 0/0 S0
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Wake County 8/2/1986 TSTM WIND 0 kts.
Wake County 8/10/1986 TSTM WIND 0 kts. O/O SO
Wake County 8/11/1986 TSTM WIND 0 kts. 0/0 SO
Wake County 4/12/1987 TSTM WIND 50 kts. 0/0 SO
Wake County 4/12/1987 TSTM WIND 0 kts. 0/0 S0
Wake County 4/12/1987 TSTM WIND 0 kts. 0/0 S0
Wake County 6/1/1987 TSTM WIND 0 kts. 0/0 S0
Wake County 6/3/1987 TSTM WIND 0 kts. 0/0 S0
Wake County 6/23/1987 TSTM WIND 0 kts. 0/0 SO
Wake County 7/3/1987 TSTM WIND 0 kts. 0/0 SO
Wake County 7/12/1987 TSTM WIND 0 kts. 0/0 S0
Wake County 7/26/1987 TSTM WIND 0 kts. 0/0 S0
Wake County 8/4/1987 TSTM WIND 0 kts. 0/0 S0
Wake County 8/21/1987 TSTM WIND 0 kts. 0/0 S0
Wake County 5/23/1988 TSTM WIND 0 kts. 0/0 S0
Wake County 6/17/1988 TSTM WIND 0 kts. 0/0 S0
Wake County 6/20/1988 TSTM WIND 0 kts. 0/0 S0
Wake County 6/20/1988 TSTM WIND 0 kts. 0/0 S0
Wake County 6/20/1988 TSTM WIND 0 kts. 0/0 S0
Wake County 7/31/1988 TSTM WIND 0 kts. 0/0 S0
Wake County 2/21/1989 TSTM WIND 0 kts. 0/0 S0
Wake County 2/21/1989 TSTM WIND 0 kts. 0/0 S0
Wake County 3/18/1989 TSTM WIND 0 kts. 0/0 S0
Wake County 4/25/1989 TSTM WIND 0 kts. 0/0 S0
Wake County 4/27/1989 TSTM WIND 0 kts. 0/0 S0
Wake County 5/5/1989 TSTM WIND 0 kts. 0/0 S0
Wake County 5/6/1989 TSTM WIND 0 kts. 0/0 S0
Wake County 5/1/1990 TSTM WIND 0 kts. 0/0 S0
Wake County 6/22/1990 TSTM WIND 0 kts. 0/0 S0
Wake County 6/22/1990 TSTM WIND 0 kts. 0/0 S0
Wake County 6/22/1990 TSTM WIND 0 kts. 0/0 S0
Wake County 8/16/1990 TSTM WIND 0 kts. 0/0 S0
Wake County 4/8/1991 TSTM WIND 0 kts. 0/0 S0
Wake County 3/10/1992 TSTM WIND 0 kts. 0/0 S0
Wake County 3/10/1992 TSTM WIND 0 kts. 0/0 S0
Wake County 4/24/1992 TSTM WIND 0 kts. 0/0 S0
Wake County 8/12/1992 TSTM WIND 0 kts. 0/0 S0
Wake County 8/5/1994 THUNVBF,\TSEORM 0 kts. 0/0 S0
Wake County 5/19/1995 Ul 10135110331 0 kts. 0/0 $68,275
WINDS
Wake County 6/11/1995 THUNVBF,\TSEORM 60 kts. 0/0 S0
COUNTYWIDE 1/19/1996 TSTM WIND 0 kts. 0/0 S0
NEW HILL 4/15/1996 TSTM WIND 0 kts. 0/0 $16,574
SRN HALF 7/2/1996 TSTM WIND 0 kts. 0/0 S0
Wake County 4/1/1997 HIGH WIND 50 kts. 1/1 SO
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Wake County
Wake County
Wake County
PURNELL
FALLS
FUQUAY SPGS
Wake County
Wake County
Wake County
Wake County
WILLIAMS XRDS
BAYLEAF
BAYLEAF
MILLBROOK
PURNELL
PURNELL
CARPENTER
PET XRDS

BAYLEAF
BRENTWOOD
Wake County
Wake County

Wake County

UPCHURCH

BROOKHAVEN

COLLEGE VIEW

LEESVILLE

ROYAL MILLS

SIX FORKS

PURNELL

WILDERS GROVE

WILLOW SPGS

WILLOW SPGS
BAYLEAF
WESTOVER
PURNELL

7/24/1997
2/3/1998
2/16/1998
5/20/2000
8/10/2000
7/5/2002
3/7/2004
11/22/2006
4/16/2007
2/10/2008
3/4/2008
6/1/2008
6/1/2008
6/27/2008
6/29/2008
6/29/2008
7/4/2008
7/22/2008

8/15/2008
8/20/2008
9/6/2008
9/6/2008

1/7/2009

5/5/2009

5/9/2009

5/9/2009

5/9/2009

5/9/2009

5/9/2009

6/17/2009

7/1/2009

7/27/2009

7/27/2009
8/11/2009
8/17/2009
9/28/2009

HIGH WIND
HIGH WIND
HIGH WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
HIGH WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
STRONG WIND

THUNDERSTORM
WIND

STRONG WIND

THUNDERSTORM
WIND

STRONG WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

HIGH WIND
STRONG WIND
HIGH WIND
THUNDERSTORM

50 kts.

35 kts.
52 kts.
50 kts.
50 kts.
50 kts.
65 kts.
38 kts.
42 kts.
43 kts.
61 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.

50 kts.
50 kts.
50 kts.
39 kts.

55 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

60 kts.

50 kts.
50 kts.
50 kts.
50 kts.

O/O
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0

0/0
0/0
0/0
0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0
0/0
0/0
0/0

SO

S0

S0

S0

S0
$7,030
$12,668
S0
$229
S0

S0

S0

S0

S0

S0

S0

S0

$17,911
$0
$14,926
$7,463

$115,927
S0

S0

S0

S0

$0

S0

S0
$2,319

S0

S0
S0
S0
S0
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ROCKTON

LEESVILLE

SIX FORKS

MILLBROOK

CARALEIGH

WILDERS GROVE

PURNELL

FRIENDSHIP

AUBURN

BARHAM

COLLEGE VIEW

KENNEBEC

ROCKTON

WAKE XRDS

WILDERS GROVE

WILDERS GROVE

ROYAL MILLS

BAYLEAF

ASBURY

BURT

MC CULLERS

BONSAL

GREEN LEVEL

WILLIAMS XRDS

BROOKHAVEN

6/13/2010

7/20/2010

7/20/2010

7/29/2010

8/5/2010

8/5/2010

8/23/2010

11/16/2010

11/17/2010

11/17/2010

11/17/2010

11/17/2010

11/17/2010

11/17/2010

11/17/2010

11/17/2010

3/23/2011

6/10/2011

6/20/2011

6/21/2011

6/27/2011

6/28/2011

7/24/2011

7/25/2011

8/29/2011

WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM

50 kts.

57 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

54 kts.

50 kts.

50 kts.

50 kts.

50 kts.

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

S0
S0
S0
$1,126
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
$21,855
S0
S0
S0
S0
S0
S0

S0
S0
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WESTOVER

ASBURY

ASBURY

MC CULLERS

ROYAL MILLS

WYATT

WAKE XRDS

PURNELL

BARHAM

BANKS

CAMP POLK

MILLBROOK

WILDERS GROVE

COLLEGE VIEW

MILLBROOK

SIX FORKS

EAGLE ROCK

MACEDONIA

MILLBROOK

WILDERS GROVE

MILLBROOK

ROCKTON

STARMOUNT

UPCHURCH

AUBURN

2/24/2012

5/9/2012

5/9/2012

5/9/2012

5/23/2012

5/23/2012

6/1/2012

6/29/2012

7/1/2012

7/3/2012

7/3/2012

7/3/2012

7/3/2012

7/4/2012

7/4/2012

7/4/2012

7/5/2012

7/5/2012

7/5/2012

7/5/2012

7/6/2012

7/6/2012

7/6/2012

7/6/2012

7/24/2012

WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

S0
S0
$2,122
S0
S0
S0
S0
$5,305
$1,061
$2,122
S0
$2,122
S0
$5,305
S0
S0
$3,183
$2,122
S0
$3,183
S0
S0
S0

S0
$2,122
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CAMP POLK
CAMP POLK
ECHO HGTS
LEESVILLE
METHOD
WILBON
CAMP POLK
FAWLERS XRDS
LEESVILLE
BAYLEAF
LASSITER
BAYLEAF

ROCKTON
Apex
Apex

APEX
APEX

APEX
APEX
APEX
APEX
APEX

APEX

Cary

Cary

Cary

7/24/2012

7/24/2012

7/24/2012

7/24/2012

7/24/2012

7/24/2012

7/28/2012

7/28/2012

7/28/2012

8/1/2012

8/1/2012

8/8/2012

9/18/2012

8/3/1993

7/14/2004
7/19/2006

4/5/2011

8/14/2011

7/6/2012

7/6/2012

7/6/2012

7/24/2012

8/3/1993

8/3/1993

WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WINDS

TSTM WIND
TSTM WIND
THUNDERSTORM
WIND
THUNDERSTORM
WIND
THUNDERSTORM
WIND
THUNDERSTORM
WIND
THUNDERSTORM
WIND
THUNDERSTORM
WIND

THUNDERSTORM
WINDS
THUNDERSTORM
WINDS

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

0 kts.

50 kts.
50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

0 kts.

52 kts.

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0
0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

S0

S0
$2,122
S0
$5,305
S0

S0

S0

S0

S0

S0
$769

S0

$9,008

S0
S0

$32,782
S0

S0
$2,122
S0

$7,426

S0

S0
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Cary

CARY
CARY
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CARY
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CARY
CARY
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CARY

CARY

CARY

CARY

CARY

CARY

Cary

Cary

Cary

CARY
CARY
CARY
CARY
CARY
CARY
CARY
CARY
CARY

CARY

CARY

CARY

CARY

CARY

CARY

3/21/1995

6/4/1996
6/30/1998
8/18/2000
8/19/2002
8/19/2002
1/14/2005

3/8/2005
4/17/2006
4/22/2006

8/9/2007

8/21/2007

3/4/2008

7/28/2009

7/30/2009

7/24/2011

8/3/1993

8/3/1993

3/21/1995

6/4/1996
6/30/1998
8/18/2000
8/19/2002
8/19/2002
1/14/2005
3/8/2005
4/17/2006
4/22/2006

8/9/2007

8/21/2007

3/4/2008

7/28/2009

7/30/2009

7/24/2011

THUNDERSTORM
WINDS

TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WINDS

THUNDERSTORM
WINDS

THUNDERSTORM
WINDS

TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM

0 kts.

0 kts.

50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
60 kts.
50 kts.
50 kts.

50 kts.

50 kts.

51 kts.

50 kts.

50 kts.

50 kts.

0 kts.

52 kts.

0 kts.

0 kts.

50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
60 kts.
50 kts.
50 kts.

50 kts.

50 kts.

51 kts.

50 kts.

50 kts.

50 kts.

0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0

0/0

0/0

0/0

0/0

0/0

0/0

$51,206

S0
S0
S0
S0
S0
S0
S0
S0
S0

S0

S0

S0

S0

S0

S0

S0

S0

$51,206
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WIND
Fuquay-Varina
Fuquay-Varina 1/7/1995 U RISt 0 kts. 0/4 $426,721
WINDS
FUQUAY SPGS 4/19/1998 TSTM WIND 50 kts. 0/0 $39,884
FUQUAY SPGS 7/7/2005 TSTM WIND 50 kts. 0/0 S0
FUQUAY SPGS 4/17/2006 TSTM WIND 50 kts. 0/0 S0
FUQUAY SPGS 4/22/2006 TSTM WIND 50 kts. 0/0 S0
FUQUAY SPGS 4/22/2006 TSTM WIND 50 kts. 0/0 S0
FUQUAY SPGS 4/22/2006 TSTM WIND 50 kts. 0/0 S0
FUQUAY SPGS 5/14/2006 TSTM WIND 50 kts. 0/0 S0
FUQUAY SPGS 5/14/2006 TSTM WIND 50 kts. 0/0 S0
FUQUAY SPGS 5/14/2006 TSTM WIND 50 kts. 0/0 $0
FUQUAY SPGS 6/11/2006 TSTM WIND 50 kts. 0/0 $0
FUQUAY SPGS 3/2/2007 TSTM WIND 50 kts. 0/0 $0
THUNDERSTORM
FUQUAY SPGS 6/29/2007 v STO 54 kts. 0/0 $0
WIND
THUNDERSTORM
VARINA 8/21/2007 v STO 50 kts. 0/0 $0
WIND
THUNDERSTORM
VARINA 9/14/2007 v STO 50 kts. 0/0 $0
WIND
THUNDERSTORM
VARINA 9/14/2007 v STO 50 kts. 0/0 $0
WIND
THUNDERSTORM
VARINA 9/14/2007 v STO 50 kts. 0/0 S0
WIND
VARINA 9/14/2007 THUNDERSTORM 50 kts. 0/0 S0
WIND
VARINA 7/23/2011 THUNDERSTORM 50 kts. 0/0 S0
WIND
VARINA 7/9/2012 THUNDERSTORM 50 kts. 0/0 $530
WIND
Garner
GARNER 3/3/1999 TSTM WIND 50 kts. 0/0 S0
GARNER 7/12/2004 TSTM WIND 50 kts. 0/0 S0
GARNER 7/28/2005 TSTM WIND 52 kts. 0/0 S0
GARNER 4/17/2006 TSTM WIND 50 kts. 0/0 S0
GARNER 4/25/2006 TSTM WIND 54 kts. 0/0 S0
GARNER 6/11/2006 TSTM WIND 56 kts. 0/0 S0
GARNER 7/29/2006 TSTM WIND 50 kts. 0/0 S0
DE
GARNER 4/15/2007 THUNDERSTORM 50 kts. 0/0 S0
WIND
DE
GARNER 8/21/2007 THUNDERSTORM 50 kts. 0/0 S0
WIND
DE
GARNER 8/21/2007 THUNDERSTORM 50 kts. 0/0 S0
WIND
GARNER 5/9/2012 THUNDERSTORM 50 kts. 0/0 S0
WIND
Holly Springs
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Holly Springs

HOLLY SPGS
HOLLY SPGS
HOLLY SPGS
HOLLY SPGS
HOLLY SPGS
HOLLY SPGS
HOLLY SPGS
HOLLY SPGS

HOLLY SPGS
HOLLY SPGS
HOLLY SPGS

HOLLY SPGS

Knightdale

KNIGHTDALE

KNIGHTDALE

Morrisville
MORRISVILLE
MORRISVILLE
MORRISVILLE

MORRISVILLE
MORRISVILLE
Raleigh
Raleigh
Raleigh
NW Raleigh
RDU Airport
N Raleigh

W Raleigh

RALEIGH

RALEIGH-
DURHAM ARPT

RALEIGH

8/17/1994

6/3/1998
3/3/1999
5/13/2002
4/25/2006
4/25/2006
4/25/2006
4/25/2006
6/11/2006

7/11/2007

7/31/2009

7/31/2009

7/9/2012

6/13/2010

4/5/2011

5/6/1996

4/17/2000
6/7/2005

8/30/2008

7/23/2012

8/17/1993

7/17/1994

7/18/1994

8/5/1994

11/11/1995

11/11/1995
4/23/1996
5/11/1996

8/22/1996

THUNDERSTORM
WINDS

TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

TSTM WIND
TSTM WIND
TSTM WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WINDS

THUNDERSTORM
WINDS

THUNDERSTORM
WINDS

THUNDERSTORM
WIND

THUNDERSTORM
WINDS

THUNDERSTORM
WINDS

TSTM WIND

TSTM WIND

TSTM WIND

56 kts.

50 kts.
50 kts.
50 kts.
51 kts.
50 kts.
50 kts.
50 kts.
50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

0 kts.

50 kts.
50 kts.

50 kts.

50 kts.

0 kts.

0 kts.

61 kts.

0 kts.

0 kts.

0 kts.

0 kts.

55 kts.

50 kts.

0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0
0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0
0/0
0/0

0/0

S0
S0
S0
S0
S0
S0
S0
S0

S0
S0
$115,927

$3,183

$1,126
S0
SO

S0
S0

S0

S0

S0
S0
S0
S0
$20,483

S0
S0
$82,869

S0
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Deaths/ Property
m

RALEIGH
RDU AIRPORT
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH

RALEIGH
DURHAM ARPT

RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH
RALEIGH

RALEIGH

RALEIGH

RALEIGH
DURHAM ARPT

RALEIGH

RALEIGH

RALEIGH

RALEIGH

11/8/1996
2/21/1997
5/1/1997
6/15/1998
8/16/1998
8/14/1999
4/8/2000
5/25/2000
8/18/2000
3/26/2002
8/24/2002
7/10/2003
3/7/2004
6/11/2004
7/29/2004
8/13/2004
9/17/2004

9/17/2004

6/7/2005
7/28/2005
4/3/2006
4/22/2006
4/22/2006
5/25/2006
5/25/2006
5/25/2006
5/25/2006
5/25/2006
5/25/2006
5/25/2006
5/26/2006
5/26/2006
6/23/2006

7/27/2006

11/16/2006

3/2/2007

6/9/2007

7/17/2007

7/17/2007

7/17/2007

TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND

TSTM WIND

TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM

50 kts.

56 kts.
50 kts.
50 kts.
50 kts.

0 kts.

50 kts.
60 kts.
50 kts.
50 kts.
50 kts.
50 kts.
60 kts.
50 kts.
60 kts.
50 kts.
50 kts.

69 kts.

50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.
50 kts.

50 kts.

52 kts.

50 kts.

50 kts.

50 kts.

50 kts.

51 kts.

O/O
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0

0/0

0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0

0/0

0/0

0/0

0/0

0/0

0/0

0/0

SO
548,606
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0

S0

S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0
S0

S0

S0

S0

S0

S0

S0
S0
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. . Deaths/ | Property
m

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

RALEIGH

(RDU)RALEIGH-
DURHAM
Rolesville
ROLESVILLE
ROLESVILLE
ROLESVILLE
ROLESVILLE
ROLESVILLE
ROLESVILLE
ROLESVILLE

ROLESVILLE

ROLESVILLE

7/17/2007
8/10/2007
8/21/2007
8/21/2007
3/4/2008
7/6/2008
7/1/2009
7/17/2009
7/17/2009
7/17/2009
9/28/2011
7/3/2012
7/4/2012
7/23/2012
7/24/2012
7/24/2012
7/24/2012
7/28/2012
5/1/1997
8/18/2000
11/11/2002
4/3/2006
5/14/2006

6/23/2006
7/27/2006

7/11/2007

8/21/2011

WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

THUNDERSTORM
WIND

TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
TSTM WIND
THUNDERSTORM
WIND
THUNDERSTORM
WIND

50 kts.

50 kts.

50 kts.

50 kts.

61 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

57 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.

50 kts.
50 kts.

50 kts.

50 kts.

0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0
0/0

0/0
0/0

0/0

0/0

S0

S0

S0

S0

S0

S0
$1,159
S0

S0

S0

S0

S0
$1,061
S0

S0

S0
$10,609
S0

S0

S0

S0

S0

S0

S0
S0

S0

S0
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. . Deaths/ | Property
= N e e

Wake Forest
TSTM WIND

WAKE FOREST 1/19/1996 0 kts. 0/0 $0
WAKE TSTM WIND
FOREST/ZEBULON 3/5/1997 50 kts. 0/0 $0
WAKE FOREST 8/14/1999 TSTM WIND 0 kts. 0/0 $0
WAKE FOREST 6/11/2004 TSTM WIND 50 kts. 0/0 $0
WAKE FOREST 7/1/2012 THUNDERSTORM 50 kts. 0/0 $0
WIND

Wendell
WENDELL 5/1/1997 TSTM WIND 50 kts. 0/0 $24,303

Zebulon
ZEBULON 5/1/1997 TSTM WIND 50 kts. 0/0 $32,404
ZEBULON 6/2/1997 TSTM WIND 50 kts. 0/0 $0
ZEBULON 3/8/2005 TSTM WIND 50 kts. 0/0 $0
ZEBULON 11/17/2010 THUN\?VEIESDTORM 50 kts. 0/0 $7,879

5.8.4 Probability of Future Occurrences

Given the high number of previous events, it is certain that wind events, including straight-line wind and
thunderstorm wind, will occur in the future. This results in a probability level of highly likely (100
percent annual probability) for future wind events for the entire planning area.

5.8.5 Consequence Analysis

People (The Public and Public Confidence)

Thunderstorms are generally associated with several other hazards such as high wind and flooding, the
latter of which is caused by torrential rain. As such, the public could be impacted in a number of ways by
a thunderstorm event. High wind can cause trees to fall and potentially result in injuries or death and
rising floodwaters can lead to drowning or other serious injury. Although often not as severe as
hurricanes or tornadoes, the impacts on the public from thunderstorms can be significant. However, the
public confidence is usually not affected to a large degree as a result of thunderstormes.

Responders
Responders are not generally affected to any great degree by thunderstorm events, although it should

be noted that they could be impacted in many of the same ways as the public. Otherwise, responders
could be affected by road blockages caused by downed trees or floodwaters, which would ultimately
reduce their response time.

Continuity of Operations
In general, continuity of operations during a thunderstorm event can be maintained. Thunderstorm
events often affect power in much the same way as tornadoes and hurricanes, which ultimately may
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impact operations. However, thunderstorm events are typically not large enough and their impacts are
not wide enough to disrupt continuity of operations in Wake County.

Built Environment (Property, Facilities, and Infrastructure)

Thunderstorms often have their greatest impact on the built environment as they can cause damage to
homes via strong winds or flooding and will often impact facilities and infrastructure in the same way.
Power losses often occur due to damage to power lines and roads can flood and cause damage as well.
In fact, thunderstorms are often considered one of the greater hazards of concern even though any
given event will cause relatively little damage, because damaging events occur so frequently.

Economy
Economic impacts from thunderstorm events can often be far reaching as the damage from these

events are often widespread, affecting both homes and businesses. This damage can result in business
and economic disruption through the recovery process.

Environment

Thunderstorms can impact crops via high wind and flooding and can also impact the natural
environment through these elements. Flooding can kill plants and animals as well as contaminate
drinking water supplies for human populations. High wind can harm forests by bringing down trees and
cause fires from downed power lines that impact the environment.

5.9 TORNADO

5.9.1 Background

A tornado is a violent windstorm characterized by a twisting, funnel-shaped cloud extending to the
ground. Tornadoes are most often generated by thunderstorm activity (but sometimes result from
hurricanes and other tropical storms) when cool, dry air intersects and overrides a layer of warm, moist
air forcing the warm air to rise rapidly. The damage caused by a tornado is a result of the high wind
velocity and wind-blown debris, also accompanied by lightning or large hail. According to the National
Weather Service, tornado wind speeds normally range from 40 miles per hour to more than 300 miles
per hour. The most violent tornadoes have rotating winds of 250 miles per hour or more and are
capable of causing extreme destruction and turning normally harmless objects into deadly missiles.

Each year, an average of over 800 tornadoes is reported nationwide, resulting in an average of 80
deaths and 1,500 injuries.”> According to the NOAA Storm Prediction Center (SPC), the highest
concentration of tornadoes in the United States has been in Oklahoma, Texas, Kansas, and Florida
respectively. Although the Great Plains region of the Central United States does favor the development
of the largest and most dangerous tornadoes (earning the designation of “tornado alley”), Florida
experiences the greatest number of tornadoes per square mile of all U.S. states (SPC, 2002). Figure 5.6
shows tornado activity in the United States based on the number of recorded tornadoes per 1,000
square miles.

12 NOAA, 2009.
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FIGURE 5.6: TORNADO ACTIVITY IN THE UNITED STATES

T‘hi“f?-»--ﬁ_,%_ TORNADO ACTIVITY IN THE UNITED STATES*
w Voatna S TT— Summary Per 1,000 Square Miles

PN 0 P e pat M\
(= {;}gfr_. | T ,,_F;,g_f o

i

. - oy S —— IR
| # oty i
i E“‘.""-._ | Tome |II - St . ‘h x P 5 !
L ! [ . . |Iql 1 ] wel . ¥
P razery f ;lv-u-‘__Jl”““ Lr— L 'l-
LY o s { |!__ o Ra b v )
VR b aren oy / oo -T—_“_'P_"'_"- R Bl e

% )
=* g

/ o rd
\ 1 'II f‘m et wm

Farche.
A
L \, & — E o
r'h' — — 5 . o
K_\ - erghesd ki
mm»_i ok i} - ;

H-} Py ¥ II'I:W L]
3 O F..*.
\JL\UH'
ST =
{\E‘ m...:?l \ ;u_:m;«m of Recorded
1 madoes per
\-ﬂ: ALASKA \! 1,000 3q 9.

ng B v ) B

EN ESiunttEen o R R ]
é:_l! N - s
HAWAJ

AMERICAN SAMOS, G
PLEERTO RICD, VIHGIN ISLANDS

Source: Federal Emergency Management Agency

* Beead on HOAA, Storm Prediction Cender Siatistice

Tornadoes are more likely to occur during the months of March through May and are most likely to form
in the late afternoon and early evening. Most tornadoes are a few dozen yards wide and touch down
briefly, but even small short-lived tornadoes can inflict tremendous damage. Highly destructive

tornadoes may carve out a path over a mile wide and several miles long.

The destruction caused by tornadoes ranges from light to inconceivable depending on the intensity, size,
and duration of the storm. Typically, tornadoes cause the greatest damage to structures of light
construction, including residential dwellings (particularly mobile homes). Tornadic magnitude is
reported according to the Fujita and Enhanced Fujita Scales. Tornado magnitudes prior to 2005 were
determined using the traditional version of the Fujita Scale (Table 5.26). Tornado magnitudes that were

determined in 2005 and later were determined using the Enhanced Fujita Scale (Table 5.27).
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TABLE 5.26: THE FunTA ScALE (EFFECTIVE PRIOR TO 2005)

F-SCALE
NUMBER INTENSITY WIND SPEED TYPE OF DAMAGE DONE
Fo GALE 40-72 MPH Some damage to chimneys; breaks branches off trees; pushes over
TORNADO shallow-rooted trees; damages to sign boards.
The lower limit is the beginning of hurricane wind speed; peels
F1 MODERATE 73-112 MPH surface off roofs; mobile homes pushed off foundations or
TORNADO overturned; moving autos pushed off the roads; attached garages
may be destroyed.
Considerable damage. Roofs torn off frame houses; mobile homes
SIGNIFICANT .
F2 113-157 MPH | demolished; boxcars pushed over; large trees snapped or uprooted;
TORNADO . . L
light object missiles generated.
SEVERE Roof and some walls torn off well-constructed houses; trains
= TORNADO 158-206 MPH overturned; most trees in forest uprooted.
DEVASTATING 207260 MPH Well-constructed houses leveled; structures with weak foundations
TORNADO blown off some distance; cars thrown and large missiles generated.
Strong frame houses lifted off foundations and carried considerable
INCREDIBLE 261-318 MPH distances to disintegrate; automobile sized missiles fly through the air
TORNADO in excess of 100 meters; trees debarked; steel re-enforced concrete
structures badly damaged.
These winds are very unlikely. The small area of damage they might
produce would probably not be recognizable along with the mess
produced by F4 and F5 wind that would surround the F6 winds.
INCONCEIVABLE 319-379 MPH Missiles, such as cars and refrigerators would do serious secondary
TORNADO damage that could not be directly identified as F6 damage. If this

level is ever achieved, evidence for it might only be found in some
manner of ground swirl pattern, for it may never be identifiable
through engineering studies.

Source: National Weather Service
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TABLE 5.27 THE ENHANCED FUJITA SCALE (EFFECTIVE 2005 AND LATER)

EF-SCALE INTENSITY 3 SECOND GUST
NUMBER PHRASE (MPH) TYPE OF DAMAGE DONE
FO GALE 65-85 Some damage to chimneys; breaks Pranches off trees; pushes over
shallow-rooted trees; damages to sign boards.
The lower limit is the beginning of hurricane wind speed; peels
1 MODERATE 86-110 surface off roofs; mobile homes pushed off foundations or

overturned; moving autos pushed off the roads; attached garages
may be destroyed.

Considerable damage. Roofs torn off frame houses; mobile homes
F2 SIGNIFICANT 111-135 demolished; boxcars pushed over; large trees snapped or uprooted;
light object missiles generated.

Roof and some walls torn off well-constructed houses; trains

EVERE 136-1
= > 36-165 overturned; most trees in forest uprooted.

Well-constructed houses leveled; structures with weak foundations

DEVASTATING 166-200 blown off some distance; cars thrown and large missiles generated.
Strong frame houses lifted off foundations and carried considerable
INCREDIBLE Over 200 distances to disintegrate; automobile sized missiles fly through the

air in excess of 100 meters; trees debarked; steel re-enforced
concrete structures badly damaged.

Source: National Weather Service

5.9.2 Location and Spatial Extent

Tornadoes occur throughout the state of North Carolina, and thus in Wake County. Tornadoes typically
impact a relatively small area, but damage may be extensive. Event locations are completely random
and it is difficult to predict specific areas that are more susceptible to tornado strikes over time.
Therefore, it is assumed that all of Wake County is uniformly exposed to this hazard.

5.9.3 Historical Occurrences

Tornadoes are becoming a more and more common occurrence in central and eastern North Carolina as
demonstrated by a recent outbreak of tornadoes in the spring of 2011. According to the National
Climatic Data Center, there have been a total of thirty-three recorded tornado events in Wake County
since 1956 (Table 5.28), resulting in over $700 million (2013 dollars) in property damages.® In addition,
7 deaths and 213 injuries were reported (Table 5.29). The magnitude of these tornadoes ranges from FO
to F4 in intensity, although an F5 event is possible. It is important to note that only tornadoes that have
been reported are factored into this risk assessment. It is likely that a high number of occurrences have
gone unreported over the past 63 years.

13 These tornado events are only inclusive of those reported by the National Climatic Data Center (NCDC). It is likely that
additional tornadoes have occurred in Wake County. As additional local data becomes available, this hazard profile will be
amended.
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TABLE 5.28: SUMMARY OF TORNADO OCCURRENCES IN WAKE COUNTY

Location Number of Deaths/Injuries Property Damage
Occurrences (2013)

Apex

Cary 2 O/O 582,869
Fuquay-Varina 0 0/0 SO
Garner 2 0/2 $1,036,983
Holly Springs 1 0/0 S0
Knightdale 0 0/0 $0
Morrisville 0 0/0 SO
Raleigh 2 0/0 $23,930
Rolesville 1 0/1 $109,273
Wake Forest 0 0/0 SO
Wendell 2 0/26 $4,988,724
Zebulon 1 0/0 S0
Unincorporated Area 7/184 $700,021,569

WAKE COUNTY TOTAL “ 7/213 $706,263,348

Source: National Climatic Data Center

TABLE 5.29: HisTORICAL TORNADO IMPACTS IN WAKE COUNTY

Death P
Magnitude e.at. s/ ropert\i
Injuries Damage

Wake County

Wake County 5/12/1950 FO 0/0 S0

Wake County 5/12/1950 F1 0/0 S0

Wake County 4/5/1952 F2 0/0 $245,175

Wake County 3/18/1956 F1 0/1 $239,506

Wake County 3/18/1956 F2 0/0 $23,951

Wake County 11/2/1966 F2 0/9 $2,011,388

Wake County 5/14/1967 FO 0/0 S0

Wake County 7/11/1967 F1 0/0 $194,529

Wake County 5/28/1973 F1 0/0 $146,412

Wake County 5/29/1973 FO 0/0 $146,412

Wake County 12/31/1975 F1 0/0 $12,080

Wake County 5/7/1977 FO 0/0 $10,734

Wake County 2/11/1981 F2 0/2 $715,623

Wake County 6/13/1982 F1 1/0 $67,373

Wake County 6/16/1982 F2 0/0 $673,733

Wake County 3/14/1986 F1 0/0 $59,362

Wake County 3/26/1988 FO 2/105

Wake County 11/28/1988 F4 0/0 $569,530,309

Wake County 10/23/1990 F1 0/0 S0
EPISODE NARRATIVE: An isolated cell

formed over Moore County in
advance of a strong surface cold front
ROCKTON ALY FO i S in a high shear angd moderate CAPE
environment. The lone storm
strengthened into a super cell over
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Magnitude De.atl.'ls/ Property
Injuries | Damage*

BURT 4/16/2011

Apex
Apex 9/27/2004

Cary
Cary 7/12/1996
Cary 6/1/2001

F3

FO

FO

FO

4/67

0/0

0/0

0/0

$125,663,605

S0

$82,869

S0

central Wake County before it
produced a weak EFO tornado near
Zebulon in eastern Wake County.

EPISODE NARRATIVE: A strong storm
system that had a history of
producing deadly tornadoes across
Oklahoma and the deep south on the
14th and 15th weakened as it crossed
the southern Appalachians during the
early morning hours of the 16th. A
squall line descended the Blue Ridge
by the late morning hours, and
rapidly intensified |as it moved east
into the central Piedmont of North
Carolina, with four long live tornadic
supercells evolving from the linear
convective segment. These tornadic
supercells went on to produce 9
tornadoes in the Raleigh CWA,
including 2 EF3s, and 4 EF2s. The
tornadoes left 6 dead with
approximately 275 injuries

A tornado touched down near the
intersection of Holly Springs Road
and Kildaire Farm Road. Minor
property damage occurred to a few
mobile homes, and a few trees and
power lines were blown down. The
tornado lifted briefly, and then
touched down again on the north
side of Apex were several large trees
were blown down, especially near
the intersection of Schiefflin Road
and James road, and along Culvert
Street.

A small tornado formed along an
outer band of Hurricane Bertha. The
hurricane was centered
approximately 140 miles to the
southeast. The tornado was on the
ground about 6 minutes and moved
east to west at 50 mph. Numerous
trees were snapped or uprooted.
About 10 homes received minor
damage due to falling trees.

Siding was blown off of apartment
buildings near Highway 54 and Cary
Parkway. Trees were also blown
down in the area, and a funnel cloud
was reported.
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Magnitude De.atl.'ls/ Property
Injuries | Damage*

Fuquay-Varina

None reported

Garner

Garner

Garner

Holly Springs

Holly Springs

Knightdale
None reported

Morrisville
None reported

Raleigh

Raleigh

Raleigh

3/20/1998

9/14/2007

3/20/1998

3/27/1993

3/20/1998

F2

FO

FO

FO

FO

0/2

0/0

0/0

0/0

0/0

$1,036,983

S0

S0

S0

$23,930

The tornado remained a funnel as it
roared over the Greenbrier Estates
just east of US401. Trees were
sporadically uprooted and snapped
off. Several trees fell on homes and
outbuildings. The tornado touched
down on Highway 70 at a church. The
roof of one section was taken off and
the steeple was blown off the chapel.
The debris from the church took out
windows at a car lot across the
street. A block way, the wind
removed several large siding sheets
from a business

EVENT NARRATIVE: Public reported a
brief touch down of a tornado with
debris just south of Garner near Lake
Benson.

A home video of this storm showed a
wall cloud with several small vortices.
One of these touched down very
briefly and damaged the roof of one
home. The adjacent homes, and
there were many, were untouched.
The insulation from the home was
then spread into adjacent trees

A small tornado touched down briefly
south of Lake Wheeler and moved
northward blowing down trees in its
path.

The storm that hit Garner produced
another tornado 6 miles to the
northeast on the east side of Raleigh.
Damage began just off US64 at Wake
Medical Center and the Tower
Shopping Center. Cars were
overturned, trees were damaged,
and a steel-beamed billboard was
twisted. The tornado then crossed
the highway where it lifted the roof
off the business office of a tree
nursey, damaged two sheds, and
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Magnitude De.atl.'ls/ Property
Injuries | Damage*

destroyed 5 greenhouses. Insulation
and debris was strewn up in the trees
well away from the path.

Rolesville

EPISODE NARRATIVE: Convection
developed along and ahead of a cold

front that moved across the state
during the late afternoon and early

ROLESVILLE 3/6/2011 FO 0/1 $109,273 evening hours. Two weak EFO

tornadoes developed across central

North Carolina when discrete cells
along a couple of mesolows merged

with the main convective band.

Wake Forest
None reported
Wendell

The second is a series of three
tornadoes began about 100 yards to
the SE of where the first tornado
began (off Hwy 64 in Wendell). The
storm was initially less than 25 yards
wide asit moved NNE and twisted
trees and blew shingles off several
houses. About one half mile from the
initial touchdown, the storm widened
to 50 yards as it approached the
town of Zebulon. Trees were downed
and the roof was blown off a brick
home near the railroad tracks.
Another home and a manufactured
home were damaged as the storm
crossed a street and moved up a hill.
The storm then preceded over and
down the hill into a mobile home
park. Damage was extensive to all the
trailers in the park that were directly
in the path. The storm continued
moving NNE into downtown Zebulon
where it downed numerous large
trees. Houses in the direct path of the
storm were all brick and sustained
only roof damage. The Zebulon
Middle School sustained major roof
damage to the main building. The
tornado was last noted at Karial and
Old Bunn Roads where minor damage
occurred to a frame house and
severel trees were twisted

Wendell 4/15/1996 F1 0/26 $4,972,150

An FO tornado initially touched down
off Hwy 64 in Wendell. The tornado
Wendell 4/15/1996 FO 0/0 $16,574 width was initially only 50 feet where
several trees were taken down. The
tornado increased in width to 200
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Magnitude De.atl.'ls/ Property
Injuries | Damage*

yards as it paralleled Hwy 64 and
moved into the west side of the town
of Zebulon. The storm damaged the
Courtesy Car Dealership and tossed a
showroom car across the highway.
Numerous trees were twisted and
felled. The tornado then crossed the
highway and narrowed significantly
as it reached Hwy 96 and
Greenspeace Road about 0.3 miles
west of the Wakefield community
where it lifted.

Zebulon

EPISODE NARRATIVE: Multiple line
segments of strong to severe storms
developed over North Carolina as a
compact but potent shortwave
emanating from the gulf coast region
and along the eastern flanks of a full
ZEBULON 9/18/2012 FO 0/0 S0 latitude trough moved through the

Carolinas. The accompanying 50 to
60 knot mid level jet within a moist
and unstable air mass produced
scattered thunderstorm wind
damage and an isolated EF-0 tornado
near Zebulon.

*Property Damage is reported in 2013 dollars.
Source: NCDC

5.9.4 Probability of Future Occurrences

According to historical information, tornado events are not an annual occurrence for the county.
However, tornadoes are a somewhat common occurrence in the county as it is located in an area of
relatively flat topography in the southeastern United States. While the majority of the reported tornado
events are small in terms of size, intensity, and duration, they do pose a significant threat should Wake
County experience a direct tornado strike. The probability of future tornado occurrences affecting Wake
County is likely (10-100 percent annual probability).

5.9.5 Consequence Analysis

People (The Public and Public Confidence)

The entire Wake County population is vulnerable to the impacts of a tornado regardless of the
measured magnitude. Because it cannot be predicted where a tornado will touch down, it cannot be
said which areas of the population within the county are most vulnerable. However, injuries as well as
deaths resulting from tornadoes are the most significant impacts. Tornadoes often have a high
likelihood of affecting public confidence due to their destructive and highly visible impacts.

Responders
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Responders could be critically affected by tornado events as the onset is often very rapid and
unpredictable, thereby putting response personnel potentially in harm’s way. Due to the
unpredictability of such events, response may also be hindered as responders may be unable to access
those that have been affected if storm conditions persist and they are unable to safely enter affected
areas.

Continuity of Operations

Continuity of operations could be greatly impacted by a tornado as personnel may be harmed and
critical resources damaged or destroyed during a tornado. In many ways, since the impacts of a tornado
are unpredictable, it is also difficult to predict and plan for the appropriate ways to ensure a continuity
of operations. Although Wake County is well prepared for such an event, disruption of operations will
likely take place to some degree.

Built Environment (Property, Facilities, and Infrastructure)

Building Inventory

Wake County has been impacted by tornadoes ranging in intensity from FO through F4 based on the
Fujita and Enhanced-Fujita scales. Because it cannot be predicted where a tornado may touch down, all
buildings and facilities within the county are considered exposed to the hazard and at risk for being
impacted. Table 5.30 lists the number of buildings by type of structure in Wake County—according to
the 2010 U.S. Census—at risk for being impacted by a tornado.

TABLE 5.30 WAKE COUNTY BUILDINGS By TypE (2010)

$:::mg Total Number of Buildings Percentage of Total

Residential 218,598 90.34%
Commercial 15,526 6.42%
Industrial 4,432 1.83%
Agriculture 1,048 43%
Religion 1,336 .55%
Government 488 .20%
Education 545 .23%
Total 241,973

Wind

Building materials play a role in how well a structure can withstand tornado force winds. Table 5.31
shows the percentage of buildings by type within Wake County. Buildings that use structural steel,
reinforced concrete, or load-bearing masonry have the best chance of withstanding a tornado event in
the county. Homes constructed of wood or manufactured material are most at risk. Non-engineered
structures in the county are far more vulnerable than engineered buildings to damage from tornado
winds.

TABLE 5.31 WAKE COUNTY BUILDINGS BY MATERIAL TYPE

Buildi _
- |r.1g Total Number of Buildings | Percentage of Total
Material

Manufactured
Concrete 29,853 12.33%
Manufactured 13,934 5.76%
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Bu'ld"_'g Total Number of Buildings | Percentage of Total
Material

Masonry 10,997 4.54%
Steel 2,491 1.03%
Wood 183,668 75.9%
Other 1,030 427%
Total 241,973

Critical Facilities and Key Resources

All critical facilities and key resources are equally vulnerable to the impacts of a tornado. The magnitude
of the tornado will determine the extent of damage and impacts that are felt throughout the county.
These impacts can include structural failure, debris damage, and loss of facility functionality.

Critical Infrastructure

The county’s infrastructure system is equally vulnerable to the impacts of a tornado. This includes
critical infrastructure such as roads, railroads, bridges, utilities (power and gas), and pipelines. Any
number of these infrastructure systems could be damaged in the event of a tornado. Impacts could
include structural damage, impassable or blocked roadways, failed utility lines, railway failure, and
impassable bridges.

Key Resources

The county’s key resources are equally vulnerable to the impacts of a tornado. Any number of key
resources could be damaged or lost in the event of a tornado. Impacts could include structural damage,
and loss of power and utilities.

Economy
A tornado can impact any area of Wake County at any time and brings with it significant property and

crop damage costs. Table 5.32 shows a breakdown of the costs incurred from tornadoes that have
impacted Wake County between 1950 and 2010.

TABLE 5.32 WAKE COUNTY PROPERTY AND CROP DAMAGE COSTS

P
Time Period roperty Crop Damage
Damage

1950-1960 $53,000 S0
1961-1970 $275,000 S0
1971-1980 $56,000 S0
1981-1990 $250,000,000 S0
1991-2000 $6,715,000 S0
2001-2010 $350,000 $25,000
Environment
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Downed trees, power lines, and other forms of vegetation and building material can block roadways,
cover residential areas, and cause property and building damage. Coordinated countywide cleanup
efforts after a tornado can include removal of debris. Multi-material facilities may be available for debris
drop-off for residents. Debris cleanup may be part of individual insurance policies.

5.10 WINTER STORM AND FREEZE

5.10.1 Background

A winter storm can range from a moderate snow over a period of a few hours to blizzard conditions with
blinding wind-driven snow that lasts for several days. Events may include snow, sleet, freezing rain, or a
mix of these wintry forms of precipitation. Some winter storms might be large enough to affect several
states, while others might affect only localized areas. Occasionally, heavy snow might also cause
significant property damages, such as roof collapses on older buildings.

All winter storm events have the potential to present dangerous conditions to the affected area. Larger
snowfalls pose a greater risk, reducing visibility due to blowing snow and making driving conditions
treacherous. A heavy snow event is defined by the National Weather Service as an accumulation of 4 of
more inches in 12 hours or less. A blizzard is the most severe form of winter storm. It combines low
temperatures, heavy snow, and winds of 35 miles per hour or more, which reduces visibility to a quarter
mile or less for at least 3 hours. Winter storms are often accompanied by sleet, freezing rain, or an ice
storm. Such freeze events are particularly hazardous as they create treacherous surfaces.

Ice storms are defined as storms with significant amounts of freezing rain and are a result of cold air
damming (CAD). CAD is a shallow, surface-based layer of relatively cold, stably-stratified air entrenched
against the eastern slopes of the Appalachian Mountains. With warmer air above, falling precipitation in
the form of snow melts, then becomes either super-cooled (liquid below the melting point of water) or
re-freezes. In the former case, super-cooled droplets can freeze on impact (freezing rain), while in the
latter case, the re-frozen water particles are ice pellets (or sleet). Sleet is defined as partially frozen
raindrops or refrozen snowflakes that form into small ice pellets before reaching the ground. They
typically bounce when they hit the ground and do not stick to the surface. However, it does accumulate
like snow, posing similar problems and has the potential to accumulate into a layer of ice on surfaces.
Freezing rain, conversely, usually sticks to the ground, creating a sheet of ice on the roadways and other
surfaces. All of the winter storm elements — snow, low temperatures, sleet, ice, etcetera — have the
potential to cause significant hazard to a community. Even small accumulations can down power lines
and trees limbs and create hazardous driving conditions. Furthermore, communication and power may
be disrupted for days.

5.10.2 Location and Spatial Extent

Nearly the entire continental United States is susceptible to winter storm and freeze events. Some ice
and winter storms may be large enough to affect several states, while others might affect limited,
localized areas. The degree of exposure typically depends on the normal expected severity of local
winter weather. Wake County is accustomed to smaller scale severe winter weather conditions and
often receives winter weather during the winter months. Given the atmospheric nature of the hazard,
the entire region has uniform exposure to a winter storm.
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5.10.3 Historical Occurrences

Winter weather has resulted in six disaster declarations in Wake County. This includes ice storms in
1968 and 2002, snow storms in 1977, 1993, and 1996, and a severe winter storm in 2000. According to
the National Climatic Data Center, there have been a total of 30 recorded winter storm events in Wake
County since 1993 (Table 5.33)."* These events resulted in over $900,000 (2013 dollars) in damages.
Those events with reported damages and fatalities are presented in Table 5.34."

TABLE 5.33: SUMMARY OF WINTER STORM EVENTS IN WAKE COUNTY

Location Number of Deaths/Injuries Property Damage
Occurrences (2013)

Apex

Cary 0 O/O SO
Fuquay-Varina 0 0/0 SO
Garner 0 0/0 SO
Holly Springs 0 0/0 S0
Knightdale 0 0/0 $0
Morrisville 0 0/0 SO
Raleigh 0 0/0 SO
Rolesville 0 0/0 SO
Wake Forest 0 0/0 SO
Wendell 0 0/0 S0
Zebulon 0 0/0 S0
Unincorporated Area 2/10* $900,752

WAKE COUNTY TOTAL “ 2/10* $900,752

*These fatalities/injuries were the result of a statewide event and NCDC did not indicate in which county they
occurred. Therefore, these may not have occurred in Wake County, but were caused by an event that impacted
the county.

Source: National Climatic Data Center

TABLE 5.34: HisTORICAL WINTER STORM IMPACTS IN WAKE COUNTY

_m Type of Storm Deaths/Injuries Property Damage*

Wake County
Statewide 3/12/1993 WINTER STORM 2/10 $900,752
Northern and Central 1/3/1994 HEAVY SNOW 0/0 SO
Northern Interior 2/10/1994 ICE STORM 0/0 SO
Wake County 1/6/1996 WINTER STORM 0/0 S0
Wake County 1/11/1996 ICE STORM 0/0 S0
Wake County 2/2/1996 ICE STORM 0/0 S0
Wake County 2/16/1996 HEAVY SNOW 0/0 S0
Wake County 1/19/1998 HEAVY SNOW 0/0 S0
Wake County 12/23/1998 ICE STORM 0/0 S0
Wake County 1/18/2000 WINTER STORM 0/0 S0

4 These ice and winter storm events are only inclusive of those reported by the National Climatic Data Center (NCDC). It is
likely that additional winter storm conditions have affected Wake County.

%% The dollar amount of damages provided by NCDC is divided by the number of affected counties to reflect a damage estimate
for the county.
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_m Type of Storm Deaths/ Injurles Property Damage*

Wake County 1/20/2000 WINTER STORM

Wake County 1/22/2000 WINTER STORM O/O SO
Wake County 1/24/2000 WINTER STORM 0/0 SO
Wake County 1/28/2000 WINTER STORM 0/0 SO
Wake County 11/19/2000 HEAVY SNOW 0/0 SO
Wake County 1/3/2002 WINTER STORM 0/0 S0
Wake County 12/4/2002 WINTER STORM 0/0 S0
Wake County 2/16/2003 WINTER STORM 0/0 S0
Wake County 2/27/2003 WINTER STORM 0/0 SO
Wake County 1/26/2004 WINTER STORM 0/0 SO
Wake County 2/15/2004 WINTER STORM 0/0 SO
Wake County 2/26/2004 WINTER STORM 0/0 S0
Wake County 12/26/2004 WINTER STORM 0/0 S0
Wake County 1/18/2007 WINTER WEATHER 0/0 S0
Wake County 2/1/2007 WINTER WEATHER 0/0 S0
Wake County 2/1/2007 WINTER STORM 0/0 S0
Wake County 1/17/2008 WINTER WEATHER 0/0 S0
Wake County 12/25/2010 WINTER STORM 0/0 S0
Wake County 1/28/2014 WINTER STORM 0/0 S0
Wake County 2/12/2014 WINTER STORM 0/0 S0

There have been several severe winter weather events in the Wake County. The text below describes
one of the major events and associated impacts on the county. Similar impacts can be expected with
severe winter weather.

1996 Winter Storm

This storm left two feet of snow and several thousand citizens without power for up to nine days.
Although shelters were opened, some roads were impassible for up to four days. This event caused
considerable disruption to business, industry, schools, and government services.

Winter storms throughout the planning area have several negative externalities including hypothermia,
cost of snow and debris cleanup, business and government service interruption, traffic accidents, and
power outages. Furthermore, citizens may resort to using inappropriate heating devices that could to
fire or an accumulation of toxic fumes.

5.10.4 Probability of Future Occurrences

Winter storm events will remain a somewhat regular occurrence in Wake County due to its location and
latitude. According to historical information, Wake County experiences an average of 1-2 winter storm
events each year. Therefore, the annual probability is likely (10-100 percent).

5.10.5 Consequence Analysis
People (The Public and Public Confidence)

Winter storms most often impact people indirectly. Winter storms can create dangerous driving
conditions by limiting visibility for drivers or creating slick conditions that make maneuverability difficult.
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Loss of power can create very cold conditions for residents, making it difficult to stay warm. Residents
may try to heat their home using alternative means, which runs the risk of carbon monoxide poisoning
caused by improperly ventilated heating sources. In addition, dangerously cold temperatures increase
the risk of wind chill, frostbite, and hypothermia. Winter storms generally do not have a large impact on
public confidence, but it could be impacted if road clearing or response operations are slow.

Responders
Responders in winter storm and freeze events face a variety of hazards themselves including slick or icy

roads that could cause harm to responders if they are attempting to quickly respond to an emergency as
is often the case. Crashed emergency vehicles and injuries to responders are always a possibility, but
their chances increase during a winter storm event. Winter storms can also make it difficult to access
more rural areas if roads are snowed over and vehicles cannot pass through.

Continuity of Operations

Generally, continuity of operations can be maintained during a winter storm event in Wake County.
However, winter storms do have the potential to affect power transmission and can make it difficult for
emergency management employees to arrive to work. As a result, there will likely be some disruption of
operations during a winter storm event.

Built Environment (Property, Facilities, and Infrastructure)

Schools

Winter storms have the potential to impact public and private school schedules through closings and
delays. Poor driving conditions, lack of power and heat, and mechanical problems with school buses and
equipment due to cold weather conditions are potential concerns.

School closures and delays can lead to logistical problems for teachers and school administrators,
especially in the event of end-of-term exams and standardized testing schedules. It can also result in
logistical problems for making up school days; however, Wake County has “built in” a number of snow
days in the academic calendar to account for possible cancellations due to winter weather.'®

Critical Infrastructure and Key Resources

Winter storms have the potential to create hazardous driving conditions leading to accidents on
roadways. The North Carolina Climate Office reports that 70 percent of winter-weather—related injuries
are a result of accidents on the road."” The North Carolina Highway Patrol call volume can double during
a winter storm compared to a typical 24-hour period. This creates significant problems for emergency
workers. Accidents can cause highways to become as “large parking lots” as well as cause motorists to
strand their vehicles, making it difficult for emergency workers to reach those who need assistance. In
general, major and local roadways become severely impacted when temperatures drop, making pre-
treatment solutions ineffective. Transportation impacts can be minimized during early- and late-season
events when paved surfaces are able to warm sufficiently to prevent winter precipitation accumulation.

Winter storms can also result in delays and cancellations of flights at airports in Wake County due to
slick conditions on runways. There is also the potential of a loss of power that can close the airport. The

6 Fyhrmann, C. M., Connolly, R. P., & Konrad, C. E. (2009). Winter storms: An overlooked source of death, destruction, and
inconvenience in the Carolina Piedmont Region. 66th Eastern Snow Conference, Niagara-on-the-Lake, Ontario, Canada.
Retrieved May 7, 2012, from http://www.sercc.com/projects/WinterImpactsSERCC.pdf

17 State Climate Office of North Carolina. Winter weather—impacts. Retrieved May 7, 2012, from http://www.nc-
climate.ncsu.edu/climate/winter_wx/Impacts.php
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most notable example of this was after the January 2000 snowstorm in which RDU airport lost power on
two occasions and had to close for a week.

Utilities

One of the primary identified impacts of winter storms on Wake County is the disruption of utilities. In
2009, 50 percent of winter storms that impacted the RDU general area resulted in power outages to at
least 10,000 customers in the Raleigh-Durham area.'®

Additional utilities that are at risk of being affected include telephone, internet, cable, and water.
Newspaper reports typically cite trees falling on electrical wires—as well as trees that have already been
damaged from previous incidents that fall during a winter storm—or the stress caused by ice
accumulation as main causes for power outages.

Economy
In the event of a winter storm, there is a high potential of business and office closures, modified

business and office hours, and cancellation or postponement of sporting and other planned events in
the county. This can be contributed to poor road conditions (including icy and slick conditions) that
result in fewer people using the roads to get to their destination or a loss of power and heat that result
in a loss of operations at specific facilities. Businesses that seek the most benefit from a winter storm
event are those associated with cleanup, recovery operations, or rebuilding.

Environment

Winter storms have an impact on the environment through the clearing of roadways. Snow on the
roads can pick up contaminants from chemicals and oil products in traffic as well as the salt mixture
that is used to de-ice the roads. These contaminants can be carried to nearby waterways, which,
contaminates water sources and is absorbed by groundwater.

In addition, vegetation can be damaged by these storm types. Vegetation destruction reduces
available habitats, and threatens wildlife.

Geologic Hazards
5.11 EARTHQUAKE

5.11.1 Background

An earthquake is movement or trembling of the ground produced by sudden displacement of rock in the
Earth's crust. Earthquakes result from crustal strain, volcanism, landslides, or the collapse of caverns.
Earthquakes can affect hundreds of thousands of square miles, cause damage to property measured in
the tens of billions of dollars, result in loss of life and injury to hundreds of thousands of persons, and
disrupt the social and economic functioning of the affected area.

8 Fyhrmann, C. M., Connolly, R. P., & Konrad, C. E. (2009). Winter storms: An overlooked source of death, destruction, and
inconvenience in the Carolina Piedmont Region. 66th Eastern Snow Conference, Niagara-on-the-Lake, Ontario, Canada.
Retrieved May 7, 2012, from http://www.sercc.com/projects/WinterImpactsSERCC.pdf
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Most property damage and earthquake-related deaths are caused by the failure and collapse of
structures due to ground shaking. The level of damage depends upon the amplitude and duration of the
shaking, which are directly related to the earthquake size, distance from the fault, site, and regional
geology. Other damaging earthquake effects include landslides, the down-slope movement of soil and
rock (mountain regions and along hillsides), and liquefaction, in which ground soil loses the ability to
resist shear and flows much like quick sand. In the case of liquefaction, anything relying on the
substrata for support can shift, tilt, rupture, or collapse.

Most earthquakes are caused by the release of stresses accumulated as a result of the rupture of rocks
along opposing fault planes in the Earth’s outer crust. These fault planes are typically found along
borders of the Earth's 10 tectonic plates. The areas of greatest tectonic instability occur at the
perimeters of the slowly moving plates, as these locations are subjected to the greatest strains from
plates traveling in opposite directions and at different speeds. Deformation along plate boundaries
causes strain in the rock and the consequent buildup of stored energy. When the built-up stress
exceeds the rocks' strength a rupture occurs. The rock on both sides of the fracture is snapped,
releasing the stored energy and producing seismic waves, generating an earthquake.

The greatest earthquake threat in the United States is along tectonic plate boundaries and seismic fault
lines located in the central and western states; however, the Eastern United State does face moderate
risk to less frequent, less intense earthquake events. Figure 5.7 shows relative seismic risk for the
United States.

FIGURE 5.7: UNITED STATES EARTHQUAKE HAZARD MAP

Source: United States Geological Survey

Earthquakes are measured in terms of their magnitude and intensity. Magnitude is measured using the
Richter Scale, an open-ended logarithmic scale that describes the energy release of an earthquake
through a measure of shock wave amplitude (Table 5.35). Each unit increase in magnitude on the
Richter Scale corresponds to a 10-fold increase in wave amplitude, or a 32-fold increase in energy.
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Intensity is most commonly measured using the Modified Mercalli Intensity (MMI) Scale based on direct

and indirect measurements of seismic effects.

The scale levels are typically described using roman

numerals, ranging from “I” corresponding to imperceptible (instrumental) events to “XII” for
catastrophic (total destruction).
earthquake intensity and its correspondence to the Richter Scale is given in Table 5.36.

TABLE 5.35: RICHTER SCALE

A detailed description of the Modified Mercalli Intensity Scale of

M I-I\‘Cli(r:\lT:I'rl?I%)ES EARTHQUAKE EFFECTS
<3.5 Generally not felt, but recorded.
3.5-5.4 Often felt, but rarely causes damage.
5.4-6.0 At most slight damage to well-designed buildings. Can cause major damage to poorly constructed
buildings over small regions.
6.1-6.9 Can be destructive in areas up to about 100 kilometers across where people live.

Major earthquake. Can cause serious damage over larger areas.

Great earthquake. Can cause serious damage in areas several hundred kilometers across.

Source: Federal Emergency Management Agency

TABLE 5.36: MODIFIED MERCALLI INTENSITY SCALE FOR EARTHQUAKES

CORRESPONDING

SCALE INTENSITY DESCRIPTION OF EFFECTS RICHTER SCALE
MAGNITUDE
INSTRUMENTAL Detected only on seismographs.
FEEBLE Some people feel it. <4.2
1 SLIGHT Felt by people resting; like a truck rumbling by.
v MODERATE Felt by people walking.
\" SLIGHTLY STRONG | Sleepers awake; church bells ring. <4.8
Vi STRONG Trees sway; suspended objects swing, objects fall off <54
shelves.
Vil VERY STRONG Mild alarm; walls crack; plaster falls. <6.1
vin DESTRUCTIVE Moving cars uncontroI.IaF)Ie; masonry fractures,
poorly constructed buildings damaged.
X RUINOUS Some houses collapse; ground cracks; pipes break <6.9
open.
X DISASTROUS (.Sround c.racks profuse!y; mar.'ny buildings destroyed; <73
liguefaction and landslides widespread.
Most buildings and bridges collapse; roads, railways,
VERY DISASTROUS | pipes and cables destroyed; general triggering of <8.1
other hazards.
CATASTROPHIC Total destruction; trees fall; ground rises and falls in >8.1
waves.
Source: Federal Emergency Management Agency
5:68
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5.11.2 Location and Spatial Extent

Approximately two-thirds of North Carolina is subject to earthquakes, with the western and southeast
region most vulnerable to a very damaging earthquake. The state is affected by both the Charleston
Fault in South Carolina and New Madrid Fault in Tennessee. Both of these faults have generated
earthquakes measuring greater than 8 on the Richter Scale during the last 200 years. In addition, there
are several smaller fault lines throughout North Carolina. Figure 5.8 is a map showing geological and
seismic information for North Carolina.

FIGURE 5.8: GEOLOGICAL AND SEISMIC INFORMATION FOR NORTH CAROLINA

Selected Cities
« 01-2
_a Earthquake
o 21-4 magnitude
@ 41-6 [Richter zcale] |:| Bilue Fidge
@ =0 - Fiedmant
\"v’f Pajor Faults | |l:na£taIF'Iain

Source: North Carolina Geological Survey

Figure 5.9 shows the intensity level associated with Wake County, based on the national USGS map of
peak acceleration with 10 percent probability of exceedance in 50 years. It is the probability that
ground motion will reach a certain level during an earthquake. The data show peak horizontal ground
acceleration (the fastest measured change in speed, for a particle at ground level that is moving
horizontally due to an earthquake) with a 10 percent probability of exceedance in 50 years. The map
was compiled by the U.S. Geological Survey (USGS) Geologic Hazards Team, which conducts global
investigations of earthquake, geomagnetic, and landslide hazards. According to this map, Wake County
lies within an approximate zone of level “2” to “3” ground acceleration. This indicates that the region as
a whole exists within an area of low to moderate seismic risk.
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FIGURE 5.9: PEAK ACCELERATION WITH 10 PERCENT PROBAB