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Executive Summary

The Commonwealth of Virginia Hazard Mitigation Plan provides guidance for hazard mitigation
activities within the Commonwealth. This vision is supported by goals and actions that will reduce or
prevent injury from natural hazards to residents, communities, state facilities, and critical facilities. The
2023 plan is an update from the 2018 plan.

Chapter 1 — Introduction describes the purpose of the hazard mitigation plan, lays out an overview of
contents that must be included in the plan, discusses assurances and adoption and briefly discusses who
coordinated this plan update.

Planning Coordination Team

VDEM Hazard Mitigation Planner

Old Dominion University’s (ODU) Virginia Modeling and Simulation Center
ODU Institute for Coastal Adaptation & Resilience

University of Virginia’s Center for Risk Management of Engineering Systems
Salter’s Creek Consulting, Inc.

Moftatt and Nichol

Chapter 2 — Planning Process lays the foundation for developing an effective plan and maintaining,
updating, integrating, and improving it. It also provides the basis for tracking and evaluating progress on
the State’s mitigation efforts. The planning process consisted of four phases and ten steps that were used
to create the project scope and timeline.

Chapter 3 — Hazard Identification and Risk Assessment defines and analyzes the natural hazards that
impact the Commonwealth. This section provides general background information, local data, and
historical occurrences for each hazard. The hazards are listed below:

1. Drought 10. Landslide

2. Earthquake 11. Land Subsidence

3. Erosion 12. Non-Tornadic Wind
4. Extreme Cold 13. Pandemic

5. Extreme Heat 14. Tornado

6. Flooding 15. Space Weather

7. Hurricane 16. Wildfire

8. Impoundment Failure 17. Winter Weather

9. Karst (Sinkholes)

The individual hazard profile sections cover three requirements for the HIRA, which are identifying and
profiling hazards, assessing vulnerabilities, and estimating potential losses. Each sub-section follows the
same format throughout the plan, and includes background information, location and spatial extent,
significant historical events, and probability of future occurrences. There are four sub-sections within
probability of future occurrences: impact and vulnerability, risk, future conditions (including climate
change discussion), and jurisdictional risk (including linkages to FEMA’s Community Lifelines).
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Chapter 4 — Capability Assessment is conducted to verify that the State’s final mitigation strategy is
based on the principles found in or missing from existing authorities, policies, programs, and resources, as
well as the State’s ability to expand and improve these existing tools.

Chapter 5 — Mitigation Strategy identifies and prioritizes proposed actions to reduce future risk to
natural hazards. The mitigation vision is supported by four major goals and related objectives. This
section also contains mitigation actions that contribute to reducing risk in the Commonwealth.

There are 74 total mitigation actions in this plan, 28 are new, 41 are retained with modification, 3 in
progress, and 2 ongoing.

Chapter 6 — Local Plan Coordination provides details on funding for hazard mitigation plans, history of
the plan development process, plan updates, and technical assistance provided by VDEM and other
agencies involved in mitigation throughout the Commonwealth.

Chapter 7 — Enhanced Plan Requirements document current VDEM programmatic standards reflective
of enhanced plan requirements. The enhanced pre-disaster planning efforts documented directly support
state and local governments’ efforts to articulate accurate, targeted, and prioritized needs for hazard
mitigation that will reduce exposure to natural and human-caused hazards. These planning efforts will
result in timely allocation of funding and more effective risk reduction strategies and projects.

Chapter 8 - Plan Maintenance and Implementation procedures help to ensure the plan is reviewed,
revised, and updated as conditions and information change, and with input from stakeholders.

Appendices A-J contain supporting documentation that may not be essential for every reader or user of
the plan. It is available for review but is not critical for use and implementation of the plan and program.
Appendices were used to ensure the document was not overly cumbersome, but still supported all
planning requirements
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1.1 2023 Update

Each section of the plan has been revised and updated to reflect current conditions in the
Commonwealth of Virginia. At the beginning of each section is a short summary of the changes
made and the primary updates featured in that section as a result of the 2023 update. Section 1
was updated to provide information on the National Mitigation Framework, to refresh the
contents overview, and to update the Virginia Department of Emergency Management (VDEM)
Hazard Mitigation Planner.

1.2 Purpose of the State Hazard Mitigation Plan

The Commonwealth of Virginia Hazard Mitigation Plan provides guidance for hazard mitigation
activities within the Commonwealth. The plan’s vision is supported by goals, objectives and
prioritized actions for Virginia that aim to reduce damages or injuries from natural hazards to
residents, communities, state facilities, and critical facilities. The Commonwealth of Virginia
Hazard Mitigation Plan has undergone a full review for this required 2023 update, and changes
made for 2023 are summarized at the beginning of each main section to familiarize users with
what content has changed.

The Commonwealth of Virginia Hazard Mitigation Plan was first issued as part of the
Commonwealth of Virginia Emergency Operations Plan in July 2001 and was first approved by
the Federal Emergency Management Agency (FEMA) Region III on September 28, 2004. The
Commonwealth received approval of its enhanced plan status on March 14, 2007, a designation
which recognizes a state’s additional efforts to coordinate mitigation grant administration at the
state level. The plan was updated again in 2010 and 2013; however, during the 2013 update the
Commonwealth did not pursue enhanced plan status. The 2018 update documented additional
FEMA enhanced plan requirements. While the Commonwealth of Virginia is not pursuing an
enhanced plan status immediately upon completion of the 2023 plan, many of these elements are
kept throughout the 2023 plan in an effort to make the pursuit of this status easier in the future.

This plan fulfills the standard state mitigation planning requirements of the Disaster Mitigation
Act of 2000, found in Section 44, §201.4 of the Code of Federal Regulations (CFR). Commonly
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referred to as “DMA2K”, Public Law 106-390 was signed into law October 10, 2000, and
amends the 1988 Robert T. Stafford Disaster Relief and Emergency Assistance Act. DMA2K
reinforces the importance of mitigation planning, emphasizing planning for disasters before they
occur. Section 322 of the act specifically addresses mitigation planning at state and local levels.
DMAZ2K allowed Hazard Mitigation Grant Program (HMGP) funds to be used for mitigation
activities and projects for states and localities with FEMA-approved hazard mitigation plans.

Local and state governments must develop and adopt hazard mitigation plans to remain eligible
for federal disaster assistance and grant funds. These enhanced pre-disaster planning efforts at
all levels of government are intended to support governments’ efforts to articulate accurate,
targeted, and prioritized needs for hazard mitigation that will reduce exposure to natural hazards
and threats. This plan will assist in timely allocation of funding and more effective risk reduction
strategies and projects at the local and state levels.

In addition to DMA2K, the National Mitigation Framework establishes a common platform and
forum for coordinating and addressing how the Nation manages risk through mitigation
capabilities. Mitigation reduces the impact of disasters by supporting protection and prevention
activities, easing response, and speeding recovery to create better prepared and more resilient
communities. This Framework describes mitigation roles across a whole community. The
Framework addresses how the Nation will develop, employ, and coordinate core mitigation
capabilities to reduce loss of life and property by lessening the impact of disasters. Building on a
wealth of objective and evidence-based knowledge and community experience, the Framework
seeks to increase risk awareness and leverage mitigation products, services, and assets across a
whole community or, in this case, across a state.

National Mitigation Framework, Second Edition, June 2016, was published by the Department
of Homeland Security (DHS) to further discuss seven core capabilities required for entities
involved in mitigation: threats and hazards identification, risk and disaster resilience assessment,
planning, community resilience, public information and warning, long-term vulnerability
reduction, and operational coordination. The document focuses on creating a culture that
embeds risk management and mitigation in all planning, decision making and development.

The operational work plan for this plan update considered the objectives of the National
Mitigation Framework in many aspects of its design and implementation: building the
committees across various agencies and levels of government and creating feedback
opportunities; providing risk and vulnerability data early in the planning process; requesting
capability update information from agencies to foster understanding of capability gaps early in
the planning process; identifying best practices in other states and regions; and creating state
mitigation actions that help create a culture of mitigation statewide based on input from a large
variety of stakeholders.
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1.3 Overview of Contents

Section 44 of CFR, §201.4(c), Plan content, identifies elements that must be included in a state
hazard mitigation plan:

1) a description of the planning process used to develop the plan;

2) risk assessments that provide the factual basis for activities proposed in the strategy
portion of the mitigation plan;

3) amitigation strategy that provides the state’s blueprint for reducing losses identified in
the risk assessment;

4) asection describing coordination of local mitigation planning;

5) aplan maintenance process, including a method and schedule for monitoring, evaluating
and revising the plan; a system for monitoring implementation of mitigation strategies
and projects; and a system for reviewing progress in achieving goals, objectives and
strategies as well as project implementation;

6) aplan adoption process for formal adoption by the State prior to submittal to FEMA for
final review and approval; and

7) assurances that the State will comply with all applicable Federal statutes and regulations
in effect with respect to grant funding periods, in compliance with 44 CFR §13.11(c).
The state must amend its plan whenever needed to reflect changes in state or federal laws
and statutes as required by 44 CFR §13.11(d).

Revisions to plans per FEMA guidance issued January 14, 2008, must also include a repetitive
loss strategy for state eligibility for 90% federal funding for the Flood Mitigation Assistance
(FMA) Program.

In fulfillment of the plan content requirements, this plan is laid out to include 8 sections and
several supporting appendices. Section 2 describes the planning process, Section 3 is the risk
assessment, Section 4 reviews the Commonwealth’s mitigation capabilities, and Section 5
contains the mitigation strategy. Section 6 sets out local plan coordination mechanisms, Section
7 describes how the Commonwealth meets enhanced plan requirements, and Section 8 describes
plan review, adoption, and implementation measures. All appendices are included in the Table
of Contents and referenced within the text to provide data and documentation that support the
plan sections.

1.4 Assurances & Adoption

This plan serves as the Commonwealth of Virginia Hazard Mitigation Plan, and is formally
adopted by the Governor of Virginia. The Code of Virginia at §44-146.17 allows the Governor to
appoint an Emergency Coordinator to carry out all provisions of the Code of Virginia related to
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emergency preparedness, response, and recovery. The Code of Virginia at §44-146.22
specifically authorizes the Governor to consider hazard mitigation measures to prevent or reduce
the harmful consequences of disasters. The Governor is expected to make recommendations to
the General Assembly, local governments, and appropriate public and private entities.

The 2023 plan supersedes all previous versions of the plan.

The Commonwealth of Virginia Department of Emergency Management, pledges that it will:
1) Comply with all applicable federal statutes and regulations in effect with respect to
periods for which it receives grant funding, in compliance with 44 CFR §13.11(c); and
2) Amend this plan whenever necessary to reflect changes in state or federal laws and
statutes as required in 44 §CFR 13.11(d).

1.5 State Hazard Mitigation Plan Coordinator

The VDEM State Hazard Mitigation Plan Coordinator oversees the plan update process,
coordinates with other agency and committee representatives, reviews drafts, and administers
contracts for assistance. For the 2023 update, the Old Dominion University’s (ODU) Virginia
Modeling and Simulation Center (VMASC) provided VDEM with project administration
assistance under Memorandum of Understanding: PO 220337. Other members of the team
included ODU Institute for Coastal Adaptation & Resilience (ODU-ICAR), University of
Virginia’s Center for Risk Management of Engineering Systems, Salter’s Creek Consulting, Inc.,
and Moffatt & Nichol. The VDEM State Hazard Mitigation Plan Coordinator was:

Stacy McKinley

Hazard Mitigation Planner, Planning Division
Virginia Department of Emergency Management
9711 Farrar Ct

North Chesterfield, Virginia, 23236
804-385-3747
stacy.mckinley@vdem.virginia.gov
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2.1 2023 Update

This section was substantially revised to provide a more comprehensive summary of the
planning process. Background regarding key decisions during committee development,
scheduling of meetings, and document review was added. Committee members and other details
were updated to reflect the 2023 process. Meeting summaries were updated and expanded.

2.2 Overview of Mitigation Planning

Hazard mitigation planning involves the process of organizing available resources, identifying
and assessing hazard risks, and determining how to minimize or manage those risks. This
process results in a hazard mitigation plan that identifies specific actions designed to meet the
goals established by those that participate in the planning process. To ensure the functionality of
each mitigation action, responsibility is assigned to a specific department or agency along with a
schedule for its implementation. Plan review procedures are established to help ensure that the
plan is implemented, as well as evaluated and enhanced, as necessary. Developing clear plan
review procedures helps ensure that the plan remains a current, dynamic, and effective planning
document over time.

Participating in a hazard mitigation planning process can help officials and other stakeholders
achieve the following results:

e save lives and property;

e save money;

e speed recovery following disasters;

e reduce future vulnerability and increase future resiliency through wise development and
post-disaster recovery and reconstruction;

e enhance coordination within and across neighboring jurisdictions;

o expedite the receipt of pre-disaster and post-disaster grant funding; and

e demonstrate a firm commitment to improving community health and safety.
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Mitigation planning is an important tool to produce long-term recurring benefits by breaking the
repetitive cycle of disaster loss. A core assumption of hazard mitigation is that pre-disaster
investments 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 affected region’s economy back on track sooner and with less
interruption.

The benefits of mitigation planning go beyond reducing hazard vulnerability. Measures such as
the acquisition or regulation of land in known hazard areas can help achieve multiple community
goals, such as preserving open space, improving water quality, maintaining environmental
health, and enhancing recreational opportunities. It is the intent of this document to help identify
overlapping objectives and facilitate the sharing of resources to achieve multiple aims, and to
include information wherever possible to demonstrate when the plan is or has been implemented
through other planning mechanisms.

2.3 Preparing the Plan

The planning process included ten major steps that were completed during 2022 and 2023. Table
2.1 summarizes the 4-phase, 10-step process followed for this plan. Project leaders used these
steps to prepare the project scope and timeline. Each of the planning steps shown in Table 2-1
resulted in work products and outcomes that collectively make up the 2023 Commonwealth of
Virginia Hazard Mitigation Plan.

Table 2-1 — Hazard Mitigation Planning Process

Step 1. Get Organized
Phase I: Organize Step 2. Plan for Stakeholder Involvement

Resources Step 3. Coordinate with Other
Departments & Agencies

Step 4. Identify the Hazards

i L s s Step 5. Assess the Risks

Step 6: Review Mitigation Alternatives
Step 7: Set Planning Goals
Step 8: Draft an Action Plan

Phase lll: Develop
Mitigation Plan

Phase IV: Adopt & Step 9: Adopt the Plan
Implement Step 10: Implement the Plan
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The project timeline was developed early in the process, and due to the condensed timeline
available to the team for project completion, adjustments were made throughout this unique,
phased-submittal planning process. Figure 2-1 shows the plan timeline at the outset of the
project; it was adjusted throughout the planning period to reflect advances and delays in
component delivery and review.

Figure 2-1 - State Hazard Mitigation Planning Process Initial Timeline, 2023 Update

Prepare HIRA & Mitigation Action Respond to Comments &
Capability Analysis Development Finalize

Submit HIRA &
CA to FEMA

July 29,2022

Submit all
to FEMA
December 28,2022
Submit MAP to
FEMA

September 2, 2022

— = ————

June 22’ July 12 & 14

2.4 The Planning Committee

A planning team comprised of key state government officials, local government representatives
and key stakeholders has continually helped guide the development of this plan. The committee
organized meetings to discuss and complete tasks associated with preparing the plan, including
reviewing plan drafts, and providing timely comments. Additional participation and input from
other identified stakeholders were sought through emails and phone calls that described the
planning process, the findings of the risk assessment, and the proposed mitigation actions.
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The committee and subcommittees convened through the first seven months of 2022. Both the
Virginia Hazard Mitigation Advisory Committee (VHMAC) and Virginia Hazard Mitigation
Working Group (VHMWG) were involved in the 2023 update. The VHMAC is a small group, or
subset, of decision makers, and the VHMWG is a larger group of subject matter experts than
were brought in to assist and inform the planning process, as needed. A core team of project
leaders also convened weekly during the planning process to track progress and adjust timelines
and expectations; this group was termed the ‘Analysis Team’, and was composed of VDEM
leaders and contractors on the project. Figure 2-2 shows how these committees worked together
and indicates the primary components of each group.

Figure 2-2 - Composition of Committees

Working Group
-stakeholders
- agency representatives

Advisory Committee
-select agency leaders, State and
Federal advisors
-additional VDEM advisors
- Local Emergency Managers

Analysis Team
-VDEM Project Leaders
-Contractors

Tables 2-2, 2-3 and 2-4 show the committee members who represented a wide range of state
agencies, partners and stakeholders. The VHMAC made a concerted effort to reach out to many
more important groups with the 2023 update to reflect the growing importance of mitigation
planning, the breadth of mitigation partnerships, and the need to incorporate mitigation tenets in
a variety of state, regional and local endeavors. VDEM specifically invited the agency’s
Community Impact Specialist, Olajumoke Akinrimisi, to participate as an Advisory Committee
member in order to ensure the plan addressed equity in an informative and useful manner so that
equity becomes a central tenet of the Commonwealth’s mitigation work. She had the
opportunity to attend all workshops, and review all plan components. While the 2018 plan had
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20 VHMAC members directing the effort, the 2023 committee had 45 members. The 2018
VHMWG had 43 members, while 71 people actively supported the 2023 effort.

Table 2-2 — Analysis Team Members

Name

Stacy McKinley

Agency or Firm

Virginia Department of Emergency Management (VDEM) Planning

Suzen Collins

VDEM Planning

Barry Ezell ODU VMASC

Kaleen Lawsure ODU VMASC

Jennifer Lindgens ODU VMASC

Jess Whitehead ODU Institute for Coastal Adaptation and Resilience (ICAR)
Afi Anuar ODU ICAR

Wie Yusuf ODU ICAR

George Mcleod ODU ICAR

Tom Allen ODU ICAR

Jim Lambert University of Virginia (UVA) Center for Risk Management of Engineering Systems
Thomas Polmateer UVA Center for Risk Management of Engineering Systems
Davis Loose UVA Center for Risk Management of Engineering Systems
Ronnie Hill UVA Center for Risk Management of Engineering Systems
Brian Joyner Moffatt & Nichol

Allison Bryan Moffatt & Nichol

Amy Mindick Moffatt & Nichol

Sarah Hamm

Moffatt & Nichol

Rachel Baker

Moffatt & Nichol

Leigh Chapman

Salter's Creek Consulting

Table 2-3 - VHMAC Members

Name

Robbie Coates

Office/Department/Agency

VDEM Financial Management

Debbie Messmer

VDEM Financial Management

Alex Krupp

VDEM

Jenny McKee

VDEM GIS

Jumoke Akinrimisi

VDEM Office of Diversity, Equity, and Inclusion

Wendy Howard-Cooper

Virginia Department of Conservation and Recreation (DCR), Dam Safety & Floodplain

Management
Angela Davis DCR
Will Isenberg \;lr?ér:;amDepartment of Environmental Quality (DEQ), Coastal Zone Management

Eric Seymour

National Weather Service

Jason Braunstein

Virginia Department of Forestry

Ross Weaver

Wetlands Watch

Jessica Swinney

Wise County - Emergency Manager

Paul Hoyle

Grayson County - Emergency Manager

Marc Holma

Department of Historic Resources, Project Review Architectural Historian

Megan Melinat

Department of Historic Resources

Kyle Flanders

Department of Housing and Community Development (DHCD), Senior Policy Analyst &
Regulatory Administrator

Paul Messplay IV

DHCD

Anne Witt

Virginia Energy

Matt Lott

Virginia Department of Transportation (VDOT) Emergency Management

Commonwealth of Virginia 2023 Hazard Mitigation Plan 2-5




Chapter 2 — Planning Process

Name Office/Department/Agency

John Scrivani VDOT

Jonathan Kiser Virginia Department of Health (VDH)
Chris Patterson VDH

Hui-Shan Walker

City of Hampton — Emergency Manager

James Redick

City of Norfolk — Emergency Manager

Brandon de Graaf

Virginia Department of General Services (DGS)

Table 2-4 - VHMWG Members

Name

Bruce Sterling

Office/Department/Agency

VDEM, Hurricanes

Peter Corrigan

VDEM, Flood/Dams

Tom Jordan

VDEM, Chief, Technological Hazards

John Zelsnack

VDEM, GIS

Nicholas Buccella

VDEM, GIS

Archer Stark VDEM, Virginia Emergency Support Team (VEST)

James Moss VDH, Hospital/Healthcare

Matt Ettinger VDH, Radiological Health

Holly Brown VDH, Office of Drinking Water, Emergency Services Coordinator

Jason Burrow

Virginia Department of Military Affairs

LT Jon Totty

Virginia State Police, Fusion Center Director

Chris Cruz

Secretary of Public Safety - Cyber Security

Shannon Burke FEMA Reg 3
Mari Radford FEMA Reg 3
Caroline Considine ODU ICAR

Faraz Ahmed

U.S. Army Corps of Engineers (USACE), VA Silver Jackets / Program
Manager for Flood Plain Management Services

Richard Harr

USACE, Program Manager for Planning Assistance to States

Kim Koelsch

USACE, Program Manager for Continuing Authorities Program

Joseph Martinez

Virginia Institute for Marine Science (VIMS)

Mark Brabham

VIMS, Executive Director of Facilities

Martin Chapman

Virginia Tech Seismological Observatory

Allyson Kuriger

Virginia Voluntary Organizations Active in Disaster

Matt Dalon DCR

Mark Killgore DCR

Kate Archie Department of Social Services, Emergency Manager
Freda Rosso Jamestown-Yorktown Foundation, Facilities Manager
Phil Miskovic Dept of Behavioral Health and Developmental Services
Steve Pellei Dept of Corrections

Matt Doxey Virginia Department of Corrections

Brian Mensing Virginia Department of Medical Assistance Services
John Kirk Virginia Department of Wildlife Resources

Tanya Brown

John Tyler Community College

Jared Hoernig

ODU

Travis Perry

The University of Virginia at Wise

Brandy Ellard

University of Mary Washington

Dan Shantler UVA

Megan Cruz VCU

Robert Underwood The Colonial Williamsburg Foundation
Mike Lavin Jamestown Rediscovery

Jennifer Hurst-Wender

Preservation Virginia

Cliff Edwards

Frontier Culture Museum

Matt Henderson

NPS
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Name Office/Department/Agency
Jennifer Ahlin VDOT

Kimberly Pryor VDOT

Maria Mutuc VDOT

Shane Anderson UVA Health

Chief Robert Gray

Pamunkey Indian Tribe

Laura Hahn

Upper Mattaponi Indian Tribe, Emergency Management Coordinator

Morgan Martin

Chickahominy Indian Tribe - Eastern Division, Emergency Management
Coordinator

Steven Nelson

Rappahannock Indian Tribe, Director of Emergency Services

Rebecca Joyce

Central Shenandoah Planning District Commission (PDC)

John Sadler

Hampton Roads PDC

Christy Straight

New River Valley Regional Commission

Gavin Blevins

Mount Rogers PDC

John Crockett

Northern Shenandoah Valley Regional Commission

Sarah Stewart PlanRVA

Katie Moody PlanRVA

Eddie Wells Roanoke Valley-Alleghany Regional Commission
Ashley Mills Accomack-Northampton PDC

John Bateman

Northern Neck PDC

Patrick Mauney

Rappahannock-Rapidan Regional Commission

Isabella O'Brien

Thomas Jefferson PDC

lan Baxter

Thomas Jefferson PDC

Chad Neese

Southside PDC

Matthew Merritt

NOVA Healthcare, Emergency Preparedness Manager

Mike Prailey

NOVA Healthcare, Director of Public Safety and Emergency
Management, UVA Health

Harry Gruenspecht

Northern Virginia Hospital Alliance, Training & Exercise Coordinator

Jen Early

Virginia Commonwealth University Hospital

John Williams

Valley Health Medical Center

Michael Mulhare

Virginia Tech

Scott Marshall

State Corporation Commission, Pipeline Safety Program Manager

In addition to the team members shown in Table 2-4 above, an additional 77 agencies or groups
were contacted to request representation in the planning process. Most of these requests were
unanswered, including the Virginia Economic Development Partnership, 10 utilities, 7 Planning
District Commissions, 7 Indian tribes, and 19 colleges or universities. Despite the lack of direct
feedback from these potential participants, project leadership continued to send correspondence
regarding meeting invitations and requests to review documents. Email communications were
the predominant method of committee communication outside of the committee meetings
described in Section 2.5 below. The VMASC also set up a shared content web site to facilitate
the work of the Analysis Team and to set up meetings throughout the planning period. Future
planning efforts and committee membership may be expanded by reaching out to nonresponsive
stakeholders via direct telephone, or by elevating the request for participation to
supervisory/leadership levels.
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2.5 Committee Meetings

Over the course of the planning period, 2 VHMAC and 3 VHMWG meetings took place to
further the purposes of this update. After the Kickoff Meeting, Analysis Team meetings took
place at weekly intervals throughout the process and included VDEM representation. Table 2-5
provides a summary of the timing, location and purpose of each meeting or workshop held as
part of the planning process. Due to the ongoing prevalence of COVID in the community
especially during the early stages of the planning process, the simplicity of virtual meeting
technology, and the distance many members would be required travel to convene in person, the
VHMAC determined that virtual meetings were appropriate for most of the meetings.
Attendance logs and agendas are provided in Appendix C. Detailed meeting materials
(presentations and recordings) are available upon request from VDEM.

Table 2-5 - Hazard Mitigation Planning Workshop Summaries

Meeting .
Name Invitees Summary
Analysis Team and VDEM introduced key players. Project leaders
finalized project milestones and timeline, reviewed the planning
) . process, and discussed which groups would work on various
ggzl\garch mggggg #2222313“ rtual components of the plan. Data needs for the Hazard Identification and
Risk Assessment (HIRA) were discussed, and the group reviewed the
2018 hazard list. Immediate next steps for each group were outlined to
prepare for the first Advisory Committee Workshop the following month.
The Analysis Team led discussion on project components, the
Analysis projected milestones, and data needs. The group focused on the list of
VHMAC Team, hazards (both new and existing) to be included in the HIRA. Strategies
26 April 2022 W VHMAC - for incorporating the impacts of climate change were discussed, and the
orkshop #1 L - . ; ; . .
hybrid virtual group reviewed methodologies for incorporating social vulnerability
and in person through various indices. UVA introduced their gap analysis
methodology.
Following a brief update on progress, project leaders provided a
detailed look at results of the HIRA, including a summary of hazard
ranking, recent disaster declarations, how the National Risk Index was
used to assess social vulnerability, and how community lifelines were
Analysis analyzed as part of the risk assessment. Flooding, hurricanes, extreme
22 June 2022 VHMWG Team, heat, tornadoes, and winter weather were discussed in detail.
Workshop #1 | VHMAC, Appendix K updates to identified threats, including Hazardous Materials
VHMWG Incidents, Complex Coordinated Attacks, Cyber Attacks, Improvised
Nuclear Devices, and Electromagnetic Pulse were presented. The
group then participated in an interactive, online hazard ranking survey
to gather feedback on the perception of risk for various hazards in the
Commonwealth.
In addition to reviewing the hazard ranking results from VHMWG
Meeting #1, the group discussed the plan for VHMWG Meetings #2a
VHMAC Analysis (virtual) and #2b (in person), scheduled for July. Project leaders
30 June 2022 Workshop #2 Team, solicited feedback on a variety of logistical inputs, including meeting
VHMAC times, format, material to be presented, and room layout, in an effort to
maximize the usefulness of the final two workshops focused on
preparing the Mitigation Strategy.
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Meeting

Name Invitees Summary
The group reviewed updated capabilities and was introduced to the gap
analysis results which highlighted efforts of other states to mitigate a
variety of hazards. Attendees then reviewed goals and objectives from
a variety of other plans, both at the state and local level and from other
VHMWG Analysis states t.o. prgvide context for a subsequent review of Virginia’s existing
12 July 2022 Workshop Team, plan mitigation goals. The group developed a set of recommended
#2a VHMAC, revisions to include new objectives that reflect how the Commonwealth
VHMWG can achieve updated goals. These goals and objectives were all
reviewed and edited interactively in real time during the meeting to
reflect the group’s feedback. In addition, the group reviewed types and
examples of various mitigation actions in preparation for the final
workshop two days later.
Analysis U§i.ng a variety of handouts and c.onsulting.w.ith experienced hazard
VHMWG Team mitigation planners, the group reviewed existing and recommended
‘ itigati i itigati i flect
14 July 2022 Workshop VHMAC, mltlgatlon.ac.t!ons, anq .developed new mltlgatlon acthns tore
#2b VHMWG — in current priorities. Facilitators helped foster inter- and intra-agency
| partnerships with other stakeholders, and guided attendees through the
person only development of targeted mitigation actions.

In addition to the rapid succession of workshops, calls and emails were exchanged between
members of the groups, to clarify questions or obtain additional guidance to keep the project on
track. Draft sections of the updated plan were provided to the VHMWG members for their
review and comment prior to creation of the final draft of that section.

At Advisory Committee Workshop #1, the Analysis Team and VHMAC reviewed the hazards
from the 2018 plan and determined several changes were necessary to reflect Virginia’s recent
experiences with hazards and the group’s consensus on hazard terminology and inclusion.
Several grouped hazards were separated, new hazards were added, and several were renamed.
Whereas the previous plan had 13 hazards and 4 threats in Appendix K as shown in Table 2-6,
the revised plan includes 17 hazards and 5 threats.

Table 2-6 - Finalizing the List of Hazards for 2023

2018 Hazards 2023 Hazards

Communicable

Disease Pandemic

Drought (including Drought

Extreme Heat) Extreme Heat - NEW
Earthquake Earthquake

Flood Flooding

Impoundment Failure Impoundment Failure

Karst Karst (Sinkholes)
Landslide Landslide
Land Subsidence Land Subsidence

Non-Rotational Wind Non-Tornadic Wind

Solar Storm

Space Weather

Tornado

Tornado
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2.6 Draft Review

2018 Hazards

2023 Hazards

Wildfire Wildfire

Winter Weather Winter Weather

(including Extreme

Cold) Extreme Cold - NEW
Erosion — NEW

Hazardous Materials
Incident

Hurricane — NEW

Appendix K — Threats

Hazardous Materials
Incident

Complex Coordinated
Attack

Complex Coordinated
Attack

Cyber Attack

Cyber Attack

Improvised Nuclear
Device

Improvised Nuclear
Device

Electromagnetic
Pulse - NEW

Drafts of various sections of the plan were circulated for review and comment prior to submittal
to VDEM leadership and FEMA Region III. Review periods ranged from 2 weeks to 4 weeks,
depending on internal working deadlines necessitated by the project’s short timeline.
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3.1 2023 Updates

The Hazard Identification and Risk Assessment (HIRA) was reviewed and updated to provide a
more current and thorough assessment of the risks facing the Commonwealth of Virginia.
Hazards were reviewed and updated with current hazard history information from several
sources, including the National Centers for Environmental Information (NCEI), National
Oceanic and Atmospheric Administration (NOAA), National Weather Service (NWS), and
Virginia’s Department of Conservation and Recreation (DCR). In addition, the list of hazard
names was updated per discussions at the first Advisory Group Workshop and in accordance
with VDEM agency guidance. All hazards were assessed for potential impacts to vulnerable
populations using FEMA’s National Risk Index (NRI) tool, and a description of impacts
expected with regard to climate change was appended to each hazard section. Each hazard was
also analyzed to assess linkages to FEMA’s Community Lifelines, to facilitate development of
mitigation actions that address each of those lifelines. Local plan information and data were also
updated and included.

In addition to the changes to the list of hazards directed by the Advisory Committee, Extreme
Heat, Extreme Cold, and Erosion are categorized as standalone hazards for this update; however,
no detailed analysis was performed for these lower risk hazards. Distinctions in wind type were
necessary to be able to determine relevant historical events and to develop methodology to
calculate future probability, vulnerability, and impact from wind.

The HIRA presents the general findings from the local and regional plans and summarizes them
at a county-wide and state-wide level. Local plans were evaluated to capture changes to the
recent hazard rankings at the regional level. The analysis of state and critical facilities was
updated based on data availability. Estimates and extrapolation of building and content values for
numerous regions and localities were replaced with actual values, if available.

Tables were updated to include new data, where available, and tables regarding conclusions on
hazard risk were all updated. Figures were updated to reflect current conditions or recent GIS
analysis. The Hazard Identification, Risk Assessment and Vulnerability Analysis chapter of the
2023 plan update consolidates, updates, and streamlines content from the previous plan. Sections
have been reorganized for ease of review for the reader, including alphabetization of hazards.

3.2 Overview

This HIRA section of the State Hazard Mitigation Plan describes the natural hazards that threaten
the Commonwealth of Virginia and provides general background information, local data (e.qg.,
the location and spatial extent), and historical occurrences for each hazard. This section also
presents best available data regarding notable historical damages within the region.
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The individual hazard profile sections of this chapter cover the following three requirements for
the HIRA:

e ldentifying and profiling hazards;
e Assessing vulnerabilities; and,
e Estimating potential losses.

The hazard profile subsections follow the same general format throughout the plan, and includes
a Background, Location and Spatial Extent, Significant Historical Events, and Probability of
Future Occurrences sections. The Probability of Future Occurrences section includes the
following sub-sections: Impact and Vulnerability, Risk, Future Conditions (includes a climate
change discussion), and Jurisdictional Risk (includes linkages to FEMA’s Community Lifelines).

Two important considerations that permeate this chapter are overall data availability and ability
to compare hazards to each other. FEMA guidelines emphasize using the best available data for
this plan. Section 3.6 describes the facility datasets that were used to complete this revision and
include strategies for increasing the usability of locally maintained datasets.

A wide range of hazards have the potential to threaten both life and property in Virginia. These
hazards were classified as weather related, geological related, and other hazards. Local plans
were evaluated to verify the consideration and ranking of these hazards. Section 3.8 of this
chapter defines these hazards and how they are incorporated into this revision.

The ranking and analysis in the HIRA section are in terms of relative risk to other jurisdictions in
the Commonwealth. For example, the tornado ranking and analysis in this chapter is an effort to
highlight the jurisdictions within Virginia that are more likely to be at risk. The highest-ranking
communities in Virginia, when compared to the states in the Midwest ‘tornado alley’, would
probably be considered low risk.

Several hazards have been renamed or altered per the discussions documented from Advisory
Committee Meeting #1 in Section 2 of this plan. As a result of those discussions, the final
hazards discussed in this section are as follows:

1. Drought 10. Landslide

2. Earthquake 11. Land Subsidence
3. Erosion 12. Non-Tornadic Wind
4. Extreme Cold 13. Pandemic

5. Extreme Heat 14. Tornado

6. Flooding 15. Space Weather

7. Hurricane 16. Wildfire

8. Impoundment Failure 17. Winter Weather

9. Karst (Sinkholes)

3.2.1 HIRA Section Outline

The following subsections include the results of the hazard identification and risk assessment
process. The process used to identify the hazards that impact Virginia and available data sources
were reviewed and endorsed by both the Advisory Committee and the Technical Working
Group. The HIRA chapter is structured in the following manner according to Table 3-1.
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Table 3-1 - HIRA Chapter Structure

HIRA Background Description

Introduction to the HIRA

Describes the overall process that was used to revise the HIRA.

Introduction to Virginia

Local and statewide land use and development patterns are addressed. Describes
the political, demographic, and physiographic boundaries of the Commonwealth.

Federally Declared Disasters and NCEI

Hazard History

Description of available datasets. Describes past declared disasters and hazard
events that have happened in the Commonwealth.

Commonwealth and Critical Facilities

Local datasets are evaluated and discussed. Describes the available datasets for
state and critical facilities and the limitations of this data.

Ranking Methodology

Detail of parameters used in analysis. Standardizes terminology, describes the
development of the ranking methodology.

Local Plan Incorporation

Hazard Profile Sections

Discussion of standardization of risk assessment and loss estimates. Review of
local/regional hazard mitigation plans, comparison of local rankings.

Drought Discussion of the types of droughts and the criteria used for determining the severity.

Earthquake Analysis of critical and state facilities, jurisdictional risk, and annualized loss
estimates.

Erosion Textual description only.

Extreme Cold

Textual description only.

Extreme Heat

Textual description only.

Flooding

Discussion of repetitive loss structures and FEMA RiskMAP Program.

Simplified analysis is performed using digital flood insurance rate maps (DFIRMs),
US Census data and Benefit-Cost Analysis (BCA) assumptions.

Riverine Flooding - Analysis of critical and state facilities, jurisdictional risk, and
annualized loss estimates.

Storm Surge Flooding - Analysis of critical and state facilities.

Stormwater Flooding - Textual description only.

Hurricane

Analysis of critical and state facilities, jurisdictional risk, and annualized loss
estimates.

Flood hazards associated with hurricanes are included under the “Flooding” hazard
profile section.

Impoundment Failure

Textual description only.

Karst (Sinkholes) Analysis of critical and state facilities, jurisdictional risk, and annualized loss
estimates.
Landslide Analysis of critical and state facilities, jurisdictional risk, and annualized loss

estimates.

Land Subsidence

Analysis of critical and state facilities, jurisdictional risk, and annualized loss
estimates. Risk and loss estimates associated with aquifer issues.

Non-Tornadic Wind

Non-Tornadic wind includes all wind events that are not tornadic or hurricane.

Pandemic

Analysis and impacts to the Commonwealth of Virginia.

Tornado

Analysis of critical and state facilities, jurisdictional risk, and annualized loss
estimates.

Space Weather

Analysis of critical and state facilities, jurisdictional risk, and annualized loss
estimates.

Wildfire Analysis of critical and state facilities, jurisdictional risk, and annualized loss
estimates.

Winter Weather Includes discussion of types of winter weather and the limitations of analysis.

Analysis of critical and state facilities, jurisdictional risk, and annualized loss

estimates.

Summary/Conclusions

Overall conclusions regarding risk.
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The Hazard Assessment and Ranking Methodology Section of this plan, expands upon the
concepts underlying the hazard identification and risk assessment process and the methods used
to rank hazard risk. Because technological, radiological, hazardous materials, and terrorism-
related hazards necessitated discussion, but are not mitigated through the same programs as
natural hazards, technological hazards and historical occurrences thereof are summarized in
Appendix D of this plan.

The findings presented in this section regarding each hazard were developed using best available
data, and the methods applied have resulted in an approximation of risk. These estimates should
be used to understand relative hazard risk and the potential losses that may be incurred; however,
uncertainties are inherent in any loss estimation methodology, arising from incomplete
knowledge concerning specific hazards and their effect on the built environment, as well as
incomplete data sets, and from approximations and simplifications that are necessary to provide a
meaningful analysis.

To a large extent, historical records are used to identify the level of risk within the planning area,
with the assumption that the data sources cited are reliable and accurate. Maps are provided to
illustrate the location and spatial extent for those hazards within the region that have a
recognizable geographic boundary (i.e., hazards that are known to occur in particular areas of the
region, such as the 100-year floodplain). For those hazards with potential risk not confined to a
particular geographic area (such as winter storms and tornadoes), historical event locations
and/or general information on the applicable intensity of these events across the entire area are
used to explain the geographic impacts.

3.21.1 FEMA'’s National Risk Index — Community Lifelines

The National Risk Index (NRI) is a relatively new dataset and online application from FEMA
that identifies communities most at risk to various natural hazards. For each of the 18 natural
hazards explored in the NRI, risk is calculated by multiplying each hazard’s expected annual
losses by social vulnerability (a consequence enhancing component of risk that measures the
susceptibility of social groups to the adverse impacts of natural hazards) and dividing by
community resilience (a consequence reduction component of risk that measures the ability of a
community to plan for, absorb, recover from, and adapt to the impacts of hazards). In other
words:

Risk = Expected Annual Loss x Social Vulnerability x (1/Community Resilience)

In the risk equation, each component is represented by a unitless index score that depicts a
community’s score relative to all other communities at the same level. All further calculations
for the national-level data are performed separately at the county and Census tract levels, so
scores are relative only within the county or Census tract level. It must be stressed that scores are
relative, representing a community’s relative position among all other communities for a given
component and level. Scores are not absolute measurements and should be expected to change
over time either by their own changing measurements or changes in other communities.

For every score, there is also a qualitative rating that describes the nature of a community’s score
in comparison to all other communities at the same level, ranging from “Very Low” to “Very
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High.” Because all ratings are relative, there are no specific numeric values that determine the
rating. For example, a community’s Risk Index score for a single hazard could be 8.9 with a
rating of “Relatively Low,” but its Social Vulnerability score may be 11.3 with a rating of “Very
Low.” The rating is intended to classify a community for a specific component in relation to all
other communities at the same level.

For the 2023 HIRA update, FEMA’s Community Lifelines were integrated into each of the
individual hazards to identify which lifeline a particular hazard may impact. FEMA developed
the community lifelines construct to increase effectiveness in disaster operations and position the
agency to respond to catastrophic scenarios. The construct allows FEMA to characterize the
incident and identify the root causes of priority areas and to distinguish the highest priorities and
most complex issues from other incident information. The goal is to restore basic lifeline
services or capabilities to survivors of the event. FEMA has identified seven community lifelines

i
as follows"
@ Safety and Security - Law Enforcement/Security, Fire Service,
s Search and Rescue, Government Service, Community Safety

Food, Water, Shelter - Food, Water, Shelter, Agriculture

Health and Medical - Medical Care, Public Health, Patient
Movement, Medical Supply Chain, Fatality Management

Energy - Power Grid, Fuel

Communications - Infrastructure, Responder Communications,
Alerts Warnings and Messages, Finance, 911 and Dispatch

Transportation - Highway/Roadway/Motor Vehicle, Mass Transit,
Railway, Aviation, Maritime

Hazardous Material - Facilities, HAZMAT, Pollutants, Contaminants

3.3 Introduction to Virginia

The Commonwealth of Virginia is located on the Mid-Atlantic coast of the continental US.
Virginia displays a unique geography including the Cumberland and Blue Ridge Mountains to
the west and northwest, Piedmont in central and south-central Virginia, and the coastal plain area
east of the Interstate-95 corridor. The eastern portion of the state is adjacent to the Chesapeake
Bay and Atlantic Ocean, which offer unique economic opportunities as well as emergency
management challenges. The map in Figure 3-1 illustrates the physiographic regions of Virginia.
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Figure 3-1 - Physiographic Regions of Virginia®

Northern
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Several major watersheds are found in the state, as shown in Figure 3-4. Most of the streams and
rivers in northern and central Virginia flow east toward Chesapeake Bay. The southeastern and
central southern parts of the state drain through North Carolina directly to the Albemarle and
Pamlico Sounds. The southwestern portion of the state drains into the Mississippi River and Gulf
of Mexico via the Holston, Clinch-Powell, New, and Big Sandy rivers.

The climate of Virginia is moderate with four well-defined seasons. Daytime temperatures
usually range from 30° F in the winter to 90° F in the summer, although historic temperature
extremes above 100° F, and below 0° F, have been observed with higher temperatures more
common on an annual basis. On average, the coastal region is the warmest due to maritime
influences, with temperatures gradually decreasing across the Piedmont toward the west. The
climate of the western part of the state, which reaches a maximum elevation of 5,729 feet above
sea level at Mount Rogers, is significantly cooler on average throughout the year.
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Figure 3-2 - Watersheds within the Commonwealth of Virginia
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Figure 3-3 shows the 95 counties and 38 independent cities that make up the Commonwealth of
Virginia. The national capital, Washington, D.C., is located on the Potomac River at Virginia’s
northern border with Maryland. The state capital is the City of Richmond. Unlike most other
states, cities and counties in Virginia are each independent political jurisdiction. As of 2022,
there are 190 incorporated towns in the Commonwealth of Virginia. An incorporated town in
Virginia has governmental authority roughly equivalent to cities in many other states.

The first known residents of present-day Virginia were Native Americans, whose ancestors
arrived in North America thousands of years ago. In the late 1500s and early 1600s, Europeans
began to sail across the Atlantic Ocean, exploring and colonizing Virginia. The first lasting
English settlement in Virginia, dating to 1607, was located at Jamestown. As colonization of the
Americas progressed, Virginia grew into an important center of trade and government. Many
Virginians were notable figures in the American Revolution, and many of the early Presidents
were native Virginians. In 1861, Virginia seceded from the union and Richmond became the
capitol of the Confederate States of America and was the site of many battlegrounds in the
subsequent American Civil War. Following the reunification of the US, Virginia continued to
develop, with many large urban areas in the eastern and northern parts of the state. Today,
Virginia’s culture reflects a mixture of the old and new, urban, and rural.

Virginia has seven federally recognized tribes: the Pamunkey Indian Tribe, Chickahominy
Indians, Chickahominy Indians Eastern Division, Upper Mattaponi Indian Tribe, Rappahannock
Tribe, Nansemond Indian Nation and Monacan Indian Nation. The Pamunkey Nation was the
first federally recognized tribe in the Commonwealth?!; the latter six gained recognition through
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passage of federal legislation in the 21st century. All of the tribes are located east of Interstate
95, with the exception of the Monacan Indian Nation, which is north of Lynchburg, near the
center of the state. Virginia recognizes all seven Federally recognized tribes as well as four
additional tribes, the Mattaponi Tribe, Nottaway Indian Tribe, Cheroenhaka (Nottoway) Indian
Tribe, and the Patawomeck Tribe.

Figure 3-3 - Virginia Localities, Indian Tribes and VDEM Regions

Virginia Localities, Indian Tribes, and VDEM Regions Region 2

Region 3

$ Virginia Recognition Region 6

ensus Bureau Detailed County Boundaries
of Emergency Management Regions & Indian Tribes

i

Region 1

The cities and counties in Virginia are organized into 21 Planning District Commissions (PDCs),
as shown in Figure 3-5. These commissions provide a platform for regional planning and
communication in land use planning, transportation, and economic development. The PDCs have
governing authority (Regional Cooperation Act) beyond the will of their constituent local
governments. Each of the 20 local hazard mitigation plans in the Commonwealth of Virginia
were completed on a regional basis through the PDCs. Some PDCs combine resources to create
and maintain their local hazard mitigation plan. The PDCs are as follows:

e 01 -LENOWISCO Planning District Commission

e 02— Cumberland Plateau Planning District Commission
e 03— Mount Rogers Planning District Commission

e 04 — New River Valley Regional Commission

e 05— Roanoke Valley-Alleghany Regional Commission
e 06 — Central Shenandoah Planning District Commission
e 07 — Northern Shenandoah Valley Regional Commission
e 08 — Northern Virginia Regional Commission

e (09 — Rappahannock-Rapidan Regional Commission

e 10— Thomas Jefferson Planning District Commission

e 11— Central Virginia Planning District

e 12— West Piedmont Planning District Commission
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13 — Southside Planning District Commission

14 — Commonwealth Regional Commission

15 — RVA Regional Commission

16 — George Washington Regional Commission

17 — Northern Neck Planning District Commission

18 — Middle Peninsula Planning District Commission

19 — Crater Planning District Commission

22 — Accomack-Northampton Planning District Commission
23 — Hampton Roads Planning District Commission

(Note: There is no PDC assigned number 20 or 21.)

The Richmond Regional PDC and the Crater PDC share Chesterfield County

and Charles City

County. The Middle Peninsula PDC and the Hampton Roads PDC share Gloucester County. The

Crater PDC and the Hampton Roads PDC share Surry County. The Roanoke

Valley-Alleghany

Regional Commission and the West Piedmont PDC share Franklin County. Cumberland County
and Nottoway County became members of the Commonwealth Regional Council (CRC) in 2020
joining Buckingham, Charlotte, Lunenburg, and Prince Edward. Franklin county is a member of

Roanoke Valley-Alleghany Regional Commission and West Piedmont PDC.

Figure 3-4 - Commonwealth of Virginia Planning District Commissions
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3.3.1 Demographics

Per the US Census, the population of Virginia was estimated at over 8.3 milli

on in 2022, making

it the 12th most populous state in the nation. Most residents live in the eastern part of the state,

along the corridor running from Washington, D.C. to Virginia Beach, known

as the Golden
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Crescent. A great deal of the state’s economy is driven by activity in the urban areas of northern
and eastern Virginia. In recent years, Fairfax and Loudon counties in Northern Virginia have
routinely been ranked at or near the top in nationwide comparisons of household income. The
remainder of the state is largely rural, with several smaller urban areas. Figure 3-5 shows the
population distribution in the Commonwealth based on the 2020 Census.

Figure 3-5 - Population Distribution within the Commonwealth of Virginia: 2020

Virginia Population 2020
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The overall population of Virginia continues to increase annually, although the rate of growth
has declined somewhat in the past few years. Approximately half of Virginia’s population
growth since 2000 can be attributed to natural increase; that is, population growth that occurs
when the birthrate exceeds the death rate. Immigration from other states and foreign countries
accounts for the other half of the state’s population growth. More than 70% of Virginians live in
the Northern Virginia, Richmond, and Hampton Roads regions.

Population trends show uneven change throughout the state. Figure 3-6 shows the population
change since the 2010 Census, as calculated by the Demographics Research Group at the
University of Virginia.

Table 3-2 shows the top ten jurisdictions, in terms of percent population change, between 2010
and 2020.
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Figure 3-6 - Population Change in the Commonwealth of Virginia: 2010-2020

Virginia Population Change (2010-2020)

Table 3-2 - Top 10 Jurisdictions with the Highest Growth Rates (2010 — 2020) based on US
Census Population Datal®

Community Name 2010 Population ‘ 2020 Population % Population Change

Loudoun County 312,311 420,959 35%
New Kent County 18,429 22,945 25%
Stafford County 128,961 156,927 22%
Manassas Park City 14,273 17,219 21%
Prince George County | 35,725 43,010 20%
Prince William County | 402,002 482,204 20%
Falls Church City 12,332 14,658 19%
James City County 67,009 78,254 17%
Frederick County 78,305 91,419 17%
Bedford County 68,676 79,462 16%

The US Census Bureau’s Population Division estimates that the population of Virginia will
continue increasing, with most growth occurring in the form of urban sprawl. The population of
Fairfax County has exceeded 1.1 million and is expected to grow over 13% between 2020 and
2040, The jurisdictions in Table 3-3 are projected to have greater than 25% population growth
between 2020 and 20402
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Table 3-3 - Communities with Greater than 25% Projected Population Growth, 2020 to 2040

Projected % Population

Community Name 2020 Population Change, 2020-2040
Loudoun County 420,959 55%
New Kent County 22,945 38%
Prince William County 482,204 37%
City of Manassas Park 17,548 36%
Stafford County 156,927 36%
James City County 78,254 35%
King George County 26,723 33%
Culpeper County 52,552 31%
Spotsylvania County 140,032 30%
Fredericksburg City 27,982 30%
Frederick County 91,419 30%
City of Suffolk 94,324 29%
Louisa County 37,596 27%
Falls Church City 14,658 26%

Population decline appears mostly in the rural counties of Virginia. Table 3-4 shows the 10
jurisdictions with the largest population decline for the years 2010 through 20202,

Table 3-4 - Jurisdictions with Declining Populations (2010-2020) based on US Census
Population Data*

Community Name 2010 Population = 2020 Population % Population Change

Buchanan County 24,098 20,355 -16%
Lee County 25,587 22,173 -13%
Wise County 41,452 36,130 -13%
Dickenson County | 15,903 14,124 -11%
Bath County 4,731 4,209 -11%
Russell County 28,897 25,781 -11%
Sussex County 12,087 10,829 -10%
Tazewell County 45,078 40,429 -10%
Brunswick County 17,434 15,849 -9%

Charlotte County 12,586 11,529 -8%

Jurisdictions projected to have a decline in population of greater than 15% between 2025 and
2045 are shown in Table 3-5%°:

Table 3-5 - Communities with Greater than 15% Projected Population Decline, 2025 to 2045

Projected % Population

Community Name 2020 Population Decline, 2025-2045
Buchanan County 20,355 -34%
City of Danville 42,590 -27%
City of Martinsville 13,485 -25%
Accomack County 33,413 -24%
Grayson County 15,333 -24%
Bath County 4,209 -20%
Alleghany County 15,223 -20%
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Projected % Population

Community Name 2020 Population Decline, 2025-2045
Dickenson County 14,124 -19%
Henry County 50,948 -19%
Russell County 25,781 -18%
Highland County 2,232 -18%
Brunswick County 15,849 -18%
Northampton County 12,282 -16%
Covington 5,737 -16%

3.3.2 Land Use, Cover, and Development

In evaluating both natural hazards and future conditions relating to those hazards, land use trends
are an important factor impacting potential future damages. Urbanization and suburbanization
are particularly important and mirror the trends in population change throughout the state. Data
showing land use/land cover changes in the US are readily available for certain time periods. The
Multi-resolution Land Characteristics Consortium (MRLC) has assessed land use/land cover
over the entire US based on satellite imagery; this is known as the National Land Cover Database
(NLCD). The MRLC has produced a land cover change analysis between 2001 and 2019 (the
most recent year of analysis offered), in the form of a raster image with pixel values representing
the change of one land use to another. Figure 3-7 shows the current (2019) land cover in
Virginia, while Figure 3-8 shows the land cover change throughout the Commonwealth of
Virginia since 2001. In general, the areas in Figure 3-7 that appear as developed (low, medium,
and high intensity) correlate to the areas shown in Figure 3-8 land use change as urban. Areas
that are already developed, continue to see changes that further their urban characteristics.
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Figure 3-7 - Land Cover in Virginia, 2019
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Sources:
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Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-15



Section 3: Hazard Identification and Risk Assessment

Figure 3-8 - Land Cover Change in Virginia, 2001-2019
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Sources:
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3.4 Summary of Disaster Declarations

3.4.1 Disaster Declarations Background

Local and state governments share responsibility for public health and safety and for helping
residents recover after disaster strikes. In some cases, a disaster is beyond the response
capabilities of the state and local governments. In 1988, the Robert T. Stafford Disaster Relief
and Emergency Assistance Act was enacted to support state and local governments and their
citizens when disasters overwhelm and exhaust available resources. This law, as amended,
establishes a process for requesting and obtaining a federal disaster declaration, defines the type
and scope of assistance available from the federal government, and sets the conditions for
obtaining that assistance?.

A presidential disaster declaration is issued when a disaster event is determined to be beyond the
response capabilities of state and local governments. A presidential disaster declaration could
result from a hurricane, earthquake, flood, tornado, major fire, or other event which the President
determines warrants supplemental federal aid. If declared, funding comes from the President's
Disaster Relief Fund, which is managed by FEMA, and disaster aid programs of other
participating federal agencies. Federal disaster declarations typically follow these steps:

e Local governments respond first, supplemented by neighboring communities through
mutual aid agreements and volunteer agencies. If overwhelmed, local governments turn to
the state for assistance.

e The state responds with state resources, such as the Virginia Emergency Support Team,
National Guard, and other state agencies.

¢ A Rapid Needs Assessment (RNA) which focuses on lifesaving needs, imminent hazards,
and critical lifelines is performed, usually within the first 24 hours of an event.

e An Initial Damage Assessment (IDA) is performed by the local government, which
evaluates damages to residences, businesses, and public infrastructure (i.e., roads, bridges,
public utilities, etc).

e [IDAs determine if there is sufficient damage to warrant a Joint Preliminary Damage
Assessment (PDA) which consists of local, state, and federal staff verifying the IDAs to
determine if enough damage exists to warrant federal recovery assistance.

e A Major Disaster Declaration is requested from the Governor to the FEMA Region Il
Administrator, who evaluates the request and provides recommendations to the President
based on the RNA, PDAs, and the type of federal assistance requested.

e A request for hazard mitigation assistance usually accompanies the disaster declaration
request.

e Depending on the nature of the disaster and the type of assistance being requested, a
Presidential Declaration could be approved within a couple of hours to a couple of weeks;

e A Presidential Declaration can also be approved prior to an event (i.e., hurricane) to pre-
position resources if it anticipated that the damage will be severe;

e Federal funds for mitigation post-disaster are based on 15% of the Stafford Act disaster
recovery assistance that is provided to the jurisdictions statewide.
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An important source for identifying hazards that can affect the Commonwealth is the record of

federal disaster declarations. Since 1953, the first-year presidential disaster declarations were

issued in the US, Virginia has been named in fifty-five such declarations (Table 3-6). Under a
presidential disaster declaration, the state and affected local governments are eligible to apply for
federal funding to pay 75% of the approved costs for debris removal, emergency services related
to the storm, and the repair or replacement of damaged public facilities. In addition, there have
been ten emergency declarations, and three fire management assistance declarations for Virginia,
dating back to 1957. Table 3-6 shows the federal emergency and disaster declarations in Virginia

from 1957 through March 2022. Tropical systems, flooding, and winter weather tend to have

greater impacts and result in the most declarations in the Commonwealth; in 1996 and 2003 one

of each of these hazards was declared in Virginia. Twelve jurisdictions have had 24 or more

disasters during the period 1969 to March 2022.

Table 3-6 - Federal Emergency and Disaster Declarations in Virginia 1957-2022

Bhsgf)t:rr Date of Declaration Disaster Type %léréf;g:éions
68 February 1957 Flood NA
123 March 1962 Severe Storms, High Tides, Flooding NA
149 March 1963 Flood NA
274 August 1969 Severe Storms and Flooding (Hurricane Camille) 27
339 June 1972 Hurricane Agnes 106
358 October 1972 Severe Storms and Flooding 3
359 October 1972 Severe Storms and Flooding 31
3018* October 1976 Drought 38
525 January 1977 Ice Conditions 39
530 April 1977 Severe Storms and Flooding 16
3046* July 1977 Drought 62
543 November 1977 Severe Storms and Flooding 8
593 July 1979 Storms and Flash Flooding 1
606 September 1979 Severe Storms and Flooding 1
707 May 1984 Severe Storms and Flooding 3
755 November 1985 Severe Storms and Flooding 52
847 November 1989 Severe Storms, Mudslides, and Flooding 1
944 May 1992 Severe Storms and Flooding 28
3112* March 1993 Severe Winter Storm 136
1007 December 1993 Severe Storms and Tornadoes 1
1014 March 1994 Severe Ice Storms, Flooding 72
1021 April 1994 Severe Winter Ice Storm 33
1059 July 1995 Severe Storms and Flooding 24
1086 January 1996 Blizzard of 1996 (severe storm) 127
1098 January 1996 Flooding -- Snow Melt 27
1135 September 1996 Hurricane Fran 55
1242 September 1998 Hurricane Bonnie 5
1290 September 1999 Tropical Storm Dennis 1
1293 September 1999 Hurricane Floyd 47
1318 February 2000 Winter Storms 109
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Biusrisbt:rr Date of Declaration Disaster Type élégf;igéions
1386 July 2001 Southwest VA Floods 10
3168* September 2001 Terrorist Attack Emergency Declaration 1
1392 September 2001 Pentagon Attack 1
2394** November 2001 Heard Mountain Fire Complex 2
2393** November 2001 Shenandoah Gap Fire Complex 1
2390** November 2001 Far Southwest Fire Complex 3
2397** February 2002 Fultz Run Fire 1
1406 April 2002 Southwest VA Floods 10
1411 May 2002 Floods/Tornadoes 9
1458 April 2003 NOVA Snowstorm and SW VA Floods 22
1491 September 2003 Hurricane Isabel 100
1502 November 2003 SW Virginia Floods 6
1525 June 2004 Severe, Storms, Tornadoes, and Flooding 4
Severe Storms, Flooding and Tornadoes Associated with Tropical
1544 September 2004 Depression Gaston 10
1570 | October 2004 et of uncane g 10
3240* September 2005 Hurricane Katrina Evacuation 1
2637** April 2006 Bull Mountain Fire 1
1655 July 2006 Severe Storms, Tornadoes, And Flooding 10
1661 September 2006 Tropical Depression Ernesto, Severe Storms and Flooding 22
Severe Storms and Flooding Associated with Tropical Depression
1862 December 2009 Ida and a November Nor'easter 12
1874 February 2010 Severe December Winter Storm (Heavy snow, rain and high winds) 50
1905 April 2010 zcre]\ésvr;cl;i)sruary Winter Storms and 38
2860** February 2011 Smith Fire 1
2861** February 2011 Coffman Fire 1
3329* August 2011 Hurricane Irene 30
4024 September 2011 August Hurricane Irene 48
4042 November 2011 August Earthquake
4045 November 2011 Remnants of September Tropical Storm Lee
4072 July 2012 June and July Severe Storms and Straight-line Winds (Derecho) 69
3359* October 2012 Hurricane Sandy 134
4092 November 2012 October Hurricane Sandy 28
4262 January 2016 Severe Winter Storm and Snowstorm 30
4291 October 2016 Hurricane Mathew 8
4401 October 2018 Hurricane Florence 32
4411 December 2018 Hurricane Michael 36
4512 April 2020 COVID-19 Pandemic Statewide
4602 May 2021 Severe Winter Storms 31
4628 October 2021 Flooding, Landslides, and Mudslides 1
4644 March 2022 Severe Winter Storm and Snowstorm 28

*FEMA Emergency Declarations
**FEMA Fire Management Assistance Declarations
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Following is a summary description of selected declared disasters; dollar value of damages is not
adjusted for inflation:

Ash Wednesday Storm in 1962 - Damage was experienced throughout the Tidewater
region. Houses along the coast and bay region were damaged and flooded by high waves
and seven to nine-foot water rises. Virginia Beach’s concrete boardwalk and sea wall were
damaged, and extensive shoreline erosion occurred. The City of Hampton had an estimated
$4 million in wind and flood damage. Two feet of snow fell from Charlottesville (21
inches) to Luray (24 inches), to Winchester (22 inches) setting new records.

Hurricane Camille in 1969 - This major storm made landfall out of the Gulf of Mexico
as a Category 5 Hurricane and weakened to a tropical depression before reaching Virginia.
Nelson County received more than 27 inches of rain and the area from Lynchburg to
Charlottesville received over 10 inches. Flooding and landslides, triggered by saturated
soils, resulted in catastrophic damage. More than 150 people died, another 100 were
injured, and 113 bridges were washed out. At the time, damage was estimated at more than
$113 million.

Hurricane Agnes in 1972 - This event produced devastating flooding throughout the Mid-
Atlantic States. Some areas of eastern Virginia received more than 15 inches of rainfall.
The Potomac and James Rivers experienced major flooding, which created five to eight
foot flood waters in many locations. Richmond was impacted the most by these high-water
levels. Water supply and sewage treatment plants were inundated, as were electric and gas
plants. Four of the five bridges that cross the James River were impassable, the downtown
area was closed for several days, and businesses and industries in the area suffered
immense damage. A total of 16 people lost their lives and damage was estimated at $222
million. In all, 63 counties and 23 cities qualified for disaster relief.

Tornado in 1973 - This F3 tornado impacted heavily populated areas of Northern Virginia
and caused $25 million in damage. The tornado touched down in Prince William County
and traveled through the cities of Fairfax and Falls Church before dissipating. Fairfax was
hit hardest by this tornado; within a six-mile damage path, a high school, two shopping
centers, an apartment complex, and 226 homes were damaged or destroyed. A total of 37
people were injured.

Super Tornado Outbreak in 1974 - This was the worst recorded tornado outbreak in US
history at the time, generating the most tornadoes in a 24-hour period. Virginia was one of
states struck with 148 observed tornadoes that killed 315 people and injured thousands.
Eight tornadoes occurred in Virginia, with wind damage reported in counties from Russell
northward to Loudoun. Hundreds of homes, barns, and mobile homes were damaged or
destroyed.

The Blizzard of 1983 - An unusually large area of the state was covered with more than
12 inches of snow, setting new records in many places. Richmond received 18 inches, while
portions of northern Virginia had almost 30 inches. 25 mph wind gusts created high
snowdrifts and complicated road clearing, resulting in more than $9 million in snow
removal costs.

Severe Weather Outbreak in 1984 - Severe weather pushed through the state on May 8,
spawning tornadoes and producing significant downburst wind damage in central and
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eastern Virginia. A strong F3 tornado occurred in Hopewell and tracked into Charles City
County as an F2. There was extensive home, mobile home, building, and tree damage from
these cluster thunderstorms, imbedded tornadoes and windstorms; total damage costs
exceeded $50 million.

e Election Day Flood in 1985 - Heavy rainfall, indirectly related to Hurricane Juan, from
October 31 through November 6, 1985, caused record-breaking floods over a large region,
including western and northern Virginia. The Roanoke River rose seven feet in one hour
and 18 feet in six hours, cresting at 23 feet on November 5. There were 22 flood related
deaths in Virginia. FEMA declared 50 jurisdictions disaster areas. Approximately 1.7
million people were affected by the flooding; damages were estimated at $800 million.

e The Storm of the Century in 1993 - Affecting nearly the entire East Coast, this winter
storm killed 200 people and generated several billion dollars in damage and snow removal.
Although its effects in Virginia did not exceed the Ash Wednesday Storm in 1962, it
affected communities from the Chesapeake Bay to Southwest Virginia. Blizzard conditions
in western Virginia dropped two to three feet of snow and produced snowdrifts up to 12
feet deep. Snow removal and clean-up costs were estimated at $16 million for the state.

e The Petersburg/Colonial Heights Tornado in 1993 - This tornado outbreak killed four
people and injured 238. The strongest tornado touched down in Petersburg as an F4, with
maximum winds estimated at 210 mph. The tornado jumped 1-95 and smashed into a Wal-
Mart causing the ceiling to collapse. Three people died. Major damage occurred in the Old
Towne section of Petersburg, destroying several stores and businesses in Colonial Heights.
Other tornadoes hit the same day in the Cities of Newport News and Chesapeake. In four
hours, 18 tornadoes carved paths through southeast Virginia, setting a Commonwealth
record. Total damage was estimated at $52.5 million.

e Ice Storm of 1994 - This winter storm coated large portions of eastern and southeastern
Virginia with one to three inches of ice, freezing rain, and sleet. This led to the loss of
approximately 10 to 20 percent of trees in some counties, which blocked roads and caused
many customers to be without power for a week. There were numerous automobile
accidents and injuries from people falling on ice. Damages were estimated at $61 million.

e The Blizzard and Flooding of Winter 1996 - Also known as the ‘Great Furlough Storm’
due to Congressional impasse over the federal budget, the blizzard paralyzed the Interstate
95 corridor, and reached westward into the Appalachians where snow depths of more than
48 inches were recorded. Several local governments and schools were closed for more than
a week. The blizzard was followed by another storm, which blanketed the entire state with
at least one foot of snow. To compound matters, heavy snowfall piled on top of this storm’s
accumulations in the next week, which kept snowpack on the ground for an extended
period. This snow was eventually thawed by higher temperatures and heavy rain that fell
after this thaw resulted in severe flooding. Total damage between the blizzard and
subsequent flooding exceeded $30 million.

e Hurricane Fran in 1996 - This September 6 hurricane resulted in a record number of
customers without power and closure of 78 primary and 853 secondary roads. Rainfall
amounts between eight and 20 inches fell over the mountains and Shenandoah Valley,
leading to record-level flooding within this region. 100 people had to be rescued from the
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floodwaters and hundreds of homes and buildings were damaged by the floodwaters and
high winds. $350 million in damages.

e The Christmas Ice Storm in 1998 - This prolonged ice storm struck central and southeast
Virginia in the days leading up to Christmas. Ice accumulations exceeded an inch, bringing
down many trees and power lines within this region. 400,000 people were without power
on Christmas Eve; outages extended for 10 days in some regions. Property damage from
this storm was estimated to be around $20 million.

e Wildfires of 1999 - The Purgatory Mountain Fire in Botetourt County, one of the largest
fires of the year, burned 1,285 acres and cost more than $166,000 to contain. A fire on
Clinch Mountain in Southwest Virginia burned only 240 acres but containment costs
exceeded $97,000 due to the mountainous terrain and extreme drought conditions. A total
of 1,749 fires burned 12,118 acres, considerably exceeding the five-year annual average of
1,320 fires and 6,081 acres.

e Hurricane Floyd in 1999 - This large hurricane brought 10 to 20 inches of total rainfall
over portions of southeast Virginia, with wind gusts up to 100 mph and storm surges
approaching seven feet. These three elements combined caused storm damages of
approximately $255 million. This disaster impacted the City of Franklin and Southampton
and Isle of Wight Counties, as well as the other 44 Virginia jurisdictions included in the
major disaster declaration. More than 8,900 homes, businesses and public facilities were
either destroyed, significantly damaged, or sustained moderate impacts. In addition to
direct property damage, lost business revenues were estimated at $13.1 million, with the
City of Franklin losing nearly $2 million in tax revenues. Direct crop losses were estimated
at $17 million.

e Terrorist Attack in 2001 - American Airlines Flight 77 was hijacked and flown into the
Pentagon in Arlington County. The hijacking resulted in 150 fatalities when it crashed into
the west side of the building.

e Southwest Virginia Flooding, 2001-2004 - A total of six federal disasters, primarily
flooding and severe storms, were declared in Southwest Virginia from 2001-2004
(Disasters 1386, 1406, 1411, 1458, 1502, 1525 and 1570). The worse hit counties were
Tazewell (all 6 disasters), Buchanan (5 disasters), and Russell (4 disasters). Dickenson,
Lee, Smyth, and Wise Counties were also declared in half of these disasters. Many of these
disasters have storm tracks along the mountain valleys, producing excessive localized
flooding. Catastrophic flooding was experienced in rural settlements as well as in
Bluefield, Hurley, Appalachia, Pennington Gap, Norton, Dante and Wise.

e Hurricane Isabel in 2003 - Hurricane Isabel entered Virginia September 18 after making
landfall along the North Carolina Outer Banks. The Commonwealth sustained tropical
storm winds for 29 hours with maximum sustained winds recorded at 69 mph. The
hurricane produced storm surge of five to eight feet along the coast and in the Chesapeake
Bay with rainfall totals between two and 11 inches along its track. Rainfall of 21 inches
was measured near Waynesboro Virginia. Damage due to wind, rain, and storm surge
resulted in flooding, electrical outages, debris, transportation interruptions, and damaged
homes and businesses. At the height of the incident, approximately 6,000 residents were
housed in 134 shelters and curfews were imposed in many jurisdictions. Further damage
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occurred when a series of thunderstorms and tornadoes came through many of the
designated areas in the southeast portion of Virginia on September 23. There was a total of
36 confirmed fatalities. More than 93,000 individuals, families and businesses registered
for federal assistance. Residential impacts included 1,186 homes reported destroyed and
9,110 with major damage, 107,908 minor damage; losses estimated to exceed $590 million.
Of the 1,470 businesses involved, 77 were reported destroyed, 333 suffered major damage
and 1,060 businesses suffered minor or casual damage, with losses exceeding $84 million.
Public assistance exceeded $250 million. More than two-thirds of households and
businesses within the Commonwealth were without power. Remote locations did not have
power restored for three weeks.

e Hurricane Gaston in 2004 - Tropical Depression Gaston (renamed Hurricane Gaston)
moved into Virginia from the south during the morning of Monday, August 30, 2004.
Although forecasts called for accumulations of one to three inches in Central Virginia, the
system stalled over the Richmond metropolitan area resulting in 14 inches of rain. Homes,
apartments, and businesses in low-lying areas of the Greater Richmond Metropolitan area
were flooded. 1-95, 1-64, and 1-195 were closed for flooding or damage. The Office of the
Chief Medical Examiner confirmed nine deaths directly linked to Tropical Depression
Gaston. The hurricane caused $130 million in damages.

e Tropical Depression Ernesto in 2006 — Briefly a hurricane in the Caribbean, Tropical
Depression Ernesto moved into Virginia on September 1. The system slowed over coastal
and eastern Virginia, causing rainfall accumulations of up to 10 inches of rain in the cities
of Hampton, Poquoson and Newport News. Serious flooding and shoreline damage
occurred in Northern Neck with damages most significant in Northumberland, Lancaster
and Westmoreland Counties. With an estimated $118 million in damages, a public
assistance disaster declaration provided aid to the Commonwealth and 25 local
governments.

e November Nor'easter and Tropical Depression Ida in 2009 - A combination of a
nor’caster and the remnants of Tropical Depression Ida led to significant rainfall which
caused flooding and damage amounting to approximately $388 million, $25 million of
which was in Norfolk alone. The areas affected were Hampton, Newport News, Norfolk,
Virginia Beach, Chesapeake, Poquoson, Portsmouth, James City County, and York
County?.

e Severe December Winter Storm in 2009 - A nor’easter that formed over the Gulf of
Mexico developed into a winter storm affecting much of the East Coast. The highest single
day snowfall associated with this storm was 27 inches reported at the weather station in
Buchanan.

e Severe February Winter Storm in 2010 - A nor’easter developed into a winter storm that
produced significant snowfall affecting northern Virginia. The highest single day snowfall
associated with this storm was 34 inches reported at the weather station near Purcellville
in Loudoun County.

e Hurricane Irene in 2011 - Hurricane Irene was a large tropical cyclone affecting the
Caribbean and East Coast of the US. Hurricane Irene was initially announced as an
emergency declaration, but was declared a major disaster, resulting in federal funding. The
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Commonwealth experienced the second highest number of power outages ever with 2.5
million citizens without power after the storm. Irene is ranked as the seventh costliest
hurricane in US history, costing approximately $15.8 billion®.

e Mineral Earthquake in 2011 - On August 23, 2011, a 5.8 magnitude earthquake occurred
approximately seven miles from Mineral, Virginia close to Louisa County. Hundreds of
aftershocks were felt for several days. Some of these aftershocks were recorded at a 4.5
magnitude*. Louisa County received over $6.6 million in Individual Assistance as well as
$1.6 million in low-interest loans to individuals and businesses through the Small Business
Administration®.

e Tropical Storm Lee in 2011 - Tropical Storm Lee caused heavy rain and flooding in
Virginia on September 8 and 9, 2011. Caroline, Essex, Fairfax, King and Queen, King
George, Prince William, and Westmoreland Counties, and the City of Alexandria were
approved for federal disaster assistance. The heavy rain caused significant damage to
neighborhoods and businesses in Fairfax and Prince William Counties. Approximately 500
individuals were displaced from their homes in Prince William County®.

e Derecho in 2012 - Severe thunderstorms and straight-line winds exceeding 80 mph
impacted Virginia on the evening of June 29 and the morning hours of July 1. Fifteen
storm-related deaths were reported’. A large portion of the Commonwealth lost power for
several days, during a significant heat wave.

e Hurricane Sandy in 2012 - Hurricane Sandy was declared a major disaster in Virginia on
November 26, 2012, following damage assessment surveys. The declaration included
Individual Assistance for Accomack County, Public Assistance for 25 counties and three
independent cities, and Hazard Mitigation Assistance for all jurisdictions in the
commonwealth. Damage assessments found that approximately 245 residential structures
were affected, and that the primary impact was damage to utilities. $10.5 million was
obligated under the Public Assistance Program for affected jurisdictions®.

e Severe Winter Storm and Snowstorm in 2016 - The Commonwealth was impacted by a
severe winter storm on January 22 and 23, 2016, resulting in a Presidential Disaster
Declaration. The declaration authorized reimbursement for emergency protective measures
for 25 jurisdictions, resulting in more than $47 million obligated to impacted jurisdictions®.

e Hurricane Matthew in 2016 - Hurricane Matthew impacted a large swath of the eastern
seaboard in 2016, including Virginia. The governor requested and received Individual
Assistance for seven cities and two counties, and Hazard Mitigation Assistance for the
entire commonwealth; the declaration was later amended to include Public Assistance. The
Preliminary Damage Assessment found that 2,306 residential structures were impacted by
Matthew. More than $10 million in Individual Assistance funding was obligated, along
with $6.1 million in Public Assistance funding™®.

e Hurricane Florence in 2018 - On October 3, the governor requested a major disaster
declaration due to Hurricane Florence during the period of September 8-21, 2018. Public
Assistance was requested for 20 counties and six independent cities as well as Hazard
Mitigation assistance for the entire Commonwealth. The declaration authorized Public
Assistance reimbursement for emergency protective measures totaling over $34 million.
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e Hurricane Michael in 2018 - On December 5, the Governor requested a major disaster
declaration due to Hurricane Michael during the period of October 9-16. The governor
requested a declaration for Public Assistance for 25 counties and two independent cities
and Hazard Mitigation for the entire Commonwealth. Beginning on October 5, 2018, joint
Federal, Commonwealth, and local government Preliminary Damage Assessments were
conducted for 27 counties in Virginia resulting in $37 million in damages.

e Virginia COVID-19 Pandemic, 2020 - On March 30, Virginia requested a major disaster
declaration due to the Coronavirus Disease 2019 (COVID-19) pandemic beginning on
January 20. The governor requested a declaration for the Individuals and Households
Program, Crisis Counseling Program, Disaster Unemployment Assistance, Disaster Legal
Services, and Disaster Case Management under the Individual Assistance program for the
entire commonwealth; emergency protective measures (Category B), including direct
Federal assistance and Transitional Sheltering Assistance under the Public Assistance
program for the entire Commonwealth; and Hazard Mitigation for the entire
Commonwealth. This event was of the severity and magnitude that the need for
supplemental Federal assistance was granted prior to the completion of joint Federal,
Commonwealth, and local government Preliminary Damage Assessments.

e Severe Winter Storms in 2021 - On April 15, Virginia requested a major disaster
declaration due to severe winter storms during the period of February 11-13, 2021. The
governor requested Public Assistance for 31 counties and Hazard Mitigation for the entire
commonwealth. During the period of March 22 to April 19, 2021, joint federal,
commonwealth, and local government Preliminary Damage Assessments were conducted
in the 31 counties requested. More than $24 million in Public Assistance funding for
damage to utilities was estimated.

3.4.2 Federal Disaster Data Compilation

Federally Declared Disaster data from previous hazard mitigation plans were used as the starting
point to update the records. Once the data from the new sources was compiled and all available
missing data were filled in using FEMA’s Declared Disasters webpage, the data were ready to be
processed into HIRA categories. Descriptions of the disasters can vary quite dramatically; thus,
they needed to be grouped into broad hazard type categories for comparison. Table 3-7 shows
how the declared disaster categories were grouped into the HIRA hazard categories.
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Table 3-7 - FEMA disasters declarations to align with the HIRA hazards

HIRA Category ‘ General Categories Included

Drought Drought

Flood

Flood / Tornado Hurricane Thunderstorm / Flood
Thunderstorm / Flood / Landslide

Winter Storm / Flood

Flood

Hurricane Thunderstorm / Flood

Thunderstorm / Flood / Landslide Thunderstorm / Tornado / Flood Thunderstorm /
Tornado

Tropical Storm

Non-Tornadic Wind

Hurricane / Flood / Landslide

Hurricane Tornado
Tornado Flood / Tornado
Thunderstorm / Tornado / Flood Thunderstorm / Tornado
; Winter Storm
Winter Weather Winter Storm / Flood
Wildfire Wildfire
Landslide Thunderstorm / Flood / Landslide

Impoundment Failure

(flooding) NA

Since many of these disaster declarations have multiple events and cover large geographic areas,
there is the possibility that a municipality has received funding for a disaster that did not occur in
that municipality. For example, an event that included severe storms, flooding, and tornadoes,
could have only had a tornado in one county, while disaster assistance was provided to multiple
counties. Early disaster records have significantly less information and detail than modern
records, preventing a thorough breakdown of multi-jurisdictional declarations.

In order to visualize the number of different disaster types that have impacted Virginia, the maps
showing the individual federally declared disasters have been double counted when different
hazards have occurred during a single event. For example, the storm in July 2006 (DR- 1655)
was classified by FEMA as Severe Storms, Tornado, and Flooding. To show these as separate
events each designated county was given a score of one for each of the event types for this one
declared disaster. Each declared disaster is represented from the assigned FEMA categories. This
may result in some categories not being represented to their fullest.

The total number of declared disasters (Figure 3-9) does not double count these events; the total
number of individual hazard events for each county combined will not equal the total number of
declared disasters. In addition, contiguous communities may have been added for communities
declared for disasters.
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Figure 3-9 - Total number of declared disasters 1969 through March 2022.
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Figure 3-10 through Figure 3-18 show the number of declared disasters, by jurisdiction, for the
individual hazard HIRA categories between 1969 and January 2022. Flood, hurricane, and non-
tornadic wind represent most of the Presidential Disaster Declarations in Virginia. Drought,
earthquake, extreme cold/winter weather, landslide, pandemic, tornado, and wildfire are hazards
with a relatively lower number of presidential disaster declarations in Virginia. Erosion, extreme
heat, karst (sinkholes), land subsidence, impoundment failure, and space weather have been
considered in this plan, but do not have any federally declared disasters; this does not imply that
these hazards have not occurred or have not occurred in conjunction with another federally
declared disaster.

The following jurisdictions have experienced 24 or more declared disasters from 1969 through
January 2022:

Bedford County
Chesterfield County
Essex County
Greene County

King and Queen County
King George County
Lancaster County
Louisa County
Nelson County
Northumberland
Rappahannock
Westmoreland
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Figure 3-10 - Number of Presidential Declarations in Virginia for Drought.
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Figure 3-11 - Number of Presidential Declarations in Virginia for Earthquake.

<

Virginia Earthquakes

OHIO

o

\ NEW JERSEY
\

\

Y/ NORTH CAROLINA 0

30 '\ 60 Miles
Sources:
ns, FEMA

County Boundary, VGIN
State Boundary, Census.gov
Background Ma#ping, ESRI

Disaster Declas

Commonwealth of Virginia 2023 Hazard Mitigation Plan

3-28



Section 3: Hazard Identification and Risk Assessment

Figure 3-12 - Number of Presidential Declarations in Virginia for Extreme Cold/Winter

Weather.
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Figure 3-13 - Number of Presidential Declarations in Virginia for Flooding.
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Figure 3-14 - Number of Presidential Declarations in Virginia for Hurricane.
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Figure 3-15 - Number of Presidential Declarations in Virginia for Landslide.
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Figure 3-16 - Number of Presidential Declarations in Virginia for Non-Tornadic Wind.
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Figure 3-18 - Number of Presidential Declarations in Virginia for Wildfire.
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3.5 National Centers for Environmental Information Storm
Events Database

3.5.1 Storm Data Background

The National Centers for Environmental Information (NCEI) Storm Events Database is
published by the National Oceanic and Atmospheric Administration (NOAA). The Storm Events
Database contains information on storms and weather phenomena that have caused loss of life,
injuries, significant property damage, and/or disruption to commerce. Efforts are made to collect
the best available information, but information may be unverified by the National Weather
Service (NWS). The NWS does not guarantee the accuracy or validity of the information.
Although NWS issues guidelines for preparation of event descriptions, the historical records
often vary widely in their level of detail*.

For this update, VDEM collected Storm Events Database records containing information about
significant weather events from January 1, 1950, through December 31, 2021. Records for most
weather event categories were reported starting in 1993, except for tornado (1951), thunderstorm
winds (1955), and hail (1955).

NCEI data are relatively unreliable with regard to geological hazards (i.e., earthquake, landslide,
karst). NCEI records for these events under-represent events in Virginia, yet still represent the
best history and damage estimates available. The NCEI database provided the county or city in
which the event occurred in one of two methods:
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e County/City Name — Event listed as individual record for each county or city in which it

occurred.

e Zone — Event listed by the zone or multiple zones, which contain multiple counties and
cities. Some individual rows in NCEI data could include every county and city in Virginia.

3.5.2 Normalizing Data

Table 3-8 provides the normalized sum of hazard events, by type, for all jurisdictions in

Virginia. In this table, the damages, injuries, and deaths due to each hazard type have not been
annualized to account for their varying periods of record. Each event in this table represents a
storm event affecting a single jurisdiction.

Table 3-8 - Jurisdictional analysis of NCEI Hazard Events

Hazard Years of  Number of e 2E5Y iy Direct Indirect  Direct Indirect
Type Record Episodes Dama_ge Dama_ge Injury Injury Deaths Deaths
($million) ($million)

1996-

Drought 2022 26 69 0.00 668.49 0 0 0 0

Excessive | 1996-

Heat 2022 26 107 0.00 0.00 142 17 4 5
1996-

Flood 2022 26 1,687 1,063.49 96.70 18 0 60 0

. 1996-

Hurricane 26 30 1,169.12 165.60 34 0 12 0
2022

. 1996-

Landslide 2022 26 6 0.90 0.00 0 0 0 0

Non- 1955-

Tornadic 67 3,238 288.28 39.86 415 18 39 5

’ 2022

Wind
1951-

Tornado 71 105 1,079.53 2.89 943 0 38 1
2022

_— 1996-

Wildfire 2022 26 26 12.60 2.96 4 0 0 0

Winter 1996-

Storm 26 1,115 71.10 45.48 25 32 19 13
2022

Count

Totals 6,383 3,685.02 1,021.98 1,0581 | 67 172 24

3.5.3 Inflation Computation

The damages entered in the NCEI Storm Events Database portray how much estimated damage
was incurred in the year of the event. Due to inflation and the changing value of money, the
values of damages incurred have been adjusted to reflect 2021-dollar value.™ This calculation
utilized the US Bureau of Labor Statistics 2021 yearly index of Consumer Prices divided by the
index value in occurrence year.

3.5.4 Data Compilation

Because the NCEI Storm Events Database uses detailed event categories, the reported storm
events were summarized in simplified classifications to correspond to the major hazard types
considered in this HIRA. Table 3-9 shows how the NCEI categories were grouped into the
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HIRA hazard categories. Section 3.7 on ranking methodologies also explains how the NCEI data
were used in ranking the hazards against each other.

Table 3-9 - NCEI categories to align with hazards addressed in the HIRA

A NCEI Categories Included
Category
Drought Drought
Coastal Flood Flash Flood
Fl
Flood 0od .
Heavy Rain

Storm Surge

Marine High Wind Marine Strong Wind
Non-Tornadic Marine Thunderstorm Wind Strong Wind
Wind Thunderstorm Wind

Tropical Depression Tropical Storm

Hurricane High Wind Hurricane (Typhoon)
Funnel Cloud Tornado
Tornado
Waterspout
Avalanche Blizzard
Cold/ Wind Chill Extreme Cold/Wind Chill Freezing Fog
Winter Frost/Freeze
Weather Ice Storm Sleet
Winter Storm
Winter Weather
Dense Smoke
Wildfi
raire Wildfire
Landslide Debris Flow

Table 3-8 shows the number of NCEI hazard events for the Commonwealth. High wind and
winter storm events make up more than 90% of the events for those jurisdictions with 600 or
more NCEI recorded events for flood, non-tornadic wind, and winter storm, which include:

Fairfax County
Loudoun County
Fauquier County
Albemarle County
Prince William County
Franklin County
Pittsylvania County
Shenandoah County
Frederick County
Augusta County
Halifax County

Flood, non-tornadic wind, and winter weather represent most of the documented weather-related
events in Virginia. Extreme cold, earthquakes, erosion, land subsidence, pandemic, space
weather, karst (sinkholes), and impoundment failure are hazards that have been considered for
the Commonwealth but currently do not have NCEI events associated with them. Figure 3-19
shows the total number of NCEI hazard events by jurisdiction.
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Figure 3-19 - Total number of NCEI hazard events by jurisdiction for Virginia.
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Figure 3-20 through Figure 3-28 show the number of NCEI recorded events, by jurisdiction, for

the individual hazard categories for this HIRA. Unlike the Federally declared d

isasters, the

individual hazard maps do not double count events. To be consistent with the NCEI data, only

the dominant hazard type is shown, as described in the above sections.
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Figure 3-20 - Number of NCEI Drought Events in Virginia.
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Figure 3-21 - Number of NCEI Excessive Heat Events in Virginia.

Virginia Excessive Heat L\
NCEI Reported Events PENNSYLVANIA

OHIO
Excessive Heat Declarations / /\49
[Jo
MW 15
\\\ [ 6-10

\\/’\\,‘.11'15 5T VIRGINIA
M 16-30
W 3145
B 46-60

| 3%

KENTUCKY

NEW JERSEY

MARYTAND

CAROLINA 60 Miles
Sources:

Disaster Declarations, NCEI

County Boundary, VGIN

State Boundary, US.gov
Background Mapping, ESRI

Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-36



Section 3: Hazard Identification and Risk Assessment

Figure 3-22 - Number of NCEI Winter Weather Events in Virginia.
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Figure 3-23 - Number of NCEI Flooding Events in Virginia.
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Figure 3-24 - Number of NCEI Hurricane Events in Virginia.
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Figure 3-25 - Number of NCEI Landslide Events in Virginia.
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Figure 3-26 - Number of NCEI Non-Tornadic Wind Events in Virginia.
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Figure 3-27 - Number of NCEI Tornado Event

s in Virginia.
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Figure 3-28 - Number of NCEI Wildfire Events in Virginia.
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3.6 State Facilities, Critical Facilities, and Energy Pipelines
Analysis

In addition to examining vulnerability by governmental jurisdiction, the HIRA also considers
state facility and critical facility vulnerability. The HIRA does not generally include local
mitigation plan assessment of this information; although local plan data were evaluated,
inconsistencies between the plans prevented consistent incorporation of local analysis.

All state facility data were gathered by VDEM for this HIRA update. The HIRA examined two
major sources of facility data: asset data provided by the Virginia Department of General
Services (DGS) for state owned, leased, or managed facilities; and Federal Homeland Security
Infrastructure (HSIP) Freedom geodatabase for critical facilities data. The facility data contained
detailed location information for most assets but did not contain any asset valuation information.
The original dataset received also contained several non-improved land holdings; these were
removed from the original dataset and excluded from analysis.

Many of the buildings in the Virginia Agency Property System (VAPS) database might be
considered critical to disaster preparedness and response, but not all critical facilities are in the
VAPS database. For example, many privately-owned buildings and structures (e.g., hospitals,
power plants, certain industrial facilities, etc.) may be considered critical during certain natural
disasters. As such, the critical facilities data collection has been used to represent a broader array
of critical facilities than would be available through VAPS.
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Additional types of linear infrastructure may also qualify as critical facilities but were not
assessed in this plan due to data and scope limitations. Historical road closure and condition
reports were considered for use in this plan (as with the previous plan), but the format of the data
posed challenges that limited its use.

3.6.1 State Facilities

The original VAPS dataset obtained for this update contained information for over 13,800
locations for 247 state agencies, including public universities and colleges in Virginia. For the
purposes of the risk assessment, the term “state-owned facilities” is used to refer to both state-
owned and state-operated facilities. The dataset contained spatial location information for most
assets; this information, when available, was used to intersect state assets with identified hazard
zones. However, the dataset did not contain extensive attributes about each building or structure,
such as basic structural information, construction type, building value, square footage, number of
floors, year built, or sprinkler system characteristics. A second dataset was later identified that
did contain at least one valuation for each asset but did not contain any location information.
There was not a common identifier between the two datasets; as these data sets could not be
merged, no valuation estimate could be determined for state facilities.

After the initial data processing, all remaining assets were assigned a category of use based on
the primary function. These categories allowed for ease of developing and displaying relevant
maps. Table 3-10 provides these categories and the number of facilities identified in each
category.

Table 3-10 - State Facilities and Numbers

State Facilities Categories Total ‘
IAgriculture 317
Airfield 13
/Animal Health 27
IArmory 39
Barn 178
Childcare 10
Communications 76
Conference Center 15
Education 1,225
EMS 3
EOC 1
Fire Service 36
Food Service 88
Fuel 516
Hazmat 433
Historic 19
Housing 1,656
Library 29
Livestock 143
Medical Facility 125
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State Facilities Categories Total ‘
Military 3
Museum 20
Office 1,260
Other 1,360
Parking 148
Public Safety 200
Readiness Center 30
Recreational 794
Research 178
Special Population 25
Storage 2,344
Student Services 53
Support 698
Toll 11
Utility 128
\Visitors Center 46
astewater 68
ater 455
Closed 33
Total Facilities 12,803

3.6.2 Critical Facilities

The Commonwealth does not currently have a statewide critical facility dataset. Instead, various
plans appear to use different datasets, based upon the geographic and subject-matter scope of
each plan. The 2023 HIRA uses the Homeland Infrastructure Foundation-Level Data (HIFLD)
open dataset to identify critical facilities in the Commonwealth. Critical facilities are grouped
into six broad categories: law enforcement facilities, educational facilities, emergency response,
transportation, and public health. The HIFLD dataset contains general location information for
each facility, but it does not contain attribute information such as building valuation, age, or size.

All critical facilities data for this plan update were determined from the VAPS state dataset. State
assets were grouped into similar categories. Once asset categories were determined, some were
further identified as critical. This version of the plan identifies the following broad types of
critical facilities:

e Law Enforcement Facilities

e Special Populations Facilities

e Emergency Response

o Fuel Facilities

e Food Distribution/Service

o Utilities
The Commonwealth VAPS is the best available dataset since it is maintained at the state level.
However, this dataset has similar issues to the HIFLD dataset, with lack of building valuation
data and building size data.
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Although not a complete representation of all the possible types of critical facilities, this data is a
good representation of facility types in the state. The database contains over 2,400 critical
facilities within the six categories. Facilities are represented only as geographic points, so the full
spatial extent of larger facilities is not considered. Figure 3-29 shows the number of facilities
located in each critical facility category.

Figure 3-29 - Critical Facility Type and Number of Mapped Facilities
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3.6.3 Energy Pipelines

Transmission and distribution pipelines are used to transport liquids and gases such as petroleum
products, natural gas, and other chemicals across long distances. Virginia’s economy and
security benefits from the products transported via pipeline; this includes refined petroleum to
fuel transportation systems, and natural gas to heat homes and generate power. However, these
fluids are often hazardous to human health and/or to the environment, and so the operation of
transmission pipelines is regulated to ensure public safety.

Applicable federal laws are found in US Code, Title 49, Subtitle V111, Chapter 601; regulatory
activity occurs in accordance with Title 49 of the Code of Federal Regulations (CFR), Parts 190-
199, and are carried out by the US Department of Transportation’s Pipeline and Hazardous
Materials Safety Administration (PHMSA). In Virginia, the State Corporation Commission’s
(SCC) Division of Utility and Railroad Safety is also responsible for regulating certain operators,
in coordination with PHMSA. The SCC is an independent state agency and an appellate level
court whose decisions can be appealed only to the Virginia Supreme Court.

Risks associated with transmission pipelines result from accidental releases of the transported
products, which can impact public safety, the environment, national security, and the economy.
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Accidental releases can result in injuries or fatalities from fires or explosions caused by ignition
of the released product, as well as from possible toxicity and asphyxiation effects. Economic
impacts may result from business interruptions, damaged infrastructure, and loss of fuel supplies.

Pipelines may be impacted by natural hazards in direct and indirect ways. An example of a direct
impact would be erosion or shifts in the supporting soil resulting in pipeline collapse. Indirect
impacts are those that affect the infrastructure that supports pipeline operations. An example of
an indirect impact would be severe storms causing a general power or communication systems
failure which, while not impacting the structural integrity of the pipeline, could disrupt the
pipeline operator’s ability to operate the pipeline safely and the pipeline may be required to be
shutdown. Hazard-specific summaries of pipeline impacts are included in the individual hazard
sections, where applicable.

The Pipeline and Hazardous Materials Safety Administration (PHMSA) maintains the National
Pipeline Mapping System (NPMS), a nationwide GIS database of transmission energy pipelines
with attribute information such as the pipeline operator (typically a private business) and the type
of material transported. The database does not include detailed valve, facility, or operational
details, nor does it include distribution or gathering pipelines. Map features in the NPMS
typically have an accuracy of +/- 500 feet, so the database is useful for a general assessment
rather than engineering work like excavation planning for pipelines. The Pipeline Safety
Improvement Act of 2002 required pipeline operators to begin submitting geospatial data to the
NPMS. Due to security concerns, the distribution of NPMS data is limited to federal, state, and
local government agencies. The NPMS Public Map Viewer allows the public to view maps of
transmission pipelines, liquid natural gas plants, and breakout tanks in one selected county".

Figure 3-30 represents only the seven natural gas distribution companies regulated by rate
making and the three municipal distribution operator’s areas as a reference by the Division of
Public Utility Regulation. The SCC’s Safety oversight through the Division of Utility and
Railroad safety covers approximately 78 pipeline operators from small distribution systems to
large intrastate pipelines.
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Figure 3-30 - Jurisdiction of Natural Gas Utilities, Virginia (SCC, 2020)
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PHMSA also tracks significant pipeline incidents such as breaks or spills; PHMSA defines
“significant incidents” as those incidents reported by pipeline operators when any of the
following specifically defined consequences occur (

Table 3-11)":

e Fatality or injury requiring in-patient hospitalization

e $50,000 or more in total costs, measured in 1984 dollars

¢ Highly volatile liquid releases of 5 barrels or more or other liquid releases of 50 barrels or
more

e Liquid releases resulting in an unintentional fire or explosion.

Table 3-11 - Significant Pipeline Incidents Caused by Natural Hazards in Virginia (2001-
2021)".

Year Location Operator Property Damage Sub-Cause
City of Richmond Dept. of Earth

2001 Richmond Public Utilities $124418 Movement
City of TransMontaigne Product . .

2007 Richmond Services Inc. $1,086 Lightning
Charlotte e

2010 Colonial Pipeline Co. $123,396 Temperature
Courthouse

2012 Carolina Virginia Natural Gas $0 Earth Movement
County
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Location Operator Property Damage Sub-Cause

City of

2021 Newport News

Virginia Natural Gas $337,225 Earth Movement

As of this plan update, the pipeline infrastructure subject to SCC oversight includes:

e 22,314 miles of distribution main,

e 19,837 miles of services,

e 40 miles of jurisdictional gathering,

e 506 miles of intrastate gas transmission,

e 2,692 miles of interstate gas transmission,

e 1,132 miles of interstate hazardous liquids pipelines,
e 9.2 miles of intrastate hazardous liquids pipelines and
e 72 hazardous liguids breakout tanks

3.6.4 Analysis

The results of the risk assessment for state facilities, critical facilities, and energy pipelines are
included in the risk assessment section of each individual natural hazard. Facilities were
intersected with the hazard’s Geographic Extent (GE) layer to determine the building’s risk zone.
The analysis methodology is described in full detail in the individual hazard sections; tables are
used to represent the number of facilities in each risk category.

Potential dollar loss to state facilities was completed for some of the hazards. Total exposed
building value has been denoted for all the addressed hazards. Agencies with a large quantity of
structures or building value in the high-risk hazard areas are noted in each of the sections. These
agencies and buildings are an excellent starting point for assessing the need for specific
mitigation action items, however detailed analysis could not be completed for the critical
facilities because of the lack of building specific data.

A guantitative assessment of wind and earthquake impacts to state facilities, critical facilities and
pipelines involved the use of Hazards US Multi-Hazard (Hazus) software, a GIS-based loss
estimation tool available from FEMA, along with a statistical risk assessment methodology for
hazards outside the scope of Hazus. For the flood hazard, the quantitative assessment
incorporated a detailed GIS-based approach. When combined, the results of these vulnerability
studies formed an assessment of potential hazard losses (in dollars) along with the identification
of specific state or critical assets that are deemed at-risk.

Originally designed for the analysis of earthquake risks, FEMA has expanded the program to
include the analysis of flood and wind events. By providing estimates on potential losses, Hazus
facilitates quantitative comparisons among hazards and may assist in the prioritization of hazard
mitigation activities. Hazus uses a statistical approach and mathematical modeling of risk to
predict the frequency of occurrence and estimated impacts of a hazard based on recorded or
historic damage information. The Hazus risk assessment methodology includes distinct hazard
specific and inventory parameters. For example, wind speed and building type were modeled
using the Hazus software to determine the impact (damages and losses) on structures.
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This plan update utilized Hazus results produced during the previous update in 2018 to provide
regional profiles and estimated losses for hurricane wind hazards. Hazus was used to generate
probabilistic ‘worst case scenario’ events to show the maximum potential extent of damage.
Those events of less severe magnitude which could occur would likely result in fewer losses than
those calculated here. In addition, in 2018 a statewide scenario for earthquakes was developed
and is included in the risk assessment for this plan update. Note that the damage assessment for
this plan update will consider inflation in the damage assessment over the past 5 years.

3.7 Hazard Assessment and Ranking Methodology

This subsection further describes the concepts underlying the hazard identification and risk
assessment process, and the methods used to rank hazards by relative risk. These concepts
underlie the individual hazard chapters that follow. The Advisory Committee and the Working
Group reviewed the process used to identify the hazards during the Advisory Committee
Workshop in April 2022 and validated the methodology as acceptable for this plan update.

The risk assessment is structured to provide the following information for relevant hazards:

e Geographic Area Affected

e Historical Occurrences

e Probability of Future Events
e Vulnerable Populations

Maintaining clear terminology in the 2023 SHMP revision process was a priority. To improve
consistency, the following discussion identifies working definitions and expanded meanings of
key terms as found in references consulted during the update.

Probability - In this plan, probability is the odds (or chance) of a certain event, of a certain
magnitude, occurring in each period. In the strictest sense, probability must be expressed with a
guantitative statement of chance. However, when the exact probability has not been studied, a
qualitative statement of risk must suffice. Two primary methods exist for determining the
probability of a hazard’s occurrence: statistical analysis of historical occurrences; and models of
probable occurrence.

Statistical analysis of historical occurrences can be applied to large databases. These databases
may include the time, intensity, location, and damage caused by an event. Examples of such
databases include weather conditions, wildfire occurrences, and sinkhole reports. Determining
the historic frequency of occurrence of certain events may be sufficient to estimate future rates of
occurrence if the event occurs at a relatively steady rate. However, a major drawback to this
method of probability estimation is that errors, biases, and incomplete reporting in the historical
database can lead to inaccurate projections.

In contrast to pure statistical analysis, models of probable occurrence predict hazard probability
based on a more theoretical basis. While many models are often calibrated to historical data, they
have the capability to predict occurrences that would not be otherwise observed, due to the lack
of witnesses for extremely rare events. Examples of such models include flood maps depicting 1-
percent and 2-percent annual chance floodplains (1-percent and 0.2-percent-annual-chance
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flood), storm surge inundation models, karst susceptibility maps based on geologic conditions,
fire risk, and many others.

The desired result of a probability analysis is the creation of a dataset that communicates not
only the probability of occurrence, but also the spatial extent and intensity. A statement of
probability alone, without some associated intensity, is not always useful if the hazard in
question occurs frequently, and with widely varied intensity.

Vulnerability may be defined as the degree to which a certain receiving body may be damaged
by a hazard event. Jurisdictional vulnerability is often directly related to the number and type of
people in certain hazard-prone areas. Facility vulnerability, on the other hand, may be directly
related to structural capacity, fire suppression systems, and other reinforcements against hazards.

Within jurisdictional vulnerability, special attention may be paid to social vulnerability as certain
members of society are more vulnerable to disaster events. Several studies outline methods to
consider socioeconomic status when calculating the overall vulnerability of a certain geographic
location. One promising analysis method creates a social vulnerability index using readily
available US Census data and has been used in several other hazard risk assessments.
Description of social vulnerability indexing used for this HIRA is described in Section 3.7.

This report analyzes both jurisdictional and facility-specific vulnerability. Jurisdictional
vulnerability includes population and other demographic factors, aggregated building values, and
the net numbers of local critical facilities impacted by a potential hazard. Facility-specific
vulnerability is the result of the physical properties of a facility: the construction type, standards,
and age; elevation and number of stories; fire suppression; and various other factors. Ultimately,
vulnerability is often summarized in the form of an intensity-damage relationship developed
from an analysis of historical hazard impacts.

Impact may be defined as the actual effect of a hazard event on a certain receiving body.
Jurisdictional impact could be quantified as the number of people affected by an event, or other
measures of the effect of the hazard on the jurisdiction. Facility impact could be the financial
losses that occur because of damage to the facility by a well-defined hazard event.

For many hazards, impact is difficult to predict. Usually, historical data is analyzed to assess
quantified damages, deaths, and injuries that result from specific events of specific intensities.
This analysis may result in intensity-damage relationships that can be used to estimate the impact
of specific hazard scenarios in the future. Hazus, for example, can use depth-damage curves to
calculate the projected impact to specific buildings if elevation information and building
valuation data are available.

Risk - Risk is “the estimated impact...[and]...the likelihood of a hazard event...” Risk is often
expressed in relative terms such as a high, moderate, or low likelihood of sustaining damage
above a threshold. It also can be expressed in terms of potential monetary losses associated with
the intensity of a hazard?.

The risk associated with a certain hazard can also be described as the probability of that hazard’s
occurrence multiplied by its impact. When probability is expressed as annual chance, risk may be
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calculated as annualized loss. For many hazards, different probabilities may be associated with
varying intensities. In these cases, the combined risk due to a certain hazard is equal to the sum
of the risk associated with each intensity level.

3.7.1 Ranking Methodology

To compare the risk of different hazards, and prioritize which are more significant, requires a
system for equalizing the units of analysis. Under ideal conditions, this common unit of analysis
would likely be ‘annualized dollars’ from damage and human life. However, such an analysis
requires reliable probability and impact data for all the hazards to be compared. As this is often
not the case, many hazard prioritization methods are based on scoring systems, which allow
greater flexibility and more room for expert judgment.

VDEM developed a standardized methodology to compare different hazards’ risk on a
jurisdictional basis. As some of the hazards assessed in this plan did not have precisely
quantifiable probability or impact data, a semi-quantitative scoring system was used to compare
all the hazards. This method prioritizes hazard risk based on a blend of quantitative factors from
the available data. Several parameters have been considered in this methodology, all of which
could be derived from the NCEI database:

e History of occurrence;

e Vulnerability of people in the hazard area;

e Probable geographic extent of the hazard area; and,
e Historical damages, in terms of crop and property.

The ranking methodology tries to balance these factors for which reliability varies from hazard to
hazard due to the nature of the underlying data. Each parameter was rated on a scale of one (1)
through four (4). The exact weights are highly debatable, but the conclusion was that the
population vulnerability and density would each be weighted at 0.5 and geographic extent at 1.5,
relative to the other parameters. These scores are summed at a jurisdictional level for each hazard
separately, permitting comparison between jurisdictions for each hazard type. A summation of
all the scores from all hazards in each jurisdiction provides an overall, “all-hazards’ risk
prioritization. The following sections provide an overview of the six parameters that were used

in ranking the hazards that impact Virginia.

NCEI data are incomplete; these data were used for the ranking because of the standardized
collection of many of the hazards of interest. The data only partially represents the geological
hazards and thus the ranking can only characterize the current form of the data. As other data
sources become available, the ranking will need to be reassessed to make sure the parameters are
still valid for ranking the hazards.

3.7.1.1  Population Vulnerability and Density

Population vulnerability and density are simple, yet important factors in the risk ranking assigned
to a jurisdiction. In general, a hazard event that occurs in a highly populated area has a much
higher impact than a comparable event that occurs in a remote, unpopulated area. Two
population parameters were used, accounting for jurisdictions with high populations and
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jurisdictions with densely populated areas. Each parameter was given a weighting of 0.5 to avoid
overwhelming the overall ranking methodology with pure population data.

Population vulnerability was calculated as the percent of the total population of Virginia present
in each jurisdiction. The 2020 US Census population estimate for each jurisdiction was divided
by the total population for the state; a value between one and four was assigned based on a
geometric breaks pattern. By ranking jurisdictions this way, those cities and counties with
significantly larger populations have effectively been given extra weight. Table 3-12 describes
the breaks and assigned scores for population vulnerability.

Table 3-12 - Population Vulnerability as the percentage of people that will be affected by the
occurrence of the hazard

Population Vulnerability ‘

Rank Definition ‘
1 <=0.229 % of the total population of the state

2 0.230% - 0.749% of the total population of the state

3 0.750% - 2.099% of the total population of the state

4 > =2.100% of the total population of the state

Population density was based on the population per square mile for each jurisdiction. Census
2020 population estimate data for each jurisdiction were divided by the total area of a
jurisdiction; a value between one and four was assigned based on geometric intervals. By
ranking jurisdictions this way, those cities and counties with densely populated areas have
effectively been given extra weight. Table 3-13 describes the breaks and assigned scores for
population density.

Table 3-13 - Population Density as the number of people per square mile that will be affected by
the occurrence of the hazard

Population Density ‘

Definition ‘
1 <= 60.92 people/sq mi
2 60.93 — 339.10 people/sg mi
3 339.11 - 1,743.35 people/sq mi
4 >=1,743.36 people/sq mi

3.71.2  Geographic Extent

Probable geographic extent (GE) would ideally be measured consistently for each hazard;
however, the available data sources vary widely in their depiction of hazard geography. Thus,
one uniform ranking system could not be accomplished. For this HIRA, each hazard was
assigned individual category break points based on the available hazard data. In the overall
scoring system, geographic extent was given a 1.5 weighting relative to the other parameters, as
geographic extent was deemed to be critically important, and more reliable than some of the
other parameters. GE data sources, ranking criteria, and category breaks are summarized in
Table 3-14.
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Table 3-14 - Geographic Extent as the percentage of a jurisdiction impacted by the hazard.

Geographic Extent

Category Breaks

Description
Rank ‘Definition
<=2.99%

Percent of a jurisdiction that falls within FEMA Special Flood 3.00-4.99%

Flood Hazard Area (SFHA).

Data: FEMA Floodplains (DFIRMs) 5.00 -9.99%
>=10.00%
<=59.9

IAverage maximum wind speed throughout the entire 60.0 - 73.9

High Wind/ Hurricane [jurisdiction.

Data: Hazus 3-second Peak Gust Wind Speeds 74.0-949
>=95.0
<= 9.9%

Percent of jurisdiction that falls within a “high”
\Wildfire risk.
Data: VDOF Wildfire Risk Assessment

10.0% - 19.9%
20.0% - 49.9%
>=50.0%
<= 24.9%
25.0% - 49.9%
50.0% - 74.9%
>=75.0%
<= 24.9%
25.0% - 49.9%

Percent of jurisdiction where the risk is “high”
Karst for karst related events.
Data: USGS Engineering Aspects of Karst

Percent of jurisdiction where a high landslide risk exists.

BTWOINTRP RO INTRP RO TR]RAROINTRPROINPIRTOIN[FR RO IN[R[R[ONO—

Landslide
! Data: USGS Landslide Incidence and Susceptibility 50.0% - 74.9%
>=75.0%
<= 0.069
IAverage 2500-year return period max percent of gravitational 0.070 - 0.159
Earthquake acceleration (PGA).
Data: Hazus 2500-year PGA 0-160 - 0.299
>= 0.300
- . <=1.49
IAverage annual number of days receiving at least 3 inches of
' snow, calculated as an area- weighted average for each 1.50 - 1.99
\Winter Storm iediofi
urisdiction. > 00 - 2.99
Data: NWS snowfall statistics
>=3.0
<=1.24
IAnnual tornado hazard frequency (times one million), 1.25-9.99
Tornado calculated as an area-weighted average for each jurisdiction.
Data: NCEI tornado frequency statistics 10.00 - 99.9
>= 100.00

3.7.2 Annualizing the Data for Analysis

Data from the NCEI database were annualized to be able to compare the results on a common
system. In general, this was completed by taking the parameter of interest and dividing by the
length of record for each hazard. The annualized value should only be used as an estimate of
what can be expected in each year. Property and crop damage were annualized in this fashion. A
summary of the parameters and the period of record used for each hazard can be found in Section
3.5, which further describes the use of NCEI data.
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3.7.21 Annualized Fatalities and Injuries

Fatalities and injuries are also an important factor to evaluate when determining risk ranking.
Using NCEI data, past deaths and injuries were computed for drought, flood, high wind, tornado,
wildfire, and winter storm. The remaining hazards have no reported deaths or injuries in this
database and thus were assigned a ranking of one (1). The combined injury/death values were
annualized over the period of record for each event category and scored, using natural breaks
(Table 3-15). A summary of deaths/injuries and the period of record used for each hazard can be
found in Section 3.5 which describes the NCEI data.

Table 3-15 - Annualized Fatalities and Injuries

Annualized Fatalities and Injuries

Definition
1 <=1.019 fatalities and/or injuries per year
2 1.020 - 6.279 fatalities and/or injuries per year
3 6.280 — 13.199 fatalities and/or injuries per year
4 >=13.200 fatalities and/or injuries per year

3.7.2.2  Annualized Crop and Property Damage

Crop damage and property damage were also analyzed separately to give each jurisdiction a
score of one (1) to four (4). These data were obtained from the NCEI storm events database and
annualized according to the period of record for each event category (Table 3-16).

The period of record in NCEI varies dramatically by hazard type. A summary of crop and
property damages and the period of record used for each hazard can be found in Section 3.5
which describes the NCEI data.

Table 3-16 - Annualized Crop and Property Damage as the estimated damages that a hazard
event will likely cause in each year

Annualized Crop and Property Damage

Definition: Crop Damage Definition: Property Damage
1 <= $25,711 per year <= $ 136,129 per year
2 $25,712 — $100,270 per year $136,130 - $432,555 per year
3 $100,271 - $291,384 per year $432,556 - $1,111,067 per year
4 >= $291,385 per year >=$1,111,068 per year

3.7.23 Annualized Events

While each hazard may not have a comprehensive database of past historical occurrences, the
record of historical occurrences is still an important factor in determining where hazards are
likely to occur in the future. Annualizing the NCEI storm events data yields a rough estimate of
the number of times a jurisdiction might experience a similar hazard event in any given year. To
do this, the total number of events in the NCEI database, for each specific hazard in each
jurisdiction, was divided by the total years of record for that hazard to calculate an annualized
events value. A summary of events and the period of record used for each hazard can be found in
Section 3.5 which describes the NCEI data.
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It should be noted that data are not collected for land subsidence (karst), earthquake, and
landslide in NCEI; thus, the events for these hazards all received a default rank of one (1). Table
3-17 describes the annual frequency breaks for events.

Table 3-17 - Annualized Events as the number of times that a hazard event would likely happen
in each year

Annualized Events ‘

Rank Definition ‘
1 <= 0.09 events per year

2 0.10 — 0.99 events per year

3 1.00 — 4.99 events per year

4 >=5.00 events per year

3.7.2.4  Overall Hazard Ranking

The scores from each of these categories were added together for each hazard to estimate the
total jurisdictional risk due to that hazard. As discussed previously, the population parameters
were each given a weighting of 0.5 (for a total of 1.0 for all population parameters), and
Geographic Extent was given a weighting of 1.5 relative to the other factors. The total scores
were broken into five categories to better illustrate the distribution of risk scores. Those
jurisdictions with scores from 0 to 1.5 were determined to have a low risk in that hazard
category, scores 1.60 through 2.49 were considered medium-low risk, between 2.50 and 3.59
medium risk, between and 3.99 were considered medium-high risk; and jurisdictional hazard
scores greater than 4.00 were given a high rating.

In addition to this quantitative rating system described above, a qualitative assessment was used
that relies less on technology and more on historical and anecdotal data, community input, and
professional judgment regarding expected hazard impacts. The Working Group used a scoring
matrix to summarize risk by placing each hazard in order of importance for this planning effort.
This type of risk level ranking was based on historical and anecdotal data, as well as lived
experiences of Working Group members. The Working Group also provided feedback on which
hazards were of most concern from a climate change and social vulnerability standpoint. This
ranking was done collaboratively in Working Group Workshop #1 for each hazard; results are
found at the end of this section.

While the quantitative assessment focuses on using best available data, computer models, and
GIS technology, this qualitative ranking system relies more on historical data, local knowledge,
and the consensus of the State HMP Advisory Committee, as discussed in more detail in Section
2, describing the Planning Process. The results allow all hazards of concern, including those not
tracked by NCEI, to be ranked against one another. Using both the qualitative and quantitative
analyses to evaluate the hazards that impact the state provided committee members with a dual-
faceted review of the hazards. This allowed officials to recognize those hazards that may
potentially be costly, but also to plan and prepare for hazards that may not cause much monetary
damage but could put a strain on the local resources needed to recover, or on those citizens least
able to recover.
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3.7.25  Assessing Social Vulnerability

The National Risk Index (NRI) is a relatively new dataset and online application from FEMA
that identifies communities most at risk to various natural hazards. For each of the 18 natural
hazards explored in the NRI, risk is calculated as follows:

Risk = Expected Annual Loss x Social Vulnerability x (1/Community Resilience)

Source data for the social vulnerability component are derived from the University of South
Carolina’s Hazards and Vulnerability Research Institute (HVRI) Social Vulnerability Index
(SoVI). SoVl is a location-specific assessment of social vulnerability that utilizes 29
socioeconomic variables that contribute to a community’s reduced ability to prepare for, respond
to, and recover from hazards as shown in Table 3-18.

Table 3-18 - Variables used in the HVRI Social VVulnerability Index

Socioeconomic Variables

Median gross rent for renter-occupied housing units

Median age

Median dollar value of owner-occupied housing units

Per capitaincome

Average number of people per household

Community hospitals per capita (County SoVI only)

% Population under 5 years or age 65 and over

% Civilian labor force unemployed

% Population over 25 with <12 years of education

% Children living in married couple families

% Female

% Female participation in the labor force

% Households receiving Social Security benefits

% Unoccupied housing units

% Families with female-headed households with no
spouse present

% Population speaking English as second language (with
limited English proficiency)

% Asian population

% African American (Black) population

% Hispanic population

% Native American population

% Housing units with no car available

% Renter-occupied housing units

% Families earning more than $200,000 income per year

% Employment in service occupations

% Employment in extractive industries (e.g., farming)

% Population without health insurance (County SoVI only)

% Population living in mobile homes

% Population living in nursing facilities
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Community resilience is the ability of a community to prepare for anticipated natural hazards,
adapt to changing conditions, and withstand and recover rapidly from disruptions. A Community
Resilience score represent the relative level of a community’s resilience compared to all other
communities at the same level. A Community Resilience score is inversely proportional to a
community’s risk. A higher Community Resilience score results in a lower Risk Index score.

SoVI Metrics“' take into account 28 variables aggregated below into 8 components; based on
census data from 2010-2014.

These 8 components explain 78% of the variance in the data.

e Wealth

¢ Race (Black) and Social Status

e Age (Elderly)

e Ethnicity (Hispanic) and lack of Health Insurance
e Special Needs Populations

e Service Sector Employment

e Race (Native American)

e Gender (Female)

Note: Resilience and SoV|1 scores are not dependent on hazards. This means the NRI risk score is
a function of the Expected Annual Loss. The relative social vulnerability uses the factors above
for the Commonwealth, without analysis of resilience or loss data for a particular hazard. This
map is used in the HIRA to interpret social vulnerability for hazards not specifically addressed in
the NRI such as Flooding Due to Impoundment Failure. The map data were also used in the plan
to rate mitigation actions addressing those hazards. This plan update uses the NRI dataset to
produce summaries of relative social vulnerability to the prominent natural hazards, including
flooding, hurricane, and tornado. Figure 3-31 shows NRI relative social vulnerability for
Virginia.
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3.7.3 Summary of Planning Efforts

Virginia currently has 19 local hazard mitigation plans (Richmond Regional and Crater PDCs are
combined for the most recent update) that have been submitted and approved by VDEM and
FEMA Region 3. The following section addresses local hazard identification, vulnerability and
potential losses based on estimates provided in local risk assessments. In this revision of the
plan, these results were not compared in detail to the statewide risk assessment because of data
inconsistencies.

In addition to FEMA requirements for risk assessments, VDEM has additional requirements for
local plan risk assessments. The local plans must include maps for the flood hazard. This
typically involves an overlay of the Special Flood Hazard Area (SFHA) over demographic data
to determine what infrastructure and populations lie within the floodplain. The second
requirement is for local risk assessments to include maps of known high hazard areas. Chapter 6
of this plan discusses the steps VDEM uses for review and approval of local plans and how the
state coordinates with the local planning efforts.

3.7.4 Local Hazard Identification

The most significant hazards identified in the local hazard mitigation plans were flood, non-
rotational wind, and winter weather, the same top three hazards that are identified in this revision
of the statewide analysis. Local plans identified a variety of distinct hazards. Table 3-19
classifies these based on an assessment of how most localities ranked the hazard, whether as
High, Medium-High, Medium, Medium-Low, Low, and Not Assessed. For example, flooding
was given an overall ranking of high for comparison in this plan. Of the 20 plans, 17 plans
ranked flooding as high, two ranking flooding as medium, and one plan ranked flooding as low,
resulting in an overall locality ranking of high. In addition to the hazard summarized in this
report, local plans also assessed other hazards of local concern.

Table 3-19 - Summary of local plan hazard ranking

High Medium Low Not Assessed by Majority
Flood Tornado Earthquake Man-Made

Flooding due to

Non-Tornadic Wind Drought Impoundment Failure Technological
Winter Wildfire Erosion Biological
Hurricane Extreme Heat Karst Terrorism
Extreme Cold Landslide

Space Weather

Localities used a variety of approaches, ranging in complexity, to rank the hazards they
identified as impacting their regions. Some plans used a blend of various techniques and
discussions to arrive at their final ranking. Several of the major ranking/scoring techniques used
in the local plans included:

e Quantitative scoring (based on available historical data, i.e., NCEI);
e Qualitative judgment/knowledge of locality;
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e Numerical scoring worksheets (based on criteria, i.e., FEMA 386-2 worksheets); and
e Interactive activities with steering committee members.

FEMA guidance indicates that the jurisdictions at greatest risk to specific hazards should be
identified, considering both the characteristics of the hazard and the jurisdictions’ degree of
vulnerability. A variety of analysis methods may be sufficient to meet these goals; FEMA does
not mandate a specific analysis method. As a result, many local Virginia hazard mitigation
planners have developed their own ranking system.

None of the ranking techniques used in the local plans are incorrect, as there is no standard way
to rank hazards that impact specific jurisdictions. Lack of available data for each hazard is often
a driving factor in the ranking method’s degree of subjectivity. The numerical rankings were
frequently performed by different planning contractors, thus different data processing
methodologies were used. The variability in the ranking systems made it difficult to compare
local hazard rankings to the state risk assessment. Table 3-20 shows how each of the local plans
ranked the hazards identified in their plans. Some modifications have been made to this table to
be able to compare localities to the state plan. The local plans identified 37 hazards. Careful
review determined that many of these hazards were not unique hazards; rather, they were simply
variations in terminology or additional hazards that are not defined within this HIRA. In
addition, not all jurisdictions used ‘low, medium, and high’ for their ranking terminology. Some
allowed for hybrid rankings, such as ‘medium-high’. To account for this, each ranking was
assigned a number; in some cases, these numbers were decimals. The rankings were numerically
averaged, and then converted back to the standard terms of ‘low, medium, and high.’

The top three hazards identified by the local PDC’s are:

e Flooding (20 out of 20 PDCs).
e Tornado (20 out of 20 PDCs); and,
e Winter Storm (19 out of 20 PDCs).
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Table 3-20 - Local Plan Hazard Ranking Summary

Technology (Power, Pipelines,

Disease/Pandemic/Infection
Communication)

Hurricane, Tropical Storm,
Landslide

Cyclone, Nor’ easter
Coastal Erosion/Shoreline
Non-rotational wind
Karst/subsidence
Dam/levee Failure
Extreme Cold

Terrorism, Active Threat
HazMat, Biological Hazard

Severe wind
Extreme Heat

EThunderstorm/ Hailstorms

S 5 S N 1 rting

Flooding
Ice storm
Earthquake

Richmond Regional and Crater PDCs
(15 and 19)

Southside PDC (13)

EWinter storm/weather

mm e

Commonwealth Regional Council (14) u

Northern Shenandoah Valley PDC (7)

Rappahannock-Rapidan RC (9)

Thomas Jefferson PDC (10)

George Washington Regional
Commission (16)

Cumberland Plateau PDC (2)

Lenowisco PDC (1)

[l B =<
[

Mount Rogers PDC (3)

Accomack-Northampton PDC (22)

Hampton Roads PDC

,_
=
<

Northern Neck PDC (10)

Middle Peninsula PDC (18)

West Piedmont PDC (12)

Central Virginia

New River Valley PDC (4)

Roanoke Valley-Allegheny PDC (5)

nl—l—l—gl—l—
<

Central Shenandoah PDC (6)

Northern Virginia RC (8)

<

Overall

3.7.5 Addressing Uncertainty in Hazard Identification

Table 3-21 provides an outline of what types of events fall within the designated HIRA hazard
categories. For this risk assessment the following hazards were evaluated: Drought, Earthquake,
Erosion, Extreme Cold, Extreme Heat, Flooding, Hurricane, Impoundment Failure, Karst
(Sinkholes), Landslide, Land Subsidence, Non-Tornadic Wind, Pandemic, Tornado, Space
Weather, Wildfire, and Winter Weather. Committee discussions centered on how to determine
the categorization of certain events. Hurricanes are one of the Commonwealth’s most costly
hazards; however, the events can cause damage from both wind and flood. Since the impacts of
high wind, excluding tornadoes and hurricane, are the same whether it be from a derecho or a
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severe thunderstorm, it was decided wind events not categorized as tornado or hurricane should
be grouped together in a non-tornadic wind category.

Table 3-21 - Summary of hazard events by HIRA category hazards

Non-Tornadic Wind Winter Weather Tornado ‘ Drought Hurricane
Riverine Heavy Wind Snow Tornado Winds Drought Hurricane Wind
Coastal storm Thunderstorm lce Trpplcal Storm
surge Wind
Tsunami Derecho Extreme cold
, Nor’easter with
Nor'easter :
snow, ice

Sea level rise

Earthquake Karst (Sinkholes) Landslide gﬁgfendment Extreme Cold Extreme Heat
Dam failure
Earthquake Karst (Sinkholes) Landslide Extreme Cold Extreme Heat

Levee failure

Erosion Space Weather Land Subsidence ‘ Pandemic Wildfire
Erosion Space Weather Land Subsidence Pandemic Wildfire
Solar Storm Disease Dense smoke

3.7.6 Assessment of Local Vulnerability and Potential Losses

Local hazard rankings have made strides in recent years to decrease the variability in criteria to
develop monetary loss values; however, the methodology remains inconsistent across the local
hazard mitigation plans. This variability does not lend itself to being able to compare relative
loss values for each hazard in the statewide plan. Annualized loss values were pulled out of the
local plans and brought into this plan for comparison. Flood, tornado, non-tornadic wind, and
hurricane were the dominant hazards that had annualized loss values associated with them.

Table 3-22 illustrates the wide range in annualized loss estimates that have been pulled from the
local plans. Some plans provided total loss estimates for a specific flood or hurricane event but
did not provide annualized losses. In these instances, “-“was listed in the table. Without proper
documentation and data, these values cannot be compared in their current form. Some of the
local plans used FEMA’s Hazus software for this analysis, while others may have used a
combination of past event damages and years of record.
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Table 3-22 - Local Hazard Mitigation plan annualized loss estimates

Jurisdiction /
PDC

Hurricane

Tornado

Flood

Earthquake

Non-
tornadic
Wind

Drought

Wildfire

Winter
\WEEWGIET

Richmond-
Crater

$1,436,741

$1,488,825

$95,063

$4,167,000

$9,704,000

$1,765,040

$231,896

$40,411

Southside

$18,760,000

$35,451,000 |-

$18,760,000

$4,130,000

Commonwealth |-

$1,193,181

$5,590

Northern
Shenandoah
Valley

Rappahannock-
Rapidan

$491,000

$262,527

$17,515,000

$360,000

$491,000

$1,535,000

$42,522

$135,425

Thomas
Jefferson

$832,000

$5-$7M

$1,400,000

$816,000

$5-$15M

George
Washington

Cumberland
Plateau

Lenowisco

$47,436

$73,247

Mount Rogers

Accomack-
Northampton

Hampton Roads

$86,913,000

$24,300,000

$44,261,424

$1,100,000

$86,913,000

$36,860

$805,800

Northern Neck

$292,888

$173,366

$1,317,887

$360,275

$943,399

Middle
Peninsula

$2,766,673

$40,909,000 |-

West Piedmont

$29,468,177

$2,481,050

$379,594

$29,468,177

$970,498

$2,987,923

$400,352

$214,958

Central Virginia

$760,000

$307,000

$515,380

New River
Valley

$781,183

$374,000

Allegheny

Roanoke Valley- |

Central
Shenandoah

$399,000

$66,991,000 |-

Northern
Virginia

$6,500,000

$209,662

$255,477

$1,490,000

$6,500,000

3.8 Hazards

In the past, the picture of climate change in the Southeastern United States was obscured by
being one of the few regions in the world with relatively little overall warming in daily
maximum temperatures since 1900V, More recent analysis, captured by the Fourth U.S.
National Climate Assessment for the Southeast region and Virginia-specific analyses of
temperatures, precipitation, and sea level rise™**' make it clear that Virginia’s climate is
changing, and future hazard mitigation plans in the Commonwealth need to consider the range of

changes in frequency, intensity, and duration of hazards connected to climate change.

Commonwealth-wide, temperatures have risen more than 1.5°F since the beginning of the 20"
century?. The amount of warming varies by season and by location, with the greatest changes in
temperature from 1986-2016 relative to the 1895-2000 average coming in winter and spring?.
However, since 2005 average temperatures in the summers have been the warmest on record?.
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The total annual precipitation for the Commonwealth has been trending upward slightly since
2000, and the observed number of extreme precipitation events of 2” storm total or greater is
highly variable but overall exhibiting an upward trend as well, with the number of events from
2015-2020 exceeding the previous record of such events from 1995-19993. Some events have
been significantly higher, including the 8.4 inches of rain received at Washington Dulles
International Airport from Tropical Storm Lee in 2011 and rainfall totals of 3-4 inches in
Northern Virginia during a convective rainfall event July 8, 2019%. Due to the combined impact
of sea level rise and land subsidence, coastal Virginia also experiences among the highest rates
of relative sea level rise in the United States, with over 18 inches of relative sea level rise in the
past 100 years recorded at the National Oceanic and Atmospheric Administration’s tide gauge in
Sewells Point*. Over time, the combination of rising sea levels and rainfall events are
exacerbating flooding in coastal Virginia, with flooding leading to loss of marsh buffers and
increased stress on stormwater infrastructure.

Relevant to hazard mitigation planning, continued warming temperatures are anticipated to
impact the transmission of some vector borne diseases, increase long term heat stress due to the
projected increase in number of warm nights per year, increase heat stress due to extreme high
temperatures impacting outdoor workers (particularly in agriculture), alter air quality, and shift
historical patterns of wildfire!. Sea level rise and increased rainfall will also affect critical
infrastructure and the flooding of homes and businesses. The Commonwealth of Virginia has
adopted the National Oceanic and Atmospheric Administration’s intermediate-high scenario as
the future sea level rise curve recommended for planning purposes*. This curve now indicates
that the Sewell’s Point, VA tide gauge in Norfolk 1.21 feet of sea level rise by 2040, 1.67 ft by
2050, and 5.61 ft by 2100*"". Storm surges and high tides would be superimposed on top of this
amount of sea level rise, meaning that a storm the magnitude of Hurricane Isabel in 2003 would
produce a storm surge 5 feet above NAVDS88 in 2050*"". The Virginia Coastal Resilience Master
Plan was published in 2021 and includes hazard analysis and planning guidance for building
resilience to sea level rise and coastal flooding for the Commonwealth through 2100V, Future
iterations of this plan will also incorporate new projections of increased rainfall, duration, and
intensity curves that have been developed for the Commonwealth of Virginia® which are now
available through a web tool that provides 2-year through 100-year change factors to
precipitation based on the current NOAA Atlas 14 IDF curves for both low and high emissions
scenarios through 2100 (https://midatlantic-idf.rcc-acis.org/). Approved April 11, 2022, Virginia
Senate Bill 551 also requires Virginia’s Department of Conservation and Recreation (DCR) to
update the Virginia Coastal Resilience Master Plan regularly and to develop a statewide Virginia
Flood Protection Master Plan*"'. These plans will be available for the 2028 update of the
Commonwealth of Virginia Hazard Mitigation Plan and will continue to improve the ability to
incorporate climate change conditions into hazard mitigation planning at the Commonwealth and
regional levels.
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3.8.1 Drought
3.8.11 Background

Drought is a natural climatic condition caused by an extended period of limited rainfall beyond
that which occurs naturally in a broad geographic area. High temperatures, high winds, and low
humidity can worsen drought conditions and make areas more susceptible to wildfire. Human
demands and actions can also hasten drought-related impacts.

Droughts are frequently classified as one of the following four types: meteorological,
agricultural, hydrological, or socio-economic. Meteorological droughts are typically defined by
the level of “dryness” when compared to an average or normal amount of precipitation over a
given period. Agricultural droughts relate common characteristics of drought to their specific
agricultural-related impacts. Emphasis tends to be placed on factors such as soil water deficits,
water needs based on differing stages of crop development, and water reservoir levels.
Hydrological drought is directly related to the effect of precipitation shortfalls on surface and
groundwater supplies. Human factors, particularly changes in land use, can alter the hydrologic
characteristics of a basin. Socio-economic drought is the result of water shortages that limit the
ability to supply water-dependent products in the marketplace.

Economic impacts include loss of income for farmers dependent on crop harvests, irrigation
costs for farms and gardens, higher costs of feed and water for farm animals, and impacts to farm
supply businesses such as tractor sales. Wildfire resulting from drought can impact timberland.
Water utilities may have additional costs to treat and provide limited water supplies, and food
prices in general may be driven higher. Environmental impacts may include loss or destruction
of fish and wildlife habitat, and lack of food or drinking water for wild animals and resultant
disease in those populations, migration of wildlife, and poor soil quality which may lead to soil
erosion. Social impacts may result from changes in lifestyle associated with chronic drought and
associated water restrictions. Severe drought may cause health problems related to poor water
quality and fewer recreational activities if drought continues and water supplies are curtailed.

Current drought conditions in Virginia are tracked by the Drought Monitoring Task Force
(DMTF), an interagency group made up of representatives from both state and federal agencies.
The Task Force’s status reports integrate information from various state and federal
organizations to provide a complete picture of current and near-term drought conditions*"',

Current drought conditions nationwide are tracked by the US Drought Monitor, a partnership
between the National Drought Mitigation Center at the University of Nebraska-Lincoln, federal,
and state environmental and climatologic organizations. The US Drought Monitor blends a
variety of drought indicators to produce a weekly drought condition status map for the nation*'",

Droughts are typically quantified based on indices that consider rainfall, temperature, stream
flow, groundwater, and/or other factors. One of the most cited drought measures is the Palmer
Drought Severity Index (PDSI), first documented in a 1965 paper by Wayne Palmer, which uses
temperature and precipitation information for a location in a formula to quantify dryness. A
Palmer index value of zero indicates normal conditions, with increasingly negative values
indicating increasing drought severity. PDSI is specifically intended to measure long-term
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droughts. Other drought indices, such as the crop moisture index (CMI) use different methods
and formulas to quantify dryness, and may be more appropriate for specific applications,
including measuring short-term droughts. The US Drought Monitor uses a variety of drought
indices, including the Palmer index, to produce an overall drought severity classification.

The drought severity classification table (Table 3-23) shows the ranges for Palmer Drought
Severity Index (PDSI) for each dryness level. Other indicators are also used, such as USGS
weekly streamflow data and a standardized precipitation index. Short-term drought indicator
blends focus on 1 to 3-month precipitation totals. Long-term blends focus on 6 to 60 months of
precipitation data.

Table 3-23 - Palmer Drought Severity Index*™

catw

Going into drought:

s short-term dryness slowing planting, growth

of crops or pastures

Abnormally

DO -1.0to-1.9
Dr‘y Coming out of drought:
= zome lingering water deficits
® pastures or crops not fully recovered
& Some damage to crops, pastures
M Od erate = Streams, reservoirs, or wells low, some
D1 S T -20to-2.9
DrOUght water shortages developing or imminent
= Voluntary water-use restrictions reguested
» Crop or pasture losses likely
D2 Severe ® ‘Water shortages common 30to-39
Drought = Water restrictions imposed
Ext reme = Major crop/pasture losses
ﬂ DrOUght = Widespread water shortages or restrictions _40 to 49
= Exceptional and widespread crop/pasture
Exceptional o=ses |
Drought & Shortages of water in reservoirs, streams, _50 or less

and wells creating water emergencies

Figure 3-32 provides a look at the national average percent of D3-D4 conditions from 2000-
2022.

Figure 3-33 shows the PDSI summary map for the US from 1895 to 1995. PDSI drought
classifications are based on observed drought conditions and range from -0.5 (incipient dry spell)
to -4.0 (extreme drought). As can be seen, the Eastern US has historically not seen as many
significant long-term droughts as the Central and Western regions of the country.
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Figure 3-32 - National average percent of D3-D4 conditions, including Virginia, 2000-2022.

Virginia Drought
Average Percent of D3-D4 Conditions
1/1/2000-5/22/2022

Average Percent of D3-D4
Conditions

[T 0-5%

<10% A

B <15% 0 250 500 Miles

B <20% Lo teid
rces;

B <25% Comprehensive Statistics, National Drought Monitor

State Boundary, Census.gov
Background Mapping, ESRI

Figure 3-33 - Palmer Drought Severity Index, 1895-1995 Percent of Time in Severe and
Extreme Droughtxx

% of time PDSI < 3

[ Less than 5%
] 5% to 9.99%
] 10% to 14.9%
M 15% to 19.9%
.20% or greater

3.8.1.2 Location and Spatial Extent

Drought typically impacts a large area that cannot be confined to geographic boundaries;
however, some regions of the US are more susceptible to drought conditions than others.
According to Figure 3-34, Virginia is in a zone representing 5 percent to 9.99 percent of the time
with PDSI less than or equal to -3 (-3 indicating severe drought conditions). Drought conditions
typically do not cause significant damage to the built environment. Agricultural areas are more
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likely to be impacted by drought, especially in the early stages. As water restrictions are put in
place because of acute water shortages, impacts on urban consumers increase (use restrictions,
drinking water supply effects and saltwater intrusion). Figure 3-34 indicates that Virginia has had
a maximum of 4 drought declarations per county between January 2000 and May 2022.

Figure 3-34 - Virginia Drought — Average D3-D4 Conditions Statewide

Virginia Drought
Average Percent of D3-D4 Conditions
1/1/2000-5/22/2022

Drought Declarations

State Boundary, Census.gov
Background Mapping, ESRI

3.8.1.3  Significant Historical Events

The drought of record for Virginia occurred in 1931 when the statewide average rainfall amount
was 7.64 inches compared to an average mean rainfall amount of 17.89. This drought was during
the period that also saw the Great Dust Bowl that contributed to the Great Depression.
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Table 3-24, based on available records from VDEM, local plans, and the National Weather
Service (NWS) describes some of the major recorded droughts in Virginia’s history.
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Table 3-24 - Selected Droughts in Virginia’s History*

DEUS@f Details
Occurrence
1607 An extended drought threatened Jamestown; many did not survive.
The Virginia Piedmont counties of Loudoun, Fauquier, and Culpeper registered less than 21 inches of rain for the
1930 year — about half of the normal amount. From July through November of 1930, no rain gauge in the Piedmont
registered more than 1.6 inches of rain™,
The cumulative stream flow deficit was the largest because of its duration; however, it was not as severe as the
1962-1971
1930 drought.
1985-1988 Severe drought in the entire southeast US.
1993 Hot, dry weather affected 23 Virginia counties and was responsible for an
estimated $75 million in crop damages.
1995 City of Suffolk was declared a Drought Disaster Area, with an estimated
$13.3 million in crop damages.
1997 Drought conditions resulted in crop damages estimated at $73.8 million
in central, eastern, and northern Virginia.
1998 Drought conditions resulted in crop damages estimated at $66.5 million
in the Eastern Piedmont and Northern Neck regions of Virginia.
1999 Drought conditions resulted in crop damages estimated at $83 million in
Northern Virginia.
Throughout most of the early and mid-2000s, the entire southeastern US was in varying levels of drought,
2000s including Virginia. In November 2002, 45 counties were approved for primary disaster designation by the US
Secretary of Agriculture, while 36 requests were still pending. This dry period led to water conservation restrictions
throughout the state and exacerbated water supply infrastructure problems, especially in rural communities.
The Town of Big Stone Gap experienced a water shortage due to a combination of drought-like conditions and
October - A - -
construction activities on a new dam for the Big Cherry Reservoir. A state of emergency was declared, and about
2005 A 3 ’
$1.3 million in state funding was used to help offset the costs of local emergency water supply operations.
2007 Seventeen counties fell into severe drought status as over $10 million in
crop damages occurred in southwest Virginia.
In the Town of Goshen, a pump failure caused water pressure to drop, and many older pipes (circa 1930), which
were already in fragile condition, cracked and caused major leaks. The water system was forced to shut down for
June 2007 ; . . o : A
repairs. A state of emergency was declared, and water was shipped in and distributed with assistance from the
National Guard, volunteer organizations, and church groups.
2010 The summer of 2010 was hot and dry. Most of the state suffered from moderate to severe drought conditions, and
some jurisdictions were placed under water restrictions.
La Nina conditions produced extreme and exceptional drought conditions throughout much of the US, Canada, and
2012-2013 Mexico. Peak drought conditions in July resulted in more than 80% of the country with at least abnormally dry
conditions. Much of Virginia was classified as either abnormally dry or as experiencing moderate to severe drought
conditions.
2021-2022 NCEI reports Pittsylvania, Charlotte, and Halifax Counties experienced drought conditions for 3 months.

Figure 3-35 provides a time series of US Drought Monitor Categories since 2000 for the
Commonwealth of Virginia, highlighting times when Virginia was in Extreme, Severe or
Exceptional drought categories.
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Figure 3-35 - Virginia Drought History, 2000-2021>

Virginia Percent Area in U.S. Drought Monitor Categories

100.00

N L 1

0 (Abnormally Dry) D1 (Moderate Drought) b2 (severe Drought) I 03 (Extreme Droughty Il D4 (Exceptional Drought)

As of early 2022, precipitation totals have been below the watch indicator for many areas of the
state. The DMTF issued a Drought Watch Advisory for the Northern Virginia and Northern
Piedmont regions, which means that precipitation levels are low enough to warrant further
monitoring of these areas for the development of drought conditionsV.

3.8.1.4  Probability of Future Occurrence

The future incidence of drought is highly unpredictable and may be localized, which makes it
difficult to assess the probability of drought. Near-term conditions can be extrapolated from past
trends. Some form of drought affects Virginia every year, and so the real challenge is to assess
the exact timing, location, and severity of drought conditions. Any assessment of historical or
future drought conditions must also define the measures of drought to be tracked, a non-trivial
task.

No sources of information on long-term historic frequency of drought or future probability of
drought were identified for inclusion in this plan. This may be a result of multiple definitions
resulting in inconsistent reporting. As a result, while the future probability of some type of
drought may be estimated at 100%, the exact severity of future drought cannot be quantified at
this time.

3.8.1.5 Impact and Vulnerability

Virginia has extensive agricultural operations throughout the state, many of which are vulnerable
to shortages in rainfall. As of 2017, there were approximately 43,225 farms in the state, and
approximately 33% of the state’s land was held in farms (7.8 million acres)xxv. Because of the
significant amount of cropland and agricultural operations in the state, drought is a hazard of
concern. Precipitation at reliable, predictable times in the growing cycle of any crop is essential
for the success of that crop, as every crop has a predictable growing season.

Evapotranspiration is the evaporation of water from plant leaves. The rate of evaporation varies
widely depending on weather conditions (temperature, humidity, sunlight intensity, precipitation,
wind, etc.). During dry periods — including droughts - transpiration can contribute to the loss of
moisture in the soil, which can impact vegetation and crops.*"!

Figure 3-36 illustrates the distribution of cultivated lands in Virginia. Cultivated lands are
defined by the USDA Census of Agriculture as land from which crops were harvested and hay
was cut, and land used to grow short-rotation woody crops, land in orchards, citrus groves,
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Christmas trees, vineyards, nurseries, and greenhouses™". The USDA Census of Agriculture is
updated on a 5-year cycle. The last update was done in 2017 and the 2022 update is ongoing.
Therefore, the data shown in the figure below is based on the 2017 Census of Agriculture. The
top five counties with the greatest acreage of cropland, and therefore high exposure to drought
impacts, are listed in Table 3-25.

Table 3-25 - Acreage of Cropland by Jurisdiction for the Top Five Countiesxxviii

County Cropland Acreage ‘
Rockingham County 107,355

Augusta County 95,603

Southampton County 91,803

Fauquier County 68,423

Pittsylvania County 66,556

Short-term droughts occurring in sync with the growing season may have a significant impact on
agricultural productivity but may have little impact on public drinking water supply. Long-term
hydrologic drought can impact public water supplies, forcing local governments to enact water
conservation restrictions. The cost of such restrictions has not been analyzed in this plan due to
lack of reliable data. Jurisdictions which have invested in water supply and distribution
infrastructure are less vulnerable to drought.

In addition to the primary impacts of drought, there are also secondary impacts that can increase
the potential for other hazards to occur. Extended periods of drought can increase the risk of
wildfire occurrences. Wildfire occurrences can lead to an increase of burned woody debris that
could increase the potential for landslides or mudflows. Drought conditions may also increase
the number of trees impacted by high wind events.

Risk

The risk associated with drought in Virginia has not been formally quantified due to the
difficulty in assessing the rate of incidence, and the lack of complete data on drought impacts.
There is low risk of property damage due to drought in Virginia. Droughts can typically occur in

every part of the state. Risk to structures should be considered uniform across the
Commonwealth.

Crop damages due to drought are uncertain, as agricultural productivity often varies with
growing conditions from year to year. However, the NCEI Storm Events Database does report an
annualized average of about $27.0 million of crop damages due to drought in the 25 years from
1997 and 2022. Other than crops, the NCEI database does not report any property damages due
to drought.

Figure 3-36 highlights cultivated lands in Virginia which provides an idea of where critical
facilities could potentially be impacted.
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Figure 3-36 - Cropland in Virginia

2021 Cultivated Lands in Virginia
National Agricultural Statistics Service
201:7-2021

State Facility Risk

Droughts generally do not impact state structural assets so the risk to state-owned assets is
extremely low. Some state agencies and education facilities operate farms or have other
agriculture-related research functions and drought could conceivably impact these operations;
however, the risk is to the agricultural output, not the agency structures. The value of those
agricultural production assets could not be quantified for the purposes of this report; however,
future versions of this plan may be improved through the collection of these data. This list is not
known to be exhaustive because it was compiled through original research for the purposes of
this plan and it does not include all equestrian and golf recreational facilities on all state-owned
lands that could be impacted by drought. Additional investigations with DHR, DCR, the Virginia
Department of Game and Inland Fisheries, Institutions of Higher Education and DOC are
advised to collect a more thorough list of state-owned and operated working farm acreages.
Affected facilities may include the following:

e DOC - Beaumont Correctional Center Farm in Beaumont

e DOC - Coffeewood Correctional Center Farm in Mitchells

e DOC - Culpeper Correctional Facility for Women Farm in Mitchells

e DOC - Dinwiddie Correctional Unit Farm on Cox Road

e DOC - Farm Facilities at Powhatan Correctional Center in State Farm

e DOC - Farm Facilities at James River Correctional Center in State Farm
e DOC — Farm Facilities at Greensville Correctional Center in Jarratt

e DOC - Farm Facilities at Halifax Correctional Unit in South Boston
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e DOC - Farm Facilities at Baskerville Correctional Center in Baskerville

e DOC - Farm Facilities at Nottoway Correctional Center in Burkeville

e DOC - Farm Facilities at Chatham Diversion Center in Chatham

e DOC - Farm Facilities at Beaumont Correctional Center in Beaumont

e DOC - Farm Facilities at Southampton Correctional Center in Capron

e DOC - Farm Facilities at Deerfield Correctional Center in Capron

e DOC - Farm Facilities at Wise Correctional Unit at Coeburn

e Virginia Outdoors Foundation — Hayfiles Farm in McDowell

e Frontier Culture Museum of Virginia — Farm Facilities in Staunton

e DHR - Clermont Farm in Berryville

e VDOF — Game Farm in Cumberland

e DCR - Farm Facilities at Sky Meadows State Park in Delaplane

e DCR - Farm Facilities at Chippokes Plantation State Park

e Virginia Military Institute Bushong Farm - In 1964, the Bushong Farm and surrounding
property was deeded to VMI, creating the first act of Civil War battlefield preservation in
the Shenandoah Valley.

Virginia Tech Agricultural Research and Experiment Centers (ARECs)—About 3,900 acres of
land at 12 agricultural research stations and laboratories throughout the state are used for
agricultural, forestry, seafood, and aquaculture research. Some of the land is leased; the
remainder is owned by the university. These stations, the number of acres owned, the year
operations began, and the location of each are Hampton Roads AREC, 70 acres, 1920, Virginia
Beach; Middleburg AREC, 420 acres, 1949, Middleburg; Northern Piedmont, 43.18 acres, 1940,
Orange; Eastern Shore AREC, 226 acres, 1913 (moved to current location in 1956), Painter;
Alson H. Smith Jr. AREC, 134 acres, 1921, Winchester; Shenandoah Valley AREC, 634 acres,
1954, Steeles Tavern (includes the Cyrus McCormick Farm); Tidewater AREC, 325 acres, 1914,
Holland; Southwest Virginia AREC, 208 acres, 1929, Glade Spring; Eastern Virginia AREC, 54
acres, 1912, Warsaw (started in Williamsburg; moved to current location in 1950); Southern
Piedmont AREC, 1,184.16 acres (efforts underway to increase acreage to a total of 3,829 acres),
1906 (two experiment stations in Chatham and one in Charlotte Court House consolidated in
1972 to form this AREC), Blackstone; Virginia Seafood AREC, 1 acre, 1975, Hampton; and
Reynolds Homestead Forest Resources Research Center, 710 acres, 1969, Critz (site includes the
Reynolds Homestead. The Southwest Virginia Aquaculture Research and Experiment Center,
which opened in 2000 in Saltville was closed as an AREC in the winter 2009-2010 and is now
used as a department research laboratory.

Virginia Tech Cyrus McCormick Farm—In 1954 the heirs of Cyrus McCormick gave the college
the 634-acre farm Walnut Grove, where McCormick had demonstrated his first successful

reaper. The property, located between Steele’s Tavern and Raphine in Rockbridge County, was
used to establish the Shenandoah Valley Agricultural Research and Extension Center, dedicated
in 1958. A five-acre memorial plot, which is a designated National Historic Landmark, includes
a museum converted from a blacksmith shop, a gristmill, and a manor house that are open to
visitors.
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Virginia Tech Reynolds Homestead—In 1969 Nancy Susan Reynolds donated the Reynolds
Homestead, birthplace and boyhood home of tobacco manufacturer R.J. Reynolds, to the
university, followed in 1980 by an additional gift of land. Total acreage: 723.99 acres. The site
includes a two-story brick home, known as the Rock Spring Plantation House, which was built in
1843 and is a historic landmark; several outbuilding, family and slave cemeteries, a continuing
education center, and the Reynolds Homestead Forest Resources Research Center. In 2007, the
Virginia Tech Foundation purchased an additional 32.40 acres; cost $107,500; followed in 2008
by the purchase of 28.07 acres; cost $149,500, both purchases for use in forestry research. The
plantation home is open to the public.

Virginia Tech College Farm Operation—Formed in 1990. Six tracts of land, including
Whitethorne Farm, totaling 3,200 acres in Blacksburg area. Crops produced on 1,937 acres used
to support livestock in research and teaching programs. Field plot and livestock grazing research
conducted on 400 acres. Additional 660 acres devoted to wildlife, forestry, conservation
management, demonstrations, and other educational activities.

Virginia Tech Corporate Research Center—Development started in 1985 to attract industrial
research and development operations to locate in the park and interact with university research
programs. Located south of the main campus and adjacent to the Virginia Tech/Montgomery
Executive Airport. Dedicated September 25, 1987. 33 completed buildings on 230+ acres of land
with 1.2+ million square feet of space. The park is home to 180+ companies currently employing
3,000+. The VTCRC has plans to construct another 16 buildings (870,000 square feet) to house a
total of around 5,000 employees in the future.

Virginia Tech Fries, Va., Textile Mill—Donated by Robert Pamplin with the understanding that
it would be sold, and proceeds used to support the Pamplin College of Business. The mill and
milldam, which made the generation of electricity possible, was sold around 1990 to a company
that buys small generation plants and sells the electricity to large utilities.

Heth Property—Acquired 2001 when Heth family sold and gifted 326 acres of property worth
approximately $15.2 million to the university. Located adjacent to Virginia Tech. Most of the
property intended for eventual use and growth of the university. Some property currently used by
Biological Sciences for stream restoration research on Stroubles Creek; other parts of the
property have been used by the College of Agricultural and Life Sciences.

Kentland Farm and Historic District—Acquired in 1985 as part of Whitethorne Farm (see
below); 350-acre area that includes an antebellum manor house, hexagonal brick smokehouse,
overseer’s house, 19th-century grist mill, Kent-Cowan cemetery, and slave cemetery.
Recognized by Virginia Board of Historic Resources and placed on National Register of Historic
Places in 1991. Includes Kentland Manor, constructed 1834-35, a two-story, five-bay, Flemish-
bond brick home with Federal and Greek Revival detailing. The historic district includes five
Native American utilization areas dating to Late Woodland period (AD 800-1600).
Revitalization project commenced 2003 to preserve and develop the historic district.

Virginia Tech Marion DuPont Scott Equine Medical Center—Constructed in 1981 in Leesburg
and operated by Virginia Tech’s Virginia-Maryland Regional College of Veterinary Medicine.
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Funding for the facility, which provides diagnostic and treatment services and on-site training for
equine veterinary medicine and surgery students, came from Marion duPont Scott and the
Virginia Tech Foundation. The Westmoreland Davis Memorial Foundation provided the 198-
acre site for the center. New barn dedicated April 17, 2009; named for Paul R. Fout, a horse
breeder and trainer. Founding director of equine center was Dr. G. Frederick Fregin.

Virginia Tech Moore Farm—Approximately 246.90 acres. Located off Price’s Fork Road.
Acquired in 1950 from Alma Flanagan Moore and Lawrence W. Moore. Consists of observatory,
several houses, several barns and sheds, and other buildings. Astronomy-teaching observatory
constructed 1974; 410 sq. ft. Contains a 16 1/2 ft. dome and 12 1/2 inch, electronically controlled
Newtonian telescope.

Virginia Tech Whitethorne Farm—Acquired by the university in 1985 in a deed exchange
between the university and Jay D. and Lorraine B. Nicewonder and The Buchanan Bottoms Land
Company, a Virginia corporation. Includes 1,750 acres of land and several agriculture-related
buildings, and the Kentland Farm and Historic District. In 1986 the Virginia Tech Foundation
purchased an additional 95 acres; cost $187,000. University leases the land from the Foundation.
Farmland used by College of Agriculture and Life Sciences for research.

UVA Panorama Farms - Panorama Farms is a privately owned farm of 850 acres located off
Earlysville Road, approximately six miles from the Grounds of the University of Virginia. The
property has nine miles of cut grass trails and 30 miles of wooded mountain bike trails. There are
two different 5K courses, as well as a 6K, an 8K and a 10K course each with a common starting
line and finish line. The courses are laid out entirely on rolling grass fields that are maintained
year-round. The courses are exceptionally spectator friendly. The home of the Virginia cross
country teams, Panorama Farms was the site of the 2006 and 2007 ACC Cross Country
Championships and the 2013, 2015, 2016, 2017 and 2019 NCAA Southeast Regional
Championships.

UVA Morven Farm - current acreage includes forty-three buildings and a core property to be
held in perpetuity. The gift also includes the renowned Formal Gardens, circa 1930, and the
Japanese Garden constructed in the mid-1990s. Provides a collaborative environment for both
local initiatives and global convening for pressing environmental issues. Includes a kitchen
garden and the First Lady’s Food Lab.

UVA - The Virginia Forest Research Facility (VFRF) is part of the Pace/Steger
teaching/research site located in nearby Fluvanna County. This field site, representing a
secondary growth, mixed deciduous forest and associated riparian zones in the Piedmont of
central Virginia, has a 40-m meteorological tower for measuring trace gas exchanges as well as
facilities and equipment used primarily for undergraduate and graduate teaching purposes.

UVA Blandy Farm - Focus of ecological research is centered on the 700 acre Blandy
Experimental Farm located near Front Royal, VA. Blandy contains cropland, fields, and forest,
office and dormitory buildings, and is home to the Orland E. White State Arboretum of Virginia.
Faculty and students also conduct research at the Mountain Lake Biological Station, a research
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and teaching facility located in the deciduous hardwood forest of the Allegheny Mountains of
southwestern Virginia and administered by the Biology Department at UVA.

Radford University Farm at Selu - a farming-based living history museum on a replicated 1930s
homestead on Radford University’s 380-acre Selu conservancy.

Critical Facility Risk

Droughts typically do not impact infrastructure. Cropland is the asset that is most at risk from
drought, but crops are not considered critical facilities. Drinking water reservoirs may experience
service interruptions during drought conditions in some parts of the US; however, this risk has
been successfully managed in Virginia in the past and the reservoirs in Virginia are primarily
owned and operated by non-state entities.

Drought Risk to Energy Pipelines

The risks associated with expansive soils — including those posed to buried pipelines — may be
exacerbated by prolonged drought followed by soil-saturating precipitation™™. Severe drought
conditions can cause soil to shift, which may cause brittle pipelines to break. Soils that are prone
to changes in volume with changing moisture content are called expansive soils. The capacity of
soil to shrink and swell is dictated by the clay minerals present in those soils, particularly
montmorillonite, which can cause swelling of up to 15 times the dry volume and exert pressure
of more than 30,000 pounds per square foot. Seasonal changes in soil moisture can increase the
shrink/swell behavior of expansive soils. Expansive soils may be recognized by large cracks that
form during droughts.

National Risk Index

The National Risk Index (NRI) includes three components: a natural hazards component
(Expected Annual Loss), a consequence enhancing component (Social Vulnerability), and a
consequence reduction component (Community Resilience). Using these three components, a
composite Risk Index score and hazard type Risk Index scores are calculated for each
community (county and Census tract) included in the Index. For the purposes of this
SHMP/HIRA update the qualitative summary for drought are reviewed for each community
(county tract).

As shown in Figure 3-37, drought is of greatest risk to areas within the south central and
southeastern portions of the Commonwealth.

Table 3-26 highlights the highest risk communities to drought in Virginia.
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Figure 3-37 - Drought Risk
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Table 3-26 - Communities With Highest Risk Index Rating for Drought

Locality NRI Risk Index Rating
Lee County
Cumberland County Relatively High
Nottaway County

Source: NRI

Future Conditions

Information provided by the Governor’s Climate Commission indicates that Virginia is “moving
towards more widespread impacts under the driest conditions.” While the data is not yet
conclusive that chronic or increased drought conditions already have or will evolve in Virginia,
there is sufficient evidence to cause concern and to monitor future drought conditions. In
addition to concerns regarding livestock, croplands, and people, the 808,000 acres of freshwater
wetlands in Virginia are also at risk during prolonged drought conditions*. Fuel transport by
rail and barge is susceptible to increased interruption and delay during more frequent periods of
drought that affect water levels in rivers and ports.

The 2017 National Climate Assessment describes increased temperatures and more frequent
droughts because of climate change®™!. It reports that the annual average temperature of the
contiguous US has risen since the start of the 20" century™, Assuming a “business as usual”
emissions scenario is maintained, NASA’s Langley Research Center predicts that a nine degree
increase in average temperatures in Virginia could be reality by 2100°. This would mean that
most of Virginia would be warmer than parts of Texas are currently. NASA has also confirmed
that since 1880, when official record keeping began, the past eight years collectively have been
the warmest, with 2020 and 2016 being the hottest™ V. NASA stresses that the important
consideration in these figures is that this is not a single or a handful of years that are warmer —
this is decade after decade of increases in temperatures. The report confirmed that “heat and
precipitation extremes will be five times more likely by 2100 in Virginia, with a once-in-20-
year-event occurring every four years”.
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Based on climate assessments from the US Global Change Research Program, the
Intergovernmental Panel on Climate Change, and the EPA’s Climate Change Indicators in the
US, changes in the drought pattern in Virginia will have both positive and negative impacts on
farming, agriculture, and people. Higher temperatures generally reduce productivity in livestock,
and can lead to reduced yields of crops, including corn. But higher concentrations of atmospheric
carbon dioxide can increase crop yields, which may offset the harmful effects of high
temperatures on cotton, soybeans, wheat, and peanuts. These potentially higher yields, however,
are reliant on the availability of water for irrigation. Rising temperatures will increase both the
need for irrigation and the amount of water needed. If sufficient water for irrigation is not
available, severe, or prolonged droughts will result in reduced crop yields™*V,

Jurisdictional Risk

The hazard ranking for drought is based on parameters reported in the NCEI Storm Events
Database. No geographic extent data were available for drought probability estimation; each
jurisdiction was assigned a value of low (1) for ranking purposes. Annualized injuries, deaths,
and property damages were also given a low ranking for the state because of the limited events in
the NCEI storm events database. The reporting of drought occurrence, and of drought- related
crop damages, is shown to be generally higher in Northern, South-Central, and Southwestern
parts of the state.

Local Risk Assessment

Local plans were reviewed for spatial data sources used, historical occurrences, hazard
probabilities, vulnerability, loss estimations, and land use and development trends. When
available, this information supplements the text and figures of each of the sections in this
revision.

After review of the local and regional plans, 17 of the 20 provided a risk rank for drought. Most
of these plans provided a general description of drought and its impact on their region. Four
plans used Census data to report the percentage of people on public and private wells. In
addition, two plans included past regional water supply problems and complaints. A few local
plans also discussed the types of crops and farmland in their regions. Six local plans provided
annualized loss values based on the NCEI storm events database; this is the same data that was
used for the statewide analysis. Two plans considered the NCEI data and annualized loss
estimates, with results that showed negligible amounts of annualized losses. Table 3-27 shows
the annualized loss values from the local plans. Local plans discussed the inability to calculate
loss due to the lack of detailed record keeping of historical events, probability, and drought not
having a physical impact on structures in terms of damage to structures. The local plan ranking
average was medium for drought. The 2023 statewide analysis has ranked drought as medium
risk.
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Table 3-27 - Local Mitigation Plans — Annualized Crop Losses for Drought

PDC/Jurisdiction

Local Plan Annualized Crop Loss

Richmond-Crater

$1,765,040

Southside

$4,130,000

Commonwealth

$1,193,181

Northern Shenandoah Valley

*

Rappahannock-Rapidan

$1,535,000

Thomas Jefferson

$5-$15M

George Washington

*

Cumberland Plateau

*

Lenowisco

*

Mount Rogers

*

Accomack-Northampton

*k

Hampton Roads

*

Northern Neck

$943,399

Middle Peninsula

*

West Piedmont

$2,987,923

Central Virginia

$515,380

New River Valley

*

Roanoke Valley-Allegheny

*%

Central Shenandoah

*

Northern Virginia

*

* Not reported in HMP

** Not identified as hazard in HMP
3.8.1.6 Changes in Development
Most local plans did not specifically address changes in development for each hazard or the

effects of changes in development on loss estimates. In most cases, overall development patterns
were discussed in general. In some cases, agricultural vulnerability was discussed as a part of the
overall development trends section. Sixteen of the 20 local plans cite their comprehensive plans
for current and future land use changes. Most of the damages due to drought are not related to

infrastructure. Communities with large amounts of agricultural land have some water supply

related mitigation action items.
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Table 3-28 - Drought Hazard Ranking Parameters and Risk

Accomack Medium Medium Low Low High Medium Low Medium-Low
Albemarle Medium-High Medium Low Low High Medium-High Low Medium
Alexandria, City of Medium-High High Low Low Low Medium-High Low Medium-Low
Alleghany Low Low Low Low Low Medium Low Low

Amelia Low Low Low Low Medium-High Medium Low Medium-Low
Ambherst Medium Medium Low Low Low Medium Low Medium-Low
Appomattox Low Low Low Low Low Medium Low Low
Arlington High High Low Low Low Medium-High Low Medium
Augusta Medium-High Medium Low Low High Medium-High Low Medium
Bath Low Low Low Low Low Medium Low Low

Bedford Medium-High Medium Low Low Low Medium Low Medium-Low
Bland Low Low Low Low High Medium Low Medium-Low
Botetourt Medium Medium Low Low Low Medium Low Medium-Low
Bristol, City of Low Medium-High Low Low Low Low Low Low
Brunswick Medium Low Low Low Medium-High Medium Low Medium-Low
Buchanan Medium Low Low Low Low Medium-High Low Medium-Low
Buckingham Low Low Low Low Low Medium Low Low

Buena Vista, City of Low Medium-High Low Low Low Medium Low Medium-Low
Campbell Medium Medium Low Low High Medium Low Medium
Caroline Medium Low Low Low Medium-High Medium Low Medium-Low
Carroll Medium Medium Low Low High Medium-High Low Medium
Charles City Low Low Low Low Medium-High Medium Low Medium-Low
Charlotte Low Low Low Low High Medium Low Medium-Low
Charlottesville, City of Medium High Low Low High Medium-High Low Medium
Chesapeake, City of High Medium-High Low Low Low Medium Low Medium-Low
Chesterfield High Medium-High Low Low Low Medium Low Medium-Low
Clarke Low Medium Low Low High Medium-High Low Medium-Low
Colonial Heights, City of Medium High Low Low Low Medium Low Medium-Low
Covington, City of Low Medium-High Low Low Low Medium Low Medium-Low
Craig Low Low Low Low Low Medium Low Low
Culpeper Medium Medium Low Low Medium-High Medium-High Low Medium
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Cumberland Low Low Low Low High Medium Low Medium-Low
Danville, City of Medium Medium-High Low Low High Medium Low Medium
Dickenson Low Low Low Low Low Medium-High Low Low
Dinwiddie Medium Low Low Low High Medium Low Medium-Low
Emporia Low Medium-High Low Low Low Medium Low Medium-Low
Essex Low Low Low Low Medium-High Medium Low Medium-Low
Fairfax High High Low Low Low Medium-High Low Medium
Fairfax, City of Medium High Low Low Low Medium-High Low Medium
Falls Church, City of Low High Low Low Low Medium-High Low Medium-Low
Fauquier Medium-High Medium Low Low Low Medium-High Low Medium-Low
Floyd Low Low Low Low High Medium Low Medium-Low
Fluvanna Medium Medium Low Low Medium Medium Low Medium-Low
Franklin Medium Medium Low Low High Medium Low Medium
Franklin, City of Low Medium-High Low Low Low Medium Low Medium-Low
Frederick Medium-High Medium Low Low Medium Medium-High Low Medium
Fredericksburg, City of Medium High Low Low Low Medium-High Low Medium-Low
Galax, City of Low Medium-High Low Low High Medium-High Low Medium
Giles Low Low Low Low Low Medium Low Low
Gloucester Medium Medium Low Low Low Medium Low Medium-Low
Goochland Medium Medium Low Low Medium Medium Low Medium-Low
Grayson Low Low Low Low High Medium-High Low Medium-Low
Greene Medium Medium Low Low Medium Medium-High Low Medium-Low
Greensville Low Low Low Low Low Medium Low Medium-Low
Halifax Medium Low Low Low High Medium Low Medium-Low
Hampton, City of Medium-High High Low Low Low Medium Low Medium-Low
Hanover Medium-High Medium Low Low High Medium Low Medium
Harrisonburg, City of Medium High Low Low High Medium-High Low Medium
Henrico High Medium-High Low Low Medium Medium Low Medium
Henry Medium Medium Low Low High Medium Low Medium
Highland Low Low Low Low Low Low Low Low
Hopewell, City of Medium High Low Low Medium Medium Low Medium

Isle of Wight Medium Medium Low Low Medium-High Medium Low Medium-Low
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James City Medium-High Medium-High Low Low Medium Medium Low Medium-Low
King and Queen Low Low Low Low High Medium Low Medium-Low
King George Medium Medium Low Low Medium Medium-High Low Medium-Low
King William Low Low Low Low Medium-High Medium Low Medium-Low
Lancaster Low Medium Low Low Medium-High Medium Low Medium-Low
Lee Medium Low Low Low Low Low Low Low
Lexington, City of Low High Low Low Low Medium Low Medium-Low
Loudoun High Medium-High Low Low High Medium-High Low Medium
Louisa Medium Medium Low Low Medium-High Medium Low Medium-Low
Lunenburg Low Low Low Low Low Medium Low Low
Lynchburg, City of Low Medium-High Low Low High Medium Low Medium-Low
Madison Low Low Low Low Medium-High Medium-High Low Medium-Low
Manassas, City of Medium High Low Low Low Medium-High Low Medium-Low
Manassas Park, City of Low High Low Low Low Medium-high Low Medium-Low
Martinsville, City of Low Medium-High Low Low High Medium Low Medium-Low
Mathews Low Medium Low Low Low Medium Low Medium-Low
Mecklenburg Medium Low Low Low Low Medium Low Medium-Low
Middlesex Low Medium Low Low Medium Medium Low Medium-Low
Montgomery Medium-High Medium Low Low High Medium Low Medium
Nelson Low Low Low Low Medium Medium-High Low Medium-Low
New Kent Low Medium Low Low Medium Medium Low Medium-Low
Newport News, City of High High Low Low Low Medium Low Medium
Norfolk, City of High High Low Low Low Medium Low Medium
Northampton Low Medium Low Low High Medium Low Medium-Low
Northumberland Low Low Low Low Medium-High Medium Low Medium-Low
Norton Low Medium-High Low Low Low Low Low Low
Nottoway Low Low Low Low Medium-High Medium Low Medium-Low
Orange Medium Medium Low Low High Medium-High Low Medium
Page Medium Medium Low Low High Medium-High Low Medium
Patrick Medium Low Low Low High Medium Low Medium-Low
Petersburg, City of Medium Medium-High Low Low Medium Medium Low Medium-Low
Pittsylvania Medium-High Medium Low Low High Medium Low Medium
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Poquoson Low Medium-High Low Low Low Medium Low Medium-Low
Portsmouth, City of Medium-High High Low Low Low Medium Low Medium-Low
Powhatan Medium Medium Low Low High Medium Low Medium-Low
Prince Edward Medium Medium Low Low High Medium Low Medium-Low
Prince George Medium Medium Low Low Medium Medium Low Medium-Low
Prince William High Medium-High Low Low Low Medium-High Low Medium
Pulaski Medium Medium Low Low High Medium Low Medium
Radford, City of Low Medium-High Low Low High Medium Low Medium-Low
Rappahannock Low Low Low Low Medium-High Medium-High Low Medium-Low
Richmond Low Low Low Low Medium Medium Low Medium-Low
Richmond, City of High High Low Low Medium Medium Low Medium
Roanoke Medium-High Medium-High Low Low Low Medium Low Medium-Low
Roanoke, City of Medium-High High Low Low Low Medium Low Medium-Low
Rockbridge Medium Low Low Low Low Medium Low Medium-Low
Rockingham Medium-High Medium Low Low High Medium-High Low Medium
Russell Medium Low Low Low Low Low Low Low

Salem, City of Medium High Low Low Low Medium Low Medium-Low
Scott Medium Low Low Low Low Low Low Low
Shenandoah Medium Medium Low Low High Medium-High Low Medium
Smyth Medium Medium Low Low High Medium-High Low Medium
Southampton Low Low Low Low Low Medium Low Low
Spotsylvania Medium-High Medium Low Low Low Medium-High Low Medium-Low
Stafford Medium-High Medium-High Low Low Medium Medium-High Low Medium
Staunton, City of Medium Medium-High Low Low High Medium-High Low Medium
Suffolk Medium-High Medium Low Low Low Medium Low Medium-Low
Surry Low Low Low Low Low Medium Low Low

Sussex Low Low Low Low Low Medium Low Low
Tazewell Medium Medium Low Low High Medium Low Medium
Virginia Beach, City of High High Low Low Low Medium Low Medium
Warren Medium Medium Low Low Medium-High Medium-High Low Medium
Washington Medium Medium Low Low Low Low Low Medium-Low
Waynesboro, City of Medium Medium-High Low Low High Medium-High Low Medium
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Westmoreland Low Medium Low Low Medium-High Medium Low Medium-Low

Williamsburg, City of Low Medium-High Low Low Medium Medium Low Medium-Low

Winchester, City of Medium High Low Low Medium Medium-High Low Medium

Wise Medium Medium Low Low Low Low Low Medium-Low

Wythe Medium Medium Low Low High Medium Low Medium-Low

York Medium-High Medium-High Low Low Low Medium Low Medium-Low
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Table 3-29 - Emergency Management Accreditation Program Analysis

Subject Detrimental Impacts

Health and Safety of Public Local water supply dlstrlbuthns can be s_everely impacted if primary
source of water for the area is compromised.

Limited impacts for response personnel unless water

Health and Safety of Response Personnel . .
supply is compromised.

Continuity of Operations Unlikely to execute Continuity of Operations Plan

Localized areas may experience moderate impacts from downed water

Property, Facilities, and Infrastructure utilities, property and infrastructure damages are expected to be minimal.

The ability to supply water to needed areas can be impacted if the water

Delivery of Services supply is low, or the utility line is damaged.

Droughts can result in a lack of water, causing animals to relocate to
The Environment possibly more populated areas. Drought can also increase the
vulnerability to wildfire, and flooding if persistent heavy rains occur.

Local economy could face moderate impacts for the duration of the

Economic and Financial Condition drought, dependent on the abundance of a local water supply.

Ability to respond and recover may be questioned and challenged if

Public Confidence in the Jurisdiction's Governance . e o
planning, response, and recovery time is not sufficient.

Community Lifelines Impacted by Drought

FEMA developed the community lifelines construct to increase effectiveness in disaster
operations reporting and better position the agency to respond to catastrophic incidents. Lifelines
are the most fundamental services in the community that, when stabilized, enable all other
aspects of society and when disrupted, require decisive intervention (e.g., rapid service re-
establishment or employment of contingency response solutions). During initial response,
priority efforts focus on stabilizing community lifelines.

Based on the hazard risk analysis and description of vulnerability and impacts of drought, the
main community lifelines impacted by drought in Virginia are:

e Health and Medical
e Food, Water, Shelter
e Energy

e Safety and Security

3.8.2 Earthquake
3.821 Background

An earthquake is the motion or trembling of the ground produced by sudden displacement of
rock in the Earth's crust. Naturally occurring earthquakes result from crustal strain, volcanism,
landslides, or the collapse of caverns but can also be triggered by mine blasts or collapse or
nuclear testing. 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.

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
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of the shaking, which are directly related to the earthquake size, distance from the fault, site and
regional geology and soil.

Earthquakes are caused by the sudden release of accumulated energy, resulting in the rupture of
rocks along fault planes in the Earth’s lithosphere. The areas of greatest tectonic activity occur at
the boundaries of the Earth’s slowly moving tectonic plates, as these locations are subjected to
the greatest strain from plates traveling in various directions and 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.

Impacts from earthquakes can be severe and cause significant damage. Ground shaking can lead
to the collapse of buildings and bridges and can disrupt utilities. Death, injuries, and extensive
property damage are possible from earthquakes. Some secondary hazards caused by earthquakes
may include fire, hazardous material release, landslides, flash flooding, avalanches, tsunamis,
and dam failure.

Figure 3-38 - Louisa County August 2011V

Smaller earthquakes occur much more frequently than larger earthquakes. These smaller
earthquakes are generally not felt by people and cause little or no damage. Very large
earthquakes can cause tremendous damage and may be followed by a series of aftershocks
occurring in the region for weeks after the event. Aftershocks generally have a smaller
magnitude than the main shock but may still be powerful enough to cause additional damage.

Earthquakes can be measured in terms of their magnitude or intensity. Magnitude is the amount
of energy that is released by an earthquake. There are several ways that magnitude can be
measured but probably the most familiar is the Richter Scale (Table 3-30). The Richter
magnitude scale was developed in 1935 by Charles F. Richter of the California Institute of
Technology, as a mathematical device to compare the size of earthquakes. The magnitude of an
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earthquake is determined from the logarithm of the amplitude of seismic waves recorded by
seismographs. Adjustments are included for variation in the distance between the various
seismographs and the epicenter of the earthquakes. On the Richter Scale, magnitude is expressed
as a dimensionless number from 0.0 to 10.0. For example, a magnitude 5.3 quake might be
computed for a moderate earthquake, and a strong earthquake might be rated as magnitude 6.3.
Because of the logarithmic basis of the scale, each whole number increase in magnitude
represents a tenfold increase in measured amplitude; as an estimate of energy, each whole
number step in the magnitude scale corresponds to the release of about 31 times more energy
than the amount associated with the preceding whole number value.

Even though the original calculations developed by Richter to estimate earthquake magnitude
have gone out of favor, newer formulae still retain the familiar Richter reporting methodology as
shown in Table 3-31. Currently, the moment magnitude scale (MMS) is the primary reporting
method used by the USGS. Vi

Table 3-30 - Richter Scale™V

Richter Magnitudes ‘ Earthquake Effects

Less than 3.5 Generally, not felt but recorded.
3.5-54 Often felt, but rarely causes damage.
At most slight damage to well-designed buildings. Can cause major damage to poorly
Under 6.0 L .
constructed buildings over small regions.
6.1-6.9 Can be destructive in areas up to about 100 kilometers across where people live.
7.0-7.9 Major earthquake. Can cause serious damage over larger areas.
8 or greater Great earthquake. Can cause serious damage in areas several hundred kilometers across.

The effect of an earthquake on people and structures on the Earth's surface is called the intensity.
The intensity scale consists of a series of certain key responses such as people awakening,
movement of furniture, damage to chimneys, and finally, destruction. Although numerous
intensity scales have been developed in the last several hundred years to evaluate the effects of
earthquakes, the one currently used in the US is the Modified Mercalli Intensity Scale. It was
developed in 1931 by American seismologists Harry Wood and Frank Neumann. This scale,
composed of 12 increasing levels of intensity that range from imperceptible shaking to
catastrophic destruction, is designated by Roman numerals as shown in 9. The scale does not
have a mathematical basis; instead, it is an arbitrary ranking based on observed effects.xxxix The
lower numbers of the intensity scale indicate the way people perceive the earthquake. The higher
numbers of the scale are based on observed structural damage. Structural engineers usually
contribute information for assigning intensity values of V11 or above.
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Table 3-31 - Modified Mercalli Intensity Scale for Earthquakes

Corresponding

Intensity Description of Effects Richter Scale
Magnitude
| Instrumental Detected only on seismographs
1] Feeble Some people feel it <4.2
1] Slight Felt by people resting; like a truck rumbling by
\ Moderate Felt by people walking
\% Slightly Strong Sleepers awake; church bells ring <4.8
VI Strong Trees sway, suspended objects swing, objects fall off shelves <5.4
i Very Strong Mild Alarm; walls crack; plaster falls <6.1
Vil Destructive Moving cars uncontrollable; masonry fractures, poorly

constructed buildings damaged

IX Ruinous Some houses collapse; ground cracks; pipes break open <6.9

Ground cracks profusely; many buildings destroyed;

X Disastrous liquefaction and landslides widespread <73

X Very Disastrous Most buildings an.d bridges (_:ollap_se; roads, railways, pipes and <81
cables destroyed; general triggering of other hazards

Xl Catastrophic Total destruction, trees fall; ground rises and falls in waves >8.1

Source: US Geological Survey
3.8.2.2  Location and Spatial Extent

Earthquakes in the central and eastern US, although less frequent than in the western US, are
typically felt over a much broader region. East of the Rockies, an earthquake can be felt over an
area as much as ten times larger than a similar magnitude earthquake on the west coast. A
magnitude 4.0 eastern US earthquake typically can be felt at many places as far as 60 miles from
where it occurred, and it infrequently causes damage near its source.X' A magnitude 5.5 eastern
US earthquake usually can be felt as far as 300 miles from where it occurred, and sometimes
causes damage out to 25 miles.

Earthquakes everywhere occur on faults within bedrock, usually several miles deep. Most
bedrock beneath central Virginia was assembled as continents collided to form a supercontinent
about 500-300 million years ago, raising the Appalachian Mountains. Most of the rest of the
bedrock formed when the supercontinent rifted apart about 200 million years ago to form what
are now the northeastern US, the Atlantic Ocean, and Europe. X"

At well-studied plate boundaries like the San Andreas fault system in California, scientists can
often determine the name of the specific fault that is responsible for an earthquake. In contrast,
east of the Rocky Mountains, this is rarely the case. The Central Virginia Seismic Zone is far from
the nearest plate boundaries, which are in the center of the Atlantic Ocean. The seismic zone is
laced with known faults but numerous smaller or deeply buried faults remain undetected. Even the
known faults are poorly located at earthquake depths. Accordingly, few, if any, earthquakes in the
seismic zone can be linked to named faults. It is difficult to determine if a known fault is still active
and could slip and cause an earthquake. As in most other areas east of the Rockies, the best guide
to earthquake hazards in the seismic zone is the earthquakes themselves. i

While it is important to identify historical earthquake occurrences within the Commonwealth,
impacts can be felt within the Commonwealth from outside sources. Effects from intraplate
earthquakes in other states are often felt in Virginia. The New Madrid fault is considered a major
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seismic zone for the Southern and Midwestern US. The New Madrid fault had a series of
devastating earthquakes from 1811 through 1812, and intensities of V and VI on the Modified
Mercalli Intensity Scale could be felt throughout Virginia. In September 1886, a magnitude 7.3
earthquake occurred in Charleston, South Carolina. Intensities of 11-V on the Modified Mercalli
Intensity Scale were felt throughout Virginia. While these events occurred in other states, they
prove how the effects of earthquakes can be felt over a very broad region east of the Rockies.

Figure 3-39 shows the main three zones in Virginia that are more susceptible to earthquakes.
These zones are believed to be sources of most magnitude 6 or greater earthquakes during the
past 1.6 million years around Virginia, though there has never been a quake of that magnitude in
Virginia’s written historical record.

Figure 3-39 - Virginia Earthquake Epicenter Density Zones’

—_

N

3.8.23  Significant Historical Events

Earthquake activity in Virginia has generally been, with a few exceptions, low magnitude but
persistent. The first documented earthquake in Virginia took place in 1774 near Petersburg. X"
Historical data are supportive of the low risk assessment.

Figure 3-40 shows the epicenter locations of the 505 documented earthquakes in Virginia
between 1774 and 2022 and Figure 3-41 documents the epicenters within the state and adjacent
to it between 2017 and 2022.
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Figure 3-40 - Virginia Earthquakes - 1774-2022°

Virginia Earthquake Epicenters
February 1774 - April 2022
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Figure 3-41 - Virginia Earthquakes - 2017-2022

USGS Earthquake Epicenters e
January 2017 - October 2022/ . '

Earthquake Magnitude

* Equal to 2.5 or less
Over 2.5 to 3.5

* Qyer 3.5t04.5

* Over4.5to5.5

Out’of State Earthquake
with Virginia Locations
listed in the USGS "Did
You Feel It?" Registry

L] .
.
3 L
s SR Ty L oo s T 0 30 60 Miles
e 09 e e ‘s . i b ]
‘- }-.." § . . eN O BT C v y Sources:
X . S . ANSS Comprehensive Earthquake Catalog, USGS
P S [P - auw, € " L] County Boundary, VGIN
G . State Boundary, Census.gov
" Background Mapping, ESRI
.

Commonwealth of Virginia 2023 Hazard Mitigation Plan

3-88



Section 3: Hazard Identification and Risk Assessment

On Tuesday afternoon, August 23, 2011, an earthquake with a moment magnitude of 5.8
occurred about 7 miles southwest of Mineral, Virginia, which is near Lake Anna in Louisa
County. The earthquake was widely felt, with reports received from people as far away as
Detroit, Atlanta, Boston, Toronto, and Montreal. Dozens of aftershocks up to magnitude 4.5 have
been recorded, including a magnitude 4.2 aftershock approximately six hours after the main
shock and a magnitude 4.5 aftershock about a day and a half later. The Washington Post reported
that the North Anna Nuclear Generating Station’s two reactors in Louisa County, 10 miles from
the epicenter, shut down automatically when the quake hit. They lost power from the grid and
switched to four diesel generators. The damage was greatest in Louisa County and several minor
injuries occurred. Structural damage to buildings was significant in cities throughout central and
eastern Virginia and Washington D.C., including damage to the Washington Monument and the
Washington National Cathedral. Officials at Fort Monroe, in Hampton, Virginia, also reported
some minor structural damage as a result of the quake. Earth movement associated with
earthquakes can cause pipelines to shift and possibly rupture resulting in dangerous leaks. Older,
more brittle pipelines would be more susceptible to damage as the result of abrupt earth
movements. Columbia Gas confirmed that a gas leak in downtown Fredericksburg was related to
this earthquake. Columbia Gas discovered the leak as part of a company emergency response
pipeline safety survey that was conducted because of the earthquake. The survey showed that the
natural gas was leaking into the storm and sanitary sewer system. This leak resulted in road
closings and residence and other building evacuations until repairs were made?®.

The Daily Press and Virginian-Pilot newspapers reported a minor, but relatively rare, earthquake
with its epicenter on the Peninsula August 3, 1995. According to the Virginian-Pilot, the quake
measured 2.6 on the Richter scale. The Virginia Tech Seismological Observatory detected the
quake with instrumentation in Goochland County west of Richmond, and in Blacksburg. The
quake was centered under the York River near York River State Park. According to the Daily
Press, people at Camp Peary in York County reported feeling the quake.

The Virginia Tech Seismological Observatory provides additional information on other recent
events in Virginia, including a magnitude 4.0 shock that occurred on August 17, 1984. The
epicenter was approximately 15 miles to the southeast of Charlottesville. The quake was felt
from Washington, DC to the North Carolina border and from Staunton to Norfolk.

A magnitude 3.2 earthquake occurred Saturday, September 22, 2001, with the epicenter near
Shadwell, just east of Charlottesville. The focal depth was within a few kilometers of the surface,
and this produced a strong acoustic signal that local officials attributed to an aircraft in transonic
flight. In fact, such explosive sounds are frequently associated with shallow earthquakes in
eastern North America. Unlike in California, the rocks in the upper few kilometers of the Earth's
crust in the east are extremely efficient transmitters of high frequency seismic energy, and a
proportion of this energy is converted to ordinary sound waves when the seismic waves reach the
Earth's surface.

In 2012, 2014, and 2015 there were earthquakes recorded within Virginia with magnitude of 3.1,
but there is very little additional information available about these quakes. There have been no
major earthquakes (over a 3.0) since 2015. Between 2017 and 2022, an additional 20 earthquakes
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originating from outside of the state could be felt in Virginia, the most notable of which was a
5.1 magnitude earthquake that occurred August 9, 2020, near Sparta, North Carolina. Table 3-32
includes information on all major earthquakes in Virginia between 1774 and 2022, while Table
3-33 provides data on all USGS-recorded earthquakes in Virginia since 2000.

Table 3-32 - Major Earthquakes in Virginia (1774-2022)*

Mz_ignitude Epicenter —
(Richter Location Description
Scale)
A sharp earthquake that was felt over much of Virginia displaced houses
Petersburg City "considerably off their foun_dations" at Blandfqrd anq Petersburg. Although
21- 45 Prince George the shock was severe at Richmond and terrified residents about 80 km
1774 | Feb ' Count north of Richmond at Fredericksburg, it caused no damage at those towns.
Y Several "smart shocks" were reported in parts of Virginia from Feb. 20th to
the 22nd. The main tremor rang bells at Salem (how Winston-Salem), N.C.
A rather strong shock agitated walls of buildings at Lynchburg (west of
Central Richmond, in southern Amherst County) and rattled windows violently.
27- 45 Virginia Fences along the road were shaken near the Louisa County Courthouse,
1833 | Aug ' Goochland northwest of Richmond. It was described as "severe" at Charlottesville,
County about 85 km northeast of Lynchburg. Two miners were killed in a panic
caused by the tremor at a mine near Richmond.
A severe earthquake that was observed over a large area threw down a
chimney near Wytheville, in southwest Virginia, and shook down tops of
29- Town of chimneys at Buckingham Courthouse, about 55 km south of Charlottesville.
1852 | Apr 4.8 Wytheville Houses were shaken violently at Staunton, about 65 km west of
Wythe County Charlottesville. A brick was shaken from a chimney as far south as Davie
County, N.C. Also felt in the District of Columbia, Maryland, New York,
Ohio, and Pennsylvania.
Central Chimney dgmage _occurred at Buckingham, about 55 km south of
Virginia Charlottesville. This earthquake was reported to be "quite strong" at
2-Nov | 4.3 . Fredericksburg, Richmond, and Scottsville. At Scottsville, where every
1852 Buckingham B - . " M
house in the village was shaken, water in the canal was "troubled,"” and
County
boats were tossed to and fro.
The highest intensities from this earthquake occurred mainly at towns near
the James River waterfront in Goochland and Powhatan Counties, and in
Louisa County. In Richmond (Henrico County), the most severe damage
Central was sustaine_d in the dqwntowr_l busingss and reside_*ntial areas_adjacent to
23 Virginia the James River or on islands in the river. Damage included bricks knocked
1875 | Dec 4.8 Goochland frc_)m chimneys, fallen plaster, an overturned stove, and severgl broken
County windows. Waves "suddenly rose several feet" at the James River dock at
Richmond, causing boats to "part their cables" and drift below the wharf. At
Manakin, about 20 km west of Richmond, shingles were shaken from a roof
and many lamps and chimneys were broken. Several small aftershocks
were reported through Jan. 2, 1876.
s This earthquake was most severe at Radford (about 65 km west of
outhwest .
1897 | 3-May | 4.3 Virginia Pulaski Ro_anoke), where a few chimneys were Wre_cked, and plaster fell fr_om walls.
County Chimneys were damaged at nearby Pulaski and at Roanoke. Felt in most of
southwest Virginia and as far south as Winston-Salem, NC
This earthquake was the largest in intensity and areal extent in Virginia in
historical times and is the 3rd largest in the eastern US and was felt in 12
states. The earthquake had a maximum Modified Mercalli Intensity of VIII,
and the area of maximum ground motion extended over an elliptical area-
from near Lynchburg, Va., west to Bluefield, W.Va., and from Giles County
south to Bristol, Tenn. The MM intensity VIII assigned to this earthquake is
31- Town of based on "many downed chimneys" and "changes in the flow of springs.”
1897 May 5.8 Pearisburg The shock was strong at Pearisburg, where walls of old brick houses were
Giles County cracked, and many chimneys were thrown down or badly damaged. Many
chimneys also were shaken down at Bedford, Pulaski, Radford, and
Roanoke, Va., and Bristol, Tenn.; many chimneys were damaged at
Christiansburg, Dublin, Floyd, Houston, Lexington, Lynchburg, Rocky
Mount, Salem, Tazewell, and Wytheville, Va.; Charlotte, Oxford, Raleigh,
and Winston, N.C.; Knoxville, Tenn.; and Bluefield, W.Va. Aftershocks
continued through June 6, 1897.

Commonwealth of Virginia 2023 Hazard Mitigation Plan

3-90



Section 3: Hazard Identification and Risk Assessment

e Epicenter
(Richter Location Description
Scale)
Bricks were thrown from chimneys, furniture was shifted in a few houses,
1898 | 5-Feb 4.4 Pulaski County | and residents rushed into the streets at Pulaski, about 70 km southwest of
Roanoke. Felt throughout southwest Virginia and south to Raleigh, NC
Town of Chimneys were cracked at Ashby, about 20 km southeast of Arvonia, and a
1907 11- 4 Arvonia window was broken at a store at Buckingham, 25 km southwest of Arvonia.
Feb Buckingham A "terrific" shock sent people rushing outdoors at Arvonia and displaced
County furniture. Felt strongly from Powhatan to Albemarle County.
In the Shenandoah Valley, at Luray, windows were broken, and plaster was
cracked severely. Ceilings of houses were cracked badly a few kilometers
Town of Luray north of Luray, at Edinbur'g; windows were broken at Harrjson_burg and
1918 | 10-Apr | 4.6 Page County Staunton, Va., and Washington, D.C. (at Georgetown University). In
addition, a new spring formed in Page County, near Hamburg, almost in the
middle of a road. A minor aftershock was reported in the area, about 5
hours later. Also felt in Maryland, Pennsylvania, and West Virginia.
This earthquake affected towns mainly in Warren and Rappahannock
Counties. At Arco, in the Blue Ridge Mountains south of Front Royal,
Town of Front chimneys were damaged, plaster fell from walls, and springs and streams
1919 | 6-Sep Unknown Royal Warren were muddied. Reports from the adjacent northern part of Rappahannock
County County state that similar shocks were felt and that streams were "rendered
turbid." Also felt in parts of Maryland and West Virginia. Several
aftershocks occurred.
Charlottesville
1929 26- 3.7 City A moderate tremor at Charlottesville shook bricks from chimneys in some
Dec ' Albemarle places; also felt in other parts of Albemarle County.
County
The earthquake was strongest in Giles County, at Eggleston and
1959 23- 3.9 Giles County Pembroke. Residents there reported several damaged chimneys and
Apr ' articles shaken from shelves and walls. One chimney toppled at the Norfolk
and Western Station in Eggleston. Also felt in WV.
11- Southwest Windows were broken in the Blacksburg area of Montgomery County, and
1975 3.2 Virginia Giles plaster was cracked at Poplar Hill (south of Pearisburg, in Giles County).
Nov ] -
County Also felt in Pulaski County.
Bricks fell from chimneys and pictures fell from walls in Surry County at
13- Southwest Mount Airy, N.C. At the nearby town of Toast, N.C., cracks formed in
1976 Sep 3.3 Virginia Carroll masonry and plaster. The earthquake was observed in many towns in
County North Carolina and Virginia and in a few towns in South Carolina and West
Virginia.
This was a complex event consisting of two sub-events occurring 12
seconds apart. Felt (V) at Columbia, Fork Union, Goochland, Qilville,
Rockville and Sandy Hook; (IV) at Appomattox, Amelia Court House,
Ambherst, Blackstone, Bumpass, Charlottesville, Chester, Chesterfield,
L Colonial Heights, Cumberland, Dillwyn, Farmville, Glen Allen,
Central Virginia - ; . e . . .
2003 | 9-Dec | 45 Powhatan Lawrenceville, Louisa, Manakin Sapot, Mechanlcswl_le, Midlothian, Mlngral,
County Palmyra, Petersburg, Powhatan, Richmond, Scottsville and Spotsylvania;
(1) at Alexandria, Fairfax, Falls Church, Fredericksburg, Lexington,
Lynchburg, McLean, Roanoke, Staunton and Vienna. Felt in much of
Maryland and Virginia. Also felt in north-central North Carolina and a few
areas of Delaware, New Jersey, New York, Pennsylvania, and West
Virginia.
A minor earthquake occurred near Annandale, Virginia. Felt reports were
2008 | 6-May | 2.0 Annandale primarily received from people in Fairfax County, Virginia; the District of
Columbia; and Montgomery County, Maryland.
Virginia and much of the East Coast experiences a widely- felt earthquake.
According to the USGS, the epicenter of the event was located near
2011 23- 5.8 Mineral, Cuckoo, in Louisa County. With a magnitude of 5.8, this was the largest
Aug ' Virginia earthquake recorded by seismometers in Virginia. Between August 25,
2011, and January 1, 2012, 876 aftershocks were recorded. The event
resulted in a Federal Disaster Declaration for Virginia.
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Table 3-33 - USGS Recorded Earthquakes in Virginia (2000 to 2022)

Date and Time Magnitude Location
2000-04-29T03:34:53.100Z 2.5 3 km N of Glen Allen, Virginia
2000-08-18T10:09:55.100Z 2.7 2 km SSE of Narrows, Virginia
2001-03-28T11:19:24.600Z 2.6 2 km S of Narrows, Virginia
2001-06-25T23:04:48.200Z 2.5 8 km S of Remington, Virginia
2001-09-03T02:05:57.900Z 25 Virginia
2001-09-22T16:01:20.600Z 3.2 5 km E of Pantops, Virginia
2001-10-01T09:55:59.500Z 1.8 3 km ESE of Glenvar, Virginia
2001-11-08T02:15:12.200Z 1.8 7 km NW of Pulaski, Virginia
2001-11-18T17:15:45.300Z 1.6 6 km E of Blacksburg, Virginia
2003-05-05T16:32:34.390Z 3.6 Virginia
2003-10-17T01:49:40.820Z 2.5 5 km E of Gratton, Virginia
2003-11-06T12:22:49.200Z 2.6 9 km NNW of Wyndham, Virginia
2003-12-09T20:59:18.700Z 4.5 5 km ENE of Columbia, Virginia
2004-04-30T13:26:10.580Z 2.1 0 km WNW of Clinchport, Virginia
2004-12-03T01:27:14.000Z 2.5 15 km SSW of Mineral, Virginia
2005-02-08T11:42:53.090Z 2.7 15 km E of Vansant, Virginia
2005-02-15T02:36:54.980Z 2.8 12 km NNW of Raven, Virginia
2005-02-15T04:17:43.980Z 2 9 km NNW of Richlands, Virginia
2005-12-30T23:24:38.600Z 2.2 16 km NNE of Blacksburg, Virginia
2006-07-02T15:38:38.300Z 1.7 16 km NE of Bland, Virginia
2006-11-02T17:53:02.110Z 4.3 13 km NNW of Raven, Virginia
2006-11-23T10:42:57.420Z 4.3 13 km NW of Raven, Virginia
2007-08-05T07:20:46.000Z 2.1 6 km WNW of Wyndham, Virginia
2008-05-06T17:30:23.990Z 2.02 0 km NNE of Ravensworth, Virginia
2009-01-12T23:07:39.400Z 2.3 13 km SSW of Pearisburg, Virginia
2009-05-16T08:08:17.650Z 3 2 km NNE of Cave Spring, Virginia
2009-07-04T12:24:43.760Z 2.8 3 km E of Narrows, Virginia
2009-07-07T03:59:52.580Z 2.3 0 km SE of Wyndham, Virginia
2009-07-31T10:14:10.310Z 2.1 4 km WNW of Ashland, Virginia
2009-08-02T21:57:07.840Z 2.3 21 km NNW of Ashland, Virginia
2009-08-14T13:48:18.960Z 2.9 4 km ENE of Nickelsville, Virginia
2009-10-06T07:07:52.700Z 1.7 11 km WNW of Goochland, Virginia
2009-11-25T22:24:46.130Z 2.7 14 km S of Arrington, Virginia
2009-12-16T13:20:50.910Z 2.2 5 km WSW of Dillwyn, Virginia
2009-12-18T16:27:57.340Z 2 2 km W of Wyndham, Virginia
2010-04-29T04:12:52.410Z 2.3 18 km NNW of Wyndham, Virginia
2010-10-02T20:17:00.050Z 3 10 km NNW of Ashland, Virginia
2010-10-30T06:10:13.600Z 2.4 3 km SSE of Ashland, Virginia
2011-03-28T07:26:21.910Z 25 2 km S of Pulaski, Virginia
2011-08-23T17:51:04.250Z 5.8 11 km SSW of Mineral, Virginia
2011-08-23T18:46:50.240Z 2.8 9 km SSW of Mineral, Virginia
2011-08-23T19:20:26.010Z 2.2 12 km S of Louisa, Virginia
2011-08-24T00:04:36.870Z 4.2 11 km SSW of Mineral, Virginia
2011-08-24T04:45:25.960Z 3.4 16 km NNW of Goochland, Virginia
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Date and Time Magnitude Location
2011-08-25T04:06:47.480Z 2.5 14 km SSW of Mineral, Virginia
2011-08-25T05:07:52.290Z 4.5 8 km SW of Mineral, Virginia
2011-08-25T06:37:31.790Z 2.3 8 km S of Louisa, Virginia
2011-08-25T15:27:47.430Z 2.4 7 km S of Mineral, Virginia
2011-08-25T23:40:56.440Z 2.6 7 km SE of Mineral, Virginia
2011-08-26T22:52:21.880Z 2.1 12 km S of Louisa, Virginia
2011-08-27T09:02:28.970Z 2 9 km S of Louisa, Virginia
2011-08-27T18:43:44.850Z 1.8 8 km S of Louisa, Virginia
2011-08-28T20:18:05.370Z 2.2 9 km SSW of Mineral, Virginia
2011-08-29T01:06:36.080Z 2.3 10 km S of Louisa, Virginia
2011-08-29T03:15:21.620Z 2 9 km S of Louisa, Virginia
2011-08-29T03:16:51.570Z 2.7 10 km S of Louisa, Virginia
2011-08-29T04:19:26.350Z 2.2 9 km S of Louisa, Virginia
2011-08-29T23:39:50.330Z 2.1 5 km SSW of Mineral, Virginia
2011-08-30T03:48:28.740Z 2.6 13 km SSW of Mineral, Virginia
2011-08-30T13:26:50.800Z 2.1 11 km S of Louisa, Virginia
2011-08-31T13:44:10.480Z 2.1 9 km SSE of Mineral, Virginia
2011-08-31T15:01:54.880Z 1.8 8 km SSE of Louisa, Virginia
2011-09-01T09:09:37.960Z 3.4 7 km SSW of Mineral, Virginia
2011-09-03T21:10:53.320Z 2 8 km SW of Mineral, Virginia
2011-09-05T16:54:24.510Z 2.5 8 km SW of Mineral, Virginia
2011-09-06T09:03:16.810Z 2.1 10 km SSE of Mineral, Virginia
2011-09-06T21:17:53.630Z 2 9 km SSW of Mineral, Virginia
2011-09-07T05:56:43.650Z 2.1 6 km SSW of Mineral, Virginia
2011-09-16T16:17:39.500Z 2.1 9 km S of Louisa, Virginia
2011-09-17T08:33:08.260Z 2 10 km S of Louisa, Virginia
2011-09-17T12:42:34.730Z 1.9 9 km SSE of Louisa, Virginia
2011-09-17T15:33:13.330Z 2.6 11 km S of Louisa, Virginia
2011-09-17T18:37:37.740Z 2.1 8 km ESE of Mineral, Virginia
2011-09-18T08:43:03.000Z 2.1 7 km SSW of Mineral, Virginia
2011-09-19T04:58:43.560Z 2 7 km ESE of Mineral, Virginia
2011-09-19T15:29:41.000Z 1.8 12 km S of Louisa, Virginia
2011-09-19T20:33:12.600Z 2.2 7 km ESE of Mineral, Virginia
2011-10-05T06:18:49.200Z 2.5 10 km S of Louisa, Virginia
2011-10-06T22:42:39.300Z 2.1 8 km SE of Mineral, Virginia
2011-10-09T15:53:24.120Z 2.4 8 km SSE of Louisa, Virginia
2011-10-10T01:04:53.300Z 2.2 11 km SSW of Mineral, Virginia
2011-10-12T16:40:00.370Z 3 9 km S of Louisa, Virginia
2011-10-19T00:02:44.910Z 2.3 9 km S of Louisa, Virginia
2011-10-25T05:38:28.060Z 2 6 km SSW of Mineral, Virginia
2011-11-03T12:50:31.880Z 2.3 8 km SW of Mineral, Virginia
2011-11-19T20:12:24.350Z 2.4 9 km S of Louisa, Virginia
2011-11-20T01:06:37.510Z 2.3 9 km S of Louisa, Virginia
2011-11-21T01:06:23.000Z 1.8 8 km SW of Mineral, Virginia
2011-11-21T01:17:02.570Z 1.9 8 km SW of Mineral, Virginia
2011-11-21T05:25:25.000Z 2.1 14 km SW of Louisa, Virginia
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Date and Time Magnitude Location
2011-11-23T07:09:33.830Z 2 9 km S of Louisa, Virginia
2011-11-30T02:29:24.340Z 2 10 km S of Louisa, Virginia
2011-12-02T17:56:42.130Z 1.6 9 km SSE of Louisa, Virginia
2011-12-05T05:41:28.600Z 1.9 7 km S of Louisa, Virginia
2011-12-09T22:10:55.070Z 2.2 8 km NNW of Wyndham, Virginia
2011-12-12T06:47:48.060Z 2.1 5 km SSE of Mineral, Virginia
2011-12-12T21:57:00.430Z 2 7 km S of Louisa, Virginia
2011-12-14T14:17:31.980Z 2 4 km SSE of Mineral, Virginia
2011-12-17T03:42:55.790Z 1.8 8 km SW of Mineral, Virginia
2011-12-24T07:30:05.000Z 2 12 km S of Louisa, Virginia
2012-01-08T14:25:55.840Z 1.9 11 km S of Louisa, Virginia
2012-01-13T23:18:05.350Z 2.3 15 km SSW of Mineral, Virginia
2012-01-18T13:08:29.110Z 2.5 7 km SSW of Mineral, Virginia
2012-01-18T14:19:55.180Z 2 12 km S of Louisa, Virginia
2012-01-18T21:03:21.650Z 2.5 10 km SSE of Louisa, Virginia
2012-01-28T01:57:53.760Z 1.7 9 km S of Louisa, Virginia
2012-01-30T23:39:47.250Z 3.1 9 km SSE of Louisa, Virginia
2012-02-19T07:12:30.260Z 2.7 12 km S of Louisa, Virginia
2012-02-24T11:37:26.710Z 1.7 17 km S of Louisa, Virginia
2012-02-27T01:59:04.120Z 1.9 7 km WNW of Ashland, Virginia
2012-02-28T05:15:00.280Z 1.8 11 km S of Louisa, Virginia
2012-03-07T08:00:57.630Z 1.6 7 km SSE of Louisa, Virginia
2012-03-07T08:52:33.370Z 1.7 8 km SW of Mineral, Virginia
2012-03-16T18:30:48.110Z 2.2 6 km E of Cumberland, Virginia
2012-03-26T03:21:50.950Z 3 13 km S of Louisa, Virginia
2012-03-29T18:38:22.580Z 1.7 11 km S of Louisa, Virginia
2012-04-03T19:00:54.120Z 2.4 12 km S of Louisa, Virginia
2012-04-26T05:04:37.340Z 1.7 12 km S of Louisa, Virginia
2012-05-01T14:58:15.070Z 2.1 18 km WSW of Bowling Green, Virginia
2012-05-02T08:36:35.940Z 1.7 11 km S of Louisa, Virginia
2012-06-04T12:05:01.690Z 2 11 km W of Goochland, Virginia
2012-06-08T21:59:37.750Z 1.8 8 km S of Louisa, Virginia
2012-06-16T15:50:24.760Z 1.8 9 km S of Louisa, Virginia
2012-07-01T09:04:11.390Z 2 8 km ESE of Mineral, Virginia
2012-07-17T06:28:05.900Z 1.9 13 km WNW of Wyndham, Virginia
2012-10-07T13:39:13.760Z 2.2 12 km ENE of Goochland, Virginia
2013-01-09T23:35:06.600Z 19 2 km N of Louisa, Virginia
2013-05-15T11:01:48.220Z 2.3 7 km S of Louisa, Virginia
2013-05-30T13:52:05.120Z 2 14 km NNW of Ashland, Virginia
2013-06-13T15:14:24.820Z 2.04 7 km WNW of Calverton, Virginia
2013-08-11T23:54:49.000Z 1.9 10 km SSE of Mineral, Virginia
2013-08-30T04:27:04.680Z 2.3 13 km S of Louisa, Virginia
2013-11-09T10:59:44.090Z 1.9 10 km SW of Mineral, Virginia
2013-12-05T22:52:26.670Z 1.6 3 km SSW of Mineral, Virginia
2014-05-22T01:47:15.960Z 3.1 15 km ENE of Cumberland, Virginia
2014-06-03T00:34:39.480Z 1.3 4 km SE of Mineral, Virginia
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Date and Time Magnitude Location
2014-06-05T01:25:31.650Z 1.7 9 km SW of Mineral, Virginia
2014-06-06T17:10:00.710Z 15 8 km SSE of Louisa, Virginia
2014-07-19T04:15:02.800Z 1.73 11 km SSW of Bowling Green, Virginia
2014-07-25T16:54:22.370Z 2.2 7 km SSW of Mineral, Virginia
2014-07-27T04:05:53.330Z 1.9 6 km SSW of Mineral, Virginia
2014-11-23T00:53:28.940Z 2.4 13 km N of Bristol, Virginia
2015-02-17T10:24:38.700Z 2.27 11 km E of Bland, Virginia
2015-02-26T08:48:28.100Z 2.54 4 km NNE of Goochland, Virginia
2015-03-15T07:02:35.790Z 2.8 6 km SW of Mineral, Virginia
2015-06-27T05:08:29.020Z 2.2 8 km S of Louisa, Virginia
2015-08-24T08:42:09.940Z 1.84 11 km SSW of Mineral, Virginia
2015-09-13T01:39:00.240Z 2.25 7 km S of Louisa, Virginia
2015-09-14T01:08:23.050Z 1.53 7 km ESE of Mineral, Virginia
2015-09-14T02:58:22.610Z 1.43 9 km ESE of Mineral, Virginia
2015-09-14T03:39:56.880Z 1.52 7 km ENE of Mineral, Virginia
2015-09-18T19:24:56.630Z 1.34 5 km SSE of Mineral, Virginia
2015-09-27T18:04:36.040Z 1.88 Virginia
2015-11-04T11:00:52.070Z 2.67 3 km NE of Dillwyn, Virginia
2016-03-27T08:00:52.180Z 2.27 14 km S of Louisa, Virginia
2016-04-21T02:09:11.860Z 2.01 7 km ESE of Mineral, Virginia
2016-08-07T01:34:30.790Z 1.94 10 km SE of Jonesville, Virginia
2016-09-25T03:34:27.790Z 1.89 14 km SSE of Mineral, Virginia
2016-09-25T04:31:52.410Z 1.63 14 km SSE of Mineral, Virginia
2016-12-01T01:27:04.780Z 2.51 12 km WSW of Spencer, West Virginia
2016-12-22T11:22:35.730Z 2.19 18 km NW of Ashland, Virginia
2017-03-13T02:11:35.270Z 2.6 6 km ENE of Goochland, Virginia
2017-03-22T11:03:13.190Z 2.36 4 km NNE of Dillwyn, Virginia
2017-05-12T04:31:10.020Z 2.75 6 km SSW of Narrows, Virginia
2017-06-23T07:30:37.590Z 2.33 6 km ESE of Bland, Virginia
2017-08-03T06:37:25.750Z 2.27 5 km SSE of Dillwyn, Virginia
2017-08-25T03:31:31.710Z 2.4 3 km S of Bowling Green, Virginia
2018-02-28T02:10:36.410Z 2.26 0 km SSE of Columbia, Virginia
2018-06-03T06:11:59.600Z 2.24 1 km SSE of Adwolf, Virginia
2018-07-05T07:42:39.710Z 1.74 7 km SW of Mineral, Virginia
2018-08-17T03:24:00.500Z 1.32 2 km ENE of Belmont, Virginia
2018-11-09T16:25:52.510Z 2.36 6 km ENE of Goochland, Virginia
2018-11-09T16:45:27.520Z 2.46 5 km ENE of Goochland, Virginia
2019-03-11T02:27:32.990Z 2.25 1 km SW of Nickelsville, Virginia
2019-03-21T00:53:40.500Z 2.02 4 km SE of Coeburn, Virginia
2019-03-31T00:08:31.930Z 1.79 0 km S of Independence, Virginia
2019-06-13T14:49:24.840Z 2.1 10 km S of Mineral, Virginia
2019-09-23T03:55:03.020Z 2.51 3 km WNW of Wyndham, Virginia
2019-11-05T05:51:49.200Z 1.84 10 km SSW of Mineral, Virginia
2019-11-26T20:38:36.830Z 1.79 11 km E of Goochland, Virginia
2019-12-10T04:10:09.120Z 2.13 20 km W of New Castle, Virginia
2019-12-10T06:43:10.900Z 2.49 21 km W of New Castle, Virginia
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3824

Date and Time Magnitude ‘ Location
2019-12-11T09:41:34.540Z 2.54 21 km W of New Castle, Virginia
2020-01-20T23:02:53.210Z 2.31 10 km NW of Pulaski, Virginia
2020-02-03T10:04:11.360Z 2.66 10 km S of Louisa, Virginia
2020-05-14T08:33:28.510Z 2.1 9 km N of Richlands, Virginia
2020-09-20T19:36:04.850Z 2 13 km SW of Goochland, Virginia
2020-09-26T11:23:33.140Z 2.19 6 km S of Allisonia, Virginia
2021-01-16T05:49:14.370Z 2.32 14 km NNE of Deerfield, Virginia
2021-06-13T09:23:23.840Z 2.44 3 km NE of Dante, Virginia
2021-06-16T09:19:36.960Z 2 9 km N of Independence, Virginia
2021-06-17T02:43:10.050Z 2.26 9 km N of Independence, Virginia
2021-06-22T03:46:04.880Z 2.24 6 km WNW of Ashland, Virginia
2021-06-25T19:40:45.277Z 2.6 2 km SE of Woodlawn, Maryland
2021-07-15T00:55:47.410Z 2.76 10 km S of Narrows, Virginia
2021-08-28T06:43:53.810Z 2.34 4 km SSE of Verona, Virginia
2021-09-27T13:37:24.600Z 2.56 4 km N of Lafayette, Virginia
2021-11-10T01:34:53.680Z 2.18 8 km ENE of Cumberland, Virginia
2021-11-21T11:04:12.110Z 2.56 9 km SSW of Abingdon, Virginia
2022-02-04T10:33:56.430Z 1.89 2 km N of Dillwyn, Virginia
2022-02-10T03:20:57.340Z 2.32 9 km WSW of Forest, Virginia
2022-04-12T19:19:35.870Z 2.44 13 km NW of Ashland, Virginia
2022-05-20T04:00:09.310Z 1.79 9 km S of Louisa, Virginia
2022-05-23T08:18:46.320Z 2.26 2 km WSW of Columbia, Virginia
2022-05-29T19:12:10.280Z 2.29 16 km S of Louisa, Virginia
2022-05-30T02:03:55.940Z 2.3 15 km S of Louisa, Virginia
2022-05-30T16:11:26.570Z 1.55 16 km S of Louisa, Virginia
2022-10-11T04:03:28.600Z 2.17 Virginia
2022-10-25T09:25:27.730Z 2.59 Virginia-North Carolina border region

Probability of Future Occurrence

Although experts can estimate the likelihood of an earthquake occurring in a particular region,
extensive research and sophisticated equipment have not yet provided scientists with the ability
to predict an earthquake with certainty. Earthquake risk is related to the following factors unique
to each earthquake:

Ground motion;

Fault rupture under or near a building, often occurring in buildings located close to faults;
Reduction of the soil bearing capacity under or near a building;

Earthquake-induced landslide near a building; and,

Earthquake-induced waves in bodies of water near a building.

Earthquakes are low probability, high-consequence events. Although earthquakes may occur
only once in the lifetime of an asset, they can have devastating impacts. A moderate earthquake
can cause serious damage to unreinforced buildings, building contents, and non-structural
systems, and can cause serious disruption in building operations. Moderate and even very large
earthquakes are inevitable, although very infrequent, in areas of normally low seismic activity.
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Consequently, in these regions, buildings are seldom designed to deal with an earthquake threat;
therefore, they are extremely vulnerable.

Probabilistic ground motion maps are typically used to assess the magnitude and frequency of
seismic events. These maps measure the probability of exceeding a certain ground motion,
expressed as percent peak ground acceleration (%PGA), over a specified period of years.

Figure 3-42 is an earthquake hazard map showing peak ground accelerations having a 2-percent
probability of being exceeded in 50 years, for a firm rock site. The map is based on the most
recent USGS models for the conterminous US (2018), Hawaii (1998), and Alaska (2007). The
models are based on seismicity and fault-slip rates and consider the frequency of earthquakes of
various magnitudes. Locally, the hazard may be greater than shown because site geology
(proximity to the earthquake epicenter and soil type) may amplify ground motions.

Figure 3-42 - Virginia Seismic Hazard: 2 Percent in 50 Years PGA Hazard®
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Impact and Vulnerability

Jurisdictional vulnerability and impact in the Commonwealth have been calculated in terms of
total direct economic loss, as defined by Hazus. This includes damage to building inventories,
critical facilities, and transportation and utility infrastructure, as well as the social and economic
impacts. Results are provided by community in the Jurisdictional Risk subsection below.

Risk
In April 2008, FEMA released a report that updated a nationwide evaluation of earthquake losses

in the US. The evaluation considered two measures of losses: 1) Annualized Earthquake Losses
(AEL) in any single year; and 2) Annualized Earthquake Loss Ratio (AELR), which is a measure
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of seismic risk in relation to the value of the building inventory. The ratio is considered a more
accurate picture of seismic risk and makes it easier to compare between regions. FEMA’s
evaluation ranked Virginia 37" in the nation for AELR in the April 2008 revision and 28" in the
national for AEL,

The Virginia Tech Seismological Observatory (VTSO) produced a report titled Seismic Hazard
Assessment for Virginia in 1994 that was supported through funding by VDEM, FEMA, the US
Nuclear Regulatory Commission, Virginia Power, and the USGS. This study provided a county-
by-county assessment of the seismic hazards in Virginia. Geological conditions throughout much
of the eastern part of the US are such that identification of seismogenic structures is difficult: no
examples of surface faulting due to neotectonic earthquakes are known in the study region.
However, it is possible to define areas with common geologic and seismic characteristics. These
source zones are taken to represent areas within which available geological information suggests,
or at least does not rule out, a common neotectonic environment. These zones include:

e Giles County, VA

e Central VA

e FEastern TN

e Southern Appalachians
e Northern VA and MD

e Central Appalachians

e Piedmont-Coastal Plains
e Charleston, SC

e Appalachian foreland

e New Madrid

Over much of the eastern US, crustal structure potentially associated with seismicity is not
resolved, and the geologic causes of earthquakes are poorly understood. The report summarizes,
in depth, the source zones characteristics and hazard calculations used to arrive at the county-by-
county analysis covering 160 sites within Virginia and in adjacent parts of bordering states.
Results show a higher probability of occurrence in the Giles County zone and Central Virginia.

3.8.25 2011 Earthquake Hazus Model

The Mineral earthquake of 2011 was modeled in Hazus for the purposes of the 2018 HIRA
update. The epicenter of the earthquake was located close to Cuckoo, in Louisa County!. Based
on the actual event, the scenario region was slightly more than 40,000 mi2, encompassing the
entire Commonwealth of Virginia. The scenario placed the epicenter in Louisa County, at a
depth of 6 km. Highlights of the model results are included below.

Building Damage

Hazus estimated that approximately 54,861 buildings would be at least moderately damaged by
the event; this is more than 2% of the buildings in Virginia. An estimated 3,602 buildings would
be damaged beyond repair. Figure 3-43 shows the graphical distribution of damage by type of

occupancy. As the figure shows, most building damage was found to be in residential structures.
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Figure 3-43 - 2011 Earthquake Scenario— Building Damage by Occupancy
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Critical Facility Damages

Hazus estimated that Virginia has 24,163 hospital beds for use. On the day of the event, the
model estimated that only 21,447 beds would be available for use; the event would cause an 11
percent reduction in hospital bed availability. After 7 days, 96 percent of the beds would be back
in service. Within 30 days, 99 percent would be available.

Transportation and Utility Damages

Hazus estimated damages to highways, railways, light rail, bus facilities, ferry facilities, port
facilities, and airports. Of these, the scenario produces damages to only bridges; of the estimated
9,470 bridges in the scenario, 41 were estimated to be moderately damages and five were
completed damaged.

Hazus modeled damages to utility system facilities, pipelines, potable water, and electric power
systems. Relatively minor utility system facility damages were estimated, with no systems
predicted to be completely damaged.

Finally, Hazus considered the expected performance of potable water and electrical systems that
serve residential structures. Potable water performed well, with all household service restored by
day 30 after the event. For electrical, 31 households were estimated to still be without power at
day 90 after the event.

Debris Generated

Hazus was also used to estimate the amount of debris that would be generated by the event. The
types of debris considered were brick/wood and reinforced concrete/steel. Hazus estimated that a
total of 2.32 million tons of debris would be generated by the event. Of that amount, 63 percent
would be brick/wood, and 37 percent would be reinforced concrete/steel. Assuming a load of 25
tons per truck, this would equate to 92,600 truckloads of debris from this scenario.
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Social Impacts

Hazus estimated the number of households and people that would be expected to be displaced
because of the scenario event. The model estimated that 4,049 households would be displaced.
Of these, 2,471 people would be expected to seek temporary shelter in public shelters, far less
than 1-percent of the state’s population.

Casualties

Hazus estimated the number of people that would be injured or killed because of the scenario
event. Casualty estimates are provided for three separate times of day — 0200, 1400, and 1700.
The 0200 estimate considered the residential occupancy load as maximum. The 1400 estimate
considered that the educational, commercial, and industrial sector loads as maximum; the 1700
estimate represents peak commute time. Casualties are broken down into four severity levels that
describe the level of injuries:

e Severity Level 1: injuries will require medical attention, but not hospitalization.

o Severity Level 2: injuries will require hospitalization but are not considered life
threatening.

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

e Severity Level 4: Fatalities occur because of the earthquake.

Economic Losses

Finally, Hazus estimated economic losses for the scenario event at $6.8 billion, including
buildings, transportation and utility lines. Twenty-one percent of the losses were related to
business interruption in Virginia. An estimated 67- percent of the losses were associated with
residential displacement.

For transportation and utility lines, Hazus only considers the direct repair cost for components; no
losses are computed for business interruption due to utility outages.

As a result of the 2011 Mineral Earthquake, Virginia incurred $200-300 million in damages*?.
The Louisa County School Board received $41,826,395 in funding from FEMA’s Public
Assistance Program®?. The earthquake also caused significant regional damage including
structural damage to the Washington Monument and the National Cathedral**. Virginia has not
yet experienced a catastrophic earthquake.

A magnitude six earthquake is possible for Virginia and would likely result in large-scale
structural failure. A probabilistic magnitude six earthquake was also modeled for the 2500-year
return period, using Hazus. The modeled event shows that most damage would be limited to
buildings, and that most of that damage would be to residential structures. Hazus estimated that
more than 5% of the buildings in Virginia — an estimated 146,102 structures — would be at least
moderately damaged by the event. Almost 3,000 structures would be damaged beyond repair.
Hazus estimated that building-related damages would total $15.2 billion for the event, but that
damages to transportation, utilities, and people would be negligible, as would the amount of
debris generated by the events.
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State Facility Risk

Like other infrastructure statewide, Commonwealth-owned assets have relatively low or very
low risk to earthquake damage. As shown with the Louisa County earthquake, damage patterns
are hard to decern beyond the immediate high impact zone.

Although the risk is considered low, an examination of state-owned assets in Louisa County and
Giles County, where the state’s most severe earthquakes were historically centered and where the
state’s only seismic zones are centered, provides an indication of state assets at risk. Risk is
associated with minor damage to the foundations of state-owned buildings and other statuary,
breaks to pipelines, road damage and bridge damage. Earthquakes can also trigger landslides and
other mass movements that can damage state-owned structures and infrastructure such as roads.
Table 3-34 provides a summary of state structural assets in Louisa and Giles County and the
estimated value of those assets. While earthquakes are not expected to damage these assets in a
significant way due to the overall low risk rating, the table presents the value of assets deemed to
be at highest risk.

Table 3-34 - Summary of state assets in Louisa County and Giles County at risk of earthquake

damage
Location Combined Value of Structures

Department of Forestry (fire tower, oil/gas house, office)[Louisa $294,000
\Virginia Tech (cooperative extension office) Louisa Not provided
IVDOT (29 structures) Louisa and Louisa Countyf$1,889,000
IVDOT (10 structures) Mineral $496,000
IVSP (repeater building, Area 4 HQ office) Mineral $586,000
IVDOT (12 structures) Pearisburg 47,3000
IVSP (repeater) Pearisburg $25,000
\Virginia Tech (Giles Office) Pearisburg Not provided
University of Virginia (33 structures) Giles $11,900,000
IVDOT (fuel canopy, Pearisburg office building) Giles $420,000
\Virginia Tech Glen Lyn APCO Research Lab Glen Lyn Not provided

3.8.26 National Risk Index

The National Risk Index (NRI) includes three components: a natural hazards component
(Expected Annual Loss), a consequence enhancing component (Social Vulnerability), and a
consequence reduction component (Community Resilience). Using these three components, a
composite Risk Index score and hazard type Risk Index scores are calculated for each
community (county and Census tract) included in the Index. For the purposes of this
SHMP/HIRA update the qualitative summary for earthquake are reviewed for each community
(county tract).

As shown in Figure 3-44, throughout Virginia earthquake has a relatively low or very low risk
index.
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Future Conditions

While scientists have observed some correlation between climate change on rising temperatures,
melting glaciers and isostatic rebound, a causal connection to subsequent earthquakes is less
documented, especially for the eastern US. Earthquakes and weather have a few possible
correlations that are still under investigation and should be considered more theoretical than
scientific: 1.) Glacier melt and isostatic rebound causing earthquakes; 2.) Changing surface stress
loads from increased surface water causing microseismicity or tiny earthquakes with magnitudes
less than zero, and changes in water quantity stored in large dams inducing seismicity; 3.)
Longer duration droughts and/or groundwater withdrawals that change stress loads on the Earth’s
crust causing earthquakes; and 4.) Injection wells that lubricate faults and induce seismicity.

Jurisdictional Risk

Probabilistic earthquake events can be modeled in Hazus. Hazus was used to generate damage
and loss estimates for the probabilistic ground motions associated with a return period of 2500
years (Table 3-35). The building damage estimates were then used as the basis for computing
direct economic losses. These include direct building losses and business interruption costs. The
percentage of the total building stock in the jurisdiction was calculated as a percentage of the
state’s building stock, estimated by Hazus. From there, a proportional amount of the total
estimated building damages was assigned to each jurisdiction based on their percentage of
building stock. Finally, the losses were annualized over the return period of the scenario event.
Fairfax County had the highest loss due to earthquake in this scenario. The Commonwealth of
Virginia can expect $7,262,799 in annualized losses due to earthquake.
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Table 3-35 - 2500-year Scenario — Expected Annualized Loss by Jurisdiction

Earthquake Annualized Loss

> $750,000
Loudoun County $319,382 Prince William County $363,204
irginia Beach $395,612
Arlington County $192,663 Chesterfield County $288,699
Henrico County $293,909 Chesapeake $191,833
Norfolk $209,673 Richmond $194,370
$100,000 - $149,999
Stafford County $120,145 Alexandria $166,390
Newport News $148,866
IAlbemarle County $96,764 Fauquier County $72,170
Frederick County $65,075 Hanover County $105,145
James City County $72,118 Montgomery County $71,364
Roanoke County 584,446 Spotsylvania County $110,371
'York County $66,247 Hampton $110,126
Lynchburg $65,852 Portsmouth $73,786
Roanoke $85,142
IAccomack County $30,230 IAugusta County $56,005
Bedford County $54,926 Botetourt County $30,496
Campbell County $39,725 Culpeper County $39,747
Franklin County $49,033 Gloucester $31,826
Henry County 539,804 Isle of Wight County $31,481
Louisa County $30,007 Pittsylvania County $41,033
Rockingham County $58,736 Shenandoah County $44,656
\Warren County $34,536 Washington County $41,695
Charlottesville $37,928 Danville $37,584
Harrisonburg $37,015 Manassas $34,673
Petersburg $31,302 Suffolk $69,445
Fairfax $31,279
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< $24,999

Alleghany County $13,218 lJAmelia County $8,538
IAmherst County $23,208 IAppomattox County $10,796
Bath County $6,167 Bland County $4,485
Brunswick County $11,162 Buchanan County $12,952
Buckingham County $8,590 Caroline County $23,338
Carroll County $20,485 Charles City $5,290
Charlotte County $8,230 Clarke County $15,856
Craig County $4,083 Cumberland County $7,044
Dickenson County $4,431 Dinwiddie county $20,046
Essex County $9,717 Floyd County $10,293
Fluvanna County $21,390 Giles County $12,599
Goochland County $22,741 Grayson County $10,939
Greene County $13,534 Greensville County $6,275
Halifax County $25,537 Highland County $2,752
King and Queen County 54,671 King George County $21,526
King William County $13,548 Lancaster County $13,857
Lee County $491,081 Lunenburg County 1$7,188
Madison County $11,643 Mathews County $8,352
Mecklenburg County $25,077 Middlesex County $12,096
Nelson County $16,308 New Kent County $16,955
Northampton County $11,349 Northumberland County $15,719
Nottoway County $10,767 Orange County $29,153
Page County $18,198 Patrick County $12,865
Powhatan County $23,561 Prince Edward County $14,476
Prince George County $25,250 Pulaski County $26,702
Rappahannock County $8,460 Richmond County $6,533
Rockbridge County $18,716 Russell County $15,309
Scott County $14,907 Smyth County $21,189
Southampton County $12,901 Surry County $5,433
Sussex County $7,015 Tazewell County 1$28,477
\Westmoreland County $18,788 Wise County $23,445
Wythe County $21,102 Bedford 1$6,102
Bristol $14,977 Buena Vista $5,283
Colonial Heights $17,609 Covington $5,031
Emporia $5,204 Falls Church $15,942
Franklin $6,548 Fredericksburg $26,026
Galax $6,656 Hopewell $17,688
Lexington $6,986 Manassas Park $11,012
Martinsville $14,353 Norton $3,910
Poquoson 512,096 Radford $11,593
Salem $25,357 Staunton $22,058
\Waynesboro $18,788 \Williamsburg $13,857
\Winchester $27,657
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The hazard ranking for earthquake is based on events reported in the NCEI Storm Events
Database and a generalized geographic extent. The geographic extent ranking category was
assigned a Low ranking for all jurisdictions; this was based on the 2500-year return period used
in the Hazus scenario, which represents a 0.04 percent annual chance of occurrence in any given
year. Most of the Commonwealth is in the medium and medium low risk categories. The ranking
results and Hazus annualized losses highlight similar areas that are at a somewhat higher risk due
to earthquake. These areas include Northern Virginia, City of Richmond, and Southwest
Virginia.

3.8.2.7  Local Plan Risk Assessment

Local hazard mitigation plans were reviewed for spatial data sources used, historical
occurrences, hazard probabilities, vulnerability, loss estimations, and land use and development
trends. When available, this information supplements the text and figures of each of the sections
in this revision.

Of the 20 local plans, eight local plans included annualized loss estimates for earthquake: all but
three of these ranked earthquakes as low risk, Lenowisco PDC, West Piedmont PDC, and
Northern Virginia RC all ranked earthquake as medium risk. These annualized loss estimates
were based on Hazus modeling. Table 3-36 summarizes the hazard ranking parameters and
annual loss estimates for earthquake among the local/regional planning districts. The overall
hazard ranking among the local planning districts for earthquakes is low.

Table 3-36 - Ranking Parameters for each Planning Jurisdiction

Local Past Events Density Xﬁg}sg?gility Annual Loss
Richmond-Crater Yes Yes Yes $4,167,000
Southside Yes Yes * *
Commonwealth ** * * ki

Northern Shenandoah Valley Yes * * *
Rappahannock-Rapidan Yes Yes * $360,000
Thomas Jefferson Yes Yes * *

George Washington Yes Yes * *
Cumberland Plateau Yes Yes Yes *
Lenowisco Yes Yes Yes $47,436
Mount Rogers Yes Yes Yes *
Accomack-Northampton *x *x *x ki
Hampton Roads Yes Yes Yes $1,100,000
Northern Neck Yes Yes * *

Middle Peninsula Yes Yes * *

West Piedmont Yes Yes Yes $29,468,177
Central Virginia Yes Yes Yes $307,000
New River Valley Yes Yes Yes $781,183
Roanoke Valley-Allegheny Yes Yes * *

Central Shenandoah Yes Yes * *

Northern Virginia Yes Yes Yes $1,490,000

* Not reported in HMP
** Not identified as hazard in HMP
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3.8.28 Comparison with Local Ranking

In total, 18 of the 20 local hazard mitigation plans ranked earthquake hazard. None of the plans

ranked earthquake as a high hazard. 5 plans ranked earthquake as medium hazard and 13 ranked
as low hazard. The overall ranking among the 18 local plans for earthquake was low. The 2023

statewide analysis has ranked earthquake as medium-low.

3.8.29 Changes in Development

Most local hazard mitigation plans did not specifically address changes in development for each
hazard or the effects of changes in development on loss estimates. In most cases, overall
development patterns were discussed in general terms. Sixteen of the 20 local plans cite their
comprehensive plans for current and future land use changes. Table 3-37 includes the complete
ranking parameters for all the jurisdictions for earthquake within the Commonwealth of Virginia.
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Table 3-37 - Earthquake Hazard Ranking Parameters and Risk Summary by County/Community

Accomack Medium Medium Low Low Low Medium-Low Low Medium-Low
Albemarle Medium-High Medium Low Low Low Medium-Low Low Medium-Low
Alexandria, City of Medium-High High Low Low Low Medium-Low Low Medium-Low
Alleghany Low Low Low Low Low Medium-Low Low Low
Amelia Low Low Low Low Low Medium-Low Low Low
Ambherst Medium Medium Low Low Low Medium-Low Low Medium-Low
Appomattox Low Low Low Low Low Medium-Low Low Low
Arlington High High Low Low Low Medium-Low Low Medium-Low
Augusta Medium-High Medium Low Low Low Medium-Low Low Medium-Low
Bath Low Low Low Low Low Medium-Low Low Low
Bedford Medium-High Medium Low Low Low Medium-Low Low Medium-Low
Bland Low Low Low Low Low Medium-Low Low Low
Botetourt Medium Medium Low Low Low Medium-Low Low Medium-Low
Bristol, City of Low Medium-High Low Low Low Medium-Low Low Low
Brunswick Medium Low Low Low Low Medium-Low Low Low
Buchanan Medium Low Low Low Low Medium-Low Low Low
Buckingham Low Low Low Low Low Medium-Low Low Low
Buena Vista, City of Low Medium-High Low Low Low Medium-Low Low Low
Campbell Medium Medium Low Low Low Medium-Low Low Medium-Low
Caroline Medium Low Low Low Low Medium-Low Low Low
Carroll Medium Medium Low Low Low Medium-Low Low Medium-Low
Charles City Low Low Low Low Low Medium-Low Low Low
Charlotte Low Low Low Low Low Medium-Low Low Low
Charlottesville, Cityof Medium High Low Low Low Medium-Low Low Medium-Low
Chesapeake, City of High Medium-High Low Low Low Medium-Low Low Medium-Low
Chesterfield High Medium-High Low Low Low Medium-Low Low Medium-Low
Clarke Low Medium Low Low Low Medium-Low Low Low
Colonial Heights, City of | Medium High Low Low Low Medium-Low Low Medium-Low
Covington, City of Low Medium-High Low Low Low Medium-Low Low Low
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Craig Low Low Low Low Low Medium-Low Low Low
Culpeper Medium Medium Low Low Low Medium-Low Low Medium-Low
Cumberland Low Low Low Low Low Medium-Low Low Low
Danville, City of Medium Medium-High Low Low Low Medium-Low Low Medium-Low
Dickinson Low Low Low Low Low Medium-Low Low Low
Dinwiddie Medium Low Low Low Low Medium-Low Low Low
Emporia Low Medium-High Low Low Low Medium-Low Low Low
Essex Low Low Low Low Low Medium-Low Low Low
Fairfax High High Low Low Low Medium-Low Low Medium-Low
Fairfax, City of Medium High Low Low Low Medium-Low Low Medium-Low
Falls Church, Cityof Low High Low Low Low Medium-Low Low Medium-Low
Fauquier Medium-High Medium Low Low Low Medium-Low Low Medium-Low
Floyd Low Low Low Low Low Medium-Low Low Low
Fluvanna Medium Medium Low Low Low Medium-Low Low Medium-Low
Franklin Medium Medium Low Low Low Medium-Low Low Medium-Low
Franklin, City of Low Medium-High Low Low Low Medium-Low Low Low
Frederick Medium-High Medium Low Low Low Medium-Low Low Medium-Low
Fredericksburg, Cityof Medium High Low Low Low Medium-Low Low Medium-Low
Galax, City of Low Medium-High Low Low Low Medium-Low Low Low
Giles Low Low Low Low Low Medium-Low Low Low
Gloucester Medium Medium Low Low Low Medium-Low Low Medium-Low
Goochland Medium Medium Low Low Low Medium-Low Low Medium-Low
Grayson Low Low Low Low Low Medium-Low Low Low
Greene Medium Medium Low Low Low Medium-Low Low Medium-Low
Greensville Low Low Low Low Low Medium-Low Low Low
Halifax Medium Low Low Low Low Medium-Low Low Low
Hampton, City of Medium-High High Low Low Low Medium-Low Low Medium-Low
Hanover Medium-High Medium Low Low Low Medium-Low Low Medium-Low
Harrisonburg, Cityof Medium High Low Low Low Medium-Low Low Medium-Low
Henrico High Medium-High Low Low Low Medium-Low Low Medium-Low
Henry Medium Medium Low Low Low Medium-Low Low Medium-Low
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Highland Low Low Low Low Low Medium-Low Low Low
Hopewell, City of Medium High Low Low Low Medium-Low Low Medium-Low
Isle of Wight Medium Medium Low Low Low Medium-Low Low Medium-Low
James City Medium-High Medium-High Low Low Low Medium-Low Low Medium-Low
King and Queen Low Low Low Low Low Medium-Low Low Low
King George Medium Medium Low Low Low Medium-Low Low Medium-Low
King William Low Low Low Low Low Medium-Low Low Low
Lancaster Low Medium Low Low Low Medium-Low Low Low
Lee Medium Low Low Low Low Medium-Low Low Low
Lexington, City of Low High Low Low Low Medium-Low Low Medium-Low
Loudoun High Medium-High Low Low Low Medium-Low Low Medium-Low
Louisa Medium Medium Low Low Low Medium-Low Low Medium-Low
Lunenburg Low Low Low Low Low Medium-Low Low Low
Lynchburg, City of Low Medium-High Low Low Low Medium-Low Low Low
Madison Low Low Low Low Low Medium-Low Low Low
Manassas, City of Medium High Low Low Low Medium-Low Low Medium-Low
Manassas Park, Cityof |Low High Low Low Low Medium-Low Low Low
Martinsville, City of Low Medium-High Low Low Low Medium-Low Low Low
Mathews Low Medium Low Low Low Medium-Low Low Low
Mecklenburg Medium Low Low Low Low Medium-Low Low Low
Middlesex Low Medium Low Low Low Medium-Low Low Low
Montgomery Medium-High Medium Low Low Low Medium-Low Low Medium-Low
Nelson Low Low Low Low Low Medium-Low Low Low
New Kent Low Medium Low Low Low Medium-Low Low Low
Newport News, Cityof High High Low Low Low Medium-Low Low Medium-Low
Norfolk, City of High High Low Low Low Medium-Low Low Medium-Low
Northampton Low Medium Low Low Low Medium-Low Low Low
Northumberland Low Low Low Low Low Medium-Low Low Low
Norton Low Medium-High Low Low Low Medium-Low Low Medium-Low
Nottoway Low Low Low Low Low Medium-Low Low Low
Orange Medium Medium Low Low Low Medium-Low Low Medium-Low
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Page Medium Medium Low Low Low Medium-Low Low Medium-Low
Patrick Medium Low Low Low Low Medium-Low Low Low
Petersburg, City of Medium Medium-High Low Low Low Medium-Low Low Medium-Low
Pittsylvania Medium-High Medium Low Low Low Medium-Low Low Medium-Low
Poguoson Low Medium-High Low Low Low Medium-Low Low Low
Portsmouth, City of Medium-High High Low Low Low Medium-Low Low Medium-Low
Powhatan Medium Medium Low Low Low Medium-Low Low Medium-Low
Prince Edward Medium Medium Low Low Low Medium-Low Low Medium-Low
Prince George Medium Medium Low Low Low Medium-Low Low Medium-Low
Prince William High Medium-High Low Low Low Medium-Low Low Medium-Low
Pulaski Medium Medium Low Low Low Medium-Low Low Medium-Low
Radford, City of Low Medium-High Low Low Low Medium-Low Low Low
Rappahannock Low Low Low Low Low Medium-Low Low Low
Richmond Low Low Low Low Low Medium-Low Low Low
Richmond, City of High High Low Low Low Medium-Low Low Medium-Low
Roanoke Medium-High Medium-High Low Low Low Medium-Low Low Medium-Low
Roanoke, City of Medium-High High Low Low Low Medium-Low Low Medium-Low
Rockbridge Medium Low Low Low Low Medium-Low Low Low
Rockingham Medium-High Medium Low Low Low Medium-Low Low Medium-Low
Russell Medium Low Low Low Low Medium-Low Low Low
Salem, City of Medium High Low Low Low Medium-Low Low Medium-Low
Scott Medium Low Low Low Low Medium-Low Low Low
Shenandoah Medium Medium Low Low Low Medium-Low Low Medium-Low
Smyth Medium Medium Low Low Low Medium-Low Low Medium-Low
Southampton Low Low Low Low Low Medium-Low Low Low
Spotsylvania Medium-High Medium Low Low Low Medium-Low Low Medium-Low
Stafford Medium-High Medium-High Low Low Low Medium-Low Low Medium-Low
Staunton, City of Medium Medium-High Low Low Low Medium-Low Low Medium-Low
Suffolk Medium-High Medium Low Low Low Medium-Low Low Medium-Low
Surry Low Low Low Low Low Medium-Low Low Low
Sussex Low Low Low Low Low Medium-Low Low Low
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Tazewell Medium Medium Low Low Low Medium-Low Low Medium-Low
Virginia Beach, City of High High Low Low Low Medium-Low Low Medium-Low
Warren Medium Medium Low Low Low Medium-Low Low Medium-Low
Washington Medium Medium Low Low Low Medium-Low Low Medium-Low
Waynesboro, Cityof Medium Medium-High Low Low Low Medium-Low Low Medium-Low
Westmoreland Low Medium Low Low Low Medium-Low Low Low
Williamsburg, Cityof Low Medium-High Low Low Low Medium-Low Low Low
Winchester, City of Medium High Low Low Low Medium-Low Low Medium-Low
Wise Medium Medium Low Low Low Medium-Low Low Low
Wythe Medium Medium Low Low Low Medium-Low Low Low
York Medium-High Medium-High Low Low Low Medium-Low Low Medium-Low
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Table 3-38 - Emergency Management Accreditation Program Analysis

Subject Detrimental Impacts

Health and Safety of Public

Local impacts expected to be serious for those who are inside poorly build structures close to the
event, and light to moderate in areas with better construction and that are further away from the
event.

Health and Safety of
Response Personnel

Local impacts expected to be serious for those who are inside poorly built structures close to the
event, and light to moderate in areas with better construction and that are further away from the
event.

Continuity of Operations

Damage to facilities/personnel in the area of the event may require temporary relocation of some
operations.

Property, Facilities, and
Infrastructure

Depending on the magnitude of the event, localized impact to facilities, residential properties, and
infrastructure in the area of the event may be extensive.

Delivery of Services

Disruption of lines of communication and damage to facilities and/or roads may have considerable
impacts on the delivery of services.

The Environment

The environment may be subject to extensive damage due to secondary effects such as HAZMAT
debris, broken utility lines, and movement of soil.

Economic and Financial
Condition

Local economy and finances moderately impacted, duration depends on magnitude of event.

Public Confidence in the
Jurisdiction's Governance

Ability to respond and recover may be questioned and challenged if planning, response, and
recovery time is not sufficient.

Community Lifelines Impacted by Earthquake

Based on the hazard analysis and description of vulnerability and impacts of earthquakes in
Virginia, the main community lifelines impacted are:

e Food, Water, Shelter
e Health and Medical
e Communications

e Safety and Security
e Transportation

e Hazardous Materials

3.8.3 Erosion
3.8.3.1

Shoreline or coastal erosion is a process whereby large storms, flooding, strong wave action, sea
level rise, and human activities, such as inappropriate land use, alterations, and shore protection
structures, wear away beaches, banks and bluffs. Erosion undermines banks and can destroys
homes, businesses, and public infrastructure. Erosion is marked by 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. Major storms such as hurricanes and
tropical storms may cause more sudden, rapid erosion by combining heavy rainfall, high winds,
heavy surf and storm surge to significantly impact riverbanks and the shoreline.

Background

The extent or severity of erosion may vary from year to year and is related to a number of
factors: composition of the shoreline (rock, sand, clay, marsh, or human-made structures), fetch,
orientation to prevailing wind direction, and relative sea level rise. The degree of recession at a
particular site may also be dependent upon intensity of the wave action and exposure to tidal

Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-112



Section 3: Hazard Identification and Risk Assessment

currents, character of the sediments and degree of vegetative cover, supply of sand moving along
the shoreline, gradient or slope from fastland to shoreline to nearshore bottom.

While coastal erosion can destroy infrastructure like roads, septic tanks, and even structures such
as homes and businesses, the most common damage in Virginia’s Piedmont region is loss of
trees, denuded shores, wetland loss and sediment introduced into the Chesapeake Bay system.
While tidal surge events can cause nominal increases in the rate of erosion, large-scale storm
events generating an extensive surge will cause a rapid acceleration in coastal erosion rates.
Accelerated erosion in areas with no natural or man-made protective features is more likely to
increase severe impacts to infrastructure. Through loss of land and undercutting, infrastructure
such as pipelines, piers, roadways, and other structures can be significantly damaged or
destroyed.

Two types of erosion relate to natural hazards that threaten property damage: riverine and coastal
erosion. The primary concern of both riverine and coastal erosion is the gradual removal of rock,
vegetation and other sediment materials from riverbanks, stream beds and/or shorelines that
result in soil instability and possible damages to property and infrastructure.

The USDA and the National Resources Inventory (NRI) summarized erosion into two different
categories:

e Water (sheet and rill) erosion - the removal of layers of soil from the land surface by the
action of rainfall and runoff; and,
e Wind erosion - the process of detachment, transport, and deposition of soil by wind.

The average annual erosion rate on the Atlantic coast is roughly 2 to 3 feet per year; however,
erosion rates vary greatly from location to location and year to year. A study by The Heinz
Center (2000), Evaluation of Erosion Hazards, states that over the next 60 years, erosion may
claim one out of four houses within 500 feet of the US shoreline. It also states that nationwide,
erosion may be responsible for approximately $500 million in property loss to coastal property
owners per year, including both damage to structures and loss of land. This HIRA update focuses
primarily on the coastal erosion hazard, with minor narrative description of other erosion
hazards.

Erosion can often occur in conjunction with or as a result of other hazard types. High intensity
wildfire events have significant impacts on vegetation and groundcover that stabilize the soil.
Decreased soil stability greatly increases risk of localized landslides and flooding. These risks
are greater in areas with steep topography. The effects can carry on for years in the forms of
increased runoff and erosion. Virginia’s biggest winter weather threat comes from a storm
pattern known as a Northeaster or Nor’easter. Strong winds also characterize Nor’easters, often
resulting in coastal flooding and erosion. These large storms usually originate to the south, and
travel northward along the Atlantic coast. Warm, moist air from the ocean combined with cold
air from the north can produce significant snowstorms throughout the mid-Atlantic and northeast
coastal states. Depending on the specifics of each storm, the event may result primarily in rain,
snow, or some combination thereof. Erosion is often associated with heavy rainfall events, as
well. Debris flows develop on steep slopes because of heavy rainfall that saturates the soil, which
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under the extra weight and lubrication, breaks loose and becomes a slurry that takes everything
with it, including large trees and houses. Channeled debris flows can reach speeds approaching a
hundred miles an hour and strike without warning. Further discussion on landslide hazard is
under the landslide section within this HIRA. Flooding following a dam failure may also result in
internal erosion caused by embankment or foundation leakage or piping.

During severe storms, damage is not just limited to flooding, but also involves shoreline erosion
from increased wave activity, undermining and destroying buildings, roadways, and utility lines.
Scouring floodwaters can excavate bridge supports and foundations, thus compromising
highways and railroads. The extent of erosion is related to several factors: composition of the
shoreline (rock, sand, clay, marsh, or man-made structures), fetch, orientation to prevailing wind
direction, and relative sea level rise. Additionally, there is the localized effect of land subsidence,
and flood heights can vary by several feet over Virginia’s Tidewater region, given basin shape,
wind direction, and state of the tide X"V

Shoreline erosion can negatively impact water quality and habitat. Fine soil particles (silt and
clay) can cloud the water column and reduce the amount of sunlight that reaches the bottom.
Less sunlight greatly reduces the amount of submerged aquatic vegetation, which provides
critical habitat for juvenile fish and crabs.

3.8.3.2 Location and Spatial Extent

Virginia's coastal zone includes 5,000 miles of tidal shoreline, much of it containing desirable
sites for homes. According to NOAA’s Office for Coastal Management, 59% of Virginia’s
population lives in coastal areas®V. The Chesapeake Bay shorelines and the mouths of the major
rivers in Virginia are especially vulnerable to erosion due to fetch. Fetch is the distance of open
water over which the wind can blow. The greater the fetch distance, the greater the potential
wave will be during storms. If left unmanaged, shoreline erosion can cause a drop in property
values, loss of productive land, and in the worst cases, injury, or loss of life.XV' See Figure 3-45
for location of areas along the Chesapeake Bay shoreline that are experiencing greater than 10
feet per year of erosion.

The Comprehensive Coastal Inventory Program (CCI) at VIMS has created a new GIS shoreline
database to develop revised Shoreline Situation Reports (SSR) for cities and counties in the
region. SSRs were developed by VIMS in the 1970s and are available online at:
http://ccrm.vims.edu/gis_data_maps/index.html. These reports have been the foundation for
shoreline management planning in Virginia for more than 30 years. CCI has developed new
protocols for collecting, disseminating, and reporting data relevant to shoreline management
issues today. Contemporary digital inventory updates generated from 1998 to the present using
GIS, GPS and remote sensing are currently available online at:
http://ccrm.vims.edu/gis_data_maps/shoreline_inventories/.

The data inventory developed for the SSRs is based on a three-tiered shoreline assessment
approach. The three-tiered shoreline assessment approach divides the shore zone into three
regions: 1.) the immediate riparian zone, evaluated for land use; 2.) the bank, evaluated for
height, stability, cover, and natural protection; and 3.) the shoreline, describing the presence of
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shoreline structures for shore protection and recreational purposes. In most cases this assessment
characterizes conditions that can be observed from high resolution imagery. A small boat
navigating along the shoreline was used to verify the remotely sensed data and collect features
that could not be ascertained from the imagery. The final prepared maps are available online at
the site noted above. Although the maps alone do not indicate potential loss from erosion, they
provide areas for future study and indicate where shoreline structure protection is currently in
place to protect against coastal erosion. Figure 3-46 is an example using VIMS shoreline change
data showing areas where shorelines have eroded or migrated locally along the Chesapeake Bay
and outer coast of Virginia.
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Figure 3-45 - Summary of locations with high erosion and accretion rates along the Chesapeake

Bay Region in Virginia.

Virginia Shoreline Change
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Figure 3-46 - Example of Virginia Shoreline Change, NOAA, 2016

Shoreline - 2005
Shoreline - 2016

Imagery 2022

AL el \ . A\
Virginia Institute of Marine Science (VIMS) estimates that approximately 20 of the 27 miles of
open ocean coastline from the North Carolina/Virginia line to Cape Henry, are eroding, versus
accreting. Naturally accreting beaches include Croatan, Cape Henry and False Cape. Studies
show that approximately one-third of Virginia Beach’s 22.9-mile coast is experiencing moderate
to severe erosion. The average erosion rates for this area are 7.3 feet/year. Some areas experience
erosion as high as 10 feet per year.

3.8.3.3  Significant Historical Events

Shoreline erosion events typically occur in conjunction with hurricanes, tropical storms and
nor’easters, SO the list of “Ocean and Lake Surf” events provided from the NCEI database is not
considered a comprehensive list of all erosive events. There are many events that result in
erosion in a particular area. For example, during large-scale coastal storm events, sandy
shorelines may experience significant erosion to dune features that may increase the risk to
inland flooding. Table 3-39 summarizes notable storms that have contributed to significant
erosion along the coastal regions in Virginia from 1993-2021.
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Table 3-39 - Notable Storm Events Causing Erosion (1993 - 2021)

Location

Deaths/

Property

Details

Virginia Beach

8/31/1993

Heavy
Surf

Injuries

1/0

Damage

$0

A 15-year-old boy drowned, presumably caught in a
strong undertow, as Hurricane Emily was approaching
the North Carolina coast.

Isle of Wight,
Norfolk,

Suffolk, Virginia
Beach,
Portsmouth

11/17/1994

Coastal
Flooding

0/0

$655,000

Strong easterly flow between Hurricane Gordon, a
category 1 storm meandering 150 miles south of Cape
Hatteras, and a strong anticyclone over New England,
caused significant coastal flooding and damage in
Sandbridge. The worst flooding occurred on the 18th,
when tides were running 4 feet above normal. The
heaviest damage occurred along 14th Street, where
100 feet of the fishing pier washed away. Several
homes suffered minor damage, with two requiring extra
work to remain in place. A 1000-foot stretch of road
and several protective steel bulkheads were damaged.
Seas, which were as high as 18 feet 60 miles east of
the Virginia Capes, and 7 feet near the mouth of the
Chesapeake Bay, forced the Naval Carrier George
Washington to remain 2 miles offshore Thursday night
through Friday morning. The above-normal tides
caused other minor flooding in Tidewater. The
Nansemond River overflowed its banks in Suffolk,
causing minor flooding. High tides on the James and
Pagan Rivers, caused several roads to be under water
in eastern Isle of Wight County on the 17th.

Isle of Wight,
Norfolk,

Suffolk, Virginia
Beach

12/23/1994

Coastal
Flooding

0/0

$65,000

A double-structured storm system produced minor
coastal flooding in the Tidewater region on the 23rd.
The effects were much less than expected as the main
storm moved well east of the mid-Atlantic before
curling northwest into Long Island. The secondary low-
pressure area was significantly weaker, but still
produced northeast winds of 35 to 45 mph around
Tidewater. High tides of 1 to 3 feet above normal
caused most of the flooding. In the Sandbridge section
of Virginia Beach, a beachfront home collapsed into
the sea. The combination of pounding surf and wind
from flow around Hurricane Gordon in late November
and this event finished off the home. In addition, a few
more bulkheads were flattened. Several roads in the
Tidewater area had minor flooding, including Rescue
Road in Smithfield (Isle of Wight Co).

Virginia Beach

8/13/1995

Rip
Current

1/0

$0

Vacationer from New York drowned after venturing too
far into severe rip current conditions.

Norfolk,
Virginia Beach,
Newport News,
York County,
Poquoson

4/24/1997

Coastal
Flooding

0/0

$0

Moderate coastal flooding occurred across portions of
the Hampton Roads area during the time of high tide
April 23rd and continued into April 24th. The areas that
were the most seriously affected included the
Willoughby Spit, Ghent, and downtown sections of
Norfolk, the Old-Town section of Portsmouth, and
Sandbridge at Virginia Beach. Tides peaked at 5.8 feet
above Mean Lower Low Water (MLLW) at Sewells
Point in Norfolk. Based on reports received from
downtown Norfolk and the Grandview section of
Hampton, tides were somewhat higher in the estuaries
(Lafayette River, the Hague, the Harris and Back
Rivers) draining into the Elizabeth River and Hampton
Roads.

Norfolk,
Virginia Beach,
Portsmouth

6/3/1997

Coastal
Flooding

0/0

$0

Minor to moderate flooding occurred across portions of
Hampton Roads during high tide the evening of June
3rd. In Virginia Beach, officials reported part of a new
boardwalk washed away and several lifeguard stands
lost. Crawford Parkway in downtown Portsmouth was
reported flooded and in downtown Norfolk, several
streets were reported under water.
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Location

Deaths/

Injuries

Property
Damage

Details

Norfolk,
Virginia Beach,
Portsmouth,
Newport News,
Poquoson

10/19/1997

Coastal
Flooding

0/0

$0

Minor to moderate flooding occurred across portions of
Hampton Roads during high tide Sunday, October
19th. Some minor flooding was reported in low-lying
areas of Norfolk, with water in a few homes and a few
streets closed. Minor flooding was also reported in
downtown Portsmouth and in the Sandbridge and
Sandfiddler areas of Virginia Beach. Tides peaked
between 5.2 and 5.8 feet above MLLW at Sewells
Point in Norfolk. Minor coastal flooding was reported in
portions of Newport News and York county.

Norfolk,
Virginia Beach,
York County,
Poquoson,
Newport News

1/27/1998

Coastal
Flooding

0/0

$1,500,000

A Nor'easter battered eastern Virginia on January 27th
and 28th. Slow movement of the storm combined with
the highest astronomical tides of the month resulted in
an extended period of gale to storm force onshore
winds which drove tides to 6.44 feet above MLLW at
Sewells Point. Tide levels resulted in moderate coastal
flooding throughout Hampton Roads. One house
collapsed into the Atlantic Ocean at Sandbridge.
Another home sustained severe damage. The rainfall
combined with the gale and storm force winds resulted
in scattered tree limbs downed across much of eastern
Virginia. In addition, there were widely scattered power
outages.

Norfolk,
Virginia Beach,
York County,
Poquoson,
Newport News

2/4/1998

Coastal
Flooding

0/0

$75,000,000

A Nor'easter battered eastern Virginia from February
3rd through the 5th. The slow movement of the storm
resulted in an extended period of gale to storm force
onshore winds which drove tides to 7.0 feet above
MLLW at Sewells Point. Tide levels resulted in
moderate to severe coastal flooding throughout
Hampton Roads. Norfolk, Virginia Beach and Hampton
reported some structural damage to buildings along
the bay and coast, as well as significant beach erosion.
Norfolk reported main roads and intersections under 3
feet of water or greater with many roads impassable.
North facing areas in Willoughby and Ocean View
suffered the greatest damage. In the Chick's Beach
area of Virginia Beach, 4 condominiums were
undermined by the tidal flooding, and residents of
those buildings had to be evacuated. Twenty-nine
house fires were also reported in Norfolk as a result of
flood water shorting out furnaces. The rainfall
combined with the gale and storm force winds resulted
in some trees downed across much of eastern Virginia.
In addition, there were widely scattered power
outages.

Hampton

9/18/2003

Coastal
Flooding,
Heavy
Surf

Hurricane Isabel caused historic flooding and severe
erosion in the region. In Hampton, the coastal flooding,
heavy surf and wave action breached the barrier beach
at Factory Point.

Virginia Beach

1/29/2005

Heavy
Surf

1/1

$0

A small boat with 2 men on board was heading out of
Rudee Inlet. They made it through the first set of
breakers then stopped the boat. A wave overtook them
and flipped the boat. One man climbed onto and
stayed with the overturned boat and was rescued. He
was treated for mild hypothermia and later released.
The other man died of hypothermia.

York County,
Poquoson

9/1/2006

Coastal
Flood

0/0

$1,900,000

Tides of 4 to 5 feet above normal combined with 6-to-
8-foot waves caused significant damage to homes,
piers, bulkheads, boats, and marinas across portions
of the Virginia Peninsula and Middle Peninsula near
the Chesapeake Bay and adjacent tributaries.
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Deaths/

Property

Damage Details

Location S
Injuries

Strong onshore winds resulted in major coastal
flooding during times of high tide. Tidal departures
were 2.5 to 3.5 above normal during the event. A
strong low-pressure system off the North Carolina
Norfolk, York Coastal coast coupled with an upper-level cutoff low to dump
County, 10/6/2006 0/0 $200,000 intense rainfall across portions of southeast Virginia.
Flood : ; . A
Hampton Rainfall amounts in excess of 10 inches resulted in
numerous road closures and moderate to major river
flooding from late Friday, October 6th through
Saturday, October 7th. Up to 28,000 Dominion Virginia
Power customers lost power during the event.
Strong onshore winds caused moderate coastal
flooding during times of high tide. Tidal departures
were about 3 feet above normal during the event. An
Norfolk, . ]
intense low-pressure system off the North Carolina
Chesapeake 11/22 and Coastal 0/0 $145,000 coast combined with an upper-level cutoff low to
York County, 11/23/2006 | Flood ' 8 - .
provide very strong winds, heavy rains, and moderate
Hampton ; .
coastal flooding across portions of eastern and
southeast Virginia from late November 21st into
afternoon November 23rd.
Virginia Beach | 5/23/2009 Rip 1/0 $0 A man body boarding was caught up in a rip current
Current and pulled offshore.
An intense Nor'easter produced moderate to severe
Isle of Wight cqas_ta_ll flooding across much of eastern and southgast
Chesapeake’ c | L/lr_glir:la a’?/ld the \I/Dll'gll"lla EagtggnfShor«g. TheMrl)_elz_aVl\(/ tide
' oasta eight at Money Point was 8.59 feet above ,
Newport News, | 11/12/2009 Flood 0/0 $16,200,000 which was 6.17 feet above the astronomical tide. That
York County, ide height was 0.3 feet higher than th i d
Hampton tide height was 0.3 feet higher than the previous recor
storm tide measured at this location during Hurricane
Isabel in September 2003.
A strong coastal low-pressure area produced moderate
to severe coastal flooding across much of eastern and
southeast Virginia. The peak tide height at Money
Norfolk, Point was 6.77 feet above MLLW. Several streets,
Virginia Beach, Coastal homes and businesses were flooded in low lying areas
York County, 12/19/2009 Flood 0/0 $30,000 close or directly exposed to the Chesapeake Bay. The
Chesapeake peak tide height at Yorktown was 5.32 feet above
MLLW. Several streets, homes and businesses were
flooded in low lying areas of the county close or
directly exposed to the Chesapeake Bay.
Virginia Beach | 8/25/2011 Rip 1/0 ) A_su_rf_er who got caught in a rip current drowned in
Current Virginia Beach.
s Rip A man was caught up in a rip current and drowned in
Virginia Beach | 6/16/2012 Current 1/0 - Virginia Beach.
Tropical Cyclone Sandy moving northward well off the
Mid Atlantic Coast then northwest into extreme
Chesapeake, southern New Jersey produced very strong northeast
James City winds followed by very strong west or northwest winds.
County, The very strong winds caused moderate to severe
Newport News, Coastal coastal flooding across portions of eastern and
York County, 10/28/2012 Flood 0/0 $2,060,000 southeast Virginia. Water levels reached 3.5 feet to
Norfolk, Isle of around 4.5 feet above normal adjacent to the
Wight, Virginia Chesapeake Bay resulting in moderate to severe
Beach, Suffolk, coastal flooding. Flooding of streets due to the
Hampton combination of rain and storm surge was widespread
during the height of the storm. However, water levels
were lower than Irene in 2011.
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Deaths/

Property

Location S Details
Injuries  Damage
Chesapeake,
‘g:?)nl]ﬁts City Anomalously strong/nearly stationary high pressure
Y, over New England produced strong onshore winds
Newport News, - h h
over the Mid-Atlantic. The strength and duration of the
York County, Coastal $1,000,000 . .
10/2-3/2015 0/0 onshore winds produced moderate coastal flooding
Norfolk, Isle of Flood (Norfolk) - :
- ST along the Atlantic Coast and Chesapeake Bay. A tidal
Wight, Virginia : .
departure of 3 to 4 feet resulted in moderate flooding
Beach, Suffolk, along the Chesapeake Ba)
Hampton, 9 p Y-
Poquoson
Ri A 35-year-old male drown after being caught in a rip
Virginia Beach | 7/9/2019 p 1/0 - current while trying to save a child at False Cape State
Current
Park.
Very strong northeast to north winds associated with
Norfolk, . . duced tidal lies b
Virginia Beach Coastal Hurricane Dorian produced tidal anomalies between
' | 9/6/2019 0/0 - 2.5 and 3.5 feet over the southern Chesapeake Bay.
York County, Flood . . -
This caused moderate coastal flooding over portions of
Surry County
Hampton Roads.
The combination of low pressure sitting off the New
York County, Jersey coast and strong high pressure over southeast
James City 10/11/2019 Coastal 0/0 ) Canada resulted in persistent north or northeast winds
County, Surry Flood over the region. Persistent winds and high waves
County produced tidal anomalies between 2 and 3 feet above
normal high-water levels.
The combination of high pressure over northern New
Virginia Beach Coastal England and low pressure just off the Middle Atlantic
No?folk ' | 11/17/2019 Flood 0/0 - Coast resulted in very strong northeast to north winds
over the southern Chesapeake Bay, which caused
minor to moderate coastal flooding.
This Nor’easter brought snowfalls between 5 and 20
inches to the eastern half of Virginia, which does not
Grandview 1/23/2000- Nor'easter frequently receive such snow depths. Heavy winds
area of 1/26/2000 /Coastal 0/0 - created blizzard conditions and created snowdrifts
Hampton Flood between 4 and 5 feet in some areas. Significant
flooding and erosion affected coastal areas including
the Grandview area of Hampton.
Combination of strong high pressure over New
England and low pressure over southeast US
produced a persistent northeast or east wind into
James City 5/19/2020 Coastal 0/0 } James River, which caused minor to moderate coastal
County Flood flooding at Jamestown tidal gauge and some locations
in the county. Minor to moderate tidal flooding occurred
along James River. Jamestown reached 4.72 feet
MLLW.
The center of Tropical Storm Isaias tracked north just
inland of the Middle Atlantic Coast from August 3-4.
o Coastal } Winds caused moderate (perhaps some locally major)
Virginia Beach | 8/4/2020 Flood 0/0 tidal/coastal flooding across portions of SE Virginia,
including portions of Virginia Beach adjacent to Back
Bay.
Totals 711 $98,755,000

Northern Neck did not list specific events that caused coastal erosion. However, due to the more
than 1,000 miles of shoreline that includes valuable infrastructure, there has been a significant
risk to coastal erosion from severe storms such as hurricanes and nor’easters.

Similarly, the Eastern Shore does not describe specific historical events where coastal erosion
occurred. However, there is discussion of the impact of sea level rise and its impact on increased
erosion. It is noted that seal level rise is exacerbating erosion by increased inundation on both the
seaside and bayside marshes, which act to protect the mainland from both floods and erosion.
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The Middle Peninsula also does not list specific historical events that have caused coastal or
inland erosion to the region. The discussion is more general and summarizes how hurricanes and
nor’easters produce severe winds and storm surges that create significant soil erosion along
rivers and streams in the Middle Peninsula. The location and the angle at which these
hurricanes/nor’easters come ashore region can significantly affect the amount of soil erosion
during a particular storm. For example, with Hurricane Isabel in 2003, its enormous wind field
tracked in a north-northwest direction to the west of the Chesapeake Bay with the right front
quadrant blowing from the south-southeast. This pushed the storm surge up the Bay and piling it
into the western shore — causing serious soil erosion to the eastern land masses in Mathews,
Gloucester, and Middlesex Counties.

In terms of coastal erosion, the Middle Peninsula experiences wind driven waves during severe
storms that destroy houses, wash away protective dunes, and erode the soil so that the ground
level can be lowered by several feet. Because of the coastal nature of the Middle Peninsula, the
region is very susceptible to this type of flooding and resulting damage.

3.8.3.4  Probability of Future Occurrence
Impact and Vulnerability

The geography of Virginia provides ample evidence for the rise and fall of sea level over the
course of thousands of years. Today, the ocean is once again slowly encroaching upon the land.
Changes in sea level are important in Virginia because it can threaten the extensive development
that has occurred in the coastal region and along the larger rivers throughout the Commonwealth.
These changes may also result in the potential loss of extensive tidal wetlands and shallow water
habitats in the Chesapeake Bay, tributaries, and the vast barrier island lagoon system on the
seaside of the Eastern Shore. Figure 3-47 provides a geographical representation of high erosion
areas (where erosion is greater than 10 feet per year) along Accomack and Northampton
Counties in Virginia.®
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Figure 3-47 - Location of High Erosion and Accretion along the Eastern Shore between 1949

and 2017.
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Shoreline Change Data, VIMS
County Boundary, VGIN

State Boundary, Census.gov
Background Mapping, ESRI

The City of Virginia Beach recognizes the economic importance of the existing beaches in the
city and regularly surveys their coastline. The City of Virginia Beach identified Chesapeake
Beach as having "chronic erosion”, Bay Lake Beach is "slightly accretional”, the majority of
Ocean Park Beach is erosional, Cape Henry Beach is relatively stable, areas of North End Beach
vary from "naturally accretional™ to "moderately erosional”, Resort Beach is erosional (with a
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50-year history of beach fill), Croatan Beach is historically stable with current localized erosion,
and Sandbridge Beach has extremely high erosion rates (nourished for the first time in 1998). As
much as 8 feet per year of beach disappears at Sandbridge because the shape of the ocean floor
focuses wave energy on the shore.XVi' The probability of future coastal erosion in the city is high,
and the city works diligently to mitigate the impacts.

Risk

The risk associated with erosion in Virginia has not been formally quantified due to the difficulty
in assessing the rate of incidence and separating erosion risk from other hazards. Erosion can
occur along streams and rivers in every part of the state, but the risk is highest on the coast due to
the increased frequency of events. Risk should be considered on a localized scale across the

Commonwealth. Details on erosion, in particular coastal erosion, is discussed within many of the
local/regional hazard mitigation plans along Virginia’s Chesapeake and Atlantic Coastlines.

3.8.35  State Facility Risk

An examination of state assets in communities with documented and problematic shoreline
erosion, including Virginia Beach, Northampton County and Accomack County, reveals several
facilities that are located on or near shorelines that may be impacted by erosion. Damage can be
expected to immediate shoreline structures that may be undermined by erosion, as well as soil
loss along trails, roads or bridge foundations that are part of the affected facilities. Table 3-40
details the value of structural assets owned by the state that are at risk of damage from shoreline
erosion.

Table 3-40 - State assets at highest risk of shoreline erosion

Number of State Assets at Total Value of at Risk

Locality Agency and Facility Risk Assets

Game and Inland Fisheries
Princess Ann Wildlife 6 $631,300
Management Area

City of Virginia Beach DCR False Cape State Park | 26 $3,284,300
Virginia Air Guard 133 $169,180,500
DCR First Landing State 50 $13,011,700
Park
VIMS 18 $14,275,400
Accomack County Marine Resources 1 .
L None provided
Commission
University of Virginia Oyster |2 $3,192.600
Northampton County Lab
DCR Kiptopeke State Park |28 $6,812,800

3.8.36 National Risk Index

Erosion is not one of the NRI’s hazards that is analyzed therefore there is no risk rating provided
for erosion.

Future Conditions

Shoreline, or coastal, erosion over the long-term and short-term will likely continue to occur
along the Virginia coastline. It is a long-term hazard that undermines waterfront homes,
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businesses, public facilities, and infrastructure along shorelines, even rendering structures
uninhabitable or unusable. However, shoreline erosion will be more immediate and severe during
hurricanes, tropical storms and nor’easters. Shoreline erosion is driven by several natural
influences such as sea level rise and land subsidence, large storms such as tropical storms,
nor’easters and hurricanes, storm surge, flooding and powerful ocean waves. Shoreline erosion
may be exacerbated under future conditions. Man-made influences such as coastal development
and some shoreline stabilization projects can exacerbate shoreline erosion as well, even when
initially intended to minimize immediate erosive effects. While not as sudden as other hazard
events discussed in this plan, shoreline erosion influences the stability and condition of coastal
property and beaches when other short-term hazard events occur. For example, erosive forces
may undermine tree roots and revetments along a shoreline, exacerbating the effects of flooding
and sea level rise.

A valuable factor in accurately determining specific shoreline erosion hazard areas is the
continuous implementation of shoreline reinforcement or nourishment projects completed by
federal, state, and local government agencies. Typically, areas of high concern for long term
erosion are addressed through shoreline hardening or stabilization projects, such as seawalls,
breakwaters, and beach sand replenishment. Additionally, wind erosion is likely to continue to
occur over the long-term and short-term across the state. As climate change increases the annual
average temperature and thus, seasonal drought conditions, high intensity wildfire events have
significant impacts on vegetation and groundcover that normally serves to stabilize the soil.
Decreased soil stability may increase the risk of localized wind and wave erosion. V"

Jurisdictional Risk
3.8.3.7 Local Plan Risk Assessment

Local plans were reviewed for spatial data sources used, historical occurrences, hazard
probabilities, vulnerability, loss estimations, and land use and development trends. When
available, this information supplements the text and figures of each of the sections in this
revision.

Seven of the 20 local hazard mitigation plans considered erosion or coastal erosion/shoreline
hazard. Many times, erosion was combined with other hazards such as flooding, hurricane, or
landslide and is not easily segregated. Of the plans that provided a general description of
erosion/coastal erosion, some of them used NOAA and/or VIMS shoreline change data to
spatially analyze local areas of high erosion and structure density within or nearby the erosion
hazard areas. The Middle Peninsula HMP considered coastal/shoreline erosion as its own
specific hazard, identifying that hurricanes and nor’easters produce severe winds and storm
surges that create significant soil erosion along rivers and streams. Using data from the Coastal
Erosion Information System (CEIS), the plan notes that “much work is needed to accurately
document regional and local erosion rates.” Consistent with the Middle Peninsula HMP, the
consensus in the local plans is that it is not feasible to estimate potential damages as erosion is
not easily predicted or quantified. These plans generally discuss factors contributing to erosion,
including land use and climate change impacts (see for example the Hampton Roads HMP), but
do not provide estimates of potential losses. An exception is the Northern Neck plan that
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estimated the number of and dollar value of buildings exposed to coastal erosion. This analysis
was feasible since the entire region’s coastal areas were assessed at high risk and exposure was
defined using a 500 foot buffer. Similar analysis could be done for other regions if erosion
hazard areas could be similarly identified and building, and infrastructure data are available.

Ranking the jurisdictions in Virginia based on relative risk for erosion would require additional
erosion rate data not available at this time. A tiered system may be useful for summarizing the
risk:

Tier one: Virginia Beach, Accomack County and Northampton County have experienced severe
coastal erosion in the past and that is expected to continue as sea level rises.

Tier two: the other communities in Hampton Roads (Chesapeake, James City County, Newport
News, York County, Norfolk, Isle of Wight, Suffolk, Hampton) are also highly vulnerable to
coastal erosion based on past experience.

Tier three: communities of the Middle Peninsula (Essex, Gloucester, King & Queen, King
William, Mathews and Middlesex Counties and the Towns of Urbanna, Tappahannock, and West
Point) are all also experiencing notable erosion in specific areas.

Generally speaking, the erosion experienced by the Tier one communities is beginning to
influence entire communities and neighborhoods beyond just waterfront property owners. On
Tangier Island, the erosion is affecting both quality of life and the livelihoods of the entire island
population of 378 people. Critical infrastructure and shorelines in many areas are subject to
short-term change or damages resulting from storms and high tides. Economic impacts accrue
over the long-term as businesses may relocate or have to rebuild shoreline protection systems,
and the communities invest in either constant repairs or costly upgrades to shoreline
infrastructure.

Tier two communities have erosion in some areas that can occasionally impact infrastructure
(bridges, piers/docks, waterfront structures) and utilities, as well as waterfront property owners.
Economic impacts are possible in the long-term, and the real property tax base can be impacted
by reduced property values in light of the combined impacts of erosion and flooding.

Tier three communities may occasionally experience erosion that impacts infrastructure, but the
primary impact is to private waterfront property owners. The economic impacts of this type of
erosion are more limited, affecting a small subset of the entire community, or occasionally
affecting infrastructure.

3.8.3.8 Comparison with Local Ranking

Three jurisdictions ranked erosion as high risk: George Washington Regional Commission,
Accomack-Northampton PDC, and West Piedmont Planning District Commission (erosion as a
primary impact of flooding). Northern Neck PDC and Middle Peninsula PDC all ranked coastal
erosion as a standalone hazard of medium risk. Two other regional plans ranked erosion as a
low-risk hazard. Most of the local plans combined erosion with other hazards (i.e., flooding,
hurricane, landslide). The overall risk for erosion is medium among the 7 regional plans that
ranked the hazard. For comparison, the 2023 HMP ranked erosion as a low hazard.
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3.8.3.9 Changes in Development

The West Piedmont Hazard Mitigation Plan discusses future land use plans and impacts to
erosion vulnerability. Development plans for this region indicate that development will not occur
in tracts of sensitive slope, floodplains, or wetlands, therefore the number of structures
vulnerable to erosion should not increase. ™ Most local plans did not specifically address
changes in development for each hazard or the effects of changes in development on loss
estimates. In most cases, overall development patterns were discussed in general. Sixteen of the
20 local plans cite their comprehensive plans for current and future land use changes.

Community Lifelines Impacted by Erosion

Based on the hazard analysis and description of vulnerability and impacts of erosion in Virginia,
the main community lifelines impacted are:

e Energy (pipelines)
e Transportation

3.8.4 Extreme Cold
3.84.1  Background

Regardless of precipitation, excessively cold temperatures pose occasional threats to the
Commonwealth. While wind chill advisories are issued nearly every year, life-threatening
excessive cold is a rare occurrence, and the impact of such events depends on the preparedness
of individual households and heating fuel/energy providers.

3.84.2  Location and Spatial Extent

Definitions of extreme cold can vary dramatically across the state and country. Jurisdictions in
the southeastern part of the state that do not receive frequent winter weather might consider a day
below 32°F as extreme, while jurisdictions in the Blue Ridge or Piedmont area may have a
different threshold for defining extreme cold. In Virginia, the average low temperatures are
generally widespread across the state during the winter months. These values are the lowest
value of average low temperatures taken by month since 1895. There has not been an occurrence
of a lowest-low temperature since 1989 (over 30 years). The area with the greatest occurrence of
the Commonwealth’s lowest temperatures can be seen in the southeastern portion of the state as
highlighted in Figure 3-48, below.
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Figure 3-48 - Location of Monthly Minimum Average Low Temperatures (Fahrenheit) in
Virginia, 1895-2022

3843

Virginia Minimum Monthly
Average Low Temperature
January 1895 - April 2022

Minimum Average Low
Temperature by Month
(most recent low was in
1989)

6-9

<12
15
18
21

%

\

]
|
O
|

<
<

0 30 60 Miles

Significant Historical Events

Several significant low temperatures, extreme cold events have impacted the state since detailed
temperature and weather records began being compiled for the entire state. Two major extreme
low temperature events were reported in 1940 and 1977, respectively. A blizzard in January 1940
sent temperatures plunging below -10°F in the central part of the Commonwealth and impacting
57 municipalities. A bitter winter in 1977 saw lows of about 10°F even along the coast, where
parts of the Chesapeake Bay froze over. Approximately 64 communities were impacted by what
many call the Deep Freeze of 1977. Other noteworthy extreme cold events in Virginia’s recorded

history

include:

Winter of 1609-1610 — Known as “The Starving Time” at Jamestown, winter weather, food
shortages, fractured leadership and a siege by Native Americans led to two of every three
colonists perishing. Starvation weakened the colonists and led to rampant illness.

1985 - The lowest temperature reported in Virginia was -30°F, recorded on January 21,
1985, at the Mountain Lake Biological Station in Giles County.

1989 - The most recent reported average low temperature for Staunton was in 1989 at
10.8°F; and,

2000 - On January 27, 2000, the lowest temperature recorded was -7°F in Fairfax County,
and there was one fatality due to hypothermia.

Table 3-41 provides a summary of reported events in the NCEI database for Cold/Wind Chill
and Extreme Cold/Wind Chill in the period from January 2000 through August 2022.
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Table 3-41 - NCEI recorded events for Extreme Cold, 2000 to 2022

Death or RIS
Jurisdiction(s) niuri or Crop Event Description
njuries
Damage

Stafford, Arlington / Alexandria /
Falls Church, Fairfax, Clarke,
Loudoun, Fauquier, Warren,
Page, Shenandoah, Prince
William, Highland, Frederick /
Winchester, Rockingham / High pressure was located directly over the
Harrisonburg, King George, Mid-Atlantic region between the 27th and
Madison, Culpeper, 29th. The combination of clear skies, calm
Rappahannock, Nelson, winds, and a snowpack led to extremely cold
Albemarle / Charlotttesville, temperatures . On the 27th, a 59-year-old
Augusta / Staunton / woman was found dead in the parking lot of
Waynesborro, Spotsylvania / a shopping center in Fairfax, and apparent
Fredericksburg, Orange, Greene, victim of hypothermia. Temperatures were in
Shenandoah, Spotsylvania / the teens at dawn on the 27th and only
Fredericksburg, Orange, reached the low 20s by early afternoon. On
Madison, Fairfax, Loudoun, the morning of the 28th and 29th, the
Clarke, Frederick / Winchester, mercury dropped into the single digits above
Nelson, Greene, Rockingham / One and below zero in many locations. Low
Harrisonburg, Albemarle / fatality temperatures from the 28th included 13
Charlotttesville, Augusta / 1/21/2000 | due to $0 degrees at Dulles International Airport, O
Staunton / Waynesborro, King hypo- degrees in Fredericksburg and Waynesboro,
George, Stafford, Culpeper, thermia 5 degrees in Culpeper, 7 degrees in
Fauquier, Warren, Harrisonburg, 14 degrees in Winchester and
Rappahannock, Page, Highland, Washington Reagan National Airport, 10
Prince William, Arlington / degrees in Staunton, -7 degrees in Elkton,
Alexandria / Falls Church, and -3 degrees in Mustoe. Low temperatures
Rappahannock, Albemarle / from the 29th included 8 degrees at Dulles
Charlotttesville, King George, International Airport, 1 degree in
Rockingham / Harrisonburg, Fredericksburg and Luray, 9 degrees in
Stafford, Nelson, Orange, Front Royal, -1 degree in Waynesboro, 6
Arlington / Alexandria / Falls degrees in Culpeper, 11 degrees in
Church, Page, Shenandoah, Winchester, 12 degrees at National Airport, 8
Greene, Loudoun, Fairfax, degrees in Staunton, -4 degrees in Tye
Madison, Augusta / Staunton / River, and -2 degrees in Mustoe.
Waynesborro, Spotsylvania /
Fredericksburg, Prince William,
Fauquier, Clarke, Frederick /
Winchester, Warren, Highland,
Culpeper, Buchanan, Dickenson

Dawn temperatures were mostly in the mid

. 20s to lower 30s. Clintwood observed 26

Buchanan, Dickenson 10/8/2000 | None $0 degrees, while both Hurley and the Breaks

Interstate Park saw 30 degrees."

Daytime high temperatures were in the 30s,

. 11/21/200 with overnight low readings of 10 to 15

Buchanan, Dickenson 0 None $0 degrees. Patchy ice formed on the small

streams, which is rare for Thanksgiving."

Winds aloft favored the northwest this month,
Buchanan, Dickenson 12/1/2000 | None $0 resulting in the monthly average temperature

to be 7 to 9 degrees colder than normal.
Shenandoah, Warren, After a cold front moved across the region
Rappahannock, Culpeper, during the afternoon of the 22nd, northwest
Orange, King George, Stafford, winds picked up to 20 to 30 MPH.
Fauquier, Prince William, 12/22/200 Temperatures dropped into the teens which
Arlington, Spotsylvania, 0 None $0 created wind chills between -10 and -20
Albemarle, Augusta, Clarke, degrees. As the winds subsided during the
Frederick, Fairfax, Nelson, early morning hours of the 23rd,
Highland, Loudoun, Rockingham, temperatures ranged from the single digits
Greene, Madison, Page above zero to the low teens.
Highland, Warren, Fauquier, High pressure over the Mid-Atlantic region
Prince William / Manassas, 4/19/2001 | None $0 created calm winds and clear skies during
Fairfax, Loudoun, Clarke, the early morning hours of the 19th. These
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Jurisdiction(s)

Death or
Injuries

Property
or Crop
Damage

Event Description

Frederick / Winchester, Page, conditions in combination with a chilly
Shenandoah, Stafford, Culpeper, airmass in place allowed temperatures to
Rappahannock, Rockingham / plummet into the mid 20s to lower 30s
Harrisonburg, Greene, Madison, between 3 and 7 AM EDT. The resulted in a
Orange, Spotsylvania / hard freeze which unfortunately was
Fredericksburg, Nelson, preceded by unseasonably warm weather
Albemarle / Charlotttesville, King which had caused many plants to bloom
George, Augusta / Staunton / early. Farmers with budding peach and apple
Waynesborro crops and homeowners and nurseries with
outdoor vegetation in bloom reported losses.
A cold area of high pressure from Canada
pushed into the mid-Atlantic region on the
19th and remained overhead through the
22nd. This caused skies to clear, winds to
Buchanan, Dickenson, Frederick drop to zero, and temperatures to plummet
/ Winchester, Culpeper, Monetary into the mid 20s to lower 30s during the early
Rappahannock, Madison, losses morning hours of the 20th, 21st, and 22nd. A
Loudoun, Page, Rockingham / were record low temperature of 31 degrees was
Harrisonburg, Greene, Albemarle | 5/20/2002 | None estimated set at Dulles International Airport on the
/ Charlotttesville, Nelson, to be in morning of the 22nd. Several backyard
Highland, Shenandoah, Warren, thousands | gardeners and local farmers lost tender
Augusta / Staunton / of dollars. vegetation to the late season frost. Damaged
Waynesborro, Fauquier, Clarke vegetation included grapes, soybeans,
tomatoes, sweet potatoes, squash,
cucumbers, beans, and young Christmas
trees. Corn plants were expected to have
stunted growth due to the damaging frost.
Long standing low temperature records were
set on the morning of the 7th as a fresh snow
pack, calm winds, and clear skies allowed
temperatures to plummet around 20 to 30
degrees below normal overnight. At Dulles
Albemarle / Charlotttesville, International Airport at 7:25 AM the
Shenandoah, Highland, Page, temperature fell to 1 degree above zero. This
Rappahannock, Fauquier, smashed the previous record of 18 degrees
Frederick / Winchester, Nelson, set in 1977. Other low temperatures
Augusta / Staunton / recorded across Northern Virginia include 12
Waynesborro, Stafford, King degrees in Fredericksburg and Manassas, 8
George, Spotsylvania / 12/7/2002 | None $0 in Charlottesville and Great Falls (Fairfax
Fredericksburg, Greene, Orange, Co.), zero in Edinburg (Shenandoah Co.)
Madison, Warren, Fairfax, and at Shenandoah Valley Airport (Augusta
Loudoun, Rockingham / Co.), 1 below at Lincoln (Loudoun Co.) and
Harrisonburg, Clarke, Prince Winchester (Frederick Co.), and 4 below at
William / Manassas, Culpeper the National Weather Service Office in
Sterling (Loudoun Co.). At Washington
Reagan National Airport, the low
temperature only fell to 18 degrees due to
the urban heat island effect. The record low
for December 7th is 10 degrees set in 1882.
Very cold Arctic air settled over the portions
of Northern Virginia. The minimum
. . temperatures ranged from the lower teens to
Egljgdc?uen(?rg:i,rg)l(l,ng;(i)géitaﬁord. the digits_, and north Wi_nds ayeraged 10 to 15
Loudoun, Arlington / Alexandria / 1/15/2004 | None $0 mph. This produced wind chills on the
Falls Church. Loudoun average of 10 degrees below zero. There'

' were dozens of cases of broken water mains
and water pipes due to the extremely cold
temperatures.

. Icy road conditions contributed to a one
Pulaski 4/7/2007 None $15,000 vehicle accident.
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3.84.4  Probability of Future Occurrence

The state has experienced extended periods of extreme cold in the past, especially during
blizzards or winter storms, and will likely continue to experience seasonal low temperatures and
fluctuations with storms and severe weather.

Impact and Vulnerability

Extreme cold vulnerability is a factor of individual, property, and societal elements. At the
individual level, the potential for exposure to extreme cold, falling on ice-covered walkways, and
automobile accidents is heightened during winter weather events. Extreme cold temperatures
during the winter months impact the entire Commonwealth of Virginia; however, there are some
spatial variations in the number of occurrences of extreme cold events as shown in Figure 3-49.
Please see the section on winter weather for additional information on impacts.

Figure 3-49 - Number of occurrences of extreme cold temperatures in Virginia, 1962-2022.
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A Wind Chill Warning is issued when a combination of extreme cold and winds occur. This
combination can result in frostbite, hypothermia, or even death when people are exposed in this
type of condition for an extended period of time, especially without proper clothing protection.
These warnings are issued when wind chill values are expected to be less than -15°F. Wind Chill
Watch is issued when dangerously cold wind chills are possible, typically within 12 to 48 hours.
Wind Chill Advisory is issued when wind chill temperatures create inconvenience to life with
prolonged exposure. If caution is not exercised, hypothermia and frostbite may occur. An
advisory will be issued for wind chill values less than 0°F but not colder than -14°F. Any of
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these events are likely to occur within a given year across Virginia, usually occurring with winter
weather including snow, sleet, or ice (see Winter Weather section for more information). The
risk for wind chills and extreme cold is relatively higher in central and northern Virginia,
however extreme cold occurrences can be seen statewide annually. (See Figure 3-48). The risk
associated with extreme cold in Virginia has not been formally quantified and should be
considered on a localized scale across the Commonwealth.

3.845  State Facility Risk

Extreme cold poses a much higher risk to people than to structures or other state-owned assets.
While state-owned structures may experience an occasional pipe bursting or utility disruption
due to extreme cold, the risk is minimal and would not normally be expected to notably affect the
value of an asset. Damage to roads and bridges from repeated freeze-thaw is also possible, but
can be repaired. Figure 3-50 shows that the historic risk of experiencing extreme cold is greatest
in the counties of King George, Caroline, Louisa and Appomattox. State assets at risk in those
counties are summarized in Table 3-42.

Table 3-42 - State-owned assets at risk from Extreme Cold

Number of State Assets at Total Value of at Risk

Locality Agency and Facility Risk e
DCR Holliday Lake State 17 $2.002,400
Park
Game & Inland Fisheries
Appomattox County Holliday Lake 4-H Center 6 $39,600
VDOT Complex 11 $1,499,000
Virginia Tech Holliday Lake
4-H Center 2 $135,900
DO_C Caroline Correctional |32 $15,935,144
Unit
DEQ Magnetic Center 1 $5,700
VDOF 1 $169,200
Caroline County VDOT Dawn Area HQ, 34
Ladysmith Area HQ,
Bowling Green Residency $2,057,800
Complex
Northern Region 1
Correctional Field Units $5,288,700
DCR Caledon Natural Area |11 $3,062,600
Lands End Wildlife 8
Management Area $103,700
King George County VDOT Edgehill Area 12 $1,012,300
University of Mary 1
Washington Dahlgren $23,782,600
Center
UVA Medical facilities 1 $15,699,889
VDOT Cuckoo Area HQ, 33
Zion Crossroads Area HQ, $1,879,900
Louisa Residency Complex
Louisa County State Police Area 4 office 1 $500,300
Game & Inland Fisheries 1 storage building $3,700
VD_(_)F Louisa office and 3 (fire tower is inactive) $294,000
facilities
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3.84.6 National Risk Index

The National Risk Index (NRI) includes three components: a natural hazards component
(Expected Annual Loss), a consequence enhancing component (Social Vulnerability), and a
consequence reduction component (Community Resilience). Using these three components, a
composite Risk Index score and hazard type Risk Index scores are calculated for each
community (county and Census tract) included in the Index. For the purposes of this
SHMP/HIRA update the qualitative summary for drought are reviewed for each community
(county tract).

Using these three components, a composite Risk Index score and hazard type Risk Index scores
are calculated for each community (county and Census tract) included in the Index. For the
purposes of this SHMP/HIRA update the qualitative summary for extreme cold is reviewed for
each community (county tract).

As shown in Figure 3-50, extreme cold or cold wave NRI Risk Index Rating is not provided for
much of the central and eastern sections of the state of Virginia. For the areas along the northern
and western boundaries of the state the greatest risk index ratings are for the City of Roanoke,
Washington County, Russell County and Highland County. As shown in Table 3-43, these are
the most vulnerable jurisdictions in the Commonwealth, and have a risk index rating of
Relatively Moderate. All other rated jurisdictions are classified as Relatively Low or Very Low.

Figure 3-50 - Extreme Cold/Cold Wave National Risk Rating.
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Table 3-43 - Communities With Highest Risk Index Ratings for Cold Wave

Locality Numper of Schools in Medlgal Care Facilities in NRI Risk Index Rating
Locality Locality

Roanoke County 34 Catawba Hospital

Johnston Memorial,
. Konnarock Family Health

Washington County 25 Center, Holston Family )
Health Center Relatively Moderate
William Davis Clinic, Russell

Russell County 1 County Medical Center

Highland County 2 none

Source: NRI
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Impacts in these communities are highest because of their mountainous location, high elevation
and geography relative to the warmer Atlantic Ocean currents. Risk is high because the impacts
to residents without transportation and to the elderly are accentuated during a cold wave; poverty
is also a factor in population resilience during a cold wave because of the cost of heat. Critical
facilities, including schools and medical care facilities, in these counties may be impacted by
transportation/access limitations, pipes freezing, and communication and power line outages.

Future Conditions

Since the beginning of the 20th century, global annual average temperatures have risen
approximately 1.5°F. Although temperatures have seen fluctuations since then, there has been a
steady trend of gradual warming occurring since the early 1990s. This trend indicates that the
future occurrences of extreme cold temperatures, although possible, is less likely.' In fact, a
Climate Central analysis released in February 2013 found that the states with the coldest winters
have been warming the fastest." Climate data shows that extreme cold events across the
continental US are occurring far less frequently than an in the past. This is largely related to
winter warming trends due to manmade global warming and natural climate variability."

Jurisdictional Risk
Local Plan Risk Assessment

Local plans, with few exceptions, have not identified extreme cold as a standalone hazard. The
Middle Peninsula PDC and the Southside PDC plans consider extreme cold and extreme heat
together under extreme temperatures. Others, such as the Hampton Roads PDC and the Northern
Shenandoah Valley PDC, include extreme cold under winter storms. These plans generally
discuss the broad risks of extreme cold, often in conjunction with winter storms, but do not
provide estimates of impacts of extreme cold (separate from winter storm impacts such as power
loss) such as infrastructure or assets damages or injury/loss of life from exposure to extreme
cold. The plans that address extreme cold as one temperature extreme tend to provide more in-
depth analysis than those that consider extreme cold as an impact of winter storms. Across all
these local plans, the discussion of the hazard is descriptive and does not provide estimates of
damages or losses.

Several plans discuss how socially vulnerable populations are impacted as a result of extreme
cold temperatures, especially after severe storms where there are local or regional power outages
that threaten the availability of heat. In addition, populations that rely on public transportation
may have limited ability to wait for buses in extreme cold situations. More comprehensive
analysis of extreme cold in the local plans could hone in on the specific impacts of extreme cold
including factors such as impact on infrastructure and buildings, assessment of the populations
that are socially vulnerable to extreme cold, and identification of geographic areas within the
jurisdiction where socially vulnerable populations may be concentrated.

3.84.7  Local Plan Comparison

Overall, 6 out of the 20 the local hazard mitigation plans ranked extreme cold, and typically
those plans described winter weather as part of extreme cold hazard or group extreme cold and
extreme heat together as the extreme temperatures hazard. Out of the 6 plans that provided a
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ranking, 3 ranked extreme cold as a high hazard and 3 ranked extreme cold as a medium hazard.
The overall hazard ranking for extreme cold for the 6 local plans that included it was medium-
high. For comparison, the 2023 HMP ranked extreme cold as a medium hazard.

3.84.8 Changes in Development

Most local hazard mitigation plans did not specifically address changes in development for each
hazard or the effects of changes in development on loss estimates. In most cases, overall
development patterns were discussed in general. Sixteen of the 20 local plans cite their
comprehensive plans for current and future land use changes. Although extreme cold was
considered high for local/regional plans, no information was given to reflect changes in
development in the hazard prone areas.

Community Lifelines Impacted by Extreme Cold

Based on the hazard analysis and description of vulnerability and impacts of extreme cold in
Virginia, the main community lifelines impacted are:

e Food, Water, Shelter
e Energy
e Health and Medical

3.8.5 Extreme Heat
3851 Background

A heat wave is defined as prolonged periods of excessive heat, often combined with excessive
humidity. Extreme heat is defined as temperatures that hover 10°F or more above the average
high temperature for the region, and that last for several weeks. The main concern in periods of
extreme heat is the potential public health impact, such as heat exhaustion or heat stroke.
Individuals of concern include those living in residences without air conditioning, or in areas
where electric service is unavailable due to system-wide blackouts.

Extreme heat combined with high relative humidity slows evaporation, limiting the body’s
ability to efficiently cool itself. Overexposure may result in heat exhaustion or stroke, which
could lead to death. The CDC states that although heat related deaths and illnesses are
preventable, more than 600 people in the US are killed by extreme heat each year. According to
the NWS, heat is the leading weather-related killer in the US, although no deaths have been
reported for the historical events described below for Virginia. The elderly and those with
medical conditions such as diabetes are most at-risk, along with those who work outdoors in hot,
humid weather, athletes, infants and children, and low-income households.

Asphalt and concrete store heat longer and gradually release heat at night, which can produce
higher nighttime temperatures known as an “urban heat island effect.” The impact of excessive
heat is most prevalent in urban areas, where the heat island effects prevent inner-city buildings
from releasing heat built up during the daylight hours. Thus, a secondary impact of excessive
heat is severe strain on the electrical power system and potential brownouts or blackouts.
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3.85.2  Location and Spatial Extent

Extreme heat typically impacts a large area that is normally not confined to any geographic
boundaries, although urban heat island effects can exacerbate effects in urbanized areas. For
excessive heat, the NWS uses heat index thresholds as criteria for the issuance of heat advisories
and excessive heat warnings to affected communities. NWS heat advisory bulletins inform
citizens of forecasted extreme heat conditions. The bulletins are based on projected or observed
heat index values and include:

e Excessive Heat Outlook when there is a potential for an excessive heat event within three
to seven days;

e Excessive Heat Watch when conditions are favorable for an excessive heat event within 12
to 48 hours, but some uncertainty exists regarding occurrence and timing; and,

e Excessive Heat Warning/Advisory when an excessive heat event is expected within 36
hours.

These bulletins are usually issued when confidence is high that the event will occur. A warning
implies that conditions could pose a threat to life or property, while an advisory is issued for less
serious conditions that may cause discomfort or inconvenience but could still lead to threat to life
and property if caution is not taken.

For this planning effort new analysis was conducted to evaluate the maximum average high
temperatures by month across the state. Figure 3-51 shows the maximum monthly average high
temperature between January 1895 and April 2022. The data are further broken down to
highlight those Virginia counties where, within the last 20-, 15-, and 3-years. It was noted that
over the past 20 years the high temperatures mainly group along the southwest portion of the
state whereas within the last 15 and 3 years the high temperatures were recorded along the
eastern portions of the state.

The areas where high temperatures occur within the last 15-years and 3-years are located in the
eastern region of Virginia, whereas counties with high temperatures within the last 20-years are
clustered near the southwest corner of the state. The central eastern and central southern portions
of the state have had the greatest maximum average high temperature by month over the time
period of 1895-2022.
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Figure 3-51 - Virginia Counties Maximum Monthly Average High Temperature for Chosen
Timeframe.
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3.85.3  Significant Historical Events

The hottest temperature recorded in the Commonwealth of Virginia was 110°F in Balcony Falls
on July 15, 1954. On June 8, 2008, high temperatures reached the mid to upper 90s across
northern Virginia. Heat index values reached 105°F and one heat related fatality was reported in
Alexandria. On July 19th-21st, 2019, high temperatures reached the upper 90’s to low 100’s with
a dew point of near 70. Heat index values reached 105 -110°F.

Virginia experienced another extreme heat scenario between July 19 and 21, 2019, following
severe storms. Thirteen municipalities were impacted with temperatures in the mid-90’s to lower
100’s exasperated by a dew point near 70°F which produced a heat index of over 105°F and
110°F for 2 to 3 days. More than one million people were left without electricity — and therefore
cooling — for up to a week. This was the third largest power outage in the Commonwealth’s
history. During this week, daytime temperatures were consistently above 90 degrees.

Based on historical data from 1979 to 2016, the CDC prepared the map shown in Figure 3-52.
This map of US counties represents the change in the number of heat waves days per year, over
the 38-year period. Counties in dark red exhibited the greatest increase in the number of heat
wave days, as compared to counties in light red. Counties in gray did not exhibit a statistically
significant change (p-value<0.05) in the number of heat wave days.
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Figure 3-52 - Map of Increasing Heat Wave Days in the United States, 1979-2016 (CDC
Climate and Health Program).
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In 2017, the Virginia Department of Health began conducting syndromic surveillance regarding

people see

king treatment in medical facilities for heat-related illnesses. The results of those

surveillance records from 2017-2020 are shown in Figure 3-53 to Figure 3-57. Data from 2021
show an additional 2,809 visits for heat related illness statewide during that year. Over time,
these data will be available to build a more robust history of historical heat-related events.

Figure 3-53 - Heat-Related IlIness Visits in Virginia, 2021
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Source : https://www.vdh.virginia.gov/surveillance-and-investigation/syndromic-surveillance/hri-surveillance/

Figure 3-54 - Maximum Temperature and Heat-Related IlIness Visits in Virginia, 2020

Maximum Temperature and Heat-Related lliness Visits in Virginia, April 1 - September 30, 2020
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Source: VDH, accessed online 2021 https://www.vdh.virginia.gov/surveillance-and-investigation/syndromic-
surveillance/weather-surveillance/.

Figure 3-55 - Maximum Temperature and Heat-Related IlIness Visits in Virginia, 2019

Maximum Temperature and Heat-Related lliness Visits in Virginia, April 1 - September 30, 2019
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Source: VDH, accessed online 2021 https://www.vdh.virginia.gov/surveillance-and-investigation/syndromic-
surveillance/weather-surveillance/.
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Figure 3-56 - Maximum Temperature and Heat-Related IlIness Visits in Virginia, 2018

Number of ED and UCC Visits for Heat-Related lliness in Virginia, April 1 - September 30, 2018
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Figure 3-57 - Maximum Temperature and Heat-Related IlIness Visits in Virginia, 2017

Number of ED and UCC Visits for Heat-Related lliness in Virginia, April 1 - September 1, 2017
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3.85.4  Probability of Future Occurrence
Impact and Vulnerability

Medical conditions brought on by extreme heat can be mitigated by air conditioning, if available.
Electrical grid strains are a concern during periods of extreme heat, as the need for increased air
conditioning (and thus electricity) can place strain on the grid. In extreme situations, these strains
can lead to brown or blackouts, where the grid fails, and no electricity (and therefore no air
conditioning) is available to offset the effects of extreme heat. For those people who do not have
ready access to air-conditioned spaces, public areas are often opened to the public to ensure there
is a place people can go to cool off.

Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-140


https://www.vdh.virginia.gov/surveillance-and-investigation/syndromic-surveillance/weather-surveillance/
https://www.vdh.virginia.gov/surveillance-and-investigation/syndromic-surveillance/weather-surveillance/
https://www.vdh.virginia.gov/surveillance-and-investigation/syndromic-surveillance/weather-surveillance/
https://www.vdh.virginia.gov/surveillance-and-investigation/syndromic-surveillance/weather-surveillance/

Section 3: Hazard Identification and Risk Assessment

People are vulnerable to the effects of extreme heat. The human body is designed to operate
within a defined temperature range and with sufficient hydration. In the absence of sufficient
hydration, dehydration can occur and become debilitating within a matter of hours. Similarly,
exposure to temperatures above the normal range for an extended time — a matter of minutes or
hours, depending on the age and health of the person — can result in serious injury or death.

Risk

Extreme heat often results in the highest number of annual deaths among all weather-related
hazards. Conditions that can exacerbate or induce heat-related illnesses include stagnant
atmospheric conditions and poor air quality. Consequently, people living in urban areas may be
at greater risk from the effects of a prolonged heat wave than those living in rural areas.

Additionally, as previously mentioned, higher nighttime temperatures produced by the urban
heat island effect increase risk for those living in urban areas.

3855  State Facility Risk

Extreme heat poses a higher risk to people than to structures or other state-owned assets. While
state-owned structures may experience an occasional utility disruption due to extreme heat, the
risk is minimal and would not normally be expected to notably affect the value of an asset.
Damage to roads and bridges from softening pavement is also possible but can be repaired. Many
farming facilities, as noted as being vulnerable to drought would also be subject to extreme heat,
especially those with livestock. According to NRI data, the annual frequency of experiencing
extreme heat is greatest in the jurisdictions shown Table 3-44 State assets at risk in those
communities are summarized in the table, as well.

Table 3-44 - State-owned assets at risk from Extreme Cold

Number of State Assets at

Locality Risk Total Value of at Risk Assets
Chesapeake, City of $125 $297,746,464
Emporia, City of $1 $343,253
Fairfax County $283 $2,412,457,961
Fairfax, City of $4 $1,490,499
Greensville County $49 $382,356,980
Isle of Wight County $27 $1,740,899
King George County $32 $27,961,071
Loudoun County $74 $117,105,414
Manassas Park, City of $0 $0

Manassas, City of $1 Not provided
Prince William County $125 $586,347,124
Southampton County $167 $164,802,251
Spotsylvania County $53 $83,144,349
Stafford County $90 $70,591,707
Suffolk, City of $88 $84,389,661
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3.85.6 National Risk Index

The National Risk Index (NRI) includes three components: a natural hazards component
(Expected Annual Loss), a consequence enhancing component (Social Vulnerability), and a
consequence reduction component (Community Resilience). Using these three components, a
composite Risk Index score and hazard type Risk Index scores are calculated for each
community (county and Census tract) included in the Index. For the purposes of this
SHMP/HIRA update the qualitative summary for drought are reviewed for each community
(county tract).

Using these three components, a composite Risk Index score and hazard type Risk Index scores
are calculated for each community (county and Census tract) included in the Index. For the
purposes of this SHMP/HIRA update the qualitative summary for Extreme Heat or Heat Wave
(per NRI) are reviewed for each community (county tract). As shown in Table 3-45, there is no
rating for extreme heat or heat wave in the middle part of the state, likely a result of some
missing data component. Jurisdictions with the highest risk rating are shown in Figure 3-58.
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Table 3-45 - Communities With Highest Risk Index Ratings for Heat Wave

Locality NRI Risk Index Rating

City of Richmond Relatively High

City of Newport News

Henrico County
City of Norfolk
City of Portsmouth Relatively Moderate

Lancaster County

Mecklenburg County

City of Virginia Beach
Source: NRI

Both the historical losses and the demographic characteristics of the communities inform the list
of localities at highest risk. The population most at risk is the elderly, and poverty level may
impact access to air-conditioned spaces. The ability of the communities to provide air
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conditioned spaces to the public is also a factor. Extreme heat may impact critical facilities such
as communication or power lines. Structures are generally not at risk from extreme heat unless
utilities are interrupted.

Future Conditions

Some form of extreme temperature typically impacts the Commonwealth annually, and this is
expected to continue and likely increase in severity and duration. The likelihood of more hot
weather and more record hot weather increases as average temperatures increase due to climate
change. The CDC Climate Change and Extreme Heat Events report states that ‘Scientists expect
climate change to lead to longer, more severe, and more frequent extreme heat events. Even
using different climate models and emissions scenarios, the results generally point to extreme
heat events becoming worse in almost every regard.” Additionally, increases in average
temperatures because of climate change are projected to make extreme heat events last longer.
Under an emissions scenario in which average temperatures have risen 6.3°F (IPCC A2
scenario), most Americans could expect to see extreme heat events lasting 10 to 20 days longer
than in the past. However, the future incidence of extreme temperatures is highly unpredictable
and may be localized (Northern Virginia Hazard Mitigation Plan, 2017), which makes the exact
severity or manifestation of the hazard difficult to quantify.

One factor that has been projected is the influence of emission rates on extreme heat. It was
found that emissions scenarios influence the model predictions for how extreme future heating
may be. Figure 3-59 shows the expected annual days above 90 degrees in 2090 in the upper
portion and the lower map reflects a higher emissions scenario with important consequences over
much of the Commonwealth. The darker red areas in the central region reflect well over 100
days per year over 90 degrees.
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Figure 3-59 - Projected days above 90 degrees through 2090, Lower Emissions and Higher
Emissions Scenarios.
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Jurisdictional Risk
3.857 Local Plan Risk Assessment

Local plans, with few exceptions, have not identified extreme heat as a standalone hazard. The
Hampton Roads plan is one example where extreme heat is included as a hazard. The Middle
Peninsula PDC and the Southside PDC plans consider extreme cold and extreme heat together
under extreme temperatures. Others, such as the Richmond-Crater HMP and the Commonwealth
Regional Council plan, combine extreme heat with drought. These plans generally discuss the
broad impacts of drought, which are exacerbated by extreme heat, but do not provide separate
estimates of impacts of extreme heat, such as in terms of infrastructure (e.g., road buckling) or
asset damages or injury/loss of life from heat exposure. However, across all these local plans the
discussion of the hazard is descriptive and does not provide estimates of damages or losses.

The Hampton Roads plan relied on the average number of extreme summer heat days per year as
part of the assessment of vulnerability, but these data are insufficient for much of the region. The
Richmond-Crater HMP reports state-wide heat-related deaths and visits to emergency
departments and urgent care centers but notes that such data are not readily available by
jurisdiction. Disaggregation of this data (collected by VDH) could be helpful for local planning
in the future. Land use and climate change will contribute to future extreme heat impacts and
local plans should consider these. The Hampton Roads HMP provides an assessment of these
anticipated impacts. Academic institutions in the Commonwealth have an increased focus on the
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study of extreme heat in recent years, and it is expected that this research may yield additional
data for us in local plans in the future.

3.85.8 Comparison with Local Ranking

Twelve of the 20 local hazard mitigation plans in Virginia provided a ranking for extreme heat.
Four of the 20 local plans ranked drought as a high hazard (Southside PDC, Commonwealth
Regional Council, Central Shenandoah PDC, and Northern Virginia RC), 6 ranked as medium
hazard, and 2 ranked the hazard as low. The local plan ranking average was medium for extreme
heat. The 2023 statewide analysis has ranked drought as medium-high risk

3.85.9 Changes in Development

Most local plans did not specifically address changes in development for each hazard or the
effects of changes in development on loss estimates. In most cases, overall development patterns
were discussed in general. In some cases, agricultural vulnerability was discussed as a part of the
overall development trends section. Sixteen of the 20 local plans cite their comprehensive plans
for current and future land use changes. Most of the damages due to extreme heat are not related
to infrastructure. Communities with large amounts of agricultural land have some heat related
mitigation action items, which are typically tied to drought.

Community Lifelines Impacted by Extreme Heat

Based on the analysis and description of vulnerability and impacts of extreme heat in Virginia,
the main community lifelines impacted are:

e Food, Water, Shelter
e Energy
e Health and Medical

3.8.6 Flooding
3.8.6.1 Background

Flooding occurs when an area that is normally dry becomes inundated with water. Flooding may
occur as an overflow of streams or rivers, an overflow of inland and tidal waters, mudflows, or
due to the failure of engineered structures like dams or levees. Flooding can occur at any time of
the year. Rapid snowmelt can cause flooding in the winter. Torrential rains from hurricanes,
tropical systems, and seasonal rain patterns can cause flooding at any time of year, but is
typically most prevalent in the spring, summer, and fall. (Failure of dams and levees is addressed
in this HIRA under Impoundment Failure)

Flooding is typically characterized in terms of severity and frequency of occurrence. Small
floods happen frequently, and large floods happen less frequently. A certain intensity of flood, as
measured in terms of flood depth or inundated area, is typically described by its frequency of
occurrence; for example, the one percent annual chance flood. As the name indicates, such a
flood has a one percent probability of occurrence (or exceedance) in any given year. A one
percent annual chance flood is interchangeably called the 100-year flood, although the “100-
year” terminology is slightly misleading because readers may erroneously assume that the term
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refers to a flood that only occurs once in a 100-year period. For many regulatory, design and
hazard identification purposes, the one percent annual chance flood is a common baseline flood.

Nationwide, the primary types of flooding include riverine, coastal, and urban flooding. Riverine
flooding is a function of excessive precipitation levels and water runoff volumes within a stream
or river. Coastal flooding is typically a result of storm surge, tidal flooding, wind-driven waves,
and heavy rainfall produced by hurricanes, tropical storms, nor’easters, and other large coastal
storms. Tidal floods are influenced by tidal variations and are directly related to land elevation
and proximity to the coastline. This type of flooding is exacerbated by wind speed and direction,
as well as occurrence in conjunction with other types of flooding. Urban flooding occurs when
man-made development obstructs the natural flow of water or when impervious surfaces
significantly decrease the ability of natural groundcover to absorb and retain surface water
runoff.

Flooding is one of the most common hazards that occurs in both the US and Virginia. Between
1957 and 2022, 45 of the 72 federal disaster declarations in Virginia included flood impacts."
Virginia is subject to a variety of flood types, with three major types being: 1) coastal flooding
and storm surge associated with large amounts of tidally influenced water being pushed inland;
2) non-tidal, riverine flooding because of excess precipitation in the watershed; and 3) urban
flooding where precipitation levels may exceed the design capacity of manmade stormwater
conveyances in developed areas and runoff does not naturally absorb into permeable land
surfaces.

Coastal Flooding and Storm Surge

Storm surge is an abnormal rise of water generated by a storm, over and above the predicted
astronomical tides. Storm surge should not be confused with storm tide, which is defined as the
water level rise due to the combination of storm surge and the astronomical tide. Storm surge
occurs when strong onshore winds push water from an ocean, bay or inlet onto the land. The
height of a storm surge and its associated waves can be dependent upon many factors such as the
shape of the offshore continental shelf and the depth of the ocean bottom offshore. For example,
lower surges tend to result from a narrower continental shelf but can bring higher and more
powerful storm waves. Storm surge arrives ahead of a storm or hurricane’s actual landfall and
will arrive sooner the more powerful the storm event is offshore. In addition, coastal areas
experience flooding from overland flow, ponding, and inadequate storm water drainage.

Storm surge may arise from tropical cyclones (hurricanes, tropical storms and tropical
depressions) or extratropical coastal storms (nor’easters). In Virginia, all coastal areas are
susceptible to storm surge, especially the areas with flat topography and low land elevations.
With highly populated and developed communities, the Hampton Roads region is particularly at
risk to flood damage. Storm surge hazards also occur during nor’easters, as these coastal storms
can be large, slow moving, and of long duration, with heavy rainfall and persistent wind. While
the storm surge associated with hurricanes will typically last for a single tide cycle, the surge
associated with nor’easters can last for multiple tide cycles.
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Like hurricanes, nor’easters are ocean storms capable of causing substantial damage to coastal
areas in the Eastern US due to strong winds and heavy surf. Nor'easters are named for the winds
that blow in from the northeast and drive storms 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. The coastal communities of Virginia are most vulnerable to the
impacts of nor’easters. Since the storms typically make landfall with less warning than
hurricanes (due to their rapid formation along the coast), residents and business owners may be
caught unprepared for the impacts.

NOAA and the National Hurricane Center created the Maximum of the Maximum storm surge
products, or MOM, provides a worst-case snapshot for a particular storm category. Each MOM
considers combinations of forward speed, trajectory, and initial tide level. No single hurricane
will produce the regional flooding depicted in the MOMs. Instead, the product is intended to
capture the worst-case high-water value at each location for hurricane evacuation planning."V The
Chesapeake Bay MOM, Categories 1-4 maximum storm surge extent is depicted in Figure 3-60
below.
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Figure 3-60 - Chesapeake Bay Maximum of the Maximum (MOM) Storm Surge for Category 1-
4 Hurricane, NOAA
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Sea Level Rise

Sea level rise can have potentially major and catastrophic impacts for coastal communities by not
only causing inundation of areas not previously inundated with water but by exacerbating other
flood hazards. As sea level increases so do the impacts of coastal flooding and storm surge. In
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Virginia, the rate of local sea level rise varies depending on effects of water movement in the
Gulf Stream as well as land subsidence. ‘Just as water levels rise and fall, the earth’s crust in
many regions also moves up or down, adding or subtracting from the apparent sea level trend."
At Sewells Point, NOAA shows a local relative sea level rise (RSL) trend of 1.56 feet per
century. However, at the Chesapeake Bay Bridge Tunnel, NOAA shows an RSL trend of 1.94
feet per century."' The Hampton Roads region generally has the highest rates of sea level rise on
the Atlantic Coast, where data indicate that land subsidence has been responsible for more than
half the relative sea level rise measured in the region."

Several factors are influencing the rates of sea level rise relative to land in the Hampton Roads
region, including an increased volume of water in the oceans from melting ice. Some scientists
believe that thermal expansion of a gradually warming ocean increases ocean volume. The rate
of sea level rise is relative to the land adjacent to the sea; land subsidence is the downward
movement of the earth’s crust. The Hampton Roads region is experiencing both regional
subsidence (along the east coast of the United States) and local subsidence, exacerbating the
effects of storms. Subsidence alone can damage wetland and coastal marsh ecosystems and
damage infrastructure, but when combined with sea level rise, the effects can be even more
devastating.

Sea level rise is a threat associated with climate change and is becoming a larger threat to
communities along the coast each year. It is caused primarily by the thermal expansion of the
oceans and the loss of land-based ice. Research included in NOAA’s Sea Level Rise Report
indicates that the rate of sea level rise globally has been accelerating steadily over the past
century. However, the rate of acceleration is becoming more and more rapid and will have
increasingly more devastating effects on coastal communities over time. NOAA’s 2022 Sea
Level Rise Technical Report concludes that RSL along the contiguous US coastline is expected
to rise, on average, as much over the next 30 years (2020-2050) as it has over the last 100 years
(1920-2020). Vi Note: the sea level rise projections under 1-, 2-, and 3-feet for the Virginia
Coast (Figure 3-61).
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Figure 3-61 - Sea Level Rise Projections for the Virginia Coastline under Current Conditions
through 3-feet of SLR (NOOA Sea Level Rise Viewer: noaa.gov).
Current Cnditions at HH 1-ft of SLR abo MHW »

e

Riverine Flood Hazards

There are 52,232 miles of free-flowing streams and rivers within the Commonwealth. Riverine
flooding occurs when rain events or rapid snowmelt add more water into a waterway than it can
hold. This causes the water to rise, overtopping the riverbank, and flooding agricultural fields,
roads, or populated areas."

Additional causes of riverine flooding may include features, such as roadways and pipelines, that
act as choke points in rivers, blocking debris and restricting the flow of water during heavy
flooding events; development of the landscape resulting in the loss of riparian zone and
vegetation coverage within watersheds; land management, including forestry and farming
practices; and deficiencies in manmade drainage systems.

The periodic inundation of floodplains adjacent to rivers, streams, and shorelines is a natural and
inevitable occurrence that can be expected to take place based upon established recurrence
intervals. FEMA has studied and mapped both the 1-percent-annual-chance floodplain (also
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called the Special Flood Hazard Area (SFHA)), and the 0.2-percent-annual-chance for the
Commonwealth of Virginia. Figure 3-62 through Figure 3-68 show the SFHAs for all of Virginia
by VDEM Region, including both coastal and riverine floodplain mapping.

Figure 3-62 - Overview of FEMA 1-percent Annual Chance Floodplains, Virginia, VDEM
Region 1
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Figure 3-63 - Overview of FEMA 1-percent Annual Chance Floodplains, Virginia, VDEM

Region 2
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Figure 3-64 - Overview of FEMA 1-percent Annual Chance Floodplains, Virginia, VDEM
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Figure 3-65 - Overview of FEMA 1-percent Annual Chance Floodplains, Virginia, VDEM
Region 4
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Figure 3-66 - Overview of FEMA 1-percent Annual Chance Floodplains, Virginia, VDEM
Region 5
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Figure 3-67 - Overview of FEMA 1-percent Annual Chance Floodplains, Virginia, VDEM

Region 6
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Figure 3-68 - Overview of FEMA 1-percent Annual Chance Floodplains, Virginia, VDEM
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Flash Flood Hazards

Flash floods typically result from large amounts of rain occurring in short periods of time. Heavy
rain events can quickly exceed the capacity of the ground to soak up the water, and the receiving
streams are unable to contain the water within their banks. Urbanized and developed areas could
experience an increase in flash flooding due to the increased number of impervious surfaces.
Flash flooding is particularly dangerous in steep mountain valleys or other confined areas where
there is little floodplain storage to attenuate the flood volume.

Urban or Storm Water Flooding Hazards

Storm water can be a cause of or a contributing factor to flash or urban flooding. Flooding
increases as solid surfaces replace permeable surfaces or natural green spaces, because storm
water is unable to filter into the landscape. Impervious cover decreases the amount of rainwater
that can naturally infiltrate into the soil, thereby increasing the volume and rate of storm water
runoff. Development of the landscape resulting in the loss of riparian zone and vegetation
coverage within watersheds; land management, including forestry and farming practices; and
deficiencies in man-made drainage systems all contribute to stormwater runoff. Storm water
deposits sediment that decreases the depth and flow capacity of waterways (natural and man-
made), further increasing flooding. Storm water runoff flooding is most evident in areas where
urbanization has occurred. Changes in land use have a major impact on both the quantity and
quality of storm water runoff. Urbanization, if not properly managed, can dramatically alter the
natural hydrology of an area because it increases impervious cover.

Recurrent or “Nuisance” Flooding

Nuisance flooding is recurrent high-tide flooding with minor impacts. It has increased rapidly
since the 1950’s, especially along the US East Coast. Scientists further define nuisance flooding
as occurring when the water level at a NOAA tidal gauge exceeds the local threshold for minor
flooding impacts that has been established by the local Weather Forecasting Offices (WFO) of
the NWS. The NWS sets those thresholds through years of flood monitoring. Each location's
nuisance flood threshold is reported as height above the long-term average of the daily high tide.
Some locations have more than one high tide each day; for those locations, the nuisance flood
level is reported relative to the average of the higher of the location's high tides.

Annual occurrences of tidal flooding—exceeding local thresholds for minor impacts to
infrastructure—have increased 5- to 10-fold since the 1960s in several US coastal cities. The
changes in high tide flooding over time are greatest where elevation is lower, local RSL rise is
higher, or extreme variability is less. Figure 3-69 describes a historical increase in frequency of
daily flood/inundation events captured at Sewells Point, Virginia Tide Gauge. NOAA Tides and
Currents reports that between May 2020 and April 2021, coastal communities saw twice as many
high tide flooding days than they did 20 years ago with a trend of near record high tides is
expected to continue through April 2022. Figure 3-69 below summarizes the high tide flooding
outlooks for each tide station monitored by NOAA along the Virginia coast. By 2030, high tide
flooding is likely to be in the range of 7 - 15 days and by 2050, between 25 - 75 days (NOAA,
Tides and Currents 2022).
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Precipitation flooding

Flooding also occurs when rain intensity exceeds capacity of storm drain systems due to
blockages or naturally low-lying areas, especially as sea level rise impacts drainage outfalls to
tidal water bodies. Tidal floods are influenced by tidal variations and are directly related to land
elevation and proximity to the coastline. Precipitation flooding, combined with nuisance
flooding, is occurring in the urbanized, coastal areas of Virginia with increasing regularity and is
exacerbated by wind speed and direction, sea level rise and occurrence in conjunction with other

types of flooding.

Figure 3-69 - Yearly Inundation Events Recorded at the Sewells Point, Virginia, 1920-Spring
2022
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Figure 3-70 - Projected High Tide Flood Days in Virginia for 2021.
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Location and Spatial Extent

Flooding can occur along all waterways in the state. Localized riverine flooding can occur even
in areas not directly adjacent to a major body of water. Within Virginia’s coastal watersheds,
there are sections of the region that are low in elevation and subject to tidal flooding during
hurricanes and severe nor’easters. Flood duration is typically shorter for hurricanes and tropical
storms than for nor’easters because the storms tend to move faster and affect only 1 to 2 tidal
cycles. The main impacts from flooding include:

Inundation of low-lying residential neighborhoods and subsequent damage to structures,
contents, garages, and landscaping; over time, mold and mildew from flooding can damage
building components and mold spores can cause adverse health effects, including allergic
reactions.

Impassable road crossings and consequential risk for people and cars attempting to traverse
flooded crossings.

Damage to public and private infrastructure, possibly including but not limited to water
and sewer lines, bridge embankments, and both small and large drainageways.

Wave action responsible for shoreline damage, and damage to boats and facilities,
including ships, ports and shipyards.

Inundation of critical facilities, possibly including some fire stations, police facilities,
public shelters, emergency operations centers (EOC), and several publicly owned
buildings. Public shelter availability is limited by the expected severity of flooding.
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e Recovery time needed to bring critical infrastructure, schools and employers back online.
Of particular concern for Virginia’s communities are transportation routes, including
school buses, housing for displaced residents and debris management.

Many local communities already have outlined detailed response plans for activating their EOC,
protecting critical facilities and taking specific drainage system actions when faced with an
impending flood. Since power outages and threats to the water supply can result from both the
wind and flood hazard (which may occur simultaneously in some parts of Virginia), residents are
advised of appropriate precautions as part of these plans and specific known low-lying areas are
evacuated to protect the safety of residents, tourists and responders, and to minimize loss of life.

When severe floods occur in an area, the regional economy can be severely impacted by the
inability of flooded homeowners and renters to get back to work quickly, closed or debris-strewn
transportation routes, and the closing of schools and businesses. Power outages and boil-water
advisories are common and can affect many thousands of residents and businesses in a region for
several days or even weeks. Loss of life due to people traversing flooded roads, becoming
trapped in flooded structures, or curiosity-seekers is possible. Flooded businesses that decide to
close, move or cease operations in the region have an impact on land values and the labor force,
as does flood damage to the facilities of large port-related employers. Time spent repairing flood
damage versus productive value-added labor is costly to employers.

When extreme rainfall occurs in tandem with sea level rise, the risk of compound flooding is
significantly increased.

3.8.6.3  Significant Historical Events

Historical occurrences of flooding have been extensively recorded by local, state and federal
agencies. Table 3-46 of significant flood events is based on available records from VDEM,
FEMA, the NWS, and local plan narratives.

Table 3-46 - Historical Flood Events from 1862 through 2022

Period of o
TGS Description

IA massive flood caused the third floor of the Capitol building in Richmond to collapse, killing 60 people and
May 1771 S

causing injury to 250.
March 1826 Greatest known flood on Clinch River in Tennessee and far southwest Virginia. (Cumberland Plateau PDC)
February 1862 'The Clinch River crested at nearly 23 feet above gauge level at Cleveland. (Cumberland Plateau)
March 1867 IA large flood was reported in the Town of Dungannon, but no specific records exist other than word of mouth.

(Cumberland Plateau PDC)

'There was flooding in the Shenandoah River. A storm produced heavy rains causing 12 fatalities and washing
September 1870 laway at least 23 buildings in Page and Clarke Counties. The town of Castleman’s Ferry was completely wiped
out and never rebuilt. (North Shenandoah RC)

IA period of heavy rainfall hit the Shenandoah region, especially affecting the City of Staunton. In Staunton,
September 1896 many homes and structures were swept away by floodwaters and three deaths occurred. This flood was due
lto the remnants of the Cedar Keys Hurricane.

Southwest Virginia was affected as the Clinch River flooded due to storms in the headwater regions. The

June 1901 floods caused a great deal of damage and several deaths. (Cumberland Plateau)

|As the Clinch River flooded, it caused landslides and washouts along railways running through the region.

March 1902 (Cumberland Plateau)

Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-158



Section 3: Hazard Identification and Risk Assessment

Description

Franklin County was affected. There were large floods that caused heavy damage to croplands and structures

April 1905 in the floodplains. (West Piedmont PDC).
IApril 1905 Largest Flood on record recorded on the Banister River. (West Piedmont PDC).
Highland County experienced extensive crop and property damage and one loss of life due to stream flooding
IAugust 1906 A
after a prolonged wet period. (CSPDC)
June 1907 'The Clinch River reached 20 feet above gauge level and caused extensive crop damage (Cumberland

Plateau)

January 1918

Clinch River Ice Tide. Major flooding occurred when a storm hit while the
ground was covered with snow. (Cumberland Plateau)

Heavy rains over a period of several days caused the Shenandoah river to rise 34 feet in some locations,

May 1924 causing several boat rescues of stranded flood victims. Total damages to roads alone were over $500,000.
(Northern Shenandoah)
August 1933 Flooding occurred due to storm surge in the Hampton Roads area from the Chesapeake-Potomac Hurricane,
g with surges of over 9 feet recorded in Portsmouth. (Chesapeake)
'The Great Spring Flood - The Potomac, Shenandoah, Rappahannock, James and York Rivers flooded. The
March 1936 months prior to the flood were marked with low temperatures and heavy snowfalls. Warmer temperatures and
rainfall in March resulted in melting snow and rising rivers.
Heavy rains caused widespread flooding. Damages to roads and bridges
IApril 1937 y P 9 9 9

lapproached half a million dollars and agricultural losses exceeded $1 million.

(October 1937

The largest flood on record in the City of Martinsville and Town of Bassett. Hundreds of homes in the county
\were inundated with floodwaters (West

Piedmont PDC)

lJAugust 1940

Because of four rain events, the Blackwater River crested approximately 10 feet above flood stage. The
Meherrin River crested 31.5 feet above flood stage in Emporia. (City of Franklin)

October 1942

This flood even, due to a tropical storm, is considered one of the worst river floods in Virginia. Damages to the
Rappahannock neared $2.5 million and $4.5 million on the Potomac River. More than 1,300 people were left
without homes in Albemarle, Spotsylvania, Stafford and Warren Counties. Transportation was disrupted for
three days, and severe damages and losses occurred to Virginia agriculture

IAugust 1955

Hurricane Connie and Hurricane Diane led to heavy rains resulted in flash flooding along the Piedmont and in
the Shenandoah Valley

January 1957

Clinch River - The highest known flood in its time, this flood caused over
$24,000 in damages in Russell County. (Cumberland Plateau PDC)

October 1957

IA nor'easter brought extremely high tides to the Town of Wachapreague on the Eastern Shore up to four feet
above normal. (Eastern Shore PDC)

March 1962

IThe Ash Wednesday Storm of 1962 was a nor’easter that caused over $200 million (1962 dollars) in property
damage and significant coastal erosion from North Carolina to Long Island®.

March 1963

Clinch River - A major flood along the Clinch River forced over 100 families to evacuate their homes and
washed away two bridges. Two homes were completely washed away by floodwaters. (Cumberland Plateau
PDC).

lJAugust 1969

Camille entered Virginia as a tropical depression and had picked up enough moisture from the warm Gulf
Stream that when she slowed over the Commonwealth, her thunderstorms trained for 12 hours. Nearly 31
inches of rain fell with devastating results. The ensuing flash flood and mudslide killed 153 people, mostly in
Nelson County where 113 bridges washed out. Flooding cut off all communications between Richmond and
the Shenandoah Valley. The City of Waynesboro on the South River saw eight feet of water downtown and
Buena Vista had more than five feet. Damage was estimated at $113 million.

June 1972

Remnants of Hurricane Agnes dropped heavy rains across the region. Sixteen inches of rain was recorded in
Chantilly in Fairfax County, and both the Potomac and James rivers experienced flooding. The Richmond City
\water supply, sewage treatment, electric and gas plants were inundated. Only one of the five bridges crossing
the James survived; the downtown section was closed for several days. More than 60 counties and 23 cities
in the Commonwealth qualified for federal disaster relief. Sixteen people died in Virginia and damage was
estimated at $222

million.

June 1972

Flooding caused over $1 million in damages in the City of Danville. In the surrounding counties, the damage
\was primarily agricultural. (West Piedmont PDC).

(October 1972

IA storm produced up to 10 inches of rain in some locations causing the
Shenandoah River to rise over 30 feet above flood stage in northern Shenandoah.
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Description

November 1977

IA flood along the Middle Fork Holston River caused over $8.6 Million in estimated damages in Smyth County.
Many buildings had several feet of

floodwaters in them. (Mt Rogers PDC)

November 1985

Election Day Flood described earlier in the discussion on federal disaster
declarations.

September 1987

Henry County. Severe flooding primarily in the Bassett, Stanleytown, Collinsville, and Fieldale areas.
IApproximately 500 residents were evacuated with over 150 housed in public shelters. The damage total $6.1
million with $4.6 million not covered by insurance. This estimate does not include damage to the 36 state
roads in the county that suffered damage. (West Piedmont PDC).

June 1992 IA significant flood occurred in Giles County as the result of 6 inches of rainfall. (New River Valley)
IA period of sustained rainfall caused flash flooding and several landslides. In Madison County, 30 inches of
rain were recorded over 16 hours. In other locations, 25 inches of rain were recorded in a period as short as
June 1995 ffive hours. Flooding also occurred further to the southwest in Augusta County, which received 12 inches of

rain in 11 hours, and in Glasgow, VA, where river flooding became a problem. (Central Shenandoah) In
IAlbemarle County, over $2 million in damages were reported. (Thomas Jefferson PDC).

January 1996

'The Great Melt Down described earlier in the discussion on federal disaster declarations (Section 3.4).

September 1996

Hurricane Fran caused all rivers in the central part of the state to experience major flooding, record level
flooding occurred on the Dan River in South Boston, and on the Shenandoah River in Page County. Page
County, Rockingham County, Warren County, and the City of Alexandria all experienced major flooding.

June 1997

Frederick County. A strong downburst produced winds up to 100 mph, which uprooted many trees and
damaged fifty structures (Northern Shenandoah Valley RC).

February 1998

Much of the eastern portion of the state was affected by a slow-moving nor’easter. This storm caused severe
coastal flooding in the Hampton Roads area and on the Eastern Shore. The causeway to Chincoteague Island
\was closed and the entire island was submerged under floodwaters. Several streets in Norfolk were closed
due to over three feet of water, and at least one family in Gloucester County was rescued by rowboat. There
\were no reported injuries or fatalities, but damages were estimated at $75 million. (Eastern Shore HMP)

September 1999

Hurricane Floyd described earlier in the discussion on federal disaster
declarations (Section 3.4).

June 2000

Several roads within the county were washed out as a result of flash flooding in Southampton County. (City of
Franklin)

September 2000

Fredericksburg - A flash flood hit the city after more than two inches of rain, which damaged the first floor of
several homes and apartments. Also, vehicles became submerged in floodwaters causing several drivers to
be rescued. (RADCO)

Thunderstorms in Tazewell County caused flash flooding, which resulted in an estimated $15 Million in

July 2001 damages.

March 2002 Floods caused a state of emergency declaration for southwest Virginia. (Mt Rogers PDC).

IApril 2002 Severe storms and flooding occurred in Smyth, Washington, and Wythe Counties. (Mt Rogers PDC).

July 2002 IA flash flood affected the Town of Pembroke (Giles County) causing $367,000 in damages and closing Route
460. (NRV PDC)

May 2003 Hea_lvy rains caus_e(_j the flooding of at least three roads in Halifax Coun_ty. One person was injured when the
\vehicle he was driving was swept away as the road gave way. (Southside PDC)

b003 Hurricane Isabel described earlier in the discussion on federal disaster
declarations (Section 3.4).

2004 Tropical Depression Gaston described earlier in the discussion on federal disaster declarations (Section 3.4).

June 2006 Cameron Run in Fairfax County flooded, which resulted in 158 homes declared uninhabitable and $11 million

in estimated damages.

September 2006

[Tropical Depression Ernesto described in the discussion of federal disaster declarations (Section 3.4).

IA nor'easter impacted the southeastern portion of the state causing minor flooding in the City of Chesapeake
land the City of Hampton. The City of Franklin along the Blackwater River experienced their 2™ flood of record

(October 2006 at 22.77 feet. This happened only 7 years after the city experienced their flood of record during Hurricane
Floyd which crested at 26.27 feet (flood stage is 12 feet).
IA strong low-pressure system caused widespread flooding throughout the central portion of the state.

May 2008 Numerous roads were closed from the northern Virginiaarea in the north to the City of Danville in the south. In

Culpeper County, several people were evacuated from their homes due to the floods.
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Description

Severe storms and flooding associated with Tropical Depression Ida and a November nor'easter described in

November 2009 the discussion of federal disaster declarations (Section 3.4). This should not be confused with Hurricane Ida
that occurred in 2021.
Flooding associated with Hurricane Irene described in the discussion of federal disaster declarations (Section
lJAugust 2011

3.4).

September 2011

Flooding associated with remnants of Tropical Storm Lee described in the discussion of federal disaster
declarations (Section 3.4).

(October 2012

Hurricane Sandy caused heavy rainfall and flooding along Virginia’s Eastern Shore. Severe coastal flooding
and storm surge inundated many areas along the coast as the storm moved north, causing millions of dollars
in damages to residences and businesses.

May 2014

IA storm system with periods of moderate to heavy rainfall and the possibility of severe thunderstorms capable
of producing damaging winds began moving through the Commonwealth late on May 15 and was forecast to
exit the Commonwealth late 16 May. Bands of moderate to moderate to heavy rainfall moved out of Virginia
with light rain showers forecast to continue until late this afternoon/early evening across areas of northwest
\Virginia, northern Virginia, central Virginia, and eastern Virginia. Over a 24-hour period, southwest and west
central Virginia received 2 to 4 inches of rain, northwest and northern Virginia received 3 to 5 inches of rain,
and central and eastern Virginia received 2 to 4 inches of rain which has resulted in flooding of multiple
primary and secondary roads across Virginia. There were multiple urban area and small streams Flood
Warnings in effect across Virginia.

September 2014

|Areas of Southeast Virginia were impacted by rain from a low-pressure system that began on Monday, 8
September and to 9 September. Roadways and two apartment complexes were affected by flooding and
rising waters. Rainfall amounts range from four to eight inches with locally higher amounts up to 10-12 inches.

March 2015

Snow melt and rainfall combined to cause flooding in areas of Southwest Virginia. The City of Norton,
Dickenson County, Tazewell County, Buchanan County, and Wise County and the towns of Big Stone Gap,
Pound, and Coeburn reported rivers, streams, and creeks approaching flood stage, with some flooding and
rockslides occurring into roadways.

July 2015

Scattered thunderstorms began impacting much of the Commonwealth as a cold front moved into the area
beginning July 5th. These storms brought 2-3 inches of rainfall in 24 hours to the southwestern portion of the
state resulting in flooding in Tazewell County. Pocahontas, Boissevain, and Abbs Valley areas were the
primary areas of impact. On July 13, 2015, scattered thunderstorms and a line of severe thunderstorms
brought 2-4 inches of rainfall resulting in flash flooding in Shenandoah County and the surrounding area.

June 2016

IThe Governor issued a State of Emergency declaration for record flooding of the Jackson River Watershed.
'The Jackson River crested more than five feet above flood stage on June 23, 2016. Most of downtown
Covington was evacuated, and shelters were established. This event was part of a large storm system that
also devastated parts of neighboring West Virginia.

October 2016

Hurricane Matthew affected areas from Southern Florida to Southeast Virginia. Heavy rains spread inland
through Virginia. 14.21 inches of rainfall was reported in the southeastern portion of the commonwealth. NCEI
reports 21.2 million in property damage and 2.3 million in crop damage.

(October 2018

Flash Flooding — NCEI reports 13.2M property damage in Pittsylvania, Danville, Halifax and Charlotte
Counties.

June 2019

Flash Flooding - Slow moving thunderstorms produced intense rainfall of 4 to 6 inches resulting in flash
flooding on June 7th. Impacted portions of Chesapeake and Norfolk.

lAugust 2019

Flash Flooding - Thunderstorms produced heavy rain which caused flash flooding. Impacted portions of
Norfolk, Chesapeake, and Virginia Beach

September 2019

\Very strong northeast to north winds associated with Hurricane Dorian produced tidal anomalies between 2.5
land 3.5 feet over the southern Chesapeake Bay. This caused moderate coastal flooding over portions of the
study area. Sewells Point reached 5.87 feet MLLW at 342 pm on September 6. Impacted portions of Norfolk,
\Virginia Beach, York County, and Surry County.

Flash Flooding - In Portsmouth, total rainfall of 3.38 inches was reported, with 3.00 inches of rain reported in

June 2020 one hour. Several roads were flooded. Impacted York County and James City County.

Flash Flooding - Total rainfall between 3.37 inches and 4.05 inches was reported across the area. Impacted
July 2020 A .

\Virginia Beach City.
August 2020 Coastal Flooding - Strong south to southeast winds associated with Tropical Storm Isaias resulted in

moderate (perhaps some locally major) tidal flooding over portions of Virginia Beach adjacent to Back Bay.

September 2020

Flash Flooding - Post Tropical Cyclone Sally tracking northeast across the Southeast US and off the Mid
IAtlantic Coast produced heavy rain which caused flash flooding across portions of southeast Virginia.
Impacted communities included James City County, Virginia Beach City, Isle of Wight County, and
Portsmouth.
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Period of

Description
Occurrence P

Flood, Flash Flooding - Deep tropical moisture streaming northward into the mid-Atlantic region combined with
the approach of a cold front and low pressure, produced heavy rain which caused flash flooding across
November 2020 portions of central and southeast Virginia. Impacted communities included: Isle of Wight County, Hampton,
Norfolk, Chesapeake, York County, Surry County, Southampton County, Newport News, Williamsburg, James
City County, Virginia Beach, Suffolk, Portsmouth, and Franklin.

Coastal “Tidal or Nuisance” Flooding - A combination of higher astronomical tides and deepening surface low
pressure tracking across North Carolina then northeast out to sea, produced very strong northeast or north
winds which caused moderate (tidal) coastal flooding over portions of Accomack County adjacent to the
|Atlantic coast. Wachapreague reached 7.69 feet MLLW at 906 am on Monday, January 3.

January 2022

Flooding - Deep moisture from the Gulf of Mexico pooled ahead of a slow-moving cold front during January
1st into the early morning hours of January 2nd. Precipitable water values across the upper Clinch River
Basin were observed to be more than 1.3 inches, which is several standard deviations above the normal value
for early January in western Virginia. This deep moisture resulted in rainfall amounts ranging between 1.87
and 2.10 inches fell across the upper Clinch River basin along Highway 460, with close to 3 inches of rain
lobserved near the community of Jewell Ridge in the northern portion of the basin. All this rain fell during a 7-
lto 8-hour period, with rainfall rates seldom exceeding 0.5 inches per hour. Antecedent conditions prior to the
levent were unusually dry, with low streamflows along the Clinch River and its tributaries, low soil moisture and
ground that was not frozen due to unusually warm temperatures through the month of December. This rainfall
resulted in minor flooding along the Clinch River.

January 2022

Reducing the number of repetitive loss (RL) properties insured by the NFIP is a nationwide
emphasis of FEMA. The NFIP defines an RL as any insurable building for which two or more
claims of more than $1,000 were paid by the NFIP within any rolling 10-year period, since
1978. A repetitive loss property may or may not be currently insured by the NFIP. There are
6,893 RL properties in the Commonwealth as of 2021. The repetitive loss properties, clustered
into repetitive loss areas with other known or suspected flood-prone parcels, are shown by
VDEM Region within the 1-percent and 0.2-percent floodplains in Figure 3-71 to Figure 3-77.

Figure 3-71 - Repetitive Loss Areas within VDEM Region 1.
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Figure 3-72 - Repetitive Loss Areas within VDEM Region 2.
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Figure 3-74 - Repetitive Loss Areas within VDEM Region 4.

Virginia Repetitive Loss Areas
VDEM Region 4

[ 1% Annual Chance
Flood Event

0.2% Chance Annual
Flood Event

Repetitive Loss Area
(borders are
accentuated)

Highlighted VDEM
Region

Repetitive Loss
Flood Zo MA

County Boundary, VGIN
State Boundary, Census.gov
Background Mapping, ESRI

Figure 3-75 - Repetitive Loss Areas within VDEM Region 5.
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Figure 3-76 - Repetitive Loss Areas within VDEM Region 6.
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Additional analyses conducted for the purposes of this HIRA identified the designated repetitive
flood loss areas statewide with Relatively High or Very High NRI risk ratings for either coastal
or riverine flooding. The communities affected include: Accomack County, Chincoteague,
Tangier Island, Chesapeake, Isle of Wight County, James City County, Loudoun County,
Petersburg, Colonial Heights, Poquoson, Portsmouth, Prince William County, Roanoke County,
Stafford County, Surry County, Sussex County and Stony Creek, Suffolk, Manassas and
Alexandria. Analysis to rank the state’s repetitive flood loss areas by estimated percent of flood
insurance coverage for parcels in FEMA-designated 100-year floodplains is ongoing.
Preliminary results indicate that the socially vulnerable communities with repetitive flood loss
areas having the lowest estimated percentage of insurance policies for flood-prone structures are:
Sussex County (2%), Surry County (3%), Loudoun County and Stony Creek (6%), Prince
William County (7%), Petersburg (8%), Accomack County (9%), and Roanoke County (10%).

NFIP data indicate that a total of 5,573 claims have been paid for a total of $66,420,200 between
1978 and 2021 (Table 3-47).

Table 3-47 - Total NFIP Policies and Claims Paid (1978- 2021), Alphabetical by Jurisdiction

Net Claim Payment

Jurisdiction Policy Count (rounded)
Abingdon, Town of 19 7 $154,700
Accomac, Town of 2 $ -
Accomack County 1189 805 $9,609,800
Albemarle County 211 55 $463,500
Alexandria, City of 1105 427 $7,770,100
Alleghany County 152 206 $2,967,900
Altavista, Town of 5 10 $233,900
Amelia Count 5 12 $190,900
Amherst County 34 30 $1,333,600
Amherst, Town of 1 35 $132,100
Appalachia, Town of 13 12 $22,900
Appomattox County 5 9 $256,100
Appomattox, Town of 2 $ -
Arlington County 697 208 $1,627,200
Ashland, Town of 43 8 $22,000
Augusta County 202 166 $2,053,900
Bath County 28 17 $169,000
Bedford County 98 38 $313,400
Bedford, Town of 14 1 $18,300
Belle Haven, Town of 2 $-
Berryville, Town of 20 7 $134,400
Big Stone Gap, Town of 25 62 $345,700
Blacksburg, Town of 29 9 $20,300
Blackstone, Town of 1 1 $2,600
Bland County 43 58 $691,500
Bluefield, Town of 40 105 $777,600
Boones Mill, Town of 4 3 $10,700
Botetourt County 136 210 $2,582,400
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Net Claim Payment

Jurisdiction Policy Count Claims (rounded)
Boykins, Town of 5 $-
Bridgewater, Town of 41 44 $425,600
Bristol, City of 35 19 $109,800
Broadway, Town of 9 12 $128,100
Brookneal, Town of 3 3 $37,800
Brunswick County 16 8 $13,600
Buchanan County 159 213 $1,506,600
Buchanan, Town of 21 57 $1,721,600
Buckingham County 12 9 $21,400
Buena Vista, City of 40 247 $4,352,900
Campbell County 40 20 $558,100
Cape Charles, Town of 167 14 $95,100
Caroline County 65 5 $22,200
Carroll County 23 21 $194,000
Cedar Bluff, Town of 19 11 $54,100
Charles City County 21 8 $51,300
Charlottesville, City of 92 46 $410,400
Chatham, Town of 1 $ -
Chesapeake, City of 7413 2578 $27,110,800
Chesterfield County 820 222 $3,380,600
Chilhowie, Town of 12 40 $226,700
Chincoteague, Town of 1590 141 $959,300
Christiansburg, Town of 19 14 $304,400
Claremont, Town of 15 34 $1,273,700
Clarke County 33 34 $596,100
Clarksville, Town of 1 1 $1,000
Cleveland, Town of 3 15 $95,400
Clifton Forge, Town of 14 9 $78,400
Clifton, Town of 4 3 $49,000
Clinchco, Town of 4 $-
Clinchport, Town of 1 $ -
Coeburn, Town of 11 31 $453,200
Colonial Beach, Town of 160 88 $3,584,600
Colonial Heights, City of 73 81 $1,221,800
Columbia, Town of 9 $40,300
Courtland, Town of 24 5 $39,400
Covington, City of 92 200 $1,774,900
Craig County 41 96 $1,325,400
Craigsville, Town of 27 22 $246,000
Culpeper County 42 27 $577,700
Culpeper, Town of 26 6 $104,700
Cumberland County 8 4 $20,500
Damascus, Town of 19 10 $11,900
Danville, City of 83 146 $4,826,500
Dayton, Town of 8 2 $2,600
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Net Claim Payment

Jurisdiction Policy Count Claims (rounded)
Dickenson County 16 85 $350,800
Dinwiddie County 31 2 $12,000
Drakes Branch, Town of 1 $1,700
Dublin, Town of 1 $ -
Dumfries, Town of 16 10 $34,800
Edinburg, Town of 5 9 $241,700
Elkton, Town of 23 8 $73,800
Emporia, City of 31 12 $21,000
Essex County 168 236 $6,192,000
Exmore, Town of 6 6 $82,700
Fairfax County 4041 1293 $14,154,400
Fairfax, City of 138 57 $952,100
Falls Church, City of 166 74 $657,000
Farmville, Town of 24 47 $744,400
Fauquier County 118 19 $119,700
Floyd County 17 22 $751,600
Fluvanna County 43 13 $189,900
Franklin County 76 33 $676,900
Franklin, City of 99 98 $5,312,400
Frederick County 102 54 $502,500
Fredericksburg, City of 115 42 $260,400
Front Royal, Town of 79 104 $1,476,600
Galax, City of 2 $3,200
Gate City, Town of 5 2 $63,400
Giles County 56 55 $1,075,900
Glade Spring, Town of 1 1 $4,300
Glasgow, Town of 20 92 $1,217,700
Gloucester County 1371 1346 $30,595,700
Goochland County 51 11 $126,600
Goshen, Town of 3 16 $910,400
Grayson County 23 6 $14,600
Greene County 60 27 $172,300
Greensville County 13 6 $28,100
Grottoes, Town of 26 6 $77,700
Grundy, Town of 28 105 $1,519,100
Halifax County 11 127 $565,700
Hallwood, Town of 1 $4,900
Hampton, City of 8417 5742 $74,815,600
Hanover County 185 28 $359,900
Harrisonburg, City of 78 30 $469,300
Haymarket, Town of 2 2 $1,700
Haysi, Town of 5 23 $101,100
Henrico County 787 304 $3,614,800
Henry County 73 178 $2,931,600
Herndon, Town of 61 16 $19,400
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Net Claim Payment

Jurisdiction Policy Count Claims (rounded)
Highland County 17 6 $55,000
Honaker, Town of 3 $ -
Hopewell, City of 29 17 $145,900
Hurt, Town of 1 $275,000
Independence, Town of 1 $-

Iron Gate, Town of 1 3 $100
Irvington, Town of 6 14 $268,200
Isle of Wight County 272 145 $4,729,400
James City County 875 360 $6,339,900
Jonesville, Town of 3 $9,700
Kilmarnock, Town of 2 1 $12,300
King And Queen County 53 23 $632,200
King George County 60 13 $48,900
King William County 10 6 $46,800
Lancaster County 504 372 $5,677,200
Lawrenceville, Town of 2 4 $20,800
Lebanon, Town of 7 2 $-

Lee County 33 37 $264,200
Leesburg, Town of 90 10 $147,100
Lexington, City of 12 37 $407,200
Loudoun County 565 153 $1,839,100
Louisa County 3 $3,100
Lovettsville, Town of 4 $-
Lunenburg County 1 $-

Luray, Town of 26 52 $1,035,100
Lynchburg, City of 73 128 $3,575,600
Madison County 37 18 $126,600
Manassas Park, City of 16 8 $99,700
Manassas, City of 64 34 $241,500
Marion, Town of 13 30 $193,000
Martinsville, City of 7 25 $372,700
Mathews County 1206 1219 $21,367,600
Mc Kenney, Town of 1 $-
Mecklenburg County 35 5 $10,400
Middleburg, Town of 4 1 $1,600
Middlesex County 320 227 $2,985,100
Middletown, Town of 4 1 $33,400
Monterey, Town of 2 $-
Montgomery County 124 151 $1,487,400
Mount Jackson, Town of 4 $193,200
Mt. Crawford, Town of 2 $9,700
Narrows, Town of 10 9 $34,600
Nassawadox, Town of 2 1 $4,200
Nelson County 83 36 $239,800
New Castle, City of 2 4 $32,400
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Net Claim Payment

Jurisdiction Policy Count Claims (rounded)
New Kent County 103 31 $517,300
New Market, Town of 2 2 $64,900
Newport News, City of 1646 994 $23,239,300
Norfolk, City of 8436 5935 $68,408,900
Northampton County 247 84 $1,009,800
Northumberland County 652 401 $7,168,400
Norton, City of 22 24 $146,600
Nottoway Count 1 $-
Occoquan, Town of 20 19 $61,000
Onancock, Town of 29 2 $14,000
Onley, Town of 1 $-

Orange County 53 16 $132,400
Orange, Town of 2 $-

Page County 111 125 $2,380,500
Parksley, Town of 2 $-

Patrick County 12 28 $294,300
Pearisburg, Town of 1 $29,300
Pembroke, Town of 12 $29,100
Pennington Gap, Town of 3 15 $432,100
Petersburg, City of 87 91 $824,600
Pittsylvania County 23 37 $457,600
Pocahontas, Town of 7 5 $247,000
Poquoson, City of 2964 4208 $71,836,300
Portsmouth, City of 3044 1688 $19,786,700
Pound, Town of 37 50 $230,800
Powhatan County 34 1 $4,900
Prince Edward County 4 $-

Prince George County 74 29 $249,000
Prince William County 1099 428 $5,310,800
Pulaski County 48 59 $839,400
Pulaski, Town of 25 21 $183,600
Purcellville, Town of 14 $-
Quantico, Town of $-

Radford, City of $21,400
Rappahannock County 33 $4,200
Remington, Town of 26 $-

Rich Creek, Town of 5 $ -
Richlands, Town of 55 128 $1,339,700
Richmond County 70 98 $1,948,000
Richmond, City of 399 461 $11,185,400
Ridgeway, Town of 1 $-

Roanoke County 321 503 $5,217,600
Roanoke, City of 381 1080 $20,228,400
Rockbridge County 96 226 $3,362,600
Rockingham County 253 238 $4,458,300

Commonwealth of Virginia 2023 Hazard Mitigation Plan

3-170



Section 3: Hazard Identification and Risk Assessment

Net Claim Payment

Jurisdiction Policy Count Claims (rounded)
Rocky Mount, Town of 1 -

Round Hill, Town of -

Rural Retreat, Town of -

Russell Count 39 42 $295,200
Salem, City of 263 745 $18,574,800
Saltville, Town of 4 1 $1,300
Saxis, Town of 36 38 $579,500
Scott County 48 30 $277,700
Scottsville, Town of 7 73 $905,900
Shenandoah County 123 197 $5,441,900
Shenandoah, Town of 1 2 $4,300
Smithfield, Town of 75 36 $603,200
Smyth County 83 87 $838,700
South Boston, Town of 8 46 $1,717,800
Southampton County 114 78 $2,974,800
Spotsylvania Count 285 38 $104,100
St. Charles, Town of 3 11 $92,600
St. Paul, Town of 2 $17,400
Stafford County 527 153 $1,297,100
Stanardsville, Town of 1 1 $14,000
Stanley, Town of 5 3 $2,700
Staunton, City of 98 46 $663,600
Stephens City, Town of 8 -

Stony Creek, Town of 16 22 $96,000
Strasburg, Town of 7 1 -

Stuart, Town of 13 $724,200
Suffolk, City of 868 218 $5,159,400
Surry County 24 45 $1,489,000
Sussex County 26 12 $46,700
Tangier, Town of 56 108 $1,278,500
Tappahannock, Town of 11 15 $196,000
Tazewell County 75 133 $1,950,600
Tazewell, Town of 18 33 $630,600
Timberville, Town of 2 $65,200
Toms Brook, Town of -

Troutville, Town of 11 9 $14,200
Urbanna, Town of 15 12 $277,700
Vienna, Town of 107 33 $783,100
Vinton, Town of 23 83 $1,319,600
Virginia Beach, City of 17282 6159 $103,592,200
Wachapreague, Town of 73 29 $430,400
Wakefield, Town of 4 -

Warren County 105 322 $6,632,400
Warrenton, Town of 19 1 -
Washington County 76 59 $761,200
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Net Claim Payment

Jurisdiction Policy Count Claims (rounded)
Waynesboro, City of 126 348 $6,143,300
Weber City, Town of 1 3 $101,300
West Point, Town of 69 78 $2,291,700
Westmoreland Count 239 147 $2,962,700
White Stone, Town of 2 9 $63,800
Williamsburg, City of 38 18 $118,900
Winchester, City of 80 10 $48,300
Windsor, Town of 5 -

Wise County 85 141 $942,100
Wise, Town of 19 42 $384,700
Woodstock, Town of 5 11 $165,300
Wythe County 51 17 $77,600
Wytheville, Town of 12 2 $48,500
York County 2885 1548 $33,861,900
Total: 12,607 5,573 $66,420,200

Over $376 million has been paid on the current list of non-mitigated repetitive loss properties in

the Commonwealth (through 2021). Communities with over $1 million claims paid to
communities are shown in Table 3-48 and those that are unpaid are shown in Table 3-49.

Table 3-48 - NFIP Policies and Claims Paid, >$1M Cumulative to Communities (1978- 2021)

Community Total Paid (Rounded) Community Total Paid (Rounded)
Accomack County $3,312,400 Middlesex County $1,337,400
Alexandria, City Of $3,479,900 Newport News, City Of $17,413,600
Alleghany County $1,046,300 Norfolk, City Of $49,774,800
Botetourt County $1,106,700 Northumberland County $4,784,200
Buchanan, Town Of $1,327,600 Poquoson, City Of $44,125,700
Buena Vista, City Of $2,665,400 Portsmouth, City Of $13,159,100
Chesapeake, City Of $21,665,500 Prince William County $3,158,800
Chesterfield County $1,253,100 Richmond County $1,484,100
Colonial Beach, Town Of $2,918,400 Richmond, City Of $7,857,000
Danville, City Of $3,460,500 Roanoke County $2,551,600
Essex County $2,298,600 Roanoke, City Of $11,854,300
Fairfax County $5,990,300 Rockbridge County $1,648,400
Franklin, City Of $1,077,300 Rockingham County $1,851,300
Front Royal, Town Of $1,060,900 Salem, City Of $17,434,900
Gloucester County $10,221,400 Shenandoah County $3,410,300
Hampton, City Of $52,537,300 South Boston, Town Of $1,244,900
Henrico County $1,855,500 Suffolk, City Of $3,689,800
Henry County $1,323,100 Tazewell County $1,454,200
Isle Of Wight County $1,763,300 Virginia Beach, City Of $46,163,000
James City County $2,403,800 Warren County $4,013,800
Lancaster County $3,643,500 Waynesboro, City Of $5,390,100
Loudoun County $1,281,400 Westmoreland County $1,527,100
Lynchburg, City Of $2,157,700 York County $15,936,600
Mathews County $10,028,600 Total: $401,143,500
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Table 3-49 - Repetitive Loss NFIP Claims >$1M Paid on Unmitigated Structures (1978- 2021)

Repetitive Loss Claims > $1

Repetitive Loss Claims >

Community Community

Million $1 Million
Accomack County $4,977,000 Northumberland County $4,664,000
Alexandria City $3,405,300 Poquoson City $44,700,300
Buchanan County $776,300 Portsmouth City $13,324,300
Buena Vista City $2,367,500 Prince William County $3,340,600
Chesapeake City $21,619,400 Richmond City $7,676,000
Colonial Beach, Town of $2,918,400 Richmond County $816,000
Essex County $2,245,100 Roanoke City $11,799,500
Fairfax City $590,700 Rockbridge County $3,279,900
Gloucester County $10,234,300 Rockingham County $1,828,900
Hampton City $51,955,000 Salem City $17,409,100
Henrico County $2,319,600 Shenandoah County $3,320,200
Isle Of Wight County $2,207,800 Suffolk City $3,689,800
James City $2,427,600 Tazewell County $1,955,300
Lancaster County $3,754,700 Virginia Beach City $45,800,700
Lynchburg City $2,161,600 Warren County $4,425,900
Mathews County $9,439,700 Waynesboro City $5,223,900
Middlesex County $1,450,600 Westmoreland County $4,427,200
Newport News City $17,368,800 York County $15,972,900
Norfolk City $49,889,800 Total: $385,763,700

A Severe Repetitive Loss (SRL) property has at least four NFIP claim payments over $5,000
each (building and contents), or at least two separate claims payments with the cumulative
amount exceeding the market value of the building. Table 3-50 shows non-mitigated, severe
repetitive loss structures by participating community, and the total amount of claims paid on
them (more than $1 million). Norfolk, Hampton, Chesapeake, and Virginia Beach have all seen
increases in the number of severe repetitive loss structures from 2008 to the present day.

Table 3-50 - Severe Repetitive Loss — NFIP Claims +$1M Paid on Unmitigated Structures

(1978-2021)

Chesapeake, City of $9,384,900
Gloucester County $3,262,700
Hampton, City of $16,863,400
Mathews County $2,255,300
Norfolk, City of $17,779,600
Poquoson, City of $6,592,600
Portsmouth, City of $3,855,100
Salem, City of $15,331,300
Virginia Beach, City of $20,241,300
York County $2,330,900
Total: $97,897,100
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3.8.6.4  Probability of Future Occurrence

Flooding probability is in terms of designated zones on the FEMA Flood Insurance Rate Maps
(FIRM). Table 3-51 describes the different flood hazard areas and their associated probabilities,
and Figure 3-78 through 3-84 provide an overview of the Commonwealth’s floodplains. Detailed
viewing of the FIRM is available online through FEMA’s Map Service Center or the Virginia
DCR VFRIS.

Table 3-51 - FEMA Special Flood Hazard Area Designations and Probabilities

Flood o

Zone Description

A 1% annual chance of flood. No Base Flood Elevations determined.

IAE 1% annual chance of flood. Base Flood Elevations determined.

AH Subject to 1% annual chance shallow flooding with flood depths of 1 to 3 feet (usually areas of ponding); Base Flood
Elevations determined.

A0 Subject to 1% annual chance shallow flooding with flood depths of 1 to 3 feet (usually sheet flow on sloping terrain); Base
Flood Elevations undetermined.

\/ Subject to 1% annual chance flood. Coastal flood zone with velocity hazard (wave action); no Base Flood Elevations
determined.

VE Subject to 1% annual chance flood. Coastal flood zone with velocity hazard (wave action); wave heights above 3 feet;
Base Flood Elevations determined.
IAreas with 0.2% annual chance of flood or less; areas in 1% annual chance flood zone with average depths of less than

X 1 foot or with drainage areas less than 1 square mile; and areas protected by levees from 1% annual chance flood.

D |Areas in which flood hazards are undetermined, but possible.

Impact and Vulnerability

Populations and property are extremely vulnerable to flooding. Homes, businesses, public
buildings, and critical infrastructure may suffer damage and be susceptible to collapse due to
heavy flooding. Floodwaters can carry chemicals, sewage, and toxins from roads, factories, and
farms; therefore, any property affected by a flood may be contaminated with hazardous
materials. Debris from vegetation and man-made structures may also be hazardous following the
occurrence of a flood. In addition, floods may threaten water supplies and water quality, cause
power outages, and create health concerns such as mold.

Risk

For the 2023 update, the overall hazard ranking for flooding is HIGH, and considered the top
hazard with regard to probability and impact to all jurisdictions in the Commonwealth.

For some buildings or facilities, even a slight chance of flooding is too great a threat because of
the critical nature of the operations or programs that occur there. Typical critical facilities
include hospitals, fire stations, police stations, storage of critical records, emergency operations
centers and some important utilities. These facilities should be given special consideration when
formulating mitigation action plans. If a critical facility must be located in a floodplain, design
should include a higher level of protection to minimize impacts and allow functions to continue.

To assess more detailed risks due to flooding, this plan used FEMA flood zones to intersect state
and critical facility locations. Jurisdictional risk was calculated in terms of annualized loss using
assumptions borrowed from the FEMA benefit-cost analysis (BCA) modules. To ensure that this
plan reflects the latest analyses available for Virginia, the planning team also examined the
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results of the Virginia Coastal Resilience Master Plan — Phase One, December 2021. Although
this plan’s results are somewhat duplicative, of the results of the later coastal study are included
as a companion to the results for all flood types. Using a separate methodology as explained in
detail in Appendix C, the Virginia Coastal Resilience Master Plan — Phase One, December 2021,
shows average annual loss results that provide additional insights regarding the impacts of
coastal flooding statewide. The analysis in the Coastal Resilience Master Plan does not address
riverine flooding not caused by storm surge.

3.8.6.,5  State Facility Risk

Table 3-52 shows the state facilities located in FEMA flood zones. Due to uncertainty in many of
the state facility locations from the VAPS database, analysts were unable to conclusively
determine the potential risk to some state facilities. Based on the current datasets, only a
conservative estimate is possible. By intersecting the current VAPS spatial locations (individual
building footprints, building groups, and geocoded points) with the digital flood mapping data,
the number of buildings was determined, shown in Table 3-52. In cases where a building
footprint, building group polygon, or geocoded point intersected multiple flood zones, the
building was assigned to the more severe flood zone. Therefore, it is more appropriate to
describe the results of this analysis as showing proximity to the floodplain, rather than a specific
determination of a building’s (or group of buildings’) flood zone status. Figure 3-78 through
Figure 3-84 show the location of these assets in relation to the identified SFHA.

Table 3-52 - State Facilities in FEMA SFHAs, by VDEM Region 2021
VDEM VDEM VDEM VDEM VDEM VDEM VDEM

Flood Zones

Region 1 Region 2 Region 3 Region 4 Region 5 Region 6 Region 7
A 19 10 1 109 10 13 33
AE 288 7 19 77 136 49 10
AH/AO 0 0 0 0 1
VE 0 0 0 0 0
X/ 500-year 21 0 2 0 58
Total 321 17 22 208 205 67 45

As shown in Table 3-53, 885 state facilities are within an identified floodplain. However,
focusing just on the subset of state facilities for which individual building footprints were
processed, it is possible to target specific facilities more closely for mitigation activities. An
analysis of these buildings revealed 797 buildings in a 1-percent-annual-chance floodplain, and
88 buildings in a 0.2-percent annual chance floodplain. Several state agencies, such as the
Virginia Department of Transportation, have significantly more facilities in the SFHA than
others.
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Table 3-53 - Agencies with Multiple Building Footprints Identified in SFHA

Agency ‘Number of Buildings

\Virginia Department of Transportation 92
\Virginia Department of Forestry 22
\Virginia Department of Corrections 448
Department of Wildlife Resources 33
\Virginia Department of Conservation and Recreation 118

Figure 3-78 - State Facilities in the SFHA, VDEM Region 1.
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Figure 3-79 - State Facilities in SFHA — VDEM Region 2
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Figure 3-80 - State Facilities in SFHA — VDEM Region 3
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Figure 3-81 - State Facilities in SFHA — VDEM Region 4
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Figure 3-82 - State Facilities in SFHA — VDEM Region 5
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Figure 3-83 - State Facilities in SFHA — VDEM Region 6
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Figure 3-84 - State Facilities in SFHA — VDEM Region 7
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In order to determine the characteristics of at risk assets to flooding as part of Governor’s
Executive Order 24, the Department of General Services compiled detailed data on each asset’s
location relative to FEMA 100-, 500-year floodplains, V Zones, and delineated floodways. The
database also contains information on base flood elevation, construction type, number of floors,
square footage and in rare cases, elevation of the lowest finished floor. However, this database
does not contain valuation data for the structure or contents and the database from the
Department of Treasury that contains valuation data cannot be merged with the DGS database.
To monetize the risk from flooding to state assets and to highlight the potential dollar losses,
Table 3-54 provides important summary data for the top 24 highest valued state assets in the
100-year floodplain gathered by comparing asset location with FEMA FIRM data. USACE
depth-damage curves appropriate to the asset and contents were applied to estimate damages
from a flood resulting in one-foot of water above grade against the building. Although this
methodology does not capture all potential losses from flooding to state assets and assumes all
buildings are constructed at grade, it uses available data to approximate flood costs that may be
most damaging for the Commonwealth with regard to structures and contents.
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Table 3-54 - Characteristics of Virginia’s Highest VValue Flood-prone Assets

Agency

Building Description

Jurisdiction

Building

Contents

Flood Zone

Structure
Damage - 1
foot flooding

Contents
Damage —
1 foot
flooding

Total
Damages

. . 1 Building Containing 3 Housing Units | Southampton County | $26,726,854 | $1,235,709 A $4,062,482 $12,357 $4,074,839
Deerfield Correctional oh —
Center Kienen/Dining-Food Sve 001-00006 & | 5o hampton County |$14,560,114  |$734,796  |A $2,184,017  |$191,047 |$2,375,064
&?}T/‘:S'i\:';d'so” Chesapeake Avenue Parking Deck | Harrisonburg, City of | $14,044,947 | $0 AE $1,404,495 $0 $1,404,495
James River New Dair Goochland County | $13,850,000 |$3,801,308 |AE, Floodway | $1,523,500 $722,248 | $2,245,748
Correctional Center y y e T ’ y e ’ e
Webb University Center Norfolk, City of $53,756,543 |$5,888,113 |AE $8,063,481 $2,060,840 | $10,124,321
Student Recreation Center Norfolk, City of $45,352,822 |$2,810,399 |AE $6,802,923 $983,640 |$7,786,563
Old Dominion Diehn Performing Arts Center Norfolk, City of $31,321,138 | $2,798,287 |AE $4,698,171 $979,401 | $5,677,571
University Facilities Management Norfolk, City of $21,391,955 |$3,660,003 |AE $3,208,793 $1,281,001 | $4,489,794
Gresham Hall Norfolk, City of $19,940,115 $1,584,286 AE $2,991,017 $554,500 |$3,545,517
Rogers Hall Norfolk, City of $18,994,709 $1,442,340 AE $2,849,206 $504,819 | $3,354,025
Pocahontas State -
Correctional Center Programs Building Tazewell County $12,469,327 |$6,865,183 AE $1,870,399 $2,402,814 | $4,273,213
Doc Powhatan Cc Warehouse Goochland County | $2,406,844 $18,742,088 | AE, Floodway |$361,027 $6,559,731 | $6,920,758
z‘;‘;"t';"’r‘ta” Correctional [ powhatan Cc R&C Cell Bidg C-4 | Goochland County | $13,474,955 | $159,731 AE, Floodway | $2,021,243 $55,906  |$2,077,149
Doc Powhatan Cc Cell Bldg C-1 Goochland County | $13,241,702 | $259,180 AE, Floodway |$1,986,255 $90,713 $2,076,968
Radford University Dedmon Center Radford, City of $47,183,829 |$28,045,616 |AE $7,077,574 $9,815,966 | $16,893,540
Tidewater Community | Stanley C. Walker Technologies Bldg | Norfolk, City of $14,730,384 |$5,094,161 |AH $2,209,558 $1,782,956 | $3,992,514
College Stanley C. Walker Technologies Bldg | Norfolk, City of $14,730,384 |$5,094,161 |AH $2,209,558 $1,782,956 | $3,992,514
Virginia Tech Carilion School Of . . Not
Medicine And Research Institute Roanoke, City of $95,917,112 Not provided |AE $14,387,567 calculated $14,387,567
\éf(/g:‘r::'lgﬂ Biomedical Research Roanoke, City of | $83,574,000 |$6,122,000 |AE $12,536,100  |$2,142,700 | $14,678,800
Davidson Hall Montgomery County |$67,733,571 |$111,526 A $10,160,036 $39,034 $10,199,070
Virginia Tech Owens Hall Montgomery County |$30,348,886 |$8,934,574 |A $4,552,333 $3,127,101 | $7,679,434
Architecture Annex Montgomery County | $4,073,662 $22,466,492 |A $611,049 $7,863,272 | $8,474,322
Graduate Life Center AtDonaldson | montgomery County {$22,123,936 | $1.453.801 | A $3318590  |$508,830 |$3,827,421
Eggleston Hall Montgomery County |$21,241,510 | Not provided |A $3,186,227 cNe;)IE:ulated $3,186,227
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3.8.6.6  Critical Facility Risk

Critical facility point locations were intersected with the FEMA SFHASs to determine what flood
zones for each facility. Loss estimations were not calculated for critical facilities due to the
limited data available for analysis. As shown in Table 3-55, a limited number of critical facilities
are in the FEMA SFHA. Utilities have the highest number of facilities in the floodplain.

Table 3-55 - Critical Facilities in FEMA-Identified Flood Zones, 2021

Comm Animal Food
or Health or  Utility Service/

Public
Medical Safety/

Fuel Storage /

Special

Armory  Research Srmge | 2ENIHET Security Population
A 2 2 2 21 3 5 2 16 1
AE 12 4 3 22 4 16 4 19 2
AH/AO 0 1 0 0 0 0
VE 0 0 0 0 0 0
X 1 1 0 0 1 0
V/VE 0 0 0 0 0 0 0
Total 16 7 7 48 7 25 6 36 3

3.8.6.7 National Risk Index

The National Risk Index (NRI) includes three components: a natural hazards component
(Expected Annual Loss), a consequence enhancing component (Social Vulnerability), and a
consequence reduction component (Community Resilience). Using these three components, a
composite Risk Index score and hazard type Risk Index scores are calculated for each
community (county and Census tract) included in the Index. For the purposes of this
SHMP/HIRA update the qualitative summary for drought are reviewed for each community
(county tract).

Using these three components, a composite Risk Index score and hazard type Risk Index scores
are calculated for each community (county and Census tract) included in the Index.

For the purposes of this SHMP/HIRA update the qualitative summary for flooding are reviewed
for each community (county tract). These have been divided into Coastal and Riverine Flooding
to align with the NRI data (Figure 3-85).
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Figure 3-85 - Coastal Flood Risk Map — NRI Risk Index
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As shown in Figure 3-865, coastal flooding is of greatest risk to areas along the open coast and
within portions of the Chesapeake Bay in areas such as Northumberland, Lancaster, and Essex.
Although Norfolk and Hampton Roads have higher exposure to the Chesapeake Bay and the
Atlantic Ocean, factors such as community resilience and social vulnerability appear to be
minimizing overall risk calculations. Table 3-56 and Table 3-57 highlight the top risk
communities for the identified flood hazard in Virginia.

Table 3-56 - Coastal Flooding — NRI Highest Risk Rating

County/City

Coastal Flood Risk Rating

Accomack County

Relatively High

Lancaster County

Relatively Moderate

Northumberland County

Relatively Moderate

Mathews County

Relatively Moderate

Northampton County

Relatively Moderate

Middlesex County

Relatively Moderate

Essex County

Relatively Moderate

As shown in Figure 3-86, the greatest risks for riverine flooding are spread over a more
geographically diverse area, with relatively moderate flooding risk shown in western portions of
Virginia like Buchanan and Tazewell counties, and in areas along the coast such as the City of

Norfolk and Accomack.
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Flgure 3-86 - Riverine Flood Risk Map — NRI Rlsk Index
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Table 3-57 - Riverine Floodlng NRI Highest Risk Rating

County/City Riverine Flood Risk Rating
Norfolk City Relatively Moderate
Shenandoah County Relatively Moderate
Halifax County Relatively Moderate
Lancaster County Relatively Moderate
Richmond City Relatively Moderate
Accomack County Relatively Moderate
Northampton County Relatively Moderate
Hampton City Relatively Moderate
Portsmouth City Relatively Moderate
Roanoke City Relatively Moderate
Newport News City Relatively Moderate
Northumberland County Relatively Moderate

The National Risk Index is intended to fill gaps in available data and analyses to better inform
federal, state, local, tribal, and territorial decision makers as they develop risk reduction
strategies. For additional details on the NRI for each community identified in the table below
please visit https://hazards.fema.gov/nri/ for additional risk details for each community.

3.8.6.8 Flood Risk to Energy Pipelines

Transmission pipelines and supporting infrastructure are vulnerable to damage during flood
events. Increased stream flow rates during flood events can erode banks at places where
pipelines cross streams, potentially undermining the structural supports of the pipeline, and
causing the pipeline to sag or break. Flood waters that inundate pipelines may also be carrying
debris or watercraft which can impact the pipeline, resulting in damage. Exposed pipelines
inundated by flood waters may be damaged by floating debris, which can result in material being
discharged into the environment creating a water quality or public health issue. Damage to
pipelines, or even precautionary measures to minimize potential damage, could halt normal
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pipeline operations. This could include the loss of critical energy supplies to the regions
impacted by the same flooding event, thereby complicating response and recovery activities.

3.8.6.9 Comparison with Local Plan Critical Facility Risk

Each local hazard mitigation plan provided some type of numerical analysis regarding critical
facilities located within the SFHA,; in total, these plans identified approximately 500 critical (or
essential) facilities in a floodplain. The available data and analysis methods used in the local
plans vary. Some used existing data from storm water management plans and floodplain
management plans, visual inspection of structures in the floodplain, and others used GIS to
intersect building information with FEMA FIRMs. As discussed previously, many of the local
plans did not provide spatial data for their critical facilities.

Future Conditions

Future vulnerability will be determined, in part, by local officials. Flood hazard and SLOSH
maps are available to indicate what areas of the region are most vulnerable to these hazards.
These planning tools are used to help guide development away from hazardous areas. Local
officials are responsible for enforcing local floodplain management regulations, flood damage
prevention ordinances, and other forms of development policies that restrict new development in
flood hazard areas.

In its June 2021 report entitled The Impact of Climate Change on Virginia’s Coastal Areas, the
Virginia Academy of Science, Engineering, and Medicine (VASEM), laid out the consequences
of climate change for Virginians. VASEM is a nonprofit organization consisting of members of
the National Academies of Science, Engineering, and Medicine who reside or work in Virginia,
as well as other Virginians who are leaders in these fields. The most immediate consequence of
climate change is sea level rise. Additional consequences related to flooding include more
recurrent flooding (higher frequency of occurrence for damaging floods), extreme rainfall and
inundation of septic systems. The report projects that, particularly in urban areas, recurrent
flooding will have a disproportional impact on racial and ethnic minorities, the poor, the elderly,
renters, non-native English speakers, and those with mobility challenges. Exposure to a growing
number of flood-prone facilities regulated for toxic and hazardous substances as sea levels rise is
another concern, particularly on the James River between Richmond and Hampton Roads.
Impacts in rural areas are more likely to be centered on soil quality, such as water-logged soils in
flood-prone areas, increased salinity due to saltwater intrusion, and septic system failures that
affect public health.™

Changes in climate increase the probability of some types of weather. Recent trends in heavy
rains are consistent with increasing temperatures; such occurrences are expected to become more
frequent over time. As temperatures increase, more rain has fallen during heavy rain events.
Very heavy precipitation events — the heaviest one percent of heavy rain events — now drop 67-
percent more rain in the Northeast and 31-percent more in the Midwest than they did 50 years
ago. This happens because warmer air holds more moisture than cooler air.

Recent climate studies show that rain events are becoming more frequent, with increasing
rainfall amounts occurring in shorter periods of time. Warm air has the capacity to hold more
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water than cold air, and if the current trend of rising temperature continues, then this increases
the probability and frequency of future heavy rainfall events. As a result, areas that already
experience flooding are likely to experience more frequent flooding, and areas that have been
historically less susceptible to flooding will face an increased risk.

If temperatures continue to increase as they have in the previous decades, the expectation is that
the amount of rainfall that will fall during the heaviest rain events will increase between 20 and
40 percent by the end of the century. This means that areas that are currently vulnerable to heavy
precipitation — and flooding — will see an increase in the frequency and severity of heavy
precipitation and flooding events.™"

In addition to floodplains, a variety of wetland types within Virginia’s watersheds help store
floodwaters, reduce erosion and filter pollutants. Wetlands are the transition area between
aquatic and terrestrial habitats, where the water table is usually at or near the land surface or
where the land is covered by shallow water. Primarily a low, marshy area, a wetland is saturated
or even submerged all or part of the year, with soils that support unique plant and animal life.
Virginia has many different types of wetlands, including salt marshes, estuarine wetlands along
freshwater portions of tidal streams, interdunal swales, pocosins, palustrine wetlands in
freshwater floodplains, freshwater swamps, bogs, fens, wet meadows, and isolated wetlands.
Both coastal and freshwater wetlands work as a natural measure to help slow down rising water
that may cause flooding, which is accomplished by acting as a giant sponge, absorbing and
holding water during storms or periods of heavy precipitation. Fast-moving water is slowed by
vegetation and temporarily stored in wetlands. Wetlands also filter pollutants carried by
stormwater, which can be trapped by wetland vegetation. These excess nutrients are then used by
the plants to promote growth. Additionally, wetlands are resting, nesting, breeding, and
spawning areas for many species of fish, shellfish, as well as other plant and animal life. More
than one half of all threatened and endangered species depend on wetlands at one point of their
life cycle. See Figure 3-87 which summarizes the location of various types of wetlands within
the Commonwealth of Virginia.
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Figure 3-87 - Wetlands Map, Virginia

; .
Baltimore AN
0
Dover
Annapdlis
/'\2, stflm_gt(m . s
j/

Gharleston
.

/? Richmaond
Lynchburg v
~\ .'
Roanoke

m

acksburg B
.

N orf ol k Virginia
O [s‘.,‘dt,h
.

This map is for general reference only. The US Fish and Wildiife

May 25' 2022 Service is not responsible for the accuracy or currentness of the
. . base data shown on this map. All wetlands related data should

. Estuarine and Marine Deepwater . Freshwater Forested/Shrub Wetland __] Other be used in accordance with the layer metadata found on the

Wetlands Mapper wieb site.
J Estuarine and Marine Wetland D Freshwater Pond . Riverine
| \ Freshwater Emergent Wetland . Lake

National Wetiands Inventory (NWI)
This page was produced by the NI mapper

Source: US Fish and Wildlife Service, National Wetlands Inventory, NWI Mapper. National Wetlands Inventory (usgs.gov)

All wetlands provide a multitude of ecosystem services and provisions to the surrounding
communities and their landscapes, though coastal wetlands present unique benefits. Flood
damages from major storm events on coastal communities can be reduced by coastal wetlands in
ways that even open water or solid land cannot, because of their unique soil and hydrological
characteristics.™ Serving as the front line of defense against storm damage and sea level rise,
coastal wetlands serve as buffers from environmental and climate catastrophes. The presence of
coastal wetlands is crucial for preserving shorelines from environmental degradation, such as
natural erosion and seasonal, low-intensity storms as well as climate change impacts, such as sea
level rise. Coastal wetlands absorb the erosive energy of waves on a regular basis, reducing
further erosion. The vegetation provides a buffer to the shoreline from the wave action while the
root systems provide support to help hold the soil together. This is especially beneficial during
seasonal storms or major storm events. Once plant material is removed or destroyed, the erosion
potential increases dramatically. Climate change related studies show accelerated sea level rise
along the coastal US.™": ¥ Wetlands along the coast are proving increasingly vital as climate
change impacts are felt in coastal communities and these existing wetlands absorb energy from
such major storms. It has been concluded in climate change related research that coastal wetland
such as marshes can reduce both storm surge flood depth and property damage under current and
future wetland condition and under projected sea level rise.*V!

Recent data shows that approximately four percent of Virginia’s land mass is occupied by
wetlands. Approximately one quarter of this wetland area is tidal, and the other three quarters
non-tidal. Due to human activities and development leading to the draining or filling of wetlands,
Virginia has experienced a 42-percent loss of wetland area in the past 200 years. When any type
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of wetland is filled in or drained, the areas designed by nature to control floodwaters from
damaging storms, extreme high tides, and extreme precipitation are lost.

Jurisdictional Risk

Annualized damages for flooding within each jurisdiction were calculated based on NCEI crop
and property damages. Based on this analysis, the Commonwealth can expect approximately
$13,537,000 in damages per year for flood related events. NCEI annualized damages have been
calculated by taking the total damages per jurisdiction and dividing by the period of record (66
years). NCEI loss values are only based on reported past damages, regardless of if the structure is
in a designated SFHA. The NCEI database cannot possibly track all instances of flooding, and
there is some variability in the reporting. However, it remains the most complete data set
available for use.

Table 3-58 provides the annualized loss from flooding for each jurisdiction, based on NCEI data.
All values for incorporated towns are included within the county.

Table 3-58 - Jurisdictional Annualized Losses from Flooding (1950-2021)

Jurisdiction Name Property Damage Crop Damage Total Damages Annualized Losses
Accomack $13,375,000 $- $13,375,000 $241,561
Albemarle $272,000 $900,000 $1,172,000 $21,167
Alexandria, City of $718,000 $- $718,000 $12,968
Alleghany $10,760,000 $- $10,760,000 $194,332
Amelia $8,000 $- $8,000 $144
Ambherst $870,000 $- $870,000 $15,713
Appomattox $1,120,000 $100,000 $1,220,000 $22,034
Arlington $4,123,000 $- $4,123,000 $74,464
Augusta $13,190,000 $2,100,000 $15,290,000 $276,147
Bath $7,107,000 $- $7,107,000 $128,357
Bedford $625,000 $155,000 $780,000 $14,087
(stfj:gg’ Cty of $10,000 $- $10,000 $181
Bland $1,066,000 $- $1,066,000 $19,253
Botetourt $3,050,000 $- $3,050,000 $55,085
Bristol, City of $110,000 $- $110,000 $1,987
Brunswick $300,000 $- $300,000 $5,418
Buchanan $29,365,000 $- $29,365,000 $530,350
Buckingham $615,500 $- $615,500 $11,116
Buena Vista, City of $830,000 $- $830,000 $14,990
Campbell $1,548,000 $520,000 $2,068,000 $37,349
Caroline $122,000 $- $122,000 $2,203
Carroll $2,428,000 $- $2,428,000 $43,851
Charles City $- $- $- $-
Charlotte $1,252,000 $320,000 $1,572,000 $28,391
Charlottesville, City of $5,000 $- $5,000 $90
Chesapeake, City of $21,235,000 $800,000 $22,035,000 $397,965
Chesterfield $5,060,000 $50,000 $5,110,000 $92,290
Clarke $2,534,000 $1,205,000 $3,739,000 $67,529
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Jurisdiction Name Property Damage Crop Damage Total Damages Annualized Losses
Colonial Heights, City of $1,200,000 $- $1,200,000 $21,673
Covington, City of $3,005,000 $- $3,005,000 $54,272
Craig $230,000 $500 $230,500 $4,163
Culpeper $683,000 $800,000 $1,483,000 $26,784
Cumberland $- $- $-

Danville, City of $3,040,000 $1,200,000 $4,240,000 $76,577
Dickinson $2,024,000 $- $2,024,000 $36,555
Dinwiddie $2,901,000 $420,000 $3,321,000 $59,979
Emporia $405,000 $55,000 $460,000 $8,308
Essex $1,695,000 $20,000 $1,715,000 $30,974
Fairfax $14,104,000 $26,000 $14,130,000 $255,196
Fairfax, City of $2,506,000 $- $2,506,000 $45,260
Falls Church, City of $620,000 $- $620,000 $11,198
Fauquier $3,233,000 $20,000 $3,253,000 $58,751
Floyd $3,568,000 $- $3,568,000 $64,440
Fluvanna $- $- $-

Franklin $1,134,000 $100,000 $1,234,000 $22,287
Franklin, City of $4,453,000 $700,000 $5,153,000 $93,066
Frederick $2,623,000 $250,000 $2,873,000 $51,888
Fredericksburg, City of $110,000 $- $110,000 $1,987
Galax, City of $74,000 $- $74,000 $1,336
Giles $5,386,000 $- $5,386,000 $97,274
Gloucester $2,203,000 $750,000 $2,953,000 $53,333
Goochland $- $- $-

Grayson $682,000 $- $682,000 $12,317
Greene $435,500 $80,000 $515,500 $9,310
Greensville $1,650,000 $800,000 $2,450,000 $44,248
Halifax $13,443,000 $5,220,000 $18,663,000 $337,065
Hampton, City of $17,550,000 $- $17,550,000 $316,964
Hanover $2,067,000 $- $2,067,000 $37,331
Harrisonburg, City of $12,610,000 $8,054,000 $20,664,000 $373,204
Henrico $2,605,000 $- $2,605,000 $47,048
Henry $3,264,000 $- $3,264,000 $58,950
Highland $1,185,000 $50,000 $1,235,000 $22,305
Hopewell, City of $- $- $-

Isle of Wight $4,360,000 $4,580,000 $8,940,000 $161,462
James City $605,000 $400,000 $1,005,000 $18,151
King and Queen $617,000 $- $617,000 $11,143
King George $257,500 $- $257,500 $4,651
King William $1,257,000 $- $1,257,000 $22,702
Lancaster $1,870,000 $- $1,870,000 $33,773
Lee $1,103,000 $- $1,103,000 $19,921
Lexington, City of $858,000 $- $858,000 $15,496
Loudoun $2,138,000 $180,000 $2,318,000 $41,864
Louisa $- $- $-

Lunenburg $50,000 $- $50,000 $903
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Jurisdiction Name Property Damage Crop Damage Total Damages Annualized Losses
Lynchburg, City of $55,000 $20,000 $75,000 $1,355
Madison $1,538,000 $2,750,000 $4,288,000 $77,444
Manassas, City of $31,000 $- $31,000 $560
Manassas Park, City of $11,000 $- $11,000 $199
Martinsville, City of $110,000 $- $110,000 $1,987
Mathews $6,654,000 $- $6,654,000 $120,175
Mecklenburg $178,000 $- $178,000 $3,215
Middlesex $9,310,000 $- $9,310,000 $168,144
Montgomery $2,181,000 $5,000 $2,186,000 $39,480
Nelson $1,165,000 $50,000 $1,215,000 $21,944
New Kent $653,000 $- $653,000 $11,794
Newport News, City of $15,400,000 $- $15,400,000 $278,133
Norfolk, City of $40,140,000 $- $40,140,000 $724,953
Northampton $2,100,000 $- $2,100,000 $37,927
Northumberland $20,430,000 $- $20,430,000 $368,978
Norton $1,156,000 $- $1,156,000 $20,878
Nottoway $18,000 $- $18,000 $325
Orange $768,300 $1,050,000 $1,818,300 $32,840
Page $8,716,000 $6,411,000 $15,127,000 $273,203
Patrick $5,316,000 $- $5,316,000 $96,010
Petersburg, City of $650,000 $200,000 $850,000 $15,352
Pittsylvania $8,296,000 $2,957,000 $11,253,000 $203,236
Poquoson $78,525,000 $- $78,525,000 $1,418,209
Portsmouth, City of $24,120,000 $- $24,120,000 $435,622
Powhatan $- $- $-

Prince Edward $- $- $-

Prince George $1,625,000 $1,100,000 $2,725,000 $49,215
Prince William $776,000 $50,000 $826,000 $14,918
Pulaski $230,000 $- $230,000 $4,154
Radford, City of $750,000 $- $750,000 $13,545
Rappahannock $892,500 $40,000 $932,500 $16,842
Richmond $25,454,000 $200,000 $25,654,000 $463,327
Richmond, City of $20,201,000 $- $20,201,000 $364,842
Roanoke $3,464,000 $- $3,464,000 $62,562
Roanoke, City of $4,248,000 $- $4,248,000 $76,721
Rockbridge $6,318,000 $- $6,318,000 $114,107
Rockingham $25,335,000 $10,554,000 $35,889,000 $648,177
Russell $449,000 $- $449,000 $8,109
Salem, City of $3,100,000 $- $3,100,000 $55,988
Scott $264,000 $- $264,000 $4,768
Shenandoah $52,806,000 $7,450,000 $60,256,000 $1,088,260
Smyth $2,459,000 $- $2,459,000 $44,411
Southampton $2,105,000 $500,000 $2,605,000 $47,048
Spotsylvania $170,500 $- $170,500 $3,079
Stafford $408,000 $- $408,000 $7,369
Staunton, City of $10,017,000 $1,600,000 $11,617,000 $209,810

Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-190



Section 3: Hazard Identification and Risk Assessment

Jurisdiction Name Property Damage Crop Damage Total Damages Annualized Losses
Suffolk $1,945,000 $- $1,945,000 $35,128
Surry $1,460,000 $750,000 $2,210,000 $39,914
Sussex $4,560,000 $1,050,000 $5,610,000 $101,320
Tazewell $30,054,000 $- $30,054,000 $542,793
Virginia Beach, City of $10,609,000 $- $10,609,000 $191,605
Warren $49,837,000 $2,511,000 $52,348,000 $945,437
Washington $336,000 $- $336,000 $6,068
Waynesboro, City of $8,705,000 $1,600,000 $10,305,000 $186,115
Westmoreland $415,000 $55,000 $470,000 $8,488
Williamsburg, City of $55,000 $- $55,000 $993
Winchester, City of $- $- $-

Wise $1,626,000 $- $1,626,000 $29,367
Wythe $271,500 $- $271,500 $4,903

York $78,690,000 $- $78,690,000 $1,421,189
Totals: $822,659,300 $70,758,500 $893,417,800 $16,135,667

The appendix of this report compares flooding annualized loss and ranking to other hazards that
impact Virginia. As stated earlier in the section, flooding is considered the top hazard with
regard to probability and impact to all jurisdictions in the Commonwealth.

Geographic extent for flooding was determined as the percent of the jurisdiction in a FEMA
SFHA zone. Flood zone probabilities were not considered in the current ranking algorithm. The
geographic extent parameter is based on the percent of the jurisdiction in the SFHA. The NCEI
annualized crop and property damages were used to maintain consistency between the hazards.
As discussed earlier, the NCEI annualized loss values are lower than what was calculated for the
annualized loss. Section 3.7 of this chapter describes each of the parameters used in the ranking
for each hazard. Table 3-59 describes the parameters used for calculating risk due to flooding.
Most jurisdictions have been ranked as high. This is not surprising as flooding (riverine, coastal,
and flash) is a major concern for most jurisdictions in the Commonwealth.
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Table 3-59 - Flood Hazard Ranking Parameters

Injuries

Jurisdiction Name \P/(lenuelraatlit?ilr;ty Egﬁgilta;ion and o Property Damage | Crop Damage Events CrengEile ;gtnalliﬁi;k
Fatalities
Accomack Medium Medium Low Medium-High Low High Medium-High Medium
Albemarle Medium-High Medium Low Medium-Low Medium-High High Medium-Low Medium
Alexandria, City of Medium-High High Low Medium-Low Low High Medium-Low Medium
Alleghany Low Low Medium Medium Low Medium Medium-High Medium-Low
Amelia Low Low Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Amherst Medium Medium Low Medium-Low Low Medium-High Medium-Low Medium-Low
Appomattox Low Low Low Medium-Low Low Medium Medium-Low Medium-Low
Arlington High High [Aoisium' Medium Low Medium-High Medium Medium
Augusta Medium-High Medium [/Ioitvjium- Medium-High High High Medium-High Medium-High
Bath Low Low Low Medium-High Low Medium Medium-High Medium-Low
Bedford Medium-High Medium Low Medium-Low Low High Medium-Low Medium
Bland Low Low Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Botetourt Medium Medium Low Medium-Low Low High Medium-Low Medium-Low
Bristol, City of Low Medium-High Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Brunswick Medium Low Low Medium-Low Low Medium Medium-Low Medium-Low
Buchanan Medium Low m(;cri]ium- High Low High High Medium
Buckingham Low Low Low Medium-Low Low High Medium-Low Medium-Low
Buena Vista, City of Low Medium-High Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Campbell Medium Medium Low Medium-Low Medium High Medium-Low Medium
Caroline Medium Low Low Medium-Low Low Medium Medium-Low Medium-Low
Carroll Medium Medium Low Medium-Low Low High Medium-Low Medium-Low
Charles City Low Low Low Medium-Low Low Medium Medium-Low Medium-Low
Charlotte Low Low Low Medium-Low Medium-Low High Medium-Low Medium-Low
Charlottesville,City of Medium High Low Medium-Low Low Medium Medium-Low Medium-Low
Chesapeake, City of High Medium-High Low High Medium-High High High High
Chesterfield High Medium-High Low Medium Low Medium-High Medium Medium
Clarke Low Medium Low Medium-Low High High Medium Medium
Colonial Heights, City of Medium High Low Medium-Low Low Medium Medium-Low Medium-Low
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Jurisdiction Name

Population

Vulnerability

Population
Density

Injuries
and
Fatalities

Property Damage

Crop Damage

Events

Geographic
Extent

Total Risk
Ranking

Covington, City of Low Medium-High Low Medium-Low Low Low Medium-Low Medium-Low
Craig Low Low Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Culpeper Medium Medium Low Medium-Low Medium-High High Medium-Low Medium
Cumberland Low Low Low High Low Medium-Low Medium-Low Medium-Low
Danville, City of Medium Medium-High Low Medium-Low High High Medium Medium
Dickinson Low Low Low Medium-Low Low Medium-High Medium-Low Medium-Low
Dinwiddie Medium Low Low Medium-Low Medium-Low Medium Medium Medium-Low
Emporia Low Medium-High Low Medium-Low Low Medium Medium-Low Medium-Low
Essex Low Low Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Fairfax High High LMO?Sium' Medium-Low Low High Medium-High Medium-High
Fairfax, City of Medium High High Medium-Low Low Medium-High Medium-Low Medium
Falls Church, City of Low High Low Medium-Low Low Medium-High Medium-Low Medium-Low
Fauquier Medium-High Medium Low High Low High Medium-Low Medium
Floyd Low Low Low Medium Low Medium-Low Medium Medium-Low
Fluvanna Medium Medium Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Franklin Medium Medium Low Medium-Low Low High Medium-Low Medium
Franklin, City of Low Medium-High Low Medium-Low Medium Medium Medium Medium
Frederick Medium-High Medium LMoe;fljium- Medium-Low Low High Medium-Low Medium
Fredericksburg, City of Medium High Low Medium-Low Low Medium Medium-Low Medium
Galax, City of Low Medium-High Low High Low Medium Medium-Low Medium
Giles Low Low Low Medium-Low Low High Medium Medium
Gloucester Medium Medium Low Medium-Low Medium-High Medium-High Medium-Low Medium
Goochland Medium Medium Low Medium-Low Low Medium-Low Medium-Low Medium
Grayson Low Low Low Medium-Low Low High Medium-Low Medium
Greene Medium Medium Low Medium-Low Low High Medium-Low Medium
Greensville Low Low Low Medium-Low Medium-High Medium-Low Medium-Low Medium
Halifax Medium Low Low High High High High Medium
Hampton, City of Medium-High High Low High Low High High Medium-High
Hanover Medium-High Medium [/Ioevsium- Medium-Low Low Medium-High Medium-Low Medium
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Injuries

Jurisdiction Name \P/(ljlpnuelfatlit?ilr;ty Egﬁ:ilta;ion and . Property Damage | Crop Damage Events (E;ft%gnrtaphic ;gtnalliE;Sk
Fatalities

Harrisonburg, City of Medium High Low High High Medium High Medium-High
Henrico High Medium-High [Aoisium' Medium-Low Low Medium-High Medium-Low Medium-Low
Henry Medium Medium [/Ioitvjium- Medium-Low Low High Medium-Low Medium
Highland Low Low Low Medium-Low Low Medium Medium-Low Medium-Low
Hopewell, City of Medium High Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Isle of Wight Medium Medium Low Medium-High High Medium-High Medium-High Medium
James City Medium-High Medium-High Low Medium-Low Medium-Low Medium Medium-Low Medium
King and Queen Low Low Low Medium-Low Low Medium Medium-Low Medium-Low
King George Medium Medium Low Medium-Low Low Medium-Low Medium-Low Medium-Low
King William Low Low Low Medium-Low Low Medium Medium-Low Medium-Low
Lancaster Low Medium Low Medium-Low Low Medium Medium-Low Medium-Low
Lee Medium Low Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Lexington, City of Low High Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Loudoun High Medium-High Low Medium Low High Medium-Low Medium
Louisa Medium Medium Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Lunenburg Low Low Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Lynchburg, Cityof Low Medium-High Low Medium-Low Low Medium Medium-Low Medium-Low
Madison Low Low Low Medium High High Medium Medium-Low
Manassas, City of Medium High Low Medium-Low Low Medium Medium-Low Medium-Low
Manassas Park, City of Low High Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Martinsville, City of Low Medium-High Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Mathews Low Medium Low Medium-High Low Medium-High Medium-High Medium
Mecklenburg Medium Low Low Medium-Low Low Medium Medium-Low Medium-Low
Middlesex Low Medium Low Medium-High Low Medium Medium-High Medium-Low
Montgomery Medium-High Medium LMoe;fljium- Medium-Low Low High Medium-Low Medium
Nelson Low Low Low Medium-Low Low High Medium-Low Medium-Low
New Kent Low Medium Low Medium-Low Low Medium Medium-Low Medium-Low
Newport News, City of High High Low Medium-High Low High Medium-High Medium-High
Norfolk, City of High High Low High Low High High Medium-High

Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-3-194



Section 3: Hazard Identification and Risk Assessment

L Population Population TS Geographic Total Risk
Jurisdiction Name vulnerability Density and o Property Damage | Crop Damage Events Extent Ranking
Fatalities

Northampton Low Medium Low Medium-Low Low Medium Medium-Low Medium-Low
Northumberland Low Low Low High Low Medium High Medium-Low
Norton Low Medium-High Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Nottoway Low Low Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Orange Medium Medium Low Medium-Low High High Medium-Low Medium
Page Medium Medium Low Medium-High High High Medium-High Medium-High
Patrick Medium Low Low Medium High High Medium medium
Petersburg, City of Medium Medium-High Low Medium-Low Medium-Low Medium Medium-Low Medium
Pittsylvania Medium-High Medium Low Medium-High High High Medium-High Medium-High
Poquoson Low Medium-High Low High Low Medium-Low High Medium
Portsmouth, City of Medium-High High Low High Low High High Medium-High
Powhatan Medium Medium Low Medium- Low Medium Medium-Low Medium-Low
Prince Edward Medium Medium Low Medium-Low Low Medium-Low Medium-Low Medium-Low
Prince George Medium Medium Low Medium-Low High Medium-High Medium-Low Medium
Prince William High Medium-High Low Medium-Low Low High Medium-Low Medium
Pulaski Medium Medium Low Medium-Low Low High Medium-Low Medium
Radford, City of Low Medium-High Low Medium-Low Low Low Medium-Low Medium
Rappahannock Low Low Low Medium-Low Low High Medium-Low Medium
Richmond Low Low Low High Low Medium High Medium
Richmond, City of High High [/Ioe\:liium- High Low Medium High Medium-High
Roanoke Medium-High Medium-High Low Medium Low High Medium Medium
Roanoke, City of Medium-High High Low Medium Low High Medium Medium
Rockbridge Medium Low Low Medium Low High Medium Medium
Rockingham Medium-High Medium Low High High High High High

Russell Medium Low Low Medium-Low Low Medium Medium-Low Medium
Salem, City of Medium High Low Medium-Low Low Medium Medium-Low Medium
Scott Medium Low [/Ioe\:liium- Medium-Low Low Medium Medium-Low Medium
Shenandoah Medium Medium m‘;ﬁ”m' High High High High High

Smyth Medium Medium Low Medium-Low Low Medium-High Medium-Low Medium
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Jurisdiction Name ol ot rr{'gries Property Damage | Crop Damage Events CREERae el [l

Vulnerability Density L perty 9 P 9 Extent Ranking

Fatalities
Medium- . . . . . .
Southampton Low Low Low Medium-Low Medium Medium-High Medium-Low Medium
Spotsylvania Medium-High Medium Low Medium-Low Low Medium-High Medium-Low Medium
Stafford Medium-High Medium-High Low Medium-Low Low Medium-High Medium-Low Medium
Staunton, City of Medium Medium-High Low Medium High Medium Medium-High Medium
Suffolk Medium-High Medium Low Medium-Low Low Medium-High Medium-Low Medium
Surry Low Low Low Medium-Low Medium-High Medium-High Medium-Low Medium
Sussex Low Low Low Medium High Medium-High Medium Medium
Tazewell Medium Medium Low High Low High High Medium-High
Virginia Beach, City of High High Low Medium-High Low High Medium-High Medium-High
Warren Medium Medium [/I;t/jlum— High High High High High
Washington Medium Medium Low Medium-Low Low Medium Medium-Low Medium
Waynesboro, Cityof Medium Medium-High [Aoitvj'um' Medium High Medium Medium-High Medium
Westmoreland Low Medium Low Medium-Low Low Medium-Low Medium-Low Medium
Williamsburg, City of Low Medium-High Low Medium-Low Low Medium Medium-Low Medium
Winchester, City of Medium High Low Medium-Low Low Medium Medium-Low Medium
Wise Medium Medium Low Medium-Low Low Medium Medium-Low Medium
Wythe Medium Medium Low Medium-Low Low High Medium-Low Medium
York Medium-High Medium-High Low High Low High High Medium
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3.8.6.10 Local Plan Risk Assessment

Each of the 20 local hazard mitigation plans were reviewed and summarized based on
methodology and results for their flood analysis. Each plan varied based on the type of data
available and analysis methodology. Techniques for assessing flood risk in the local plans
included one or more of the following methods:

e FEMA Hazus (11);
e NCEI statistics (3); or,
e GIS intersections using FEMA FIRMs and Parcel/Census Data (6).

Local hazard mitigation plan hazard analysis and loss estimations vary considerably. Table 3-60
and 3-61 provide a summary of the local plans that provided annualized flood losses. None of the
annualized loss values for the local plans are the same as the values calculated for this revision.
The statewide plan utilized a broad method to be able to calculate loss on the same scale for all
the jurisdictions in the Commonwealth, and for the most part, the statewide methodology results
in lower annualized loss estimates.

Table 3-60 - Local Plan Annualized Losses — Flooding, Updated post 2016

Planning District Commission/Jurisdiction Annualized Flood Loss

Richmond-Crater $95,063

Southside $35,_451,000 + $6,716,639
(vehicles)

Commonwealth

Northern Shenandoah Valley
Rappahannock-Rapidan $17,515,000
Thomas Jefferson $1,400,000

George Washington

Cumberland Plateau

Lenowisco

Mount Rogers

Accomack-Northampton

Hampton Roads $44,261,424
Northern Neck $1,317,887
Middle Peninsula $40,909,000
West Piedmont $379,594

Central Virginia

New River Valley

Roanoke Valley-Allegheny
Central Shenandoah $66,991,000
Northern Virginia $255,477
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Table 3-61 - Local Plan Annualized Losses - Flooding 2010-2016

Planning District Commission/Jurisdiction Annualized Flood Loss
Accomack-Northampton (2012) $2,788,820
Commonwealth Regional Council (2016) $335,846

Central Shenandoah Valley (2013) $3,681,938

Cumberland Plateau (2013) $2,900,000

George Washington Regional Commission (2017) | $148,896,000

Hampton Roads (2017) $14,690,196
LENOWISCO (2013) No estimated losses provided
Middle Peninsula (2016) $18,102,000

Mount Rogers (2011) No estimated losses provided
New River Valley (2011) $248,883

Northern Neck (20110 $6,625,524

Northern Shenandoah Valley (2012) $6,857,556

Northern Virginia (2016) $1,061,851,000
Rappahannock-Rapidan (2012) $1,884,727

Region 2000 (2013) $2,094,999
Richmond-Crater (2011) $6,474,812

Roanoke Valley-Alleghany (2013) $3,635,903

Southside (2013) $2,821,224,000
Thomas Jefferson (2012) $1,400,000

West Piedmont (2016) $8,628,034

A total of 16 local plans provided an estimate of the number of structures located within the
SFHA and an estimate of the structure value at risk (within the SFHA). Table 3-62 below
provides a summary of the number and value of the structures at risk due to flooding from the
local plan results. Some plans only provided information for structures and facilities located
within the one percent annual chance floodplain, while others provided information for the 1%
annual chance and 0.2-percent-annual-chance floodplains. Other local plans did not report the
number of buildings and building value within the SFHA at all. The total structure value at risk
(buildings within an SFHA), from local plan analysis, was $10,186,947,112. For comparison, the
total building value that lies within an SFHA used for the statewide annualized loss estimate was
$65,646,246,000.
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Table 3-62 - Number and Value of Structures at Risk Due to Flooding

Jurisdiction Stru‘ctures Stru‘cture Value
at Risk at Risk
Accomack-Northampton (2016) NA NA
Central Shenandoah Valley (2020) 9,736 $34,224,000
Commonwealth Regional Council (2016) NA NA
Cumberland Plateau (2018) 6,045 $290,718,650
George Washington (2017) 117,370 $41,936,363,000
Hampton Roads (2022) 560,000 $204 Billion
Lenowisco (2021) 5,427 $396,430,000
Middle Peninsula (2021) 46,146 $19,730,852
Mount Rogers (2018) 1,352 $123,003,282
New River Valley (2017) N/A $18,444,377
Northern Neck (2016) 3,571 $465,807,800
Northern Shenandoah Valley (2018) NA $343,934,309
Northern Virginia (2017) NA NA
Rappahannock-Rapidan (2018) 10,141 $188,472,700
Region 2000 (2018) NA $346,443,566
Richmond-Crater (2022) NA NA
Roanoke Valley-Alleghany Region (2019) NA NA
Southside (2020) 61 $37,724,000
Thomas Jefferson (2018) 1,505 $188,858,478
West Piedmont (2021) 4,855 $8,628,034

3.8.6.11 Comparison with Local Ranking

Each of the 20 local plans discussed repetitive loss properties in their hazard mitigation plan.
Each plan also includes mitigation strategy actions to address repetitive loss properties and NFIP
compliance.

All 20 local hazard mitigation plans ranked flooding in their HMPs, 19 ranked flooding as a high
risk and only 1 ranked flooding as medium, the Commonwealth Regional Council. The local
plan ranking average for flood was high. For comparison, the 2023 statewide analysis ranked
flooding as a high hazard and is consistent with local plans.

3.8.6.12 Local Plan Changes in Development

Most local plans did not specifically address changes in development for each hazard or the
effects of changes in development on loss estimates. In most cases, overall development patterns
were discussed in general. Sixteen of the 20 local plans cite their comprehensive plans for
current and future land use changes. A few plans exclusively note that they prohibit construction
in the floodplain. New development in the SFHA would presumably increase loss estimates over
time unless there are concurrent changes to remove or protect other structures.

Community Lifelines Impacted by Flooding

Based on the hazard analysis and description of vulnerability and impacts of flooding in
Virginia, flooding impacts all the community lifelines which are:
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Food, Water, Shelter
Energy

Health and Medical
Safety and Security
Communications
Transportation

e Hazardous Materials

3.8.7 Hurricanes
3.8.7.1 Background

Hurricanes and tropical storms are characterized by closed circulation developing around a low-
pressure center in which the winds rotate counterclockwise in the Northern Hemisphere and with
an eye diameter averaging 10 to 30 miles. The primary damaging forces associated with these
storms are high-level sustained winds, heavy precipitation, and tornadoes. Coastal areas are
particularly vulnerable to storm surge, wind-driven waves, and tidal flooding which can prove
more destructive than cyclone wind?,

{ :
T

. 3 by iy oy
Source: WHSV- Hurricane Isabel prior to making landfall in September 2003

Many areas of the Coastal Virginia Tidewater region are flat, and intense prolonged rainfall
tends to accumulate without ready drainage paths. Of concern with extreme rainfall is the
Chowan River Basin, which has relatively no elevation and results in flood events like back-to-
back Hurricanes Dennis and Floyd, which devastated the City of Franklin and other communities
along the Blackwater River. Extreme rainfall in the higher elevations can also result in secondary
hazards, such as landslides and debris flow as witnessed in Nelson County during Hurricane
Camille. High winds are also associated with hurricanes, with two significant effects: widespread
debris due to damaged and downed trees and building debris; and power outages. The Tidewater
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region, including areas on tidal-influenced tributaries, is vulnerable to hurricanes and their
effects.

Most hurricanes form in the Atlantic Ocean, Caribbean Sea, and Gulf of Mexico between June
and November. The climatological peak of the Atlantic hurricane season is September 10th.
These storms form from strong low-pressure systems originating in the tropics, which cause the
updraft of warm ocean water. Typically, these systems result in strong damaging winds and high
seas that can cause flooding. In the Atlantic, once a tropical cyclone reaches maximum sustained
winds of 74 miles per hour, it is defined as a hurricane. Below this level, it is defined as either a
tropical storm or tropical depression.

When a hurricane or tropical system approaches a coastline, it can be broken into four quadrants,
each of which are dangerous. Based on the direction of movement of a hurricane during landfall,
the most destructive section of the storm is usually in the eyewall area to the right of the eye.
Known as the right-front quadrant (RFQ), this section of the storm tends to have higher winds,
seas, and storm surge. As a storm moves into more shallow waters, the waves lessen, but water
levels rise, bulging up on the storm's RFQ in what is called the storm surge, as shown in

Figure 3-88.

Storm surge and wind driven waves can devastate a coastline and bring ocean water several
miles inland. Once inland, the hurricane's band of thunderstorms can produce torrential rains and
sometimes tornadoes. A foot or more of rain may fall in less than a day causing flash floods and
mudslides. The rain eventually drains into the large rivers, which may still be flooding days after
the storm has passed. The storm's driving winds can topple trees, utility poles, and damage
buildings. Communication and electricity can be lost for days, or weeks and roads are impassable
due to fallen trees and debris.
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Figure 3-88 — Hurricane - Front Left Quadrant (FLQ) and Right-Front Quadrant (RFQ)
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The Saffir-Simpson Hurricane Wind Scale is a 1-5 rating based on the hurricane's present
intensity. This rating is used to give an estimate of the potential property damage expected along
the coast from a hurricane landfall. Wind speed is the determining factor in the scale, as storm
surge values are highly dependent on the slope of the continental shelf and the shape of the
coastline in the landfall region. Hurricane intensity is classified by the Saffir-Simpson Hurricane
Wind Scale which rates hurricane intensity on a scale of one to five, with five being the most
intense. The wind scale, recently revised to remove storm surge ranges, flooding impact and
central pressure statements, is shown in Table 3-63. As a 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 (mph), the system is designated a tropical
storm, given a name, and is monitored by the National Hurricane Center in Miami, Florida.
When sustained winds reach or exceed 74 mph the storm is deemed a hurricane.

f.

Using NOAA’s Maximum of Maximum storm (MOM) surge (Figure 3-89) for Category 1-4
hurricane events within the Chesapeake, there is a significant increase in the inland extent of the
surge under stronger hurricane conditions. Virginia currently does not plan for a Category 5
hurricane. Note that all winds are expressed using the US 1-minute average.

Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-202



Section 3: Hazard Identification and Risk Assessment

Table 3-63 - Saffir-Simpson Hurricane Wind Scale

Maximum Sustained

Category wind Speed (Mph) Damage Summary

1 74-95 Very dangerous winds will produce some damage.
P 96-110 dE;(:Tr](;rg:Iy dangerous winds will cause extensive

3 111-129 Devastating damage will occur

4 130-156 Catastrophic damage will occur.

5 157 + Catastrophic damage will occur.

Source: National Hurricane Center

Categories 3, 4, and 5 are classified as “major” hurricanes, and while hurricanes within this range
comprise only 20% of total tropical cyclones making landfall, they account for over 70 percent
of the damage in the US. Table 3-64 describes the damage that could be expected for each
hurricane category.

Table 3-64 - Hurricane Damage Classifications

S DEVIEGE Description Of Damages

Category Level

Well-constructed frame homes could have damage to roofs, shingles, vinyl siding and gutters.
Large branches of trees will snap, and shallowly rooted trees may be toppled. Extensive
damage to power lines and poles likely will result in power outages that could last a few to
several days.

1 Minimal

Well-constructed frame homes could sustain major roof and siding damage. Many shallowly
2 Moderate rooted trees will be snapped or uprooted and block numerous roads. Near-total power loss is
expected with outages that could last from several days to weeks.

Well-built framed homes may incur major damage or removal of roof decking and gable ends.
3 Extensive Many trees will be snapped or uprooted, blocking numerous roads. Electricity and water will be
unavailable for several days to weeks after the storm passes.

Well-built framed homes can sustain severe damage with loss of most of the roof structure
and/or some exterior walls. Most trees will be snapped or uprooted, and power poles downed.
Fallen trees and power poles will isolate residential areas. Power outages will last weeks to
possibly months. Most of the area will be uninhabitable for weeks or months.

4 Extreme

A high percentage of framed homes will be destroyed, with total roof failure and wall collapse.
5 Catastrophic Fallen trees and power poles will isolate residential areas. Power outages will last for weeks to
possibly months. Most of the area will be uninhabitable for weeks or months.

Damage during hurricanes may also result from spawned tornadoes and inland flooding
associated with heavy rainfall that usually accompanies these storms. For the purposes of this
report, the storm surge impacts in the region are discussed under the Flooding hazard.

Table 3-65 provides a detailed description of each hurricane category, potential damage caused,
and the name and strength of hurricanes as they passed near or through Virginia.
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Table 3-65 - Historical Hurricane Events

Category

Wind
Speeds
(US 1-min
average)

Damage
Potential

Damage Description (Wind only)

Historical Hurricane Category in Virginia

(*indicates a Federal Disaster
Declaration)

Hurricane Diane (8/17/1955) Hurricane
Camille (8/20/1969) Tropical Storm Doria
<38 mph (8/27/1971) Tropical Storm Agnes
(TD) Wind effects: Scattered trees down, (6/21/1972)* Hurricane Hugo (9/9/1989)
<33 kt scattered power outages, some roads Hurricane Bertha (7/12-13/1996) Hurricane
Tropical <62 km/hr blocked due to downed trees and power | Fran (9/5-6/1996)* Hurricane Danny
Depression L lines. For example, neighborhoods could | (7/24/1997) Hurricane Dennis (9/4-5/1999)*
Tropical 39-73 mph | Negligible lose power for several days. Hurricane Charley (8/14/2004) Hurricane
Storm (Ts) This damage description is more likely | Gaston (8/29/2004) Hurricane Frances
34-63 kt associated with a tropical storm than a | (9/8/2004) Hurricane Ivan (9/17/2004)
63-118 tropical depression. Hurricane Jeanne (9/28/2004) Tropical
km/hr Storm Ernesto (9/1/2006)* Tropical Storm
Lee (9/8-9/2011)*
Hurricane Matthew (10/9/2016) *
Very dangerous winds will produce
74 — 95 Egmzsdzgﬁgi'a\y:g;%?tmCted frame Chesapeake-Potomac Hurricane of 1933
ge to roof, . .
mph hingles, and vinyl siding and gutters. Hurricane Hazel (10/15/].'954) Hurricane
1 64-82 kt Minimal iar % br’anches gf treesgwill snga and Charley (9/17/1986 Hurricane Bonnie
sha?lowl rooted trees may be top’ led (8/27/1998)* Hurricane Floyd (9/15-
119-153 1y Y D€ TOpPIed. 11 6/1999)* Hurricane Isabel (9/18/2003)*
km/hr Extensive damage to power lines and Hurricane Irene (8/27/2011) *
poles likely will result in power outages
that could last a few to several days.
Extremely dangerous winds will cause
96 _ 110 extensive damage: Well-constructed
83-95 ki gg?gu;?gg;ﬁgg:.Sl\ljztna;/nsrT;Ilfg\:vlrSOf Hurricane Donna (9/12/_1960) Hurricane
2 Moderate . Gloria (9/27/1985) Hurricane Sandy (10/26-
154-177 rooted trees will be snapped or uprooted 11/8/2012) *
km/hr and block numerous roads. Near-total
power loss is expected with outages that
could last from several days to weeks.
Devastating damage will occur: Well-
111 - 129 built framed homes may incur major
5 mph damage or removal of roof decking and
. gable ends. Many trees will be snapped .
(major) 96 - 112 kt | Extensive or uprooted, blocking numerous roads. The Great Hurricane (9/14/1944)
178 - 208 Electricity and water will be unavailable
km/hr for several days to weeks after the storm
passes.
Catastrophic damage will occur: Well-
built framed homes can sustain severe
130 — 156 damage with loss of most of the roof
4 mph structure and/or some exterior walls.
Most trees will be snapped or uprooted, .
(major) 113-136 kt | Extreme and power poles downed. Fallen trees Hurricane Helene (9/27-28/1958)
209-251 and power poles will isolate residential
km/hr areas. Power outages will last weeks to
possibly months. Most of the area will be
uninhabitable for weeks or months.
Catastrophic damage will occur: A high
157 moh percentage of framed homes will be
> mp destroyed, with total roof failure and wall . .
5 > 137 kt .| collapse. Fallen trees and power poles M_etgqrologlsts consider the water off the
. Catastrophic | .~ . - Virginia coast too cool to support a Category
(major) >252 will |solate.re3|dent|al areas. Powe.r 5 storm.
km/hr outages will last for weeks to possibly
months. Most of the area will be
uninhabitable for weeks or months.
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Figure 3-89 - Chesapeake Bay Maximum of the Maximum (MOM) Storm Surge for Category 1-
4 Hurricane, NOAA
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3.8.7.2  Location and Spatial Extent

Hurricane impacts can be felt throughout the entire Commonwealth. Typically, the two dominant
impacts by hurricane are flooding (coastal or riverine) and wind. Hurricanes can make landfall
south of Virginia, so winds in Hampton Roads start from the northeast and then shift as the storm
moves north. In addition, hurricanes can come up from the South Atlantic and brush the coast of
Virginia. They can move up from the Gulf over land through various terrain, including
mountainous areas, although this may lessen the high wind field, still pose a hazard to structures
outside of the ASCE 7-05 hurricane-prone region that typically occurs along the coast (Figure
3-90). Structures inland, for example mobile homes, outside of the ASCE 7-05 hurricane-prone
region may not be constructed to withstand this type of event.
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Figure 3-90 - ASCE Hurricane Prone Regions within the U.S.
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Source: Office of Energy Efficiency & Renewable Energy. Hurricane-Prone Regions of the United States with ASCE 7-05 and
7-10 Boundaries | Building America Solution Center (pnnl.gov)

3.8.7.3  Significant Historical Events

The NWS began keeping weather records on January 1, 1871. Prior to that, information on past
hurricanes that impacted Virginia were taken from ships logs, accounts from local citizens,
newspapers, and other sources. There are several historical references to major storms that
affected coastal Virginia in the 1600's and 1700's. Some of these storms were strong enough to
alter land masses, including the widening of the Lynnhaven River (September 6, 1667) and
formation of Willoughby Spit (October 19, 1749). These reports also indicate severe flooding
caused by these storms (12-15 feet of flooding in some cases).

As expected, most hurricanes affect eastern Virginia due to its proximity to the coast. However,
it is not uncommon for hurricanes and tropical storms to track through the state and impact non-
coastal jurisdictions. NCEI includes information on hurricane events and their effects. The events
included in Table 3-66 summarize some of the major non-rotational wind events that have
historically affected Virginia. Federally declared hurricane and other non-rotational wind related
events are listed in Section 3.4. Figure 3-90 shows the paths of historical hurricanes that have
passed through Virginia.
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Table 3-66 - Historical Tropical Storm Events (1749-2021)

Year ‘ System Name ‘ Description

A tremendous hurricane created Willoughby Spit, south of Hampton. The Bay rose 15 feet above
normal. In Williamsburg, a family drowned as floodwaters carried their house away. At Hampton,
1749 None . X ’ .
water rose to four feet deep in the streets; many trees were uprooted or snapped in two. Bodies
washed ashore from shipwrecks for days afterward.
A strong hurricane struck near Williamsburg causing “inconceivable” damages to homes and
1769 None ) .
crops. Many ships on the Chesapeake were damaged by storm winds and waves.
1806 Great Hurricane of | A slow-moving storm completed the creation of Willoughby Spit, damaged warships, and
1806 damaged a seawall.
A strong hurricane moved quickly from the Bahamas up the North Carolina Coast through the
1878 Gale of ‘78 eastern portion of the state, completely submerging Cobb and Smith Islands in the Chesapeake
Bay. (Middle Peninsula).
Record high tides in many locations; approximately 9.8 feet above mean lower low water. There
Chesapeake- were four casualties on the Peninsula: two in Hampton, one in James City County, and one in
p York County. At Buckroe Beach in Hampton, and at Yorktown, martial law was declared, and
1933 Potomac Storm of - - . - h '
33 National Guard troops were brought in to prevent Iootmg._FIoodmg was severe in low- lying parts
of Hampton (Fox Hill and Buckroe), York County (Goodwin Neck), and Newport News (Small
Boat Basin). Jamestown Island was severely damaged.
1954 Hurricane Hazel Hurricane Hazel inflicted strong winds on Hampton and blew apart at least one anemometer
there. There was one casualty on the Peninsula in the Dare section of York County.
Five days after Hurricane Connie, Diane made landfall in North Carolina as a Category 1 and
1955 Hurricanes Connie | moved North across Central Virginia. Five to ten inches of rain fell along the Blue Ridge
and Diane Mountains. Hurricane Connie and Diane are attributed to the record rainfall in August of that
year. Statewide damages totaled $1.5 million.
1957 Nor'easter A Nor’easter brought extremely high tides to the Town of Wachapreague on the Eastern Shore
up to four feet above normal. (Eastern Shore PDC)
. . Hurricane Camille described earlier in the discussion on federal disaster declarations and in
1969 Hurricane Camille .
flooding.
. Hurricane Agnes is described earlier in the discussion on federal disaster declarations and in
1972 Hurricane Agnes )
flooding.
1996 Hurricane Fran Hurricane Fran described earlier in the discussion on federal disaster declarations.
Much of the eastern portion of the state was affected by a slow-moving Nor'easter. This storm
caused severe coastal flooding in the Hampton Roads area and on the Eastern Shore. The
1998 Nor'easter causeway to Chincoteague Island was closed and the entire island was submerged under
floodwaters. Several streets in Norfolk were closed due to over three feet of water, and at least
one family in Gloucester County was rescued by rowboat. There were no reported injuries or
fatalities, but damages were estimated at $75 million. (Eastern Shore HMP)
1999 Hurricane Floyd Hurricane Floyd described earlier in the discussion on federal disaster declarations.
2003 Hurricane Isabel Hurricane Isabel described earlier in the discussion on federal disaster declarations.
Tropical
2004 Depression Tropical Depression Gaston described earlier in the discussion on federal disaster declarations.
Gaston
A Nor’easter impacted the southeastern portion of the state causing minor flooding in the City of
Chesapeake and the City of Hampton. The City of Franklin along the Blackwater River
2006 Nor'easter experienced their 2nd flood of record at 22.77 feet. This happened only 7 years after the city
experienced their flood of record during Hurricane Floyd, which crested at 26.27 feet (flood stage
is 12 feet).
2006 Errﬁglsct?)l Storm Tropical Storm Ernesto described in the discussion of federal disaster declarations.
Nor’easter and
2009 Remnants of Nor’easter and remnants of Tropical Depression Ida described in the discussion of federal
Tropical disaster declarations. Not to be confused with Hurricane Ida that occurred in 2021.
Depression Ida
2011 Hurricane Irene Hurricane Irene described in the discussion of federal disaster declarations.
Remnants of
2011 Tropical Storm Tropical Storm Lee described in the discussion of federal disaster declarations.
Lee
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Year System Name Description

2012 Hurricane Sandy Hurricane Sandy described in the discussion of federal disaster declarations.
Hurricane . . . . . . .

2016 Matthew Hurricane Matthew described in the discussion of the federal disaster declarations.
Hurricane . . . . . . .

2018 Florence Hurricane Florence described in the discussion of the federal disaster declarations.

2018 Hurricane Michael Hurricane Michael described in the discussion of the federal disaster declarations.

Figure 3-91 - Virginia Hurricane History (1852-2021)

Virginia Hurricanes, Tropical Storms, 0 30  60Mies ‘\‘
and Tropical Depressions by Date
1852-2016, 2017-2021

= Hurricane Category 2, 2017-2021
Tropical Storm, 2017-2021

Tropical Depression 2017-2021
Hurricane Category 4, 1852-2016
Hurricane Category 3, 1852-2016
Hurricane Category 2, 1852-2016
Hurricane Category 1, 1852-2016
Tropical Storm, 1852-2016

Tropical Depression, 1852-2016

Figure 3-92 shows Hurricane Hazel and Figure 3-93 shows Hurricane Camille. These are
included to provide examples of historical hurricane events that affected Virginia. These figures
identify the main path of the storms and the peak gusts that jurisdictions may have experienced.
Hazus was used to simulate these historical occurrences. These figures were originally created
for the 2013 version of this plan but remain useful. While Camille did cause severe inland
winds, the resulting rainfall, flash flooding, debris flows and riverine flooding contributed most
significantly to the damages sustained.
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Figure 3-92 - Historical Occurrence: 1954 - Hurricane Hazel Peak Gusts
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Figure 3-93 - Historical Occurrence: 1969 - Hurricane Camille Peak Gusts
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3.8.7.4  Probability of Future Occurrence

FEMA’s Hazus Level 1 hurricane model was used to estimate annualized losses for the
Commonwealth. Hazus allows users to estimate hurricane winds and potential damage and loss
to residential, commercial, and industrial buildings. The model makes use of state-of- the-art
wind field models, calibrated and validated using full-scale hurricane data. Wind speed has been
calculated as a function of central pressure, translation speed, and surface roughness.
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Hazus was used to determine the 100-year probabilistic return period for each VDEM region.
Geographic extent has been based off these values for determining risk and ranking. This
represents the wind peak gusts that have a one percent annual probability of occurrence. The
one-percent annual probability wind speed is the estimated 3-second gust in open terrain at ten
meters above ground at the center of each census tract. Figure 3-94 through Figure 3-100

illustrate the 100-year probabilistic return period wind speeds for each VDEM region.

Figure 3-94 - 1-Percent-Annual-Chance Wind Speeds — VDEM Region 1c
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Figure 3-95 - Hazus — 1-Percent-Annual-Chance Wind Speeds — VDEM Region 2
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Figure 3-96 - Hazus — 1-Percent-Annual-Chance Wind Speeds — VDEM Region 3
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Figure 3-97 - Hazus — 1-Percent-Annual-Chance Wind Speeds — VDEM Region 4
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Figure 3-98 - Hazus — 1-Percent-Annual-Chance Wind Speeds — VDEM Region 5
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Figure 3-99 - Hazus — 1-Percent-Annual-Chance Wind Speeds — VDEM Region 6
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Figure 3-100 - Hazus — 1-Percent-Annual-Chance Wind Speeds — VDEM Region 7
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Impact and Vulnerability

Vulnerability and impact were quantified in terms of population and property for hurricane
winds using Hazus modeling. The Hurricane Description section illustrates the potential
impacts, including injuries and damages to property, based on different hurricane category
events.

The high winds associated with hurricanes may also disrupt the distribution of gasoline,
kerosene, diesel fuel, fuel oils, propane and other petroleum products. This disruption could
cause major problems for organizations and businesses that rely on such supplies. Additionally,
such a disruption could affect backup power generation.

Risk
For the 2023 plan, the overall hazard ranking for Hurricane is high.

Hazus was used to model the impacts of a 1-percent-annual-chance hurricane for each of the
VDEM regions. The results are summarized below and include an indication of building
damages, debris, social impacts and economic impacts.

3.8.7.5  Hurricane Hazus Model — 1-Percent-Annual-Chance Return Period for VDEM
Region 1

Building Damages

Hazus estimated that at least 65 buildings would be at least moderately damaged by the event;

this is less than one percent of the buildings in Virginia. No buildings would be damaged beyond

repair. Figure 3-101 shows the distribution of damage by type of occupancy. As the figure
shows, most building damage is expected to be in residential structures.

Figure 3-101 - VDEM Region 1 Hurricane Scenario — Expected Building Damage by
Occupancy (1-Percent-Annual-Chance Probabilistic Event)
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Essential Facility Damage

Hazus estimated that 5,926 beds would be available for use by patients already in the hospital
and those injured by the hurricane. After seven days, 100 percent of the beds would be in service.
Within 30 days, 100 percent would be available.

Debris Generated

Hazus estimated that a total of 566,447 tons of debris would be generated by the event. Of that
amount, 90 percent would be other tree debris, one percent would be brick/wood, and nine
percent would be eligible tree debris. Assuming a load of 25 tons per truck, this would equate to
290 truckloads of debris from this scenario.

Social Impacts

Hazus estimated the number of households and people that would be expected to be displaced as
a result of the scenario event. The model estimated that no households would be displaced, and
no people would seek temporary shelter in the region.

Economic Losses

Finally, Hazus estimated economic losses for the scenario event. Hazus estimated losses at
$177.7 million, which represents less than one percent of the total replacement value of the
region’s buildings. No losses were related to business interruption in the scenario region. 98
percent of the losses were sustained by residential structures.

3.8.76 Hurricane Hazus Model - 1-Percent-Annual-Chance Return Period for VDEM
Region 2

Building Damages

Hazus estimated that at least two buildings would be at least moderately damaged by the event;
this is less than one percent of the buildings in Virginia. No buildings would be damaged beyond
repair. Figure 3-102 shows the distribution of damage by type of occupancy.
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Figure 3-102 - VDEM Region 2 Hurricane Scenario — Expected Building Damage by
Occupancy (1-Percent-Annual-Chance Probabilistic Event)
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Table 2: Expected Building Damage by Occupancy | 100 - year Event

Essential Facility Damage

Hazus estimated that the region has 1,078 hospital beds for use before the hurricane. On the day
of the event, Hazus estimated that 1,078 beds would be available for use by patients already in
the hospital and those injured by the hurricane. After seven days, 100 percent of the beds would
be in service.

Debris Generated

Hazus estimated that a total of 144,237 tons of debris would be generated by the event. Of that
amount, 92 percent would be other tree debris, four percent would be brick/wood, and four
percent eligible tree debris. Assuming a load of 25 tons per truck, this would equate to 19
truckloads of debris from this scenario.

Social Impacts

Hazus estimated the number of households and people that would be expected to be displaced as
a result of the scenario event. The model estimated that no households would be displaced, and
no people would seek temporary shelter in public shelters. However, per the VA HES, mobile
home parks in the zones may result in some people seeking temporary shelter due to the wind
threat from a hurricane.

Economic Losses

Finally, Hazus estimated economic losses for the scenario event. Hazus estimated losses at $38.9
million, which represents one half percent of the total replacement value of the region’s
buildings. None of the losses were related to business interruption in the scenario region. 99
percent of the losses were sustained by residential structures.
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3.8.7.7  Hurricane Hazus Model- 1-Percent-Annual-Chance Return Period for VDEM
Region 3

Building Damages

Hazus estimated that at least 30 buildings would be at least moderately damaged by the event;

this is less than one percent of the buildings in Virginia. No buildings would be damaged beyond
repair. Figure 3-103 shows the distribution of damage by type of occupancy.

Figure 3-103 - VDEM Region 3 Hurricane Scenario — Expected Building Damage by
Occupancy (1-Percent-Annual-Chance Probabilistic Event)
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Essential Facility Damage

Hazus estimated that the region has 3,769 hospital beds for use before the hurricane. On the day
of the event, Hazus estimated that 3,769 beds would be available for use by patients already in
the hospital and those injured by the hurricane. After seven days, 100 percent of the beds would
be in service.

Debris Generated

Hazus estimated that a total of 581,703 tons of debris would be generated by the event. Of that
amount, 93 percent would be other tree debris, five percent would be brick/wood, and two
percent eligible tree debris. Assuming a load of 25 tons per truck, this would equate to 78
truckloads of debris from this scenario.

Social Impacts

Hazus estimated the number of households and people that would be expected to be displaced as
a result of the scenario event. The model estimated that one household would be displaced, but
that no people would seek temporary shelter in public shelters. However, per the VA HES,
mobile home parks in the zones may result in some people seeking temporary shelter due to the
wind threat from a hurricane.
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Economic Losses

Finally, Hazus estimated economic losses for the scenario event. Hazus estimated losses at $50
million, which represents approximately one-half percent of the total replacement value of the
region’s buildings. No losses were related to business interruption in the scenario region. 99
percent of the losses were sustained by residential structures.

3.8.7.8  Hurricane Hazus Model- 1-Percent-Annual-Chance Return Period for VDEM
Region 4

Building Damages

Hazus estimated that at least two buildings would be at least moderately damaged by the event;

this is less than one percent of the buildings in Virginia. No buildings would be damaged beyond
repair. Figure 3-104 shows the distribution of damage by type of occupancy.

Figure 3-104 - VDEM Region 4 Hurricane Scenario — Expected Building Damage by
Occupancy (1-Percent-Annual-Chance Probabilistic Event)
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Essential Facility Damage

Hazus estimated that the region has 1,920 hospital beds for use before the hurricane. On the day
of the event, Hazus estimated that 1,920 beds would be available for use by patients already in
the hospital and those injured by the hurricane. After seven days, 100 percent of the beds would
be in service.

Debris Generated

As part of the model, Hazus estimated the amount of debris that would be generated by the
event. The types of debris considered were brick/wood, reinforced concrete/steel, eligible tree
debris, and other tree debris. Hazus estimated that a total of 699 tons of debris would be
generated by the event. Of that amount, 33 percent would be other tree debris, 65 percent would
be brick/wood, and two percent eligible tree debris. Assuming a load of 25 tons per truck, this
would equate to 12 truckloads of debris from this scenario.
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Social Impacts

Hazus estimated the number of households and people that would be expected to be displaced as
a result of the scenario event. The model estimated that no households would be displaced, and
no people would be expected to seek temporary shelter in public shelters. However, per the VA
HES, mobile home parks in the zones may result in some people seeking temporary shelter due
to the wind threat from a hurricane.

Economic Losses

Finally, Hazus estimated economic losses for the scenario event. Hazus estimated losses at $7.7
million, which represents less than one half percent of the total replacement value of the region’s
buildings. One percent of the losses were related to business interruption in the scenario region.
95 percent of the losses were sustained by residential structures.

3.8.7.9  Hurricane Hazus Model- 1-Percent-Annual-Chance Return Period for VDEM
Region 5

Building Damages

Hazus estimated that at least 3,611 buildings would be at least moderately damaged by the event;

this is more than one percent of the buildings in Virginia. 38 buildings would be damaged

beyond repair. Figure 3-105 shows the distribution of damage by type of occupancy. As the
figure shows, most building damage was found to be in residential structures.

Figure 3-105 - VDEM Region 5 Hurricane Scenario — Expected Building Damage by
Occupancy (1-Percent-Annual-Chance Probabilistic Event)
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Essential Facility Damage

Hazus estimated that the region has 5,844 hospital beds for use before the hurricane. On the day
of the event, Hazus estimated that 5,391 beds would be available for use by patients already in
the hospital and those injured by the hurricane. After seven days, 100 percent of the beds would
be in service.
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Debris Generated

Hazus estimated that a total of 1,550,298 tons of debris would be generated by the event. Of that
amount, 77 percent would be other tree debris, eight percent would be brick/wood, and 15
percent eligible tree debris. Assuming a load of 25 tons per truck, this would equate to 4,924
truckloads of debris from this scenario.

Social Impacts

Hazus estimated the number of households and people that would be expected to be displaced as
a result of the scenario event. The model estimated that 838 households would be displaced. Of
these, 205 people would be expected to seek temporary shelter in public shelters. Based on the
2010 Census population of 1,782,229, this equates to one- tenth percent of the region’s
population. Per the VA HES, mobile home parks may also result in additional people seeking
temporary shelter due to the wind threat from a hurricane.

Economic Losses

Finally, Hazus estimated economic losses for the scenario event. Hazus estimated losses at
$1.845 billion, which represents almost one percent of the total replacement value of the region’s
buildings. One percent of the losses were related to business interruption in the scenario region.
96 percent of the losses were sustained by residential structures.

3.8.7.10 Hurricane Hazus Model- 100 Year Return Period for VDEM Region 6
Building Damages

Hazus estimated that at least five buildings would be at least moderately damaged by the event;
this is a negligible percentage of the buildings in Virginia. No buildings would be damaged
beyond repair. Figure 3-106 shows the distribution of damage by type of occupancy.

Figure 3-106 - VDEM Region 6 Hurricane Scenario — Expected Building Damage by
Occupancy (1-Percent-Annual-Chance Probabilistic Event)
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Essential Facility Damage

Hazus estimated that the region has 2,717 hospital beds for use before the hurricane. On the day
of the event, Hazus estimated that 2,717 beds would be available for use by patients already in
the hospital and those injured by the hurricane. After seven days, 100 percent of the beds would
be in service.

Debris Generated

Hazus estimated that a total of 46,413 tons of debris would be generated by the event. Of that

amount, 86 percent would be other tree debris, almost three percent would be brick/wood, and
11.2 percent eligible tree debris. Assuming a load of 25 tons per truck, this would equate to 51
truckloads of debris from this scenario.

Social Impacts

Hazus estimated the number of households and people that would be expected to be displaced as
a result of the scenario event. The model estimated that no households would be displaced, and
no residents would be expected to seek temporary shelter in public shelters. However, per the
VA HES, mobile home parks in the zones may result in some people seeking temporary shelter
due to the wind threat from a hurricane.

Economic Losses

Finally, Hazus estimated economic losses for the scenario event. Hazus estimated losses at $28.1
million, which represents approximately one quarter percent of the total replacement value of the
region’s buildings. One percent of the losses were related to business interruption in the scenario
region. 97 percent of the losses were sustained by residential structures.

3.8.7.11 Hurricane Hazus Model- 1-Percent-Annual-Chance Return Period for VDEM
Region 7

Building Damages

Hazus estimated that at least ten buildings would be at least moderately damaged by the event;
this a negligible percentage of the buildings in Virginia. No buildings would be damaged beyond
repair. Figure 3-107 shows the distribution of damage by type of occupancy.
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Figure 3-107 - VDEM Region 7 Hurricane Scenario — Expected Building Damage by
Occupancy (1-Percent-Annual-Chance Probabilistic Event)
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Essential Facility Damage

Hazus estimated that the region has 2,857 hospital beds for use before the hurricane. On the day
of the event, Hazus estimated that 2,857 beds would be available for use by patients already in
the hospital and those injured by the hurricane. After seven days, 100 percent of the beds would
be in service.

Debris Generated

Hazus estimated that a total of 23,340 tons of debris would be generated by the event. Of that
amount, 58 percent would be other tree debris, 7.5 percent would be brick/wood, and 34.4
percent eligible tree debris. Assuming a load of 25 tons per truck, this would equate to 70
truckloads of debris from this scenario.

Social Impacts

Hazus estimated the number of households and people that would be expected to be displaced as
a result of the scenario event. The model estimated that no households would be displaced, and
that no people would be expected to seek temporary shelter in public shelters. However, per the
VA HES, mobile home parks in the zones may result in some people seeking temporary shelter
due to the wind threat from a hurricane.

Economic Losses

Finally, Hazus estimated economic losses for the scenario event. Hazus estimated losses at $95.1
million, which represents approximately one quarter percent of the total replacement value of the
region’s buildings. One percent of the losses were related to business interruption in the scenario
region. 97 percent of the losses were sustained by residential structures.
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Risk

HAZUS losses and damages for each of the VDEM regions is summarized below. Table 3-67
highlights the building damages (moderate), tons of debris generated, number of displaced
households, and estimated losses calculated to 2022 values. Overall, VDEM Region 5 has the
greatest estimated losses due to hurricanes as this region covers the areas along the open coast
and the Chesapeake Bay, including Virginia Beach, Norfolk, and Hampton which are at higher
risk to impacts of hurricanes (wind and storm surge).

Table 3-67 - HAZUS Hurricane Risk Summary, 100-Year Event

VDEM Region 1 \ 2 3 4 5 6 7
Buildings

Moderately 65 2 30 2 3,611 5 10
Damaged

Tons of Debris 566,447 144,237 581,703 669 1,550,298 | 46,413 23,340
Generated ' ' ' ' ' ' !
Displaced

Households 0 0 1 0 838 0 0
Estimated Losses $206.7 $45.3 $58.2 - - $32.7 $95.1
(2022 dollars) million million million $9 milion | $2.2billion | ol million

3.8.7.12 State Facility Risk

For this plan update and Hazus scenario, hurricane-related losses to state facilities were not
recalculated because the lack of building valuation data prevented improvements to the older
data.

Table 3-68 shows the non-rotational wind risk to state facilities from the 2013 plan. Values have
been updated to 2022 based on inflation.

Table 3-68 - Non-rotational wind risk to state facilities (based on 2013 data updated to 2022
values)

Number of State Facilities

Building Value at Risk*

Hurricane Risk

Count in Risk SIS Value in Risk Zone Cumulative Value
Count
High 313 313 $326,180,720 $326,180,720
Medium-High 3,264 3.577 $8,320,434,538 $8,646,615,258
Medium-Low 7,204 10,781 $22,611,526,713 $31,258,141,971
Low 2,212 12,993 $3,957,681,871 $35,215,823,843
Total 12,993 $35,215,823,843

*Building value for all facilities not available
Building values at risk is based on what was available from VAPS.

3.8.7.13 Critical Facility Risk

Detailed information about the critical facilities was not available for this revision of the plan as

discussed previously.
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3.8.7.14 Hurricane Risk to Energy Pipelines

Strong wind associated with hurricanes can affect pipelines by damaging supporting
infrastructure such as power and telephone and satellite communications. Some pipelines require
above ground facilities like pump stations for their operations. Wind can damage these facilities,
causing pipelines to be shutdown. In addition, severe wind events can make pipeline operation
sites inaccessible, making it more difficult to fix the damaged equipment and restore operations.
In some cases, pipeline operators may proactively shutdown pipeline operations prior to the
onset of severe weather, to mitigate potential damages; this may cause supply interruptions.
Flooding associated with hurricanes can also negatively impact pipeline infrastructure.

3.8.7.15 National Risk Index

The National Risk Index (NRI) includes three components: a natural hazards component
(Expected Annual Loss), a consequence enhancing component (Social Vulnerability), and a
consequence reduction component (Community Resilience). Using these three components, a
composite Risk Index score and hazard type Risk Index scores are calculated for each
community (county and Census tract) included in the Index. For the purposes of this
SHMP/HIRA update the qualitative summary for hurricane are reviewed for each community
(county tract).

As shown in Figure 3-108, the greatest risk rating for hurricane identified along the open coast
and portions of the Chesapeake Bay in areas like Northumberland, Lancaster, and Hampton.

Figure 3-108 - Hurricane Risk Map — NRI Risk Rating
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Table 3-69 - NRI Highest Risk Rating for Communities for Hurricane in Virginia

Rank ‘ Community ‘ Rating Score (100 max)
1 Newport News City Relatively Moderate | 17.19
2 Hampton City Relatively Moderate | 14.84
3 Lancaster County Relatively Moderate | 13.77
4 Richmond City Relatively Moderate | 13.7
5 Petersburg City Relatively Moderate | 13.61
6 Northampton County Relatively Moderate | 12.85
7 Northumberland County | Relatively Moderate | 11.58
8 Virginia Beach City Relatively Low 9.2

9 Norfolk City Relatively Low 8.77
10 Chesapeake City Relatively Low 7.57

As discussed above, these measurements are calculated using average past conditions, but they
cannot be used to predict future outcomes for a community. The National Risk Index is intended
to fill gaps in available data and analyses to better inform federal, state, local, tribal, and
territorial decision makers as they develop risk reduction strategies.

Future Conditions

Future climate model projections suggest that topical Atlantic Sea surface temperatures (SSTs)
will warm dramatically during the 21st century, and that upper tropospheric temperatures will
warm even more than SSTs. The models also project increasing levels of vertical wind shear
over parts of the western topical Atlantic. Both the increased warming of the upper tropospheric
temperatures relative to the surface and increased vertical wind shear are detrimental factors for
hurricane development and intensification®. According to the 2022 Hampton Roads Hazard
Mitigation Plan, it is likely that the region will be impacted by hurricanes and tropical storms in
the future. The effects of smaller hurricanes (Categories 1 and 2 with wind speeds from 74-110
mph) and tropical storms (sustained wind speeds of at least 39 mph and torrential rains) will be
frequent, as storms making landfall along the North Carolina and Virginia coastlines could occur
in any given year.

Jurisdictional Risk

Probabilistic results represent a range of losses estimated from a simulation of expected
hurricane activity. The results are based solely on the total direct losses for the entire study
region. This ensures that all the results for a given period come from the same simulated event.
Annualized losses are simply the total losses summed over the entire simulation period divided
by the return period of the scenario. Annualized losses are very useful for comparing loss
estimates from different locations or comparing the risks posed by different hazards at a single
location.

The Commonwealth can expect $199,460,000 in total annualized damages estimated in Hazus.
The coastal jurisdictions of VDEM Region 5 can expect $18.4 million in annualized damages.
Damages range dramatically by jurisdiction. Communities in Southwest Virginia can expect less
than $80,000 in annualized damages due to hurricane winds; Northern Virginia can expect $8.5
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million in annualized damages. Table 3-70 shows the annualized loss results by VDEM region

and jurisdiction.

Table 3-70 - Hazus Hurricane Wind Annualized Loss, by VDEM Region and Jurisdiction

Hurricane Wind

WIRIEA [RECI0 JUSEHEIET Annualized Loss Estimate
Amelia $11,883
Brunswick $15,535
Charles City $7,365
Chesterfield $401,677
Colonial Heights $24,506
Dinwiddie $27,895
Emporia $7,241
Essex $13,529
Goochland $31,649
Greensville $8,733

VDEM Region 1 Hancfver $146,298
Henrico $408,926
Hopewell $24,611
King and Queen $6,501
King William $18,852
New Kent $23,599
Nottoway $14,987
Petersburg $43,551
Powhatan $32,780
Prince George $35,137
Richmond $270,438
Sussex $9,761
Caroline $32,472
Clarke $22,066
Culpeper $55,302
Fauquier $104,412
Frederick $90,546
Fredericksburg $36,211
Greene $18,831
King George $29,955

VDEM Region 2 Louisa $41,756
Madison $16,206
Orange $40,567
Page $25,329
Rappahannock $11,777
Shenandoah $62,131
Spotsylvania $153,562
Warren $48,056
Winchester $38,485

VDEM Region 3 Albemarle $134,637
Amherst $32,294

Commonwealth of Virginia 2023 Hazard Mitigation Plan

3-227



Section 3: Hazard Identification and Risk Assessment

Hurricane Wind

LB 2ol YU Annualized Loss Estimate
Appomattox $15,020
Augusta $77,929
Buckingham $11,954
Campbell $55,277
Charlotte $11,451
Charlottesville $55,277
Cumberland $9,801
Fluvanna $29,763
Halifax $35,533
Harrisonburg $51,506
Lunenburg $10,005
Lynchburg $91,622
Mecklenburg $34,893
Nelson $22,694
Prince Edward $20,140
Rockingham $81,727
Staunton $30,691
Waynesboro $26,145
Bland $6,244
Bristol $20,997
Buchanan $18,027
Carroll $28,509
Dickenson $11,150
Galax $9,266
Grayson $15,121
Lee $19,871

VDEM Region 4 Norton $5,441
Pulaski $37,154
Radford $16,136
Russell $21,306
Scott $20,747
Smyth $29,485
Tazewell $39,622
Washington $58,014
Wise $32,629
Wythe $29,362
Accomack $42,064
Chesapeake $266,902
Franklin $9,114
Gloucester $44,283

VDEM Region 5 Hampton $153,221
Isle of Wight $43,804
James City $100,341
Lancaster $19,286
Mathews $11,630
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Hurricane Wind

LB 2ol YU Annualized Loss Estimate
Middlesex $16,838
Newport News $207,121
Norfolk $291,729
Northampton $15,795
Northumberland $21,873
Poquoson $16,834
Portsmouth $102,661
Richmond $9,091
Southampton $17,957
Suffolk $96,625
Surry $7,562
Virginia Beach $550,430
Westmoreland $26,146
Williamsburg $19,283
York $92,172
Alleghany $18,400
Bath $8,585
Bedford $84,917
Botetourt $42,432
Buena Vista $7,352
Covington $7,004
Craig $5,686
Danville $52,295
Floyd $14,322

VDEM Region 6 Franklin $68,227
Henry $55,385
Highland $3,836
Lexington $9,729
Martinsville $19,976
Montgomery $99,293
Patrick $17,904
Pittsylvania $57,090
Roanoke $235,962
Rockbridge $26,044
Salem $35,288
Alexandria $231,504
Arlington $319,523
Fairfax $1,617,701
Falls Church $22,190

VDEM Region 7 Loudoun $444,365
Manassas $48,240
Manassas Park $15,328
Prince William $505,334
Stafford $167,164
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Annualized damages were also calculated based on NCEI crop and property damages. The
Commonwealth can expect approximately $25,630,543 in damages per year from hurricane wind
events. NCEI annualized damages have been calculated by dividing the total damages statewide
by the period of record. Multiple factors account for the differences in the two annualized loss
values. While NCEI’s data is based on reported estimates, the Hazus results are based on a
highly developed model using Census tract data and estimates of hurricane winds to come up
with potential damage. Hazus total direct economic loss includes damage to structural, non-
structural, building contents, inventory loss, relocation, income loss, rental loss, and wage loss.

Table 3-71 shows the hazard rank for hurricane winds by jurisdiction. Relative to the rest of
Virginia, the eastern jurisdictions have the highest risk for hurricane. This ranking, based on
NCEI records, does not distinguish winds resulting from tropical and non-tropical weather
systems. Some of the impacts in the NCEI records may have been coded as non-tornadic winds
(and included in this wind section). However, sorting these damages out would be very difficult
given the available information.

Table 3-71 - Hurricane Wind Hazard Ranking Parameters

Jurisdiction Population Population LSS Property | Crop Geographic Tc_)tal
Name Vulnerabilit Densit el Damage | Damage Extent RIS

y y Fatalities 9 9 Ranking

Accomack Medium Medium Low High High LMO?Ifljlum' Low Medium

Albemarle Medium-High Medium Low High Medium High Medium-Low | Medium

'gf'exand”a’ CY [ Medium-High | High High High Low ["O‘f,s'”m' Medium-Low | Medium

Alleghany Low Low Low Medium- 1, Medium | Low Medium-
High Low

Amelia Low Low Medium- High Low Medium- 1) Medium-
Low Low Low

Amherst Medium Medium Low Medium- 1, Medium- ., Medium-
High High Low

Appomattox Low Low Low Medium Low Medium- High Medium-
Low Low

Arlington High High Low High Medium LMoevflilum- Medium Medium
. . . . Medium- Medium- .

Augusta Medium-High Medium Low High High High Low Medium
Bath Low Low Low Medium Low LMoevflilum- Low Low

Bedford Medium-High Medium Low High Low High High Medium
Bland Low Low Low mza'um' Low Low Low Low

Botetourt Medium Medium Low Low Low Medium- 1) Medium-
Low Low

Accomack Medium Medium Low High High :\_Aoi\c,“um' Low Medium

Albemarle Medium-High Medium Low High Medium High Medium-Low | Medium

'gf'exand”a’ CY [ Medium-High | High High High Low ["O‘f,s'“m' Medium-Low | Medium

Alleghany Low Low Low Medium- 1, Medium | Low Medium-
High Low
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Jurisdiction Population Population ITILIAES Property Geographic T(.Jtal
Name Vulnerability Density el o Damage Extent Risk .
Fatalities Ranking
Amelia Low Low Medium- High Low Medium- 1, Medium-
Low Low Low
Ambherst Medium Medium Low Medium- 1, Medium- 1, Medium-
High High Low
Appomattox Low Low Low Medium Low Medium- High Medium-
Low Low
Arlington High High Low High Medium LMO?;Ijlum' Medium Medium
. . . . Medium- Medium- .
Augusta Medium-High Medium Low High High High Low Medium
Bath Low Low Low Medium Low LMO?;Ijlum' Low Low
Bedford Medium-High Medium Low High Low High High Medium
Bland Low Low Low mzﬂlum- Low Low Low Low
Botetourt Medium Medium Low Low Low Medium- 1, Medium-
Low Low
Clarke Low Medium Low High Low Medium- ., Medium-
High Low
Colonial . . . . Medium- .
Heights, City of Medium High High Medium Low High Low Medium
Covington, City | Medium-High Medium- High Low Low Low Medium-
of Low Low
Craig Low Low High Medium | Low Medium- 1, Medium-
Low Low
Culpeper Medium Medium High Medium | Medium- | Medium- 1, Medium
Low Low
Cumberland Low Low Low High Medium M_edlum- Low Medium-
High Low
Danville, City of | Medium Medium-High | Low Medium | Medium- | Medium- 1, Medium-
Low Low Low
Dickenson Low Low Low High Medium Medium- ., Medium-
Low Low
Dinwiddie Medium Low Low LMowlum- Low Low Low Low
Emporia Low Medium-High | Low High High LMoevflilum- Low Medium
Essex Low Low Low Medium Low Low Low Low
Fairfax High High Low High Medium :\_Aoi\c,“um' Medium Medium
Fairfax, City of | Medium High Low High Low High High Medium
Falls Church, . Medium- . Medium- Medium-
Cityof Low High Low High Low Low Low Low
Fauquier Medium-High Medium Low High Low :\_Aoi\c,“um' Medium-Low | Medium
. . Medium-
Floyd Low Low Low High Low High Low Low
Fluvanna Medium Medium Low Medium Low Medium- 1, Medium-
Low Low
Franklin Medium Medium Medium- Medium Low Medium- 1, Medium-
Low Low Low
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Name Vulnerability Density el o Damage Extent Risk .
Fatalities Ranking
Franklin, City of | Low Medium-High [/I;Slum- High Low High Low Medium
Frederick Medium-High Medium Low Low High Low Low LMO?;Ijlum'
Fredericksburg, . . . . Medium- .
City of Medium High Low High High High Low Medium
Galax, City of Low Medium-High | Low High Medium Low Low LMO?;Ijlum'
Giles Low Low High Medium Low Medium- 1) Medium-
Low Low
Gloucester Medium Medium Medium- Medium- 1, Medium | Low Medium-
Low High Low
Goochland Medium Medium Low High High ["O‘f;,"”m' Low Medium
Grayson Low Low Medium- Low Low Medium- 1, Low
Low Low
Greene Medium Medium Medium- Medium Low Medium | Low Medium-
Low Low
Greensville Low Low High Mediym | Medium- | Medium- 1, Medium-
Low Low Low
Halifax Medium Low Low Medium- 1, o Medium- 1) Low
Low Low
I(;|fampton, City Medium-High High LMO?;Ij'um' High Low High Medium-Low | Medium
. . . . . Medium- . .
Hanover Medium-High Medium Low High Medium Low Medium-Low | Medium
Harrisonburg, . . Medium- Medium- | Medium- . .
Cityof Medium High Low High Low Medium Low Medium
Henrico High Medium-High | Low Medium- | Medium- 1, Medium Medium
High Low
Henry Medium Medium Low High Elloevslum- High Low Medium
Highland Low Low High High ["Oev‘vj'“m' High Medium Medium
Hopewell, City Medium High Low Low Low Low Low Medium-
of Low
Isle of Wight Medium Medium Low High High Low Low Medium
. . . . . . . Medium- . .
James City Medium-High Medium-High | Low High High Low Medium-Low | Medium
King and Low Low Low High Low Medium- ., Medium-
Queen Low Low
King George Medium Medium Low Low High Medium- 1) Medium-
Low Low
King William Low Low Medium- High Low Medium | Low Medium-
Low Low
Lancaster Low Medium Medium- Low M_edlum- Medium- Low Medium-
Low High Low Low
Lee Medium Low Low High Medium Medium- ., Medium-
Low Low
Lexington, City 1) High Low Medium | MedUM- I yiedium | Low Medium-
of Low Low
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Jurisdiction Population Population ITILIAES Property | Crop Geographic T(.Jtal
Name Vulnerability Density el o Damage | Damage Extent Risk .
Fatalities Ranking
Loudoun High Medium-High [/I;Slum- Medium Low Low Medium Medium
Louisa Medium Medium Medium- High Medium- High Low Medium
Low Low
Lunenburg Low Low Low Medium- 1, Medium | Low Medium-
High Low
Lynchburg, City Low Medium-High | Low Medium Medium- Medium- Low Medium-
of Low Low Low
Madison Low Low Low High Low Medium- 1) Medium-
Low Low
(I\J/}anassas, City Medium High LMO?;Ij'um' Medium Medium Medium Low Medium
Manassas . . . Medium- .
Park, City of Low High High High Low Low Low Medium
M.artlnsvnle, Low Medium-High | Low High Low Low Low Medium-
Cityof Low
Mathews Low Medium Low High Low Low Low EAO?/t/jlum-
Mecklenburg | Medium Low Low High Medium- 1, Low Medium-
High Low
Middlesex Low Medium Low High High Medium Low Medium
Montgomery Medium-High Medium Low High High EAO?/t/jlum- Low Medium
Nelson Low Low Medium- High Medium- M_edlum- Low Medium-
Low Low High Low
New Kent Low Medium Medium- Medium- | Medium- 11 giim | Low Medium-
Low Low Low Low
Newport News, High High Low Medium- 1, Medium- 1 \1ogium-Low | Medium
City of Low Low
Norfolk, City of |High High Low High Medium ["Oflfl"“m' Medium Medium
Northampton | Low Medium Low High Low Medium- ., Medium-
Low Low
Northumberlan Low Low Low High High Medium- Low Medium-
d Low Low
Norton Low Medium-High | Low High M_edlum- Medium- Low Medium
High Low
Nottoway Low Low Medium- Low Low Low Low Medium-
Low Low
Orange Medium Medium Medium- Low Low Medium | Low Medium-
Low Low
. . . Medium- Medium- .
Page Medium Medium Low High High High Low Medium
Patrick Medium Low Low High High Medium Low Medium
Petersburg, . . . . Medium- )
City of Medium Medium-High | Low High Low High Low Medium
Pittsylvania Medium-High Medium Low High High Low Low Medium
Poquoson Low Medium-High | Low High '\H/Iiz(:]'um' High Low Medium
gﬁ;t;[nouth, Medium-High High Low High Low Low Medium-Low | Medium
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Jurisdiction Population Population ITILIAES Property Geographic T(.Jtal
Name Vulnerabilit Densit: e Damage Extent Rl
Y y Fatalities 9 Ranking
Powhatan Medium Medium Medium- High Low Medium- 1, Medium-
Low Low Low
Prince Edward | Medium Medium Low High Medium- | Medium- 1, , Medium-
Low Low Low
Prince George |Medium Medium Low Medium- 1, 5 Medium | Low Medium-
Low Low
. - . . . . . . . . Medium-
Prince William | High Medium-High | Low High High Medium Medium-High High
Pulaski Medium Medium Low High Low High Low Medium
Radford, City of | Low Medium-High | Low Medium- 1, Medium | Low Medium-
High Low
Rappahannock | Low Low Low Low Low Low Low Low
Richmond Low Low Low Medium- " 16 gium Medium- 1) Low
Low Low
Richmond, City High High Medium- Medium- Medium Medium- Medium Medium
of Low Low Low
Roanoke Medium-High Medium-High | High High Medium- [ Medium- 1, Medium
Low Low
(F;foanoke, City Medium-High High Low High Low mzcélum- Medium-Low | Medium
Rockbridge Medium Low Low High Low Medium-f, ., Medium-
Low Low
Rockingham Medium-High Medium Low High Low mzcélum- Low Medium
Russell Medium Low Low High Medium mz(élum— Low Medium
Salem, City of | Medium High Low mzﬂlum- Low Medium Low Medium
. . Medium- Medium- Medium-
Scott Medium Low Medium High Low Low Low Low
Shenandoah Medium Medium High M_edlum- Medium- Medium Low Medium
High Low
. . Medium- Medium- . Medium- .
Smyth Medium Medium Low High High High Low Medium
Southampton Low Low Medium Medium Low Medium Low :\_Aoi\c,“um'
Spotsylvania Medium-High Medium Low Medium- High Medium- 1 \1edium-Low | Medium
Low Low
Stafford Medium-High Medium-High | Low High Medium High Medium-Low | Medium
Staunton, City | 1 gium Medium-High Medium- High Low Medium- 1, Medium
of Low High
Suffolk Medium-High Medium Low Medium- | Medium- Low Low Medium
High High
. . . Medium-
Surry Low Low Low High High Medium Low Low
Medium- . . Medium- Medium-
Sussex Low Low Low High High Low Low Low
Tazewell Medium Medium Medium- Medium- M_edlum- Medium- Low Medium-
Low Low High Low Low
\C/'ig'g'fa Beach, 44ign High Low High Low Medium | Medium-High | Medium
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Jurisdiction Population Population S Property | Crop Geographic T(.Jtal
Name Vulnerability Density el o Damage | Damage Extent Risk .
Fatalities Ranking
Warren Medium Medium Low High High m‘;ﬁ'um' Low Medium
Washington Medium Medium Low Medium Medium Medium Low LMO?/tljlum'
Waynesboro, . . . . Medium- Medium- .
Cityof Medium Medium-High | Low High Low High Low Medium
Westmoreland | Low Medium Low High Medium- |, Low Medium-
High Low
Williamsburg, | Medium-High | Low Medium Medium Medium- 1) Medium-
Cityof Low Low
Winchester, ) . . Medium-
Cityof Medium High Low High Low Low Low Low
Wise Medium Medium Low Medium- High Medium- 1) Medium
High Low
Wythe Medium Medium Low Medium- 1, Medium | Low Medium-
High Low
York Medium-High Medium-High | Low Medium Low Medium Low Eﬂoislum'

3.8.7.16 Local Plan Risk Assessment

Each of the 20 local hazard mitigation plans were reviewed and summarized based on
methodology and results for their hurricane analysis. Each plan varied based on the type of data
available and analysis methodology. Techniques for assessing hurricane wind risk in the local
plans included one or more of the following methods:

e FEMA Hazus

e NCEI statistics

e FEMA Wind Benefit-Coast Module to determine percent of buildings constructed before
and after adoption of local building codes

e ASCE Wind Design Speeds

e Referenced Virginia Hurricane Evacuation Study

Of the 20 local plans, 11 plans used Hazus for hurricane wind analysis in some fashion; nine
plans did not calculate annualized loss for hurricane.

Table 3-72 shows the summary of the local plans that provided annualized losses. None of the
annualized loss values for the local plan are the same as the values calculated for this revision;
this difference may be attributed to the different Hazus scenarios selected for analysis and the
precise study area selected for the model run.

Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-235



Section 3: Hazard Identification and Risk Assessment

Table 3-72 - Local Annualized Loss Estimates

Local Plan Annualized Loss

Commonwealth RC $279,714
Central Shenandoah PDC $274,179
Hampton Roads $86,748,000
Middle Peninsula $2,228,660
New River Valley $563,000
Northern Virginia $6,898,000
Rappahannock Rapidan* $491,000
Richmond Crater* $1,436,741
Southside $482,000
Thomas Jefferson* $832,000
West Piedmont* $29,468,177
*Value updated since 2017

3.8.7.17 Comparison with Local Ranking

Overall, 14 out of the 20 the local hazard mitigation plans ranked hurricane. Out of the 14 that
provided a ranking, 11 ranked hurricanes as a high-risk hazard, 2 ranked hurricane as medium
risk, and 1 ranked hurricane as a low hazard risk (Mount Rogers PDC). The average hazard
ranking for hurricane is high among the local plans.

3.8.7.18 Changes in Development

As indicated at the beginning of the hurricane section, the 2023 statewide analysis has ranked
hurricane as a high hazard. Most local plans did not specifically address changes in development
for each hazard or the effects of changes in development on loss estimates. In most cases, overall
development patterns were discussed in general. Sixteen of the 20 local plans cite their
comprehensive plans for current and future land use changes. Some of the coastal communities
discussed development of residential structures in high hazard areas and the need to evaluate
engineering practices before development or elevation occurs.

Table 3-73 - Emergency Management Accreditation Program Analysis

Subject Detrimental Impacts

Health and Safety of Public

Localized impact expected to be severe to extensive for event areas and minor for other
adversely affected areas.

Health and Safety of Response
Personnel

Localized impacts expected to be minor unless the response personnel live within the
impacted area.

Continuity of Operations

Damage to facilities/personnel in the area of the event may require temporary relocation of
some operations.

Property, Facilities, and
Infrastructure

Depending on the magnitude of the event, localized impact to facilities, residential
properties, and infrastructure in the area of the event could be extensive.

Delivery of Services

Localized disruption of roads, facilities, communications and/or utilities caused by the event
may postpone the delivery of some services.

The Environment

Localized impacts expected to be moderate, including uprooted trees and widespread
debris, which may include hazardous materials.

Economic and Financial Condition

Local economy and finances adversely impacted, possibly for a prolonged period of time.

Public Confidence in the
Jurisdiction's Governance

Ability to respond and recover may be questioned and challenged if planning, response,
and recovery time is not sufficient.
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Community Lifelines Impacted by Hurricanes

Based on the hazard analysis and description of vulnerability and impacts of hurricanes in
Virginia, hurricanes impact all the community lifelines which are:

Food, Water, Shelter
Energy

Health and Medical
Safety and Security
Communications
Transportation
Hazardous Materials

3.8.8 Impoundment Failure
3881  Background

Flooding due to impoundment failure
refers to a collapse, breach, or other
failure that causes an uncontrolled release
of water or sludge from an impoundment,
resulting in downstream flooding. Dam
or levee failures can occur with little
warning in either wet or dry conditions.
Intense storms may produce a flood in a
few hours or even minutes from upstream
locations. Flash floods can occur within
six hours of the beginning of heavy
rainfall, and impoundment failure may
occur within minutes to hours of the first
signs of breaching. Other failures and
breaches can take days to weeks to occur,
because of debris jams or the
accumulation of melting snow.

Levee/Floodwall Impoundments

Ul

12 0 e -
Bland County, 1957: Cr

Crab Orchard Creek Dam Failure
Source: Mount Rogers PDC 2004 Local HMP

FEMA defines a levee as ‘a man-made structure, usually an earthen embankment, designed and
constructed in accordance with sound engineering practices to contain, control, or divert the flow
of water to reduce the risk from temporary flooding.” FEMA accredits levees and can also de-
accredit or provisionally accredit a levee ™. A levee designed to provide flood protection from
at least the 1-percent-annual-chance flood is eligible for accreditation by FEMA. When
accredited, the area protected by the levee will be mapped as a moderate risk zone instead of a
high-risk zone on the Flood Insurance Rate Map (FIRM)™Vii,
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Before a levee can be accredited, FEMA’s levee certification process must be completed, which
focuses exclusively on design construction standards certified by a licensed engineer or related

federal agency. There are nine accredited levee systems in Virginia: Rivanna in Albemarle

County; Bridgewater in Rockingham County; Buena Vista in the City of Buena Vista;

Huntington in Fairfax County; Norfolk, in the City of Norfolk; three systems in the City of

Richmond; and Scottsville, in Albemarle County. There are 13 other levees in Virginia that are
not accredited by FEMA.

Many of the causes and effects of levee failure are similar to dam failure. Failures often occur as
a result of overtopping and piping or other failure modes such as intentional damage, seismic
events, operational and maintenance errors, foundation scouring, and foundation sliding.

The National Levee Safety Program, authorized by the National Levee Safety Act of 2007, is
being implemented by the U.S. Army Corps of Engineers (USACE) and the Federal Emergency
Management Agency (FEMA). The purpose of the National Levee Safety Program is to improve
the way levees are managed throughout the United States and its territories in order to reduce
disaster suffering and improve the resiliency of communities behind levees. There are four major
components that are intended to work together to accomplish the goals of the program: National

Levee Safety Guidelines; Integrated Levee Management; National Levee Database and Data

Collection; and Implementation Support. A potential result may be the establishment of levee
safety programs at the state level.

Virginia’s levee systems are summarized in Table 3-74. Currently, a total of 22 levee systems,

encompassing over 16 miles of levee length and protecting more than 3,400 buildings and a

population of more than 20,000, are listed by the USACE. These levees have an average age of
27 years. Levee risk in Table 3-74 is the risk that exists due to the presence of the levee system,

and this is the risk used to inform the decision on the risk assignment.

Table 3-74 - Levee Systems in Virginia®

. . . Buildings e 5ag7
Levee Name Sponsor Risk Location Population Protected Value
Protected
Alexandria East City of Alexandria Low Alexandria 2,742 223 $323M
Alexandria West City of Alexandria Low Alexandria 56 5 $2.53M
Arlington West Arlington County Low Alexandria 1,351 176 $216M
Arlington East Arlington County Low Arlington County 766 87 $141M
. Town of Bridgewater,
Bridgewater Bridgewater Low Rockingham County 3,094 1,135 $348M
} s City of Buena -
Buena Vista, Virginia Vista, VA Low Buena Vista 1,035 664 $152M
. ] Not Camptown, Isle of
International Paper Levee | Undefined Screened Wight County 0 0 $0
. . City of Danville,
Danvile Flood Reduction | virginia (utiiies | Sor_ | Danville 0 0 $0
Y Division)
Danville Sewage Danville Sewage -
Treatment Plant Treatment Plant Low Danville 0 9 $1.57M
Grundy, VA, LPP Town of Grundy Low Grundy, Buchanan 112 30 $19.3M
County
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Levee Name

Sponsor

Location

Population

Buildings
Protected

Property
Value
Protected

Cameron Run Flood Not Huntington, Fairfax
Protection Project Unknown Screened County 811 65 $60.4M
Norfolk, Virginia - Central | o ¢ Norfolk, VA | Low Norfolk 4,502 219 $625M
Business District
Richmond Filtration Plant Sgy of Richmond, Low Richmond 50 12 $200M
Richmond, Virginia City of Richmond, .
(North) VA Low Richmond 2,578 296 $501M
Richmond, Virginia City of Richmond, .
(South) VDOT Low Richmond 1,271 146 $397M
Barn Branch (Quarry) Luck Stone Not Rivanna, Albemarle 0 0 $0
Levee System Corporation Screened County
Roanoke FRP City of Roanoke Low Roanoke 871 15 $21.6M
Roanoke Sewage Roanoke Sewage
9 Treatment Plant Low Roanoke 42 6 $4.92M
Treatment Plant )
Flood Proofing
Roanoke STP Ring Levee City of Roanoke, Not Roanoke 0 0 $0
Virginia Screened
Scottsville, Virginia Town of Scottsville, Low Scottsville, Albemarle 111 70 $12.8M
VA County
Virginia Beach, Virginia City of Virginia Low Virginia Beach 1,991 254 $241M
! Beach, VA !
South River Levee Unknown Not Waynesboro, Augusta 0 0 $0
Screened County

Source: https://levees.sec.usace.army.mil/#/

Dam Impoundments

Dams and associated lakes, ponds, and impoundments are part of the Commonwealth’s overall
water resource landscape. As such, a dam failure or breach can have an extensive impact on the
magnitude of downstream flooding and wide scale damages. The Virginia Department of
Conservation and Recreation, Division of Dam Safety and Floodplain Management (Virginia
DSFPM) administers the Virginia Dam Safety Program under the authority of the Virginia Soil
and Water Conservation Board (Virginia SWCB). The Virginia DSFPM, by authority of the
Virginia SWCB, is the key regulatory entity for dams in Virginia not otherwise regulated by the
Virginia State Corporation Commission, Virginia Department of Energy (DOE), United States
Government, or as defined in Section 4VAC50-20-30 of the Virginia Impounding Structure
Regulationslxix.

The Virginia SWCB regulates impounding structures in the Commonwealth to ensure that they
are ‘properly and safely constructed, maintained and operated.’Ixx Per section 4VAC50-20-50 of
the Virginia Impounding Regulations, “an impounding structure shall be regulated if the
impounding structure is 25 feet or greater in height and creates a maximum impounding capacity
of 15 acre-feet or greater, or the impounding structures is six feet or greater in height and creates
a maximum impounding capacity of 50 acre-feet or greater and is not otherwise exempt from
regulation by the Code of Virginialxxi.” The regulations promulgated to achieve these ends are
recorded in the Virginia Administrative Code also known as the Virginia Impounding Structure
Regulations.Ixxii Ongoing dam inspections, Virginia’s participation in the National Dam Safety
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Program, the FEMA High Hazard Potential Dam Program, and the work of the USACE link
together in order to identify, assess and mitigate risks of potential dam failures.

Per the current Virginia Impounding Structure Regulations, an “impounding structure” or “dam”
can be defined as the following: “a man-made structure, whether a dam across a watercourse or
structure outside a watercourse, used or to be used to retain or store waters or other
materials™ " ” Dams are classified with a hazard potential depending on the downstream impacts
or consequences during a dam failure event. Hazard potential is not related to the structural
integrity of a dam, environmental impacts, or to specific social vulnerabilities of the downstream
inundation area. Hazard potential, or risk, is strictly related to the potential for adverse
downstream effects if the dam were to fail. Regulatory requirements, such as the frequency of
dam inspection, the standards for spillway design, and actions within established emergency
plans, are dependent upon the dam’s assigned hazard potential classification. Table 3-75
provides additional information on these hazard potential classifications.

Table 3-75 - Dam Hazard Potential Classification System in Virginialxxiv

Hazard

Potential Description

Inspection

Failure will cause probable loss of life or serious economic damage
High (to residences, businesses buildings, facilities, other occupied
structures, public utilities, major roadways, railroads etc.)

Annual owner inspection, Professional
Engineer inspection every 2 years.

Failure may cause loss of human life or appreciable economic
Significant damage (to residences, businesses, buildings, facilities, other
occupied structures, public utilities, secondary roadways, etc.)

Annual owner inspection, Professional
Engineer inspection every 3 years.

Failure would result in no expected loss of human life, and cause no | Annual owner inspection, Professional

Low L . . h !
more than minimal economic damage Engineer inspection every 6 years.

The owner(s) of each regulated dam classified as high, significant, or low hazard operating under
normal conditions is required to apply to Virginia DSFPM for a Regular Operation and
Maintenance Certificate every 6 years. Should a dam have a known deficiency, Virginia DSFPM
may issue a Conditional Operation and Maintenance Certificate, during which time the dam
owner is required to correct the deficiency. Any application for an Operation and Maintenance
Certificate must include an assessment of condition of the dam by a licensed Virginia
Professional Engineer and an Emergency Action Plan (EAP) or an Emergency Preparedness
Plan.

Dam condition assessment definitions, as accepted by the National Dam Safety Review Board,
are as follows:

Satisfactory - No existing or potential dam safety deficiencies are recognized. Acceptable
performance is expected under all loading conditions (static, hydrologic, seismic) in accordance
with the minimum applicable state or federal regulatory criteria or tolerable risk guidelines.

e Typical Circumstances:
o No existing deficiencies or potentially unsafe conditions are recognized, with the
exception of minor operational and maintenance items that require attention.
o Safe performance is expected under all loading conditions including the design
earthquake and design flood.
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Permanent risk reduction measures (reservoir restrictions, spillway modifications,
operating procedures, etc.) have been implemented to eliminate identified
deficiencies.

Fair - No existing dam safety deficiencies are recognized for normal operating conditions. Rare
or extreme hydrologic and/or seismic events may result in a dam safety deficiency. Risk may be
in the range to take further action. Note: Rare or extreme event is defined by the regulatory
agency based on their minimum applicable state or federal criteria.

Other Circumstances:

@)
©)

©)

Lack of maintenance requires attention to prevent developing safety concerns.
Maintenance conditions may exist that require remedial action greater than routine
work and/or secondary studies or investigations.

Interim or permanent risk reduction measures may be under consideration.

Poor - A dam safety deficiency is recognized for normal operating conditions which may
realistically occur. Remedial action is necessary. “Poor” may also be used when uncertainties
exist as to critical analysis parameters which identify a potential dam safety deficiency.
Investigations and studies are necessary.

Other Circumstances:

©)

(@]

Dam has multiple deficiencies or a significant deficiency that requires remedial
work.

Lack of maintenance (erosion, sinkholes, settlement, cracking, unwanted
vegetation, animal burrows, inoperable outlet gates) has affected the integrity or the
operation of the dam under normal operational conditions and requires remedial
action to resolve.

Critical design information is needed to evaluate the potential performance of the
dam. For example, a field observation or a review of the dam’s performance history
has identified a question that can only be answered by review of the design and
construction history for the dam. Uncertainty arises when there is no design and/or
construction documentation available for review and additional analysis is needed
to better understand the risk associated with operation under normal operational
conditions.

Interim or permanent risk reduction measures may be under consideration.

Unsatisfactory - A dam safety deficiency is recognized that requires immediate or emergency
remedial action for problem resolution.

Typical Circumstances:

(@]

A critical component of the dam has deteriorated to unacceptable condition or
failed.

A safety inspection indicates major structural distress (excessive uncontrolled
seepage, cracks, slides, sinkholes, severe deterioration, etc.), advanced
deterioration, or operational deficiencies which could lead to failure of the dam or
its appurtenant structures under normal operating conditions.
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o Reservoir restrictions or other interim risk reduction measures are required.
o A partial or complete reservoir drawdown may be mandated by the state or federal
regulatory agency.

Not Rated - The dam has not been inspected, is not under state or federal jurisdiction, or has been
inspected but, for whatever reason, has not been rated.

Table 3-76 below provides current condition assessments for dams of regulatory size in the
Commonwealth. There are 81 dams in Poor or Unsatisfactory condition. In addition, there are a
total of 1,876 dams without an assigned condition assessment. These dams are currently being
assessed by DSFPM to identify dams with downstream impacts and additional regulatory
action(s) needed.

Table 3-76 - Current Condition Assessment for Dams of Regulatory Size

Low,

Conditional High,

Assessment Y Significant Special Unknown Grand Total
Unsatisfactory | 2 1 2 2 7

Poor 23 12 16 5 18 74

Fair 143 1 53 36 9 39 281
Satisfactory 176 3 65 87 6 22 359

Not Rated 23 43 67 46 1,795 1,974
Grand Total 367 4 174 208 66 1,876 2,695

Downstream flooding following a dam failure may occur due to any one or a combination of the
following factors:

e Prolonged periods of rainfall and flooding;

e Inadequate spillway capacity;

e Internal erosion caused by embankment or foundation leakage or piping;

e Improper maintenance, including failure to remove trees and/or woody vegetation, repair
internal seepage problems, replace lost material from the cross section of the dam and
abutments, failure to clean and remove debris or obstructions, or maintain gates, valves, or
other operational components;

e Improper design, including the use of improper construction materials and incorrect
construction practices or methods;

e Improper operation, including failure to remove or open gates or valves during high flow
periods;

e Failure of upstream dams on the same waterway (dams in series condition);

e High winds, which can cause significant wave action and result in substantial erosion; or

Intentional terrorism or criminal acts.

3.8.8.2  Location and Spatial Extent

As of May 2022, VA DSFPM is aware of approximately 3,670 dams within the Commonwealth
based on information provided through DCR’s Dam Safety Inventory System (DSIS) and
reported to the USACE National Inventory of Dams. Out of those 3,670 known dams, Virginia
DSFPM regulates approximately 2,600 dams (71%). When evaluating the 2,600 dams, it is
known that there are 350 high hazards along with four special high hazard dams (14%), 165
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significant hazard (6%), 263 low hazard (10%), and more than 1,800 unknown hazard (70%)
dams under the regulatory authority of Virginia DSFPM. At this time Virginia DSFPM has
decided to utilize the label “unknown hazard potential classification” for dams where an
inundation study is required to be performed by the dam owner’s engineer and submitted,
reviewed, and approved (confirmed) by Virginia DSFPM prior to assignment of a final hazard
potential classification. As an interim measure DCR is conducting simplified dam break
inundation zone studies on unknown dams prioritized based on the dam size and impact of
failure. These agency studies do not relieve the dam owner of the obligation to undertake
detailed dam break inundation studies in accordance with 4VAC50-20-50, Performance
standards required for impounding structures. The interim studies do provide Virginia DSFPM,
VDEM, and local emergency management officials with best available information to respond to
a dam incident. About 1,106 dams are regulated by other entities such as FERC, USACE and
Virginia Energy. Five dams are still under evaluation with respect to regulatory status.

Risks and vulnerabilities to and from high hazard potential dams include:

e Potential significant economic, environmental, or social impacts as well as
multijurisdictional impacts from a dam incident;

e Loss of services such as flood control, water supply, water quality, wildlife, or recreation
when the dam fails;

e Disruptions to the transportation network; and

e Damage to critical infrastructure.

Figure 3-109 shows the locations of the high hazard dams in the state for which coordinates were
available; not all dams have coordinate location data in DSIS. Figure 3-110 illustrates the
Virginia regulated high hazard dam locations and condition assessment. The majority of high
hazard dams in Virginia are in satisfactory or fair condition.

Risk data is compiled in DSIS for each high hazard dam. DCR, VDEM, and local emergency and
planning staff are provided copies of approved EAPs. The plans include detailed information on
risk to the following:

e Dwellings;
e Schools;

e Hospitals;
e Businesses;
e Railroads;
e Utilities;

e Parks;

e Golf Course;
e Public Trails; and
e Emergency Infrastructure.

Professional Engineers (PEs) analyze the risk at each dam by evaluating growth downstream of
the dam in each inspection and in detail every six years during the EAP update. In the case of
dams in series, PEs must evaluate the most critical combination. Other factors considered in risk
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assessment by Virginia DSFPM include the population at risk, land use, inspection condition
assessment and any missing studies, such as stability analyses under normal and extreme loading
conditions (seismic and hydrologic), and any measures underway that affect the operational
status, such as drawdowns or temporary pumps and siphons when dams are compromised.
Virginia DSFPM is moving toward the development of more comprehensive evacuation plans in
future EAPs that incorporate information about blocked roads and provide the best escape routes.

The owner and PE must regularly monitor development upstream of the dam and update the dam
break inundation zone unless the dam was designed for full future upstream development. If
upstream changes in development necessitate a new spillway design flood exceeding the existing
spillway capacity, an alteration permit and subsequent construction of spillway modifications is
required. Currently, Virginia DSFPM requires PEs to map each structure and, for those that are
businesses, residences, schools or other occupied structures, compute both the arrival time of the
flood wave and time and magnitude of peak flood. Population at Risk (PAR) data for dwellings
is calculated using data from the Census Bureau.

The 354 known high hazard dams regulated by the Virginia DSFPM are summarized in Table
3-77. The dam locations are shown in Figure 3-109. Dam condition is shown in Figure 3-110.
Figure 3-110 through Figure 3-116 provide a more detailed depiction of the location of the high
hazard dams in each VDEM Region. The total number of high hazard dams in each VDEM
Region include:

e Region 1 (31 dams)
e Region 2 (53 dams)
e Region 3 (100 dams)
e Region 4 (30 dams)
e Region 5 (23 dams)
e Region 6 (50 dams)
e Region 7 (67 Dams)
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Figure 3-109 - High Hazard Dams in Virginia

Figure 3-110 - High Hazard Dams in Virginia — Condition Assessment

Virginia Regulated Dam Locations
High Hazard Ranked Locations
Condition Assessment

® Satisfactory

Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-245



Section 3: Hazard Identification and Risk Assessment

Table 3-77 - Known High Hazard Potential Classification Dams Regulated by VA DSFPM

Dam Name

VDEM
Region

City/County

Condition
Assessment

Structure
Impacts

Primary
Road
Impacts

Bridgeforth Mill Dam 1 Amelia County Satisfactory 1 1 6
Brunswick Lake Dam 1 Brunswick County Poor 1 3 12
Great Creek Dam # 6A 1 Brunswick County Fair 370 2 968
Swift Creek Dam 1 Chesterfield County Satisfactory 42 2 274
Cosby Dam 1 Chesterfield County Not Rated TBD TBD TBD
Swift Creek Reservoir Dam 1 Chesterfield County Satisfactory 2,400 1 6,243
Margaret Dam 1 Chesterfield County Fair 11 3 46
Falling Creek Reservoir Dam 1 Chesterfield County Satisfactory 264 3 698
Woodland Pond 1 Chesterfield County Satisfactory 10 3 36
Lake Salisbury Dam 1 Chesterfield County Satisfactory 1,870 6 4,881
Lake Patrick Henry Dam 1 Chesterfield County Satisfactory 8 1 24
Lake Crystal Dam 1 Chesterfield County Not Rated 2 3 23
Wake Lake Dam 1 Chesterfield County Not Rated 22 9 383
Commerce Park Dam 1 Dinwiddie County Not Rated 53 3 147
Dover Lake Dam 1 Goochland County Satisfactory 1 1 6
Broad Branch Dam 1 Goochland County Fair 5 4 26
g{aergztrtvl(\)/:lrjggir%al Raw Water Storage 1 Greensville County Satisfactory 5 2 19
Cherrydale Dam 1 Hanover County Fair 7 3 27
Tiller Lake Dam 1 Hanover County Fair 8 TBD 21
Canterbury Dam 1 Henrico County Fair 205 1 536
Echo Dam 1 Henrico County Fair 24 2 135
Wellesley Dam 1 Henrico County Poor 60 3 167
Lake Overton Dam 1 Henrico County Not Rated 1 11
Lake Rooty Dam 1 Henrico County Fair 1 24
Barrington Dam 1 Henrico County Satisfactory 1 31
Woodhaven Dam 1 New Kent County Fair 11 2 35
Nottoway Lake Dam 1 Nottoway County Fair 7 21
Upper Powhatan Dam 1 Powhatan County Poor 2 6

Mill Quarter Lake Dam 1 Powhatan County Satisfactory 45 1 120
Wilcox Dam 1 City of Petersburg Poor 117 10 504
Winston Lake Dam 1 City of Richmond Fair 2 2 45
Lake Caroline Dam 2 Caroline County Fair 9 5 39
Mountain Run Dam #11 2 Culpeper County Satisfactory 25 5 81
Mountain Run Dam #50 2 Culpeper County Satisfactory 1,241 5 3,243
Mountain Run Dam #13 2 Culpeper County Satisfactory 11 1 50
Mountain Run Dam #18 2 Culpeper County Satisfactory 131 9 1,340
Warrenton Dam 2 Fauquier County Satisfactory 4 4 23
Thompson Dam 2 Fauquier County Poor 21 4 67
Lake Anne Dam 2 Fauquier County Satisfactory 7 1 39
Lake Brittle Dam 2 Fauquier County Fair 1 4 13
Warrenton Lake Dam 2 Fauquier County Poor 10 4 72
Licking Run Dam 2 Fauquier County Satisfactory 37 3 106
Cedar Run Dam #3 2 Fauquier County Satisfactory 19 8 183
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- Primary
Dam Name City/County igggéts'?nnem ﬁ;r; : é:‘ Sr & :?T?ggcts
Lake Ashby Dam 2 Fauquier County Satisfactory 16 1 45
Lake Serene Dam 2 Frederick County Satisfactory 2 6
Cove Lake Dam #1 2 Frederick County Satisfactory 2 19
Cove Dam #2 2 Frederick County Satisfactory 33 TBD 86
Lake Frederick Dam 2 Frederick County Fair 31 97
Lake Holiday Dam 2 Frederick County Satisfactory 39 4 470
Lake Isaac Dam 2 Frederick County Satisfactory 1 2 9
Silver Lake Dam 2 Frederick County Satisfactory TBD 8
Greene Acres Dam 2 Greene County Not Rated 4 1 14
Deer Lake Dam 2 Greene County Fair 11 1 32
Ruckers Lake Dam 2 Greene County Poor 7 2 25
Twin Lakes Dam # 2 2 Greene County Satisfactory 10 3 36
Twin Lakes Dam # 1 2 Greene County Satisfactory 31 2 87
Twin Lakes Dam No. 3 2 Greene County Satisfactory 5 2 19
Lake Monroe Dam 2 King George County | Unsatisfactory | 7 4 31
Gordonsville Dam 2 Louisa County Satisfactory 330 3 868
South Anna No. 5 2 Louisa County Fair 3 13 49
South Anna Dam #3 2 Louisa County Fair 2 10 37
South Anna Dam #4 2 Louisa County Fair 434 9 1,157
South Anna Dam #6B 2 Louisa County Satisfactory 315 11 854
South Anna Dam #22 2 Louisa County Satisfactory 44 3 124
Beautiful Run Dam #2A 2 Madison County Satisfactory 2 5 23
Lake of the Woods Dam 2 Orange County Satisfactory 43 1 115
Lake Orange Dam 2 Orange County Fair 5 3 14
Keaton's Run Dam 2 Orange County Satisfactory 21 1 58
Dry Run Dam #102 2 Page County Satisfactory 217 19 625
Dry Run Dam #101 2 Page County Satisfactory 217 19 625
Whippoorwill Dam 2 Eﬁﬂﬁghannock Fair 2 1 11
Stony Creek Dam #9 2 Shenandoah County | Satisfactory 258 12 2,132
Stony Creek Dam #10 2 Shenandoah County | Satisfactory 211 10 1,594
Woodstock Dam 2 Shenandoah County | Fair 79 225
Ni River Dam #1 2 Spotsylvania County | Fair 99 267
Motts Run Reservoir Dam 2 Spotsylvania County | Satisfactory 604 26 3,708
Wilderness Dam 2 Spotsylvania County | Satisfactory 9 93
Fawn Lake Dam 2 Spotsylvania County | Fair 76 220
Indian Acres Dam 2 Spotsylvania County | Satisfactory 6 22
Hunting Run Dam 2 Spotsylvania County | Fair 678 29 4,572
The Laurels Dam 2 Spotsylvania County | Fair 4 14
Lake of the Clouds Dam 2 Warren County Satisfactory 5
Lake Front Royal Dam 2 Warren County Fair 43
Montfair West Dam 3 Albemarle County Satisfactory 4 26
Ragged Mountain Dam 3 Albemarle County Satisfactory 800 47 4,388
Beaver Creek Dam #1 3 Albemarle County Satisfactory 13 5 50
Sugar Hollow Dam 3 Albemarle County Satisfactory 30 1 81
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- Primary
Dam Name City/County igggéts'?nnem ﬁ;r; : é:‘ Sr & :?T?ggcts
Albemarle Dam 3 Albemarle County Fair 3 4 21
Chris Greene Dam 3 Albemarle County Satisfactory 1 3 13
Upper Mint Springs Dam 3 Albemarle County Satisfactory 21 3 65
Birdwood GC Hole #2 Dam 3 Albemarle County Satisfactory TBD TBD TBD
Peacock Hill Dam 3 Albemarle County Fair 0 1 12
Mink Creek Dam 3 Albemarle County Fair 105 9 504
Hollymead Dam 3 Albemarle County Satisfactory 8 2 27
Middle Mint Spings Dam 3 Albemarle County Fair 21 2 67
North Fork Park Pond Dam 3 Albemarle County Fair 2 22
Mountain Valley Dam 1 3 Albemarle County Fair 1 2
Mountain Valley Dam 4 3 Albemarle County Poor 1 2
Pedlar River Dam 3 Amherst County Satisfactory 41 12 145
Earley Dam 3 Amherst County Fair 1 1 3
Dan E. French Reservoir Dam 3 Amherst County Satisfactory 18 3 56
Buffalo River Dam # 3 3 Amherst County Satisfactory 11 14 73
Buffalo River Dam # 2 3 Amherst County Satisfactory 6 13 57
Sweet Briar College - Lower Dam 3 Ambherst County Fair 1 1 6
Buffalo River Dam # 4A 3 Amherst County Fair 15 16 920
Greif Holding Pond Dam 3 Amherst County Satisfactory 1 1 6
Greif Sludge Pond # 2 Dam 3 Ambherst County Satisfactory 1 1 6
Greif Aeration Pond Dam 3 Ambherst County Satisfactory 1 1 6
South River Dam #26 3 Augusta County Satisfactory 806 27 10,701
South River Dam #25 3 Augusta County Satisfactory 983 35 12,543
South River Dam #10A 3 Augusta County Satisfactory 364 2 953
Upper North River Dam #10 3 Augusta County Satisfactory TBD 2 6
Upper North River #76 3 Augusta County Satisfactory 280 8 754
Upper North River #77 3 Augusta County Satisfactory 404 9 3,974
South River Dam #23 3 Augusta County Satisfactory 785 28 10,766
South River Dam #6 3 Augusta County Fair 15 4 230
South River Dam #4 3 Augusta County Satisfactory 15 3 239
South River Dam #11 3 Augusta County Satisfactory 35 3 101
South River Dam #19 3 Augusta County Poor 9 1 108
Upper Wallace Dam 3 Augusta County Fair 41 4 119
Staunton Dam 3 Augusta County Fair 1 1 6
Coles Run Dam 3 Augusta County Satisfactory 207 3 548
South River Dam #7 3 Augusta County Satisfactory 8 2 89
Willis River Dam #1A 3 Buckingham County Satisfactory 10 2 22
Willis River Dam #3 3 Buckingham County Satisfactory 1 2
Willis River Dam #4 3 Buckingham County Satisfactory 1 1
Willis River Dam #5E 3 Buckingham County Satisfactory 1 1 24
Willis River Dam #5F 3 Buckingham County Fair 1 1 13
Willis River Dam #6 3 Buckingham County Satisfactory 2 1 16
Willis River Dam #6A 3 Buckingham County Satisfactory 2 2 16
Willis River Dam #9 3 Buckingham County Satisfactory 0 3 3
Muddy Creek Dam #1 3 Buckingham County Fair 4 8 36

Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-248



Section 3: Hazard Identification and Risk Assessment

L Primary
. Condition Structure
Dam Name City/County Assessment Impacts Road
Impacts
Muddy Creek Dam #2 3 Buckingham County Satisfactory 4 2 17
Slate River Dam #2 3 Buckingham County Satisfactory 9 3 44
Horsepen Creek Dam 3 Buckingham County Fair 3 1 7
Willis River Dam #2 3 Buckingham County Satisfactory 0 3 26
Slate River Dam #8 3 Buckingham County Satisfactory 8 9 50
Slate River Dam #7 3 Buckingham County | Satisfactory 5 2 43
Buckingham County Dam #2 3 Buckingham County Unsatisfactory | O 1 6
Timberlake Dam 3 Campbell County Satisfactory 11 7 51
Otter Rl\{er Raw Water Terminal 3 Campbell County Satisfactory 2 1 8
Reservoir Dam
Roanoke Creek Dam # 72A 3 Charlotte County Satisfactory 45 6 136
Roanoke Creek Dam # 68 3 Charlotte County Fair 0 3 10
Roanoke Creek Dam # 5B 3 Charlotte County Fair 0 2 16
Roanoke Creek Dam # 6A 3 Charlotte County Fair 0 2 15
Roanoke Creek Dam # 62 3 Charlotte County Satisfactory 0 1 10
Roanoke Creek Dam # 67 3 Charlotte County Fair 0 2 6
Roanoke Creek Dam # 4A 3 Charlotte County Fair 0 1
Roanoke Creek Dam # 61A 3 Charlotte County Satisfactory 0 1
Roanoke Creek Dam # 31B 3 Charlotte County Fair 0 2 12
Roanoke Creek Dam # 54 3 Charlotte County Fair 0 2 6
Roanoke Creek Dam # 43A 3 Charlotte County Fair 0 3 10
Cobbs Creek Regional Water Supply | 4 Cumberland County | Not Rated 2,972 21 7,794
Dam (Main Dam A)
Cobbs Creek Regional Water Supply
Reservoir Saddle Dam (Dam B). 3 Cumberland County Not Rated 2,972 21 7,794
Cobbs Creek Regional Water Supply
Reservoir Dam Perimeter Dam (Dam | 3 Cumberland County Not Rated 2,972 21 7,794
C)
Lake Monticello Dam Fluvanna County Satisfactory 23
Fluvanna Ruritan Dam Fluvanna County Poor 20
Ilaa;kne] Monticello Settlement Pond 3 Fluvanna County Fair 39 4 114
g':nTo Power Station East Ash Pond 3 Fluvanna County Satisfactory 0 1 3
Bremo Power Station Dam Fluvanna County Satisfactory 1 1 6
Gordons Dam Mecklenburg County | Fair 3 1 11
Lake Monocan Dam Nelson County Satisfactory 30 1 81
Buffalo Creek Dam # 4 3 Prince Edward Satisfactory 34 6 688
County
Bush River Dam # 2 3 Prince Edward Fair 3 4 21
County
Bush River Dam # 12 3 Prince Edward Satisfactory 36 28 756
County
Bush River Dam # 7 3 Prince Edward Fair 1 5 74
County
Briery Creek Lake Dam 3 Prince Edward Fair 41 10 139
County
Bush River Dam # 4B 3 Prince Edward Satisfactory 2 5 80
County
Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-249




Section 3: Hazard Identification and Risk Assessment

- Primary
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Lower North River # 80 3 Rockingham County | Satisfactory 200 4 544
Lower North River # 78 3 Rockingham County | Satisfactory 0 6 19
Lower North River # 83 3 Rockingham County Fair 300 10 361
Lower North River # 22B 3 Rockingham County | Satisfactory 125 729
Lake Shenandoah Dam 3 Rockingham County Poor 4 33
Lower North River # 81C 3 Rockingham County | Satisfactory TBD 10
Lower North River # 82 3 Rockingham County | Satisfactory 753 15 7,212
Shoemaker River # 1A 3 Rockingham County | Satisfactory 54 1 438
Shoemaker River # 4C 3 Rockingham County | Satisfactory 114 10 1,087
Shoemaker River # 3B 3 Rockingham County | Satisfactory 72 6 473
Newman Lake Dam 3 City of Harrisonburg Satisfactory 49 1 147
College Lake Dam 3 City of Lynchburg Poor 112 2 331
Lake Summit Dam 3 City of Lynchburg Satisfactory 24 4 142
Lakeland Dam 3 City of Lynchburg Fair 12 1 40
South River Dam #8A 3 City of Waynesboro Satisfactory 310 2 846
Crab Orchard Creek Dam 4 Bland County Satisfactory 115 9 328
:gt)ewarts Creek - Lovills Creek Dam 4 Carroll County Satisfactory 9 2 15
Isom Dam 4 Carroll County Not Rated TBD TBD TBD
White Oak Creek Dam 4 Dickenson County Satisfactory 2 27
Glen Lyn Fly Ash Dam 4 Giles County Satisfactory 0 1
Celanese Acetate Pond A 4 Giles County Satisfactory 1 TBD
West Pond Dam 4 Giles County Satisfactory 0 1
Hidden Valley Estates Dam 4 Grayson County Satisfactory 16 8 67
Keokee Dam 4 Lee County Fair 162 8 159
Hogan Dam 4 Pulaski County Satisfactory 81 2 217
Lake Powhatan Dam 4 Pulaski County Fair 17 2 51
Gatewood Dam 4 Pulaski County Fair 710 12 1,884
Laurel Bed Dam 4 Russell County Fair 118 7 329
Clinch River Flyash Dam #2 4 Russell County Satisfactory TBD TBD TBD
Clinch River Flyash Dam #1 4 Russell County Satisfactory TBD 2 6
Bark Camp Dam 4 Scott County Fair 111 3 416
Hungry Mother Dam 4 Smyth County Satisfactory 189 18 2,539
Upper Clinch River Dam #8 4 Tazewell County Fair 284 23 1,198
Falls Mill Dam 4 Tazewell County Fair 58 60
Upper Clinch Valley Dam #1B 4 Tazewell County Satisfactory 323 861
Hidden Valley Lake Dam 4 Washington County Fair 21 61
Bens Branch Dam 4 Wise County Fair 172 547
Bear Creek Dam 4 Wise County Satisfactory 826 11 2,368
Big Cherry RCC Dam 4 Wise County Fair 1,764 14 4,628
UVA Wise #1 Dam 4 Wise County Not Rated 18 508
UVA Wise #2 Dam 4 Wise County Not Rated 18 508
Dominion Virginia City Dam #2 4 Wise County Satisfactory 24 122
Rural Retreat Dam 4 Wythe County Fair 39 185
Lower Norton Reservoir Dam 4 City of Norton Fair 17 15 344
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Dam Name City/County ggggétsl?nnen ¢ ﬁ;r;:é;;sre :?T?ggcts
Upper Norton Reservoir Dam 4 City of Norton Satisfactory 17 15 344
Cow Creek Dam 5 Gloucester County Satisfactory 2 3 33
Beaverdam Lake Dam 5 Gloucester County Fair 248 2 651
B - 1 Pond Dam 5 Isle of Wight County Fair 54 6 160
B - 2 Pond Dam 5 Isle of Wight County Fair 54 6 160
ASB Pond Dam 5 Isle of Wight County Fair 54 4 231
Little Creek Dam 5 James City County Poor 2 2 12
Diascund Creek Dam 5 New Kent County Poor 208 25 621
Harwood's Mill Dam 5 York County Poor 172 21 867
Waller Mill Dam 5 York County Fair 4 3 70
22:13 Zaﬂr:jegl;zilfnr;ir?g;‘%nltje;rﬁottom 5 City of Chesapeake Satisfactory 0 0 1
Lee Hall Reservoir Dam 5 f\l::zv(s)f Newport Satisfactory 312 4 1,270
Lake Whitehurst Dam 5 City of Norfolk Fair 15 1 44
Lake Cohoon Dam 5 City of Suffolk Poor 163 10 1,176
Lake Kilby Dam 5 City of Suffolk Poor 127 883
Lake Burnt Mills Dam 5 City of Suffolk Fair 23 4 321
Speights Run Dam 5 City of Suffolk Poor 53 10 271
Western Branch Dam 5 City of Suffolk Satisfactory 267 14 1,445
Lake Meade Dam 5 City of Suffolk Poor 122 17 657
Godwins Millpond Dam 5 City of Suffolk Poor 4 1 30
C - Pond Dam 5 City of Suffolk Fair 165 5 1,095
Lake Smith Dam 5 City of Virginia Fair 669 1 1,745

Beach
Little Creek Reservoir Dam 5 City of Virginia Fair 23 1 65

Beach
Lake Matoaka Dam 5 City of Williamsburg Fair 13 1 54
Clifton Forge Dam 6 Alleghany County Satisfactory 611 15 1,987
Landfill No. 2 Dam 6 Alleghany County Satisfactory 1 1 6
Douthat Lake Dam 6 Bath County Satisfactory 44 159
Beaverdam Creek Dam 6 Bedford County Poor 7 58
f’éggfgrdc)reek Reservoir Dam 6 Bedford County Fair 24 7 244
Bedford Lake Dam 6 Bedford County Satisfactory 1 81
Springhill Lake Dam 6 Bedford County Not Rated 1 12
Falling Creek Reservoir Dam 6 Bedford County Fair 18 198
Ivy Hill Dam 6 Bedford County Fair 125 18 1,163
Woods Landing Dam 6 Bedford County Satisfactory 0 1 1
gg‘:‘rzt Water Plant - Sludge Lagoon 6 Bedford County Satisfactory 0 1 1
Elk Garden Lake Dam 6 Bedford County Not Rated 1 12
Eagle Eyrie Lake Dam 6 Bedford County Fair 1 4 23
Stroobants Dam 6 Bedford County Fair 1 8
Carvin Cove Dam 6 Botetourt County Satisfactory 3,656 84 32,468
Rainbow Forest Dam 6 Botetourt County Satisfactory 140 383
Blue Ridge Estates Dam 6 Botetourt County Satisfactory 100 276
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Johns Creek Dam #2 6 Craig County Fair 24 1 265
Johns Creek Dam #1 6 Craig County Fair 58 1 559
Johns Creek Dam #3 6 Craig County Fair 17 1 191
Johns Creek Dam #4 6 Craig County Fair 25 1 260
Upper Blackwater River Dam #6 6 Franklin County Fair 14 6 55
Upper Blackwater River Dam #4 6 Franklin County Fair 6 3 39
Leatherwood Creek Dam #5 6 Henry County Fair 28 8 357
Beaver Creek Dam 6 Henry County Fair 113 4 307
Leatherwood Creek Dam #3 6 Henry County Fair 29 7 98
Leatherwood Creek Dam #2A 6 Henry County Fair 26 9 328
Leatherwood Creek Dam #4 6 Henry County Fair 3 48
Leatherwood Creek Dam #6 6 Henry County Fair 4 7 77
Marrowbone Creek Dam #1 6 Henry County Fair 63 8 426
Horse Pasture Creek Dam #2 6 Henry County Fair 2 4 26
Horse Pasture Creek Dam #1C 6 Henry County Fair 1 1 51
Smith River Dam 6 Henry County Fair 110 3 590
Patriot Centre SW Pond #2 6 Henry County Satisfactory 27 2 77
Hunt Country Farms Dam 6 Henry County Fair 7 1 94
Braswell's Dam 6 Patrick County Fair 7 9 a7
Cherrystone Creek Dam # 1 6 Pittsylvania County Fair 5 4 26
Cherrystone Creek Dam # 2A 6 Pittsylvania County Fair 27 5 86
Burton Dam 6 Pittsylvania County Fair 2 4 18
mfgrlvsagfagpgvézﬁ,taéﬂ Raw 6 Pittsylvania County Satisfactory 9 2 30
Loch Haven Lake Dam 6 Roanoke County Not Rated 3 3 12
Clifford D. Craig Memorial Dam 6 Roanoke County Fair 1,023 51 18,688
Woods End Dam 6 Roanoke County Satisfactory 2 3 15
Goshen Dam 6 Rockbridge County Satisfactory 763 24 5171
Robertson Dam 6 Rockbridge County Fair 69 10 211
Moores Creek Dam 6 Rockbridge County Satisfactory 46 4 319
Turner Pond Dam 6 Rockbridge County Poor 5 2 51
Natural Bridge Dam # 5 6 Rockbridge County Poor 10 3 30
Windsor Lake Dam 6 City of Roanoke Fair 11 1 420
Spring Valley Lake Dam 6 City of Roanoke Not Rated 24 1 67
Barcroft Dam 7 Fairfax County Satisfactory 4,047 57 26,681
Burke Lake Dam 7 Fairfax County Fair 487 7 1,289
Pohick Creek Dam #7 7 Fairfax County Satisfactory 89 1 701
Lake Accotink Dam 7 Fairfax County Fair 108 12 2,589
Pohick Creek Dam #8 7 Fairfax County Satisfactory 141 1 780
Lake Anne Dam 7 Fairfax County Satisfactory 21 11 203
Lake Fairfax Dam 7 Fairfax County Satisfactory 12 3 41
Lake Thoreau Dam 7 Fairfax County Satisfactory 183 18 1,228
Crosspointe Lake Dam 7 Fairfax County Satisfactory 2 1 9
Lake Audubon Dam 7 Fairfax County Satisfactory 85 12 465
Pohick Creek Dam #4 7 Fairfax County Satisfactory 144 1 1,085
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Assessment Impacts Impacts
Pohick Creek Dam #2 7 Fairfax County Satisfactory 106 1 1,323
ggﬁfr Occoquan Sewage Authority | 4 Fairfax County Satisfactory 86 5 337
Pohick Creek Dam #3 7 Fairfax County Satisfactory 69 1 1,001
Pohick Creek Dam #1 7 Fairfax County Satisfactory 24 2 142
Lake Newport Dam 7 Fairfax County Satisfactory 52 16 635
Fairview Lake Dam 7 Fairfax County Satisfactory 165 4 1,362
Kingstowne Lake Dam 7 Fairfax County Satisfactory 73 3 199
West Ox Road BMP Dam 7 Fairfax County Satisfactory 9 1 46
Burke Centre Section 11B Dam 7 Fairfax County Satisfactory 13 1 34
ggion Town Center Western BMP 7 Fairfax County Satisfactory 5 3 84
Reston Northern Sector Pond 1 Dam Fairfax County Satisfactory 1
Fair Lakes Dam #1 Fairfax County Satisfactory 1 4
Pulte McLean SWM Pond Dam Fairfax County Satisfactory 1 27
g:mpton Forest Section 4 SWM 7 Fairfax County Satisfactory 6 3 28
Carrington Regional Dam Fairfax County Satisfactory 1 18
Kingstowne SWM DP #4 Regional Fairfax County Satisfactory 1 124
Fair Lakes Land Bay 2 SWM BMP 7 Fairfax County Satisfactory 6 TBD 16
Pond Dam
Beaverdam Creek Dam 7 Loudoun County Satisfactory 165 19 1,563
Goose Creek Dam 7 Loudoun County Satisfactory 146 9 993
Horsepen Dam 7 Loudoun County Satisfactory 732 5 1,924
Sleeter Lake Dam 7 Loudoun County Satisfactory 15 6 58
Kalnasy Dam 7 Loudoun County Fair 17 2 51
Gore Dam 7 Loudoun County Satisfactory 0 1 6
Ashburn Village Lake #1 7 Loudoun County Not Rated TBD TBD TBD
Ashburn Village Lake #2 7 Loudoun County Not Rated TBD TBD TBD
Hope Parkway Dam 7 Loudoun County Satisfactory 0 1 6
Brambleton Land Bay 3 Pond 6 Dam | 7 Loudoun County Satisfactory TBD TBD TBD
IE)/Igr?]refleld Station East SWM Pond 7 Loudoun County Satisfactory 44 2 123
g:r%reﬂeld Station West SWM Pond 7 Loudoun County Satisfactory 1 1 9
The Lakes at Red Rock Dam 7 Loudoun County Satisfactory 0 6
Richmond Square Dam 7 Loudoun County Fair 31 4 154
T. Nelson Elliott Dam 7 Prince William Satisfactory | 2,824 73 20,040
County
Lake Montclair Dam 7 Prince William Satisfactory 310 4 1,455
County
Prince William .
Upper Occoquan Dam 7 C Satisfactory 153 10 1,869
ounty
Occoquan Lower Storage Dam 7 Prince William Satisfactory 35 1 428
County
Omisol Dam 7 Prince William Fair 0 1 3
County
Silver Lake Dam 7 Prince William Satisfactory 155 4 416
County
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Possum Point Ash Dam #D 7 Prince William Satisfactory 0 1 3

County
Prince William Parkway Regional Prince William .
SWM 7 County Satisfactory 12 5 184
Rocky Branch Regional SWM Dam 7 Prince William Satisfactory 11 3 82

County
NeV\_/ _Brlstow Village Regional SWM 7 Prince William Not Rated 1 1 7
Facility Dam County
North Fork Wetlands Bank Dam 7 Prince William Satisfactory 43 4 125

County
Innovation at Prince William - Pond 3 | 7 Prince William Satisfactory 3 1 11

County
Locust Shade Park Dam 7 Erlnce William Satisfactory 0 4 13

ounty

Potomac Creek Dam #1 7 Stafford County Satisfactory 315 7 841
Lake Arrowhead Dam 7 Stafford County Fair 8 1 25
Kennedy Dam 7 Stafford County Not Rated 604 26 3,708
Aquia Creek Dam 7 Stafford County Fair 924 2 2,442
Lake Curtis Dam 7 Stafford County Fair 3 7 95
Potomac Creek Dam #2 7 Stafford County Satisfactory 314 5 916
[R)g(r:rl:y Pen Run Regional Pond 2A 7 Stafford County Satisfactory 8 2 51
Walden Ten No. 1 Dam 7 Stafford County Fair 13 1 6
Seven Lakes Dam 7 Stafford County Fair TBD 1 20
Lake Mooney Dam 7 Stafford County Satisfactory 343 16 2,239
Leeland Lake Dam 7 Stafford County Satisfactory 7 1 20
Greene County Reservoir Dam Greene County Not Rated 0 2 6
ARC Redevelopment SWM Pond Prince William Not Rated 14 3 61
Dam County
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Figure 3-111 - High Hazard Dams in VDEM Region 1%
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Figure 3-113 - High Hazard Dams in VDEM
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Figure 3-114 - High Hazard Dams in VDEM Region 4%
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Figure 3-115 - High Hazard Dams in VDEM Region 5%
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Figure 3-117 - ngh Hazard Dams in VDEM Region 731
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There are 27 known high hazard dams within the Commonwealth that are not regulated by or
under the jurisdiction of Virginia DSFPM. A list of these dams is shown in Table 3-78 below and

includes the regulatory agency with oversight of the dams.

Table 3-78 - Known High Hazard Potential Classification Dams Not Regulated by Virginia

DSFPM

Dam Name Hazard VDEM City/County Regulatory Agency
Class Region

Brasfield Dam High 1 Chesterfield County Federal Energy Regulatory Commission - Federal Exempt
Emporia Dam High 1 Greensville County Federal Energy Regulatory Commission - Federal Exempt
Lakeview Dam High 1 City of Colonial Heights |Federal Energy Regulatory Commission - Federal Exempt
Unimin Fresh Water Dam High 2 Frederick County Department of Mines Minerals and Energy - State Exempt
Unimin Tailings Dam High 2 Frederick County Department of Mines Minerals and Energy - State Exempt
Cove Ridge Tailing Pond High 2 Frederick County Department of Mines Minerals and Energy - State Exempt
North Anna Dam High 2 Spotsylvania County Federal Energy Regulatory Commission - Federal Exempt
South Rivanna Dam High 3 Albemarle County Federal Energy Regulatory Commission - Federal Exempt
Reusens Dam High 3 Ambherst County Federal Energy Regulatory Commission - Federal Exempt
John H. Kerr Dam High 3 Mecklenburg County US Army Corp of Engineers - Federal Exempt
Byllesby Dam High 4 Carroll County Federal Energy Regulatory Commission - Federal Exempt
Buck Dam High 4 Carroll County Federal Energy Regulatory Commission - Federal Exempt
John W. Flannagan Dam High 4 Dickenson County US Army Corp of Engineers - Federal Exempt
Claytor Dam High 4 Pulaski County Federal Energy Regulatory Commission - Federal Exempt
North Fork of Pound Dam High 4 Wise County US Army Corp of Engineers - Federal Exempt
Gathright Dam High 6 Alleghany County US Army Corp of Engineers - Federal Exempt
Bath Co. Pumped Storage - Upper Dam High 6 Bath County Federal Energy Regulatory Commission - Federal Exempt
Bath Co. Pumped Storage - Lower Dam High 6 Bath County Federal Energy Regulatory Commission - Federal Exempt
Smith Mountain Dam High 6 Bedford County Federal Energy Regulatory Commission - Federal Exempt
Little River Hydro Dam High 6 Montgomery County  |Federal Energy Regulatory Commission - Federal Exempt
Talbott Dam High 6 Patrick County Federal Energy Regulatory Commission - Federal Exempt
Townes Dam High 6 Patrick County Federal Energy Regulatory Commission - Federal Exempt
Leesville Dam High 6 Pittsylvania County Federal Energy Regulatory Commission - Federal Exempt
Niagara Dam High 6 Roanoke County Federal Energy Regulatory Commission - Federal Exempt
Camp 5 Dam High 7 Prince William County |US Army Corp of Engineers - Federal Exempt
Lunga Dam High 7 Stafford County US Army Corp of Engineers - Federal Exempt
Breckinridee Dam High 7 Stafford Countv US Armv Corp of Engineers - Federal Exemnt

Appendix E provides a comprehensive list of all dams of regulatory size regardless of agency

oversight.

Virginia DSFPM recommends that the dam-related information presented in this section be
reviewed annually and updated as necessary to ensure accurate information is provided for
planning, public safety, and emergency management purposes. As the agency works to
incorporate geographical information, dam characteristics, and EAP information for additional
dams in the DSIS, the information summarized in this plan will change.

3.8.8.3

Significant Historical Events

An Association of State Dam Officials summary of 1924-2018 dam failures in Virginia
significant enough to cause damage to homes, a variety of fish and wildlife habitats, recreational

areas, or to have caused fatalities include:

e The muck dam at Saltville broke and flooded the community of Palmertown, killing 19
people and dislodging several homes from their foundations on Christmas Eve in 1924,
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e In 1957 the Crab Orchard Creek Dam failed due to heavy rains; no one was hurt, but the
estimated damage came to half a million dollars*?.

e In 1969, the Lake Louisa Dam failed because of Hurricane Camille®3,

e Rainfall from Tropical Storm Agnes caused the failure of the Barcroft Dam in Fairfax
County on June 21, 1972,

e Hurricane Floyd in 1999 caused twelve unregulated dams to break in eastern Virginia,
including the Cow Creek Dam in Gloucester County*®.

e Timberlake Dam, which killed two in 1995 and cost nearly one million dollars to rebuild.

e Powhatan Lakes Dam, which failed due to a heavy storm during the summer of 2004 and
caused over one million dollars in damage.

e Falling Creek Dam in Chesterfield County, which was overtopped during Tropical Storm
Gaston flooding in late summer 2004.

e Several dams failed or were overtopped following Tropical Depression Ernesto in 2006.

e The Kingstowne Park Dam in Fairfax County failed in 2010, resulting in the almost
complete drainage of two lakes and the destruction of a variety of fish and wildlife habitats,
as well as the loss of recreational areas'’.

e Several dams including Beaver Creek Dam and Reedy Millpond Dam were overtopped in
May 2018, following a period of heavy rains that caused water levels to breach the dams
and damage some structural components including the wingwalls and spillways.

While there is no comprehensive database of historical dam failures, Virginia DSFPM has
compiled a list of known dam incidents and failures. Table 3-79 provides the current list of
known incidents and failures in Virginia. Most failures occur due to lack of maintenance of dams
in combination with major precipitation events.
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Table 3-79 - Known Historic Dam Incidents and Failures

count|  vear E;ﬁﬁ: No. Dam Name Damage Deaths County Hazard Class

1 1924 | 12/24/1924| nla Saltville Muck Dam Full Breach 19 Smyth High

2 |Unknown | 00/00/1930 [095012 Lake Powell Dam Overtopped with Damage James City Significant
3 |Unknown| 1/29/1957 [021002 Crab Orchard Creek dam full breach Bland High

4 1969 | 8/19/1969 [145049 Lake Louise Dam full breach Louisa Significant
5 1972 | 6/21/1972 |059001 Barcroft Dam Full Breach Fairfax High

6 1986 | 00/00/1986 | n/a Lake Cherokee Dam Overtopped with Damage Richmond Significant
7 1991 | 11/30/1991[095012 Lake Powell Dam Spillway failure James City Significant
8 1993 |09/00/1993 [193011 Chandler's Mill Dam Full Breach Westmoreland High

9 1994 | 3/5/1994 [095012 Lake Powell Dam piping failure James City Significant
10 1995 | 6/22/1995 |031002 Timberlake Dam Full Breach 2 Cambell Significant
11 1999 | 9/17/1999 [095013 Cranston Mill Pond Dam full breach James City Significant
12 1999 | 9/17/1999 [003201 Advanced Mills Dam Slope Failure Albemarle Significant
13 1999 | 9/17/1999 |073005 Cow Creek Dam Full Breach Gloucester Significant
14 1999 | 9/17/1999 [073006 Burke Dam Slope Failure Gloucester Unknown
15 1999 | 9/17/1999 [073008 Haines Pond Dam Full Breach Gloucester Low
16 1999 | 9/17/1999 [085036 Hanover Learning Center Dam Full Breach Hanover Low
17 1999 | 9/17/1999 [087006 Miles Dam Full Breach Henrico Low
18 1999 | 9/17/1999 [095011 Lake Pasbehegh Dam Overtopped with Damage James City Unknown
19 1999 | 9/17/1999 [095012 Lake Powell Dam Overtopped with Damage James City Significant
20 1999 | 9/17/1999 [095015 Kingsmill Dam Overtopped with Damage James City Unknown
21 1999 | 9/17/1999 [095023 Old Mill Pond Dam full breach James City Low
22 1999 | 9/17/1999 [097004 Allen's Mill Dam Full Breach King & Queen Low
23 1999 | 9/17/1999 097005 Corbin Mill Dam Slope Failure King & Queen Unknown
24 1999 | 9/17/1999 (101013 Herring Creek Millpond Dam Slope Failure King William Significant
25 1999 | 9/17/1999 (101016 Gravatts Millpond Dam Full Breach King & Queen Low
26 1999 | 9/17/1999 |101017 Fogg Dam Full Breach King William Low
27 1999 | 9/17/1999 |101019 Townsends Dam #2 Full Breach King William Low
28 2004 | 7/25/2004 |095012 Lake Powell Dam Full Breach James City Significant
29 2004 | 7/26/2004 |057007 Essex Mill Dam Full Breach Hanover Low
30 2004 | 8/31/2004 |041015 Falling Creek Reservoir Dam Overtopped with Damage Chesterfield High
31 2004 | 8/31/2004 |085020 Lake Idylwild Dam full breach Hanover Significant
32 2004 | 8/31/2004 |085032 Pebble Creek Dam Full Breach Hanover Low
33 2004 | 8/31/2004 |085041 Carter's Pond Dam Full Breach Hanover Significant
34 2004 | 8/31/2004 |085044 Walden's Pond Dam Slope Failure 1 Hanover Significant
35 2004 | 8/31/2004 |085062 Cady Lake Dam Full Breach 1 Hanover Significant
36 2004 | 8/31/2004 |145001 Upper Powhatan Dam Full Breach Powhatan Significant
37 2004 | 8/31/2004 |145002 Lower Powhatan Dam Slope Failure Powhatan Low
38 2004 9/7/2004 |057001 Hunters Mill Dam Full Breach Essex Low
39 2004 | 9/7/2004 |057005 Cheatwoods Mill Dam Full Breach Essex Low
40 2004 | 9/7/2004 |075053 Columbia Junction Dam Full Breach Goochland Low
41 2004 9/7/2004 085007 Parsleys Mill/Beaties Dam Full Breach Hanover Low
42 2004 | 9/7/2004 |085008 Flanagan's Mill Pond Dam Full Breach Hanover Low-Special
43 2004 | 9/7/2004 |085038 Rainer Dam Full Breach Hanover Low
44 2004 9/7/2004 |087015 Staples Mill Dam Overtopped with Damage Hanover Unknown
45 2004 | 9/7/2004 |095021 Toano Dam Full Breach James City Low
46 2004 9/7/2004 097002 King & Queen Courthouse Dam Full Breach King & Queen Low
47 2004 9/7/2004 099007 Madison Mill Dam (Mason) Full Breach King George Low
48 2004 | 9/15/2004 | n/a Cedar Lake Dam Full Breach Gloucester Unknown
49 2004 | 10/7/2004 |073008 Haines Pond Dam Full Breach Gloucester Low
50 2005 | 7/22/2005 |085019 Mechumps Dam Full Breach Hanover Low
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countl  Year Ezitliroef No. Dam Name Damage Deaths County Hazard Class

51 2005 | 9/15/2005 (087014 Lake Overton Dam Spillway failure Henrico Significant
52 2005 | 12/20/2005 [041011 Gordon Dam Full Breach Chesterfield Low
53 2006 | 7/28/2006 (033112 Upper Tanyard Run Dam Full Breach Caroline Low
54 2006 | 9/1/2006 (073005 Cow Creek Dam Full Breach Gloucester Significant
55 2006 | 9/1/2006 (036002 Lake Charles VVCU-Rice Ctr Dam Full Breach Charles City Low
56 2006 | 9/1/2006 (095012 Lake Powell Dam full breach James City Significant
57 2006 | 9/1/2006 | n/a Hunters Ridge Equest. Ctr. Dam Pipe Collapse Powhatan Significant
58 2006 | 9/1/2006 (095013 Cranston Mill Pond Dam full breach James City Significant
59 2006 | 10/6/2006 [095009 Jolly Pond Dam Sloughing James City Significant
60 2006 | 12/1/2006 (085018 Forest Lake Dam Pipe Collapse Hanover Low
61 2007 | 4/23/2007 [127015 Walker's Dam Partial Breach New Kent Low
62 2008 | 3/17/2008 (119001 Healys Dam Partial Breach Middlesex Significant
63 2008 | 5/21/2008 |041079 Geara Woods Dam piping failure Chesterfield Significant
64 2008 7/7/2008 |033040 Coburn Dam Full Breach Caroline Low-Special
65 2008 | 9/5/2008 |075037 Hollands Hills Dam Sloughing Goochland Low
66 2008 | 12/3/2008 |033025 Coleman Pond Dam Full Breach Caroline Low
67 2009 | 1/23/2009 |119008 Hilliards Mill Pond Dam full breach Middlesex Low
68 2009 | 3/20/2009 |095008 Barlows Pond Dam Cavitation James City Significant
69 2009 | 8/7/2009 |101013 Herring Creek Millpond Dam Slope Failure King William Significant
70 2009 | 8/7/2009 |101012 Mitchells Millpond Dam Full Breach King William Significant
71 2009 | 12/27/2009 [ 101026 Central Crossing Dam Spillway failure King William Low

72 2010 | 3/1/2010 | n/a Pruden Blvd Dam Overtopped with Damage City of Suffolk Unknown
73 2010 | 10/1/2010 [{059050| Kingstowne SWM DP #4 Regional Dam full breach Fairfax High
74 2010 | 10/1/2010 [103007 Blackmore Millpond Dam full breach Lancaster Unknown
75 2010 | 00/00/2010 [095054 Kings Pointe Dam Slope Failure James City Low-Special
76 2011 |00/00/2011 [193011 Chandler's Mill Dam full breach Westmoreland High
77 2011 | 3/31/2011 |103004 Golden Eagle Dam Spillway failure Lancaster Low
78 2011 | 7/19/2011 |109014 Lake Sherman Dam Piping failure Louisa Low
79 2011 | 8/19/2011 |095008 Barlows Pond Dam Slope Failure James City Significant
80 2011 | 9/1/2011 |109008 Yanceville Dam Center Slump - Earthquake Louisa Unknown
81 2011 | 9/4/2011 |033019 Byrds Mill Dam Overtopped with Damage Caroline Significant
82 2011 | 9/4/2011 |095007 Richardson Millpond Dam Cavitation James City Significant
83 2011 | 9/4/2011 | nla Plantation Forest Overtopped with Damage Spotsylvania Unknown
84 2011 | 9/9/2011 |033003 Smoots Dam Slope Failure Caroline Unknown
85 2011 | 9/9/2011 |033019 Byrds Mill Dam Full Breach Caroline Significant
86 2011 | 9/9/2011 | n/a Niceviewfarm Lake Dam Pipe Collapse Charles City Low
87 | 2011 | 9/9/2011 | nla Parr Drive Overtopped with Damage Essex Unknown
88 2011 9/9/2011 |057007 Essex Mill Dam full breach Essex Low

89 2011 9/9/2011 n/a Horn Quarter Farm Dam Full Breach Hanover Low
90 2011 | 9/9/2011 | n/a Longest Farm Dam Full Breach Hanover Low
91 2011 | 9/9/2011 |127008 Old Forge Pond Dam Spillway Activation New Kent Low
92 2011 | 9/9/2011 |127010 Goodins Dam Slope Failure New Kent Significant
93 2011 9/9/2011 |159009 Connellee Dam Full Breach Richmond Significant
94 2011 | 9/9/2011 [193001 Morris Dam Full Breach Westmoreland Low
95 2011 9/9/2011 |810024 Placid Lake Dam 1 Full Breach Westmoreland Unknown
96 2011 9/9/2011 |810025 Placid Lake Dam 2 Full Breach Westmoreland Unknown
97 2011 | 9/9/2011 |193006 Placid Lake Dam 3 Full Breach Westmoreland Low
98 2011 | 12/14/2011 [075004 Killarney Dam Spillway failure Goochland Significant
99 2012 | 7/25/2012 |087028 Cox Road Dam/Waterfront Lake Sloughing Henrico Significant
100 | 2012 | 7/27/2012 033030 Terrell Brothers Dam Partial Failure Caroline Low

Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-262



Section 3: Hazard Identification and Risk Assessment

countl Year E:itliroef No. Dam Name Damage Deaths County Hazard Class
101 | 2013 | 2/6/2013 (079011 Twin Lakes Dam No.2 Pipe Collapse Greene High
102 | 2013 | 6/1/2013 | n/a Waterford Dam Pipe Collapse Spotsylvania Unknown
103 | 2013 | 7/1/2013 | n/a Five Lakes Pond Dam Pipe Collapse New Kent Unknown
104 | 2013 | 10/2/2013 (075033 Royal Virginia Golf Club Dam Pipe Collapse Goochland Unknown
105 | 2014 | 4/27/2014 [003200 PVCC Dam Lake Drained Albemarle Low
106 | 2014 | 5/14/2014 |107068 Corti-Jencen Dam Piping failure Loudon High
107 | 2014 | 6/11/2014 (041073 Lower Madowdale Dam Piping Failure Chesterfield Unknown
108 | 2014 | 7/3/2014 (041023 Rieves Dam Partial Breach Chesterfield Low
109 | 2014 | 8/6/2014 (041077 Baeufont Springs Dam Slope Failure Chesterfield Significant
110 | 2014 | 12/9/2014 (095019 Rennicks Pond Dam Pipe Collapse James City Significant
111 | 2015 | 5/20/2015 (193011 Chandler's Mill Dam Partial Breach Westmoreland High
112 | 2016 | 10/1/2016 (025005 Flatrock Pond Dam Partial Failure Brunswick County | Unknown
113 | 2016 | 10/5/2016 |085039 Mattawan Dam Riser Failure Hanover County Significant
114 | 2016 |10/14/2016| nla Yahley Mill Road Dam Overtopping/Erosion Henrico County Unknown
115 | 2016 |10/25/2016 |095008 Barlows Millpond Dam Berm Erosion James City County | Significant
116 | 2018 | 8/3/2018 (680002 College Lake Dam Overtopped with Damage City of Lynchburg High
117 | 2018 |10/12/2018 [147005 Goodwin Dam Downstream Slope Failure Prince Edward County Low
118 | 2018 {10/15/2018|159002 Garland Mill Pond Downstream Slope Failure Richmond County Low
119 | 2018 |10/23/2018(083039 Edmunds Lake Dam Downstream Slope Failure Halifax County Low-Special
120 | 2018 |12/12/2018(087002 Canterbury Dam/Pump Road Partial Failure Henrico County High
121 | 2019 | 1/15/2019 [035017|  Webb/Stricken Deer Reserve Dam Partial Failure Carroll County High
122 | 2019 | 2/23/2019 |015506 Lake Powhatan Dam Pipe Collapse Pulaski County High
123 | 2019 | 3/14/2019 [077004| Laurel Creek Dam/Lost Lake Dam Overtopped with Damage Grayson County Unknown
124 | 2019 | 3/19/2019 067000 Rakes Tavern LP Dam Pipe Collapse Franklin County Unknown
125 | 2019 | 5/9/2019 (131004 Kellam Dam Pipe Collapse Northampton County | Unknown
126 | 2019 | 9/16/2019 095054 Kingspoint Dam Partial Failure City of Williamsburg | Unknown
127 | 2019 | 12/7/2019 [177036 Spotsylvania County Dam #9 Pipe Collapse Spotsylvania County | Unknown
128 | 2020 | 5/20/2020 |770002 Spring Valley Lake Dam Overtopped No Damage City of Roanoke High
129 | 2020 | 6/5/2020 |700004 Maury Dam/Lions Bridge Dam Downstream Slope Failure City of Newport News High
130 | 2020 |6/22/2020 |085006 Gaines Mill Dam Downstream Slope Failure Hanover County Unknown
131 | 2020 | 8/15/2020 (041039 Izaak Walton Park Dam Overtopped No Damage Chesterfield County | Unknown
132 | 2020 | 8/15/2020 041015 Falling Creek Reservoir Dam Overtopped with Damage Chesterfield County High
133 | 2020 | 8/15/2020 041012 Swift Creek Reservoir Dam Overtopped with Damage Chesterfield County High
134 | 2020 | 8/15/2020 570001 Lakeview Dam Overtopped with Damage Colonial Heights City High
135 | 2020 | 9/1/2020 (101026 Central Crossing Dam Spillway Collapse King William County Low
136 | 2020 |10/30/2020 029037 Doug Branch Pond Partial Failure Buckingham County Low
137 | 2020 |11/12/2020 (193011 Chandler's Mill Dam Overtopped with Damage Westmoreland County |  Significant
138 | 2020 |11/12/2020 (137015 Spotswood Drive Dam Partial Failure Orange County Low
139 | 2020 |11/30/2020 (177036 Spotsylvania County Dam #9 Pipe Collapse Spotsylvania County | Unknown
140 | 2021 | 8/19/2021 149027 Chappell Creek Dam Partial Failure Prince George County |  Unknown
141 | 2022 | 1/5/2022 |099006 Lake Monroe Dam Pipe Collapse King George County High
142 | 2022 | 1/17/2022 [193011 Chandler's Mill Dam Partial Failure Westmoreland County |  Significant
143 | 2022 | 3/21/2022 |065006 Mclver Dam Pipe Collapse Fluvanna County Unknown

Source: DCR

3.8.84  Probability of Future Occurrence

Risk exposure from dam or levee failure includes exposure to all the types of dam-related risks,
including risk to the dam or population, infrastructure, or other assets and resources downstream.
Risk can relate to damage that occurs indirectly as a result of a dam failure or to residual risk.
Virginia DSFPM adopts the following definition of risk:

Commonwealth of Virginia 2023 Hazard Mitigation Plan

3-263



Section 3: Hazard Identification and Risk Assessment

Incremental Risk: The risk (likelihood and consequences) to the pool area and downstream
floodplain occupants that can be attributed to the presence of the dam should the dam breach
prior or subsequent to overtopping, or undergo component malfunction or mis-operation, where
the consequences considered are over and above those that would occur without dam breach. The
consequences typically are due to downstream inundation, but loss of the pool can result in
significant consequences in the pool area upstream of the dam.

Non-Breach Risk: The risk in the reservoir pool area and affected downstream floodplain due to
‘normal’ dam operation (e.g., large spillway flows within the design capacity that exceed channel
capacity) or ‘overtopping of the dam without breaching’ scenarios.

Residual Risk: The risk that remains after all mitigation actions and risk reduction actions have
been completed. With respect to dams, FEMA defines residual risk as “risk remaining at any
time” (FEMA, 2015, p A-2). It is the risk that remains after decisions related to a specific dam
safety issue are made and prudent actions have been taken to address the risk. It is the remote
risk associated with a condition that was judged to not be a credible dam safety issue.™V

Virginia DSFPM uses predictive modeling related to dam failure risk under specified conditions
to produce dam break inundation zone maps. These analyses provide information related to site-
specific potential failure modes and offers predictions of the downstream consequences if the
dam were to fail during a storm event or on a “sunny day.” The inundation maps aid emergency
personnel in warnings and evacuations of downstream homes, schools, or businesses.

Within Virginia’s regulatory hazard classification system, higher hazard classifications trigger
more stringent requirements, such as increased spillway capacity and/or reservoir storage
volume, more frequent inspections. These imbedded incremental risk assessments and processes
allow for the identification of human and infrastructure consequences should the dam fail.

Virginia DSFPM site visits, dam owner, and dam owner PE inspections provide vital information
and often identify non-breach and residual risks at a dam. Examples may include hazard creep,
flawed design and construction, overdue maintenance and repair, debris obstructing trash racks,
inlet/outlet works and spillways, damage to earthen embankments caused by plants or animals,
and upstream dam events. Risks associated with operational decisions can be mitigated through
education and training and the required annual drills and tabletop exercises.

Where risk factors are increased or dam failures are probable or imminent, the Department can
unilaterally take action under authority granted in 810.1 -608 and §10.1 — 609 for unsafe dams
presenting imminent or non-imminent failure. Actions that can be taken include forced
drawdown of the reservoir pool, notching the dam to increase spill capacity, or complete removal
of the dam.

Virginia DSFPM’s current inventory of regulatory size includes approximately 1,800 dams
without a regulatory hazard classification. The hazard classification is a critical step in
determining risk to life and property downstream. The absence of a hazard classification for any
dam of regulatory size poses an unacceptable risk to the public. Virginia DSFPM has begun
developing modified dam break inundation studies and EAPs for these dams using readily
available information to assess the provisional hazard rating pending the owner’s more detailed
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study. These modified studies use simplified engineering assumptions and methods similar to
work done by North Carolina Department of Environmental Quality’s Dam Safety Program and
the NWS. The modified studies and EAPs provide Virginia DSFPM, localities and emergency
managers with critical information in the absence of full plans and studies should the dam fail.
Additionally, Virginia DSFPM is developing a dam inspection application for use by engineers
and owners to inspect dams to establish a baseline condition assessment.

Impact and Vulnerability

Although dam break inundation maps are a requirement of the current Impounding Structure
Regulations!®, Virginia DSFPM does not currently have this information available in a digital
form for all dams. Predicting the probability of flooding due to dam failure requires a detailed,
site-specific engineering analysis for each dam in question. Failure may result from hydrologic
and hydraulic design limitations, geotechnical, or operational factors. The data and time
necessary to perform a probabilistic failure analysis for each dam in Virginia is beyond the scope
of this plan. The probability of dam failure due to hydrologic and hydraulic design limitations is
related to the regulatory standards for dam spillway design in Virginia. Dams are required to pass
a spillway design flood (SDF) without failure, as indicated in Table 3-80.

Table 3-80 - Performance Standards for Dams'®

Minimum Threshold for
Incremental Damage

iy D Spillway Design Flood (SDF) B for

Existing Impounding Structures F, G

Hazard Potential Flood (SDF) B for

New Construction F Analysis
High PMFC 0.9 PMPH 100-YRD
Significant .50 PMF .50 PMF 100-YRD
Low 100-YRD 100-YRD 50-YRE

Note that a dam may be designed to a slightly lower standard than the spillway design flood
based on a detailed incremental damage analysis showing that using the higher design flood does
not significantly worsen downstream flooding. Low hazard dams expected to result in no loss of
human life and no economic damage to any property, except the dam owner’s, may be exempted
from the spillway design standards as well as many of the otherwise applicable regulations.

Failure of dams may result in catastrophic localized damages. Vulnerability to dam failure is
dependent on dam operations planning and the nature of downstream development. Depending
on the elevation and storage volume of the impoundment, the impact of flooding due to dam
failure may include loss of human life, economic losses such as property damage and
infrastructure disruption, and environmental impacts such as destruction of habitat. Evaluation of
vulnerability and impact is highly dependent on site-specific conditions; no broad-brush
approach can be applied at a statewide level.

Dam infrastructure continues to age across the country; an estimated seven in 10 dams will have
reached the end of its useful life by 2025. Dams regulated by Virginia DSFPM with known
deficiencies continue to create a growing public safety concern for downstream residents,
communities, and overall infrastructure. Modified plans and studies are underway for more than
1,800 dams of regulatory size without a hazard classification. These dams will be prioritized by
size and potential downstream impact to determine those that may pose the greatest risk to life
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and property. Figure 3-118 below from Virginia DSFPM shows a summary of dam break
inundation zones within the Commonwealth.

Figure 3-118 - Virginia dam break inundation zones.

Virginia Dam Break Inundation/ Zones

Inundation Zone
(Borders are red for
emphasis)

Risk

Based on data from the USACE National Inventory of Dams (NID), there are approximately
2,919 dams in the Commonwealth, both regulated and unregulated. Most dams in Virginia are
classified as Low hazard (44%). Significant hazard structures make up 18%, and 20% do not
have a hazard classification determined. The remaining 16% are classified as High hazard by the
USACE’s NID. Of the 2,919 dams inventoried, 2,512 (86%) are privately owned.

Within the DSIS database of known dams, there are 16 dams with condition determined to be
unsatisfactory, and 79 dams in poor condition. These dams with known impoundment
deficiencies pose more risk to downstream people and infrastructure than other regulated and
inspected dams. Of those poor condition dams, only 3 have mapped inundation zones.
Downstream assets in inundation zones identified in the EAP include:

e South River Dam in Augusta County (High Hazard Dam) — 5 dwellings, 2 businesses, 2
railroads and 3 roads

e Goodwin Dam in Prince Edward County (Low Hazard Dam) — 4 roads

e Hidden Lake Dam in Stafford County (Significant Hazard Dam) — 2 roads

Additional dams exist that are not regulated and their (largely unknown) condition poses a risk
associated with that uncertainty.
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3.8.85  State Facility Risk

Damage to state facilities in downstream impoundment failure inundation zones may include
flood-related damage to structures, including damage from hydrostatic pressure against
foundations, as well as water and debris damage. Recreational facilities such as state parks, trails
and wildlife management areas could experience damage to natural areas, including debris
damage, water damage, and damage to trees, undergrowth and habitats, as well as damage to
park structures such as cabins, garages and sheds. Roads and bridges are subject to being washed
out or severely damaged by rushing water or may have less visible structural damage to bridge
components. Infrastructure that runs along or across streams, such as railways and pipelines, are
also subject to damage by rushing water associated with dam failure.

The potential consequence of impoundment failure specifically to state assets and critical
facilities were analyzed using FEMA HAZUS critical features data and VAPS state-owned asset
data. Critical facilities include emergency resources, fire stations, police stations, hospitals and
schools, while examples of state-owned assets include colleges and universities, the Department
of Motor Vehicles, and the Department of Health. These data were used to identify which
features are in areas that could be subject to flooding following impoundment failure for the
state-regulated dams that have mapped inundation zones. Analysis of these data indicated that
there are at least 57 critical facilities and 115 state-owned assets located in dam inundation zones
throughout the Commonwealth.

Critical facilities in mapped impoundment failure inundation zones are shown in Table 3-81.
The at-risk state-owned assets are estimated at $267 million as shown in Table 3-82. Caution
should be used with these results because not all state-regulated dams have digitally mapped
inundation areas, and not all state assets have geographic coordinates or valuations. According to
the data provided by state agencies, there are no geolocated state assets within FEMA certified
levee-protected areas in Virginia.
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Table 3-81 - Critical facilities in mapped impoundment failure inundation zones

Location ‘ Count*

Table 3-82 - State-owned assets in impoundment failure inundation zones

Albemarle County

1

Alleghany County

3

Augusta County

[«2)

Botetourt County

[N
N

Chesterfield County

Culpeper County

Fairfax County

Fauquier County

Prince Edward County

Prince William County

Roanoke County

Rockbridge County

Rockingham County

Spotsylvania County

City of Suffolk

WP W|P[P|O|FL|[W

TOTAL

57

*Analysis based only on state-regulated dams with digitally mapped inundation zones.

Location Contents*

Albemarle County 1 $2,831 $620,304 $623,135
Alleghany County 2 $273,328 $273,328
Augusta County 3 $410,398 $410,398
Bath County 63 $13,550,969 $1,346,360 $14,897,329
Bedford County 1 $328,090 $328,090
Botetourt County 18 $47,956,655 $8,987,800 $56,944,456
Culpeper County 1 $28,591 $28,591
Fairfax County 4 $1,168,247 $611,984 $1,780,231
King and Queen County 8 $521,705 $262,428 $784,133
Prince Edward County 1 $98,000 $62,250 $160,250
Roanoke County 9 $180,370,894 $10,244,866 $190,615,760
Rockbridge County 1 $13,540 $13,540
Spotsylvania County 3 $627,149 $627,149
TOTAL 115 $243,669,301 $23,817,000 $267,486,390

*Analysis based only on state-regulated dams with digitally mapped inundation zones, and state assets with coordinate locations and dollar
valuations.

3.8.8.6 National Risk Index

The NRI does not include an assessment for impoundment failure. The NRI’s social vulnerability
information for flooding, a related hazard, is included herein. While social vulnerability factors
for flooding may be similar to many of the factors affecting social vulnerability to impoundment
failure, the geographic areas of potential impoundment failure do not necessarily align with the
areas vulnerable to 100-year flooding. Despite these shortcomings, an assessment of areas with
concurrent higher NRI Risk Index for inland flooding and currently available information on
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structures at risk of dam failure inundation was conducted. Only Shenandoah County meets both
criteria, with 469 structures in mapped downstream inundation zones of Stony Creek Dams #9
and #10, indicating additional study is necessary. The county has a Relatively Moderate NRI
Risk Rating for Inland Flooding.

A far more useful assessment of social vulnerability to both dam and levee inundation failure
would be a full analysis of structures in downstream inundation zones for the approximately
1,800 unclassified dams in the Commonwealth, particularly those in poor or unsatisfactory
condition, as well as full condition assessments and risk ratings for the many unknown dams
throughout Virginia. Virginia DSFPM continues to gather the data points necessary to work
toward such an analysis, but the missing data preclude further assessment at this time. Virginia
DSFPM officials estimate that more than 50% of all dams in the Commonwealth are privately
owned, and most private dam owners don’t have the resources and capabilities necessary to
manage and mitigate risk from their dam.

Future Conditions

New projections of increased rainfall, duration, and frequency (IDF) curves that have been
developed for the Commonwealth of Virginia! are now available through a web tool that
provides 2-year through 100-year change factors to precipitation based on the current NOAA
Atlas 14 IDF curves for both low and high emissions scenarios (RCP 4.5 and RCP 8.5) through
2100 (https://midatlantic-idf.rcc-acis.org/).

These projections as shown in Figure 3-119 for a 50-year return period and a low emissions
scenario between 2020 and 2070, indicate an overall environment of increased precipitation with
the exception of the City of Williamsburg, and Westmoreland, Richmond and Northumberland
counties. Areas in the central part of the state, including especially City of Roanoke, Roanoke
County, Cities of Salem and Radford, Nelson County, Halifax County, Botetourt County have
the highest projected departure from current intensity-duration-frequency curves. The City of
Roanoke has the highest projected departure, with an expected 19% increase in precipitation by
2070. Increased intensity, duration and frequency of precipitation leads to increased flooding,
which in turn, increases the potential for overtopping which is the most common mode of dam
failure?. Precipitation and flooding can also lead to erosion and decreased impoundment stability
which can contribute to failure. As precipitation amounts fluctuate and extreme weather events
become more common, the flood control and impoundment infrastructure in Virginia becomes
more of a concern. Like most of the country, the infrastructure in Virginia is overwhelmingly
privately-owned and maintained, and it is aging — in many cases, to the end of its design life. The
occurrence of more frequent high intensity rainfall events may create conditions that exceed the
original design criteria of these aging facilities and increase the probability of impoundment
failure.

! Miro, M.E., DeGaetano, A.T., L6pez-Canta, T., Samaras, C., Webber, M., and Grocholski, K.R. 2021. Developing Future Projected
Intensity-Duration-Frequency (IDF) Curves. RAND, 62 pp. DOI https://doi.org/10.7249/TLA1365-1. Retrieved 7 September 2022 from
https://www.rand.org/pubs/tools/TLA1365-1.html.
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Figure 3-119 - Projected Intensity-Duration-Frequency Curve Data for Virginia, 2020-2070
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3.88.7 Local Plan Risk Assessment

Local plans were reviewed for spatial data sources used, historical occurrences, hazard
probabilities, vulnerability, loss estimations, and land use and development trends. When
available, this information supplements the text and figures of each of the sections in this
revision.

Of the 20 local plans, one (Rappahannock-Rapidan Regional Commission) estimated losses for
dam failure as negligible. The other 19 local plans did not provide loss estimates for flooding due
to dam failure. Of the plans that provided a general description of the hazard, many of them
provided USACE National Inventory of Dams statistics for dams in their region. Middle
Peninsula PDC and Southside PDC each provided a dam inundation zone map for dams in their
region, along with the information about the number of structures in the inundation zone. The
Southside PDC plan identified the hazard potential for dams in the region, with hazard potential
for 96 dams in the region as unknown and requiring further study, review, and approval before
hazard potential classification could be assigned.

DCR’s DSIS provides an inventory of dam related data and regulatory documents for every
state-regulated dam in the state and the agency is constantly updating the inventory of regulatory
documents and inundation mapping to support the use of this tool for local planning. Updated
and comprehensive DSIS data can support improved local planning in the future.

Both the Hampton Roads plan and the Richmond-Crater plan include tables with the number of
facilities at risk of inundation in the event of impoundment failure from State-regulated high
hazard dams, including risks to homes, businesses, roadways, downstream dams, railroads, and
parks. The data are from DSIS. Three dams in Hampton Roads are in “Poor” conditions and
summary impacts include:
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e Harwood’s Mill Dam in York County - 172 homes, 21 roadways;
e Little Creek Dam in James City County — 2 homes, 2 roadways;
e Godwin’s Millpond Dam in Suffolk — 1 home, 3 businesses and 1 road.

Dam condition is not noted in the Richmond Crater plan, but the status of the EAP is provided,
and 12 dams are noted as having expired EAPs. Downstream impacts are not included for 7 high
hazard dams, likely indicating that the inundation areas have not been mapped for these dams:
Cosby Da, Lake Crystal Dam, Falling Creek Reservoir Dam, Brasfield Dam, Lake Overton Dam,
Lakeview Dam, and Emporia Dam.

Figure 3-120 provides a graphical analysis of available data to assess potential impacts to
structures downstream of high hazard dams on a jurisdictional basis. The graphic also shows
dam characteristics of height and volume to provide an idea of the relative consequences of
failure; each dam is indicated by its ID number from the DSIS platform. While the greatest risk
in the Commonwealth is believed to be from uncertified and unregulated dams with unknown
characteristics, the data in Figure 3-120 provide a level of analysis regarding jurisdictional risk
that will undoubtedly improve as data inputs on dams are acquired in a digital format.
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Figure 3-120 - Jurisdictional Risk to Structures from Impoundment Failure
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3.8.88 Comparison with Local Ranking

Of the 20 local plans, 15 provided a hazard ranking for impoundment failure (dam or levee).
Nine jurisdictions ranked the hazard as low and 5 ranked impoundment failure as medium
hazard; only Central Shenandoah PDC ranked the hazard as high. The Central Shenandoah HMP
coupled flooding and dam failure as a hazard. The local plan average for dam failure is low. For
comparison, the 2023 statewide analysis ranked dam failure as low.

3.8.8.9 Changes in Development

Most local plans did not specifically address changes in development for each hazard or the
effects of changes in development on loss estimates. In most cases, overall development patterns
were discussed in general terms. Sixteen of the 20 local plans cite their comprehensive plans for
current and future land use changes. Localities and VDEM should work with DCR for future
updates to this section. Since dam inundation zone maps are required, this information could be
used to determine high risk areas for future development. Such data would greatly improve
ability to identify impact, vulnerability, and loss estimates due to dam inundation.

Table 3-83 - Emergency Management Accreditation Program Analysis

Subject Detrimental Impacts

Localized impacts expected to be extensive for inundation area and

Health and Safety of Public moderate to light for other affected areas.

Unless response personnel are within the inundation area, impacts will be

Health and Safety of Response Personnel limited.

Damage to facilities/personnel in the area of the event may require

Continuity of Operations ; ;
temporary relocation of some operations.

Localized impacts to facilities, property, and infrastructure in the
Property, Facilities, and Infrastructure inundation area could be extensive depending on capacity of dam and
types of development in inundation areas.

Localized disruption of roads, facilities, communications and/or utilities

Delivery of Services caused by the event may postpone the delivery of some services.

Localized impacts expected to be extensive for inundation areas and

The Environment moderate to light for areas outside the inundation zone.

Economic and financial conditions will be impacted, potentially for long

Economic and Financial Condition periods of time.

Localized impact expected to affect dam owners and local government

Public Confidence in the Jurisdiction's Governance " . .
entities responsible for land use planning.

Community Lifelines Impacted by Impoundment Failure

Based on the hazard analysis and description of vulnerability and impacts of impoundment
failure in Virginia, impoundment failure impacts the following community lifelines:

e Food, Water, Shelter
e Health and Medical
e Safety and Security
e Transportation
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3.8.9 Karst (Sinkholes)
3.89.1 Background

Karst terrain is formed from the dissolution of soluble rocks resulting in distinctive surficial and
subterranean features. Karst areas are characterized by sinking streams, cavern openings, closed
depressions, and sinkholes. The term karst also encompasses many surface and subsurface
conditions that give rise to economic and environmental impacts.

In Virginia, most karst lands are underlain by soluble limestone and dolomite, collectively
referred to as carbonate rock. Carbonate rocks are common in valleys west of the Blue Ridge
Mountains, but karst terrain is also associated with marble in the Piedmont province and the
shell-rich formations in the eastern Coastal Plain. A karst sinkhole is formed by the collapse or
subsidence of rock or sediment overlying pre-existing subsurface voids. These are sometimes
referred to as ""cover collapse” or “roof-collapse” sinkholes but most sinkholes in karst develop
gradually. These sinkholes are formed and enlarged by weakly and naturally acidic surface water
that, as it moves downward through small openings in the bedrock, slowly enlarges and dissolves
soluble bedrock such as limestone.

Virginia also has known active and abandoned underground mines. These are present primarily
in the southwestern part of the state, including the counties of Lee, Scott, Wise, Dickenson,
Russell, Buchanan, Tazewell, and the City of Norton®. The Richmond area (coal mines), the
Piedmont area (gold mines), and the Blue Ridge and Valley and Ridge (iron mines) are also
dotted with old mines. Like karst terrain, underground mines may pose a hazard to certain types
of land use.

3.8.9.2  Location and Spatial Extent

An estimated 18-percent of the land area of Virginia is karst terrain (USGS, Open File Report
2014-1156, Weary and Doctor). Major regions and approximated sinkhole densities are
identified in Figure 3-121. The counties on the western side of the state are dominated by karst
and the principal area affected by sinkholes is the Valley and Ridge Physiographic Province
which is underlain with limestone and dolomite.
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Figure 3-121 - Sinkhole density and location of karst geology in Virginia (USGS, Open-File
Report 2014-1156).
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3.8.9.3  Significant Historical Events

To date, there have been no federal disaster declarations or NCEI recorded events for karst-
related sinkhole events. Figure 3-122 shows the sinkhole locations from VA Energy between
2000 and 2021. Most incidences occur along the western border of the Commonwealth.
Additional historical events gathered from news articles are documented in

Table 3-84.
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Figure 3-122 - Location of Sinkholes in the Commonwealth of Virginia, 2000-2021.

Virginia Sinkhole Locations

Sinkhole (Polygons)
Borders are shown
wider than actual to
show regional pattern

Source: VA Energy

Table 3-84 - Historical Sinkhole Events in Virginia

Location of

Year Sinkhole Description
City of Three sinkholes opened up on Lewis and Baldwin Street and Central Avenue in Staunton. One of
1910 Stgunton the sinkholes was so large that it swallowed a 35-foot maple tree and a house. One worker was
killed when he fell into one of the chasms caused by the sinkhole as it was being repaired.
A sinkhole 50 feet in diameter caused a section of State Route 91 to collapse in Smyth County. The
1977 Smyth County incident took place in front of US Gypsum Company offices.
1992 Clarke County A house collapsed inside of a sinkhole after the drilling of a new well on the property in Clarke
County.
2000 City of Thirty-two sinkholes were reported after 7” of rain fell in April after a long dry spell in the City of
Staunton Staunton.
Augusta Interstate 81 was closed for a nine-mile stretch in Augusta County because of the sudden
2001 Co?mt appearance of three sinkholes. The largest of the three sinkholes was measured at 20 feet long, 11
Y feet wide and 22 feet deep and cost over $100,000 to repair.
2005 Botetourt A sinkhole 40 feet deep and 25 feet wide was discovered on Trinity Road (Virginia 670) in Botetourt
County County?.
2006 gtlgu?\];on A sinkhole 18 feet deep on Interstate 64 closed one lane and shoulder in the City of Staunton.
The ramp from 1-95 North to Broad Street in downtown Richmond was closed because of a
City of sinkhole. Reports say that what started as a pothole quickly became a gaping hole in which the
2010 Ric);1mon d ground collapsed, with about 5 feet of earth underneath it washed away. (Source: WWBT-TV NBC
12 Richmond, VA; http://www.nbc12.com/story/11763653/update-sinkhole-closes-i-95-
downtownexit?redirected=true)
2010 Chesterfield Sinkholes in the Scottingham neighborhood were reported around storm drain infrastructure.
County (Source: WWBT-TV NBC 12 Richmond, VA)
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Location of o
Year Sinkhole Description
Town of A sinkhole 50 feet deep and 75 feet wide shut down Oranda road in both directions in the Town of
2011 Strasbur Strasburg. The Virginia Department of Transportation believed this to be one of the larger sinkholes
9 they had seen. The road was closed for several days for repairs®.
2011 Rockbridge Near mile marker 170, the northbound lanes of Interstate 81 had to be closed because of a
County sinkhole*.
City of A sinkhole closed the intersection of Grove and Stafford Avenues in Richmond. (Source: Richmond
2011 . ) :
Richmond Times-Dispatch)
2013 Giles County A mudslldg and several sinkholes were reported along Route 100 and Meadows Road near
Staffordsville.
A 20-foot sinkhole closed both lanes of northbound Interstate 81, resulting in significant travel
2015 Woodstock delays during repairs. VDOT believed the sinkhole was formed by a cracked box culvert used to
carry water from one side of the roadway to the other®.
Fairfax A water main break in the 4500 block of Twinbrook Road near Pickett Road resulted in a sinkhole.
2018 . ; B .
County The sinkhole repairs caused minor traffic delays.
2019 Egﬂﬁ?ywnham A sinkhole on the shoulder of Princedale Drive resulted in the loss of one vehicle and road closure.
Manassas Flash flooding resulted in a 50 by 100 ft sinkhole along Moseby Court and Moseby Drive. The
2020 Park sinkhole compromised access to a condo and townhouse community with around 400 residents,
prohibiting them from entering or leaving the community.
3.8.9.4  Probability of Future Occurrence

Karst in the US; A Digital Map Compilation and Database was produced by the USGS in 2014.
This report, and the mapping information it contains, describes new digital maps delineating
areas of the US that have karst or the potential for the development of karst. Figure 3-123 shows
the sinkhole locations in Virginia.

Figure 3-123 - Karst and potential karst areas in soluble rocks, excerpted for Virginia region.
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Karst formations are influenced by unique local conditions. Sinkholes can be induced through
natural or human causes. Sinkholes that occur naturally usually form by the slow downward
dissolution of carbonate rock though bedrock collapse in areas that overlie caverns®. Human-
induced sinkholes can be triggered by a simple alteration in the local hydrology. Inadequate
drainage along highways and increased runoff from pavement can also be sources of sinkhole
development. Failure or collapse of underground infrastructure can also cause sinkholes that may
or may not be associated with karst geology.

The probability of karst cannot be expressed in terms of specific return periods or recurrence
intervals as easily as it can be for other hazards. As a result, the probability analysis consists of
delineating those regions that experience relatively more karst-related events.

Impact and Vulnerability

The most important environmental issue with respect to karst is the sensitivity of karst aquifers
to groundwater contamination. Karst covers an estimated 10 to 20-percent of the earth’s surface
and provides 40 to 50-percent of the world’s drinking water, which means care must be taken to
mitigate negative human impacts and allow sustainable development. Karst systems are highly
vulnerable to pollution, water withdrawals, and changes in land use. The dissolution of limestone
creates voids in the earth that can lead to collapse and directly impact people and the built
environment in the immediate area of the collapse. These collapses can lead to property damage,
infrastructure damage, and injuries or loss of lifel°.

According to the Virginia Cave Board Report (DNR, 2017) there are six main areas of potential
concern from a Virginia landowner or Virginia residents’ perspective:

e Legal Issues - There are many federal and state laws, and local ordinances that apply to
sinkholes; some of these carry serious consequences for non-compliance.

e Groundwater Contamination - Many sinkholes provide a rapid pathway from the surface
to groundwater, so they can be a common source of groundwater contamination that may
affect your water supply or the water supply of entire communities; this is a major reason
that the use of sinkholes as a convenient place in which to dump trash of all types is of
major concern in all karst terrains.

e Stormwater Management - For the same reasons as the groundwater contamination section
above, there are laws and regulations specific to stormwater management and sinkholes.

e Structural Damage - Voids are often present below sinkholes, and if nearby buildings or
structures are not properly engineered and built, structural damage may occur.

e Human Safety - The hazard that a rapidly collapsing sinkhole may cause injury or severe
damage, for instance, some sinkholes have large openings at the bottom where water enters
the subsurface, and some of these openings may be large enough for small children or
animals to enter.

e Biological and Ecological - Beneath a sinkhole there may be caves or karst resources with
specialized habitat that might be supporting a wide array of diverse and specially adapted
species; some of these species are legally protected.
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Risk
Risk, strictly defined as probability multiplied by impact, cannot be fully estimated for karst due

to the lack of historical data and detailed mapping. To assess risk, mapping of karst regions in
Virginia by the USGS was used as the probability of future occurrence.

“The principal area affected by sinkholes is the Valley and Ridge province, an extensive karst
terrain underlain by limestone and dolomite. The narrow marble belts in the Piedmont and some
shelly beds in the Coastal Plain are also pocked with sinkholes'!". This assessment focuses on
areas vulnerable to collapse resulting from geologic formations prone to dissolution. The
analysis does not include assessment of areas underlain by materials which can be subject to
abandoned mine collapse (such as old coal, gold, or iron mines), or urban areas where failed
underground infrastructure can lead to sinkholes.

3895  State Facility Risk

To determine which facilities are at risk to sinkholes, state facilities were intersected with the
USGS karst geology layer. The results of this analysis indicate 2,433 buildings are located within
identified karst formation areas. Annualized loss estimates were not calculated for state facilities
due to the scale of available karst mapping, the lack of available valuation data, and the unknown
probability of future occurrence.

The 2,433 buildings located in karst formation areas can be divided between 31 different
agencies as listed in Table 3-85 by agency and number of buildings. The agencies listed
represent approximately 18-percent of the buildings owned by the Commonwealth. The value of
assets at risk is provided in the table as well.

Table 3-85 - Agencies with State-Owned Assets in Karst Formation Areas

Number of value of

Assets

Agency Buildings in
Karst Zone

Academy for Staff Development In Marion 4 $7,609,931
Appalachian Detention Center 14 $3,494,627
Augusta Correctional Center 1 $231,391
Bland Correctional Center 96 $41,093,962
Blue Ridge Community College 27 $152,976,503
Caroline Correctional Unit #2 28 $14,667,883
Catawba Hospital 67 $166,336,728
Cold Springs Correctional Unit #10 40 $7,502,895
Commonwealth Center for Children & Adolescents 1 $15,622,659
Deerfield Correctional Center 27 $116,890,765
Department of Agriculture and Consumer Services 3 $13,157,191
Department of Alcoholic Beverage Control 6 $2,353,464
Department of Conservation & Recreation 123 $32,585,000
Department of Environmental Quality 2 $11,463
Department of Forensic Science 1 $23,548,916
Department of Forestry 38 $4,287,877
Department of Game and Inland Fisheries 56 $6,782,960
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Nu_mt_>er Of. Value of
Agency Buildings in Jy——

Karst Zone
Department of General Services 15 $577,715,211
Department of Historic Resources 11 $2,636,550
Department of Military Affairs 43 $103,602,859
Department of Motor Vehicles 3 $1,765,899
Department of State Police 11 $7,640,478
VDOT 505 $151,059,841
Department of Veterans Services 4 $27,585,805
Environmental Service Unit 29 $19,022,358
Frontier Culture Museum of Virginia 22 $13,718,856
Germanna Community College 4 $76,799,110
Harrisonburg Men Detention and Diversion Center 28 $7,110,244
James Madison University 188 $2,454,202,118
Lord Fairfax Community College 7 $67,099,693
Marion Correctional Treatment Center 14 $12,821,438
Mountain Empire Community College 12 $88,704,803
New River Community College 8 $123,676,228
Northern Region Correctional Field Units $7,022,831
Radford University 71 $1,063,067,540
Roanoke Higher Education Center $47,956,655
Southampton Correctional Center $20,035
Southwest Virginia Higher Education Center $22,192,646
Southwest Virginia Community College 10 $86,878,747
Southwestern Virginia Mental Health Institute 42 $108,670,949
Stafford Diversion Center 16 $8,222,192
State Corporation Commission 1 $90,390,100
UVA 58 $25,189,563
Virginia School for the Deaf & the Blind - Staunton 20 $113,333,370
Virginia Commonwealth University 35 $982,080,009
Virginia Community College System 1 Not Provided
Virginia Highlands Community College 16 $94,184,298
Virginia Military Institute 118 $823,548,056
Virginia Outdoors Foundation 2 $325,305
Virginia Tech 517 $4,069,130,435
Virginia Retirement System 1 $14,169,719
Virginia Western Community College 19 $165,987,686
Wallens Ridge State Prison 1 $302,273
Western State Hospital 1 $153,478,160
White Post Diversion - Detention Center 34 $2,489,224
Wytheville Community College 8 $59,152,141
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3.8.9.6  Critical Facility Risk

Risk for critical facilities was calculated in the same fashion described above for state facilities.
Approximately 3-percent of state-owned assets are critical facilities in regions with some karst
geology. Table 3-86 shows the number of critical facilities identified in karst formation areas, by
use. Utilities, fuel service/storage, and emergency response represent many of the critical
facilities in known karst areas. Annualized loss estimates were not calculated for critical facilities
due to the scale of available karst mapping, limited information on mapped critical facilities
(including valuation data), and the unknown probability of future occurrence.

Table 3-86 - Critical Facilities in Karst Formation Areas

Critical Facility Use Egg?;g;ne
Animal Health 2
Armory 11
Childcare 1
Communications 18
Emergency Operations Center 1
Fire Service/Support/Suppression 9
Food Service/Storage 14
Fuel Storage/Delivery 110
Hazardous Materials Storage 87
Medical Services/Support/EMS 40
Public Safety 32
Research 24
Special Populations Housing 3
Utilities 113
Total 465

3.89.7 Karst Risk to Energy Pipelines

Pipeline infrastructure, underlain by karst terrain, can be damaged by a collapse in the supporting
soil. Such collapse could lead to leaks or breaks in the pipeline.

Future Conditions

Because of the role precipitation plays in sinkhole formation, it is possible that climate change
may affect the frequency with which they occur. However, there is not a large body of literature
establishing how climate change projections can be used to project frequency or severity changes
in sinkhole formation, including which precipitation return periods are of most value to
determining sinkhole risk. The studies that exist have been conducted outside of Virginia. For
example, systematic reviews have been conducted to consider how changes in precipitation and
drought frequency may alter sinkhole flooding cases in arid to dry sub-humid regions®, which do

3 Delle Rose, M. Sinkhole Flooding and Aquifer Recharge in Arid to Dry Sub-Humid Regions: A Systematic Review in the Perspective
of Climate Change. Hydrology. 2022; 9(2):25. https://doi.org/10.3390/hydrology9020025
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not include the eastern United States. Research from Spain establishes that periods of drought
correlate with higher frequencies of sinkhole occurrence.*

New projections of increased rainfall, duration, and frequency (IDF) curves that have been
developed for the Commonwealth of Virginia® are now available through a web tool that
provides 2-year through 100-year change factors to precipitation based on the current NOAA
Atlas 14 IDF curves for both low and high emissions scenarios (RCP 4.5 and RCP 8.5) through
2100 (https://midatlantic-idf.rcc-acis.org/). Many areas of the largest projected changes in
rainfall are overall increases in precipitation that occur in northern portions of VDEM regions 4
and 6, which also align with locations of known sinkhole borders in Figure 3-122. However, the
tool focuses on overall changes to IDF curves over decades of time and does not provide
guidance on drought frequency and severity during those time periods under climate projections.
Even in an overall environment of increased precipitation averages over decades, droughts will
still occur and occasionally be severe. To project changes under climate change, significant
scientific research is required to determine the precipitation impact of both increased rainfall
events and changes in drought frequency and severity on future sinkhole formation in these
regions.

Jurisdictional Risk

Inputs for historical karst events were very limited because of the lack of recorded NCEI events.
However, NCEI was supplemented with the Virginia Energy sinkhole data. To be able to include
karst in the risk assessment some assumptions were made. Geographical extent, using USGS
Karst Topography maps, was the primary basis for establishing risk and was calculated as a
percentage of the jurisdictional area. In lieu of probability of future occurrence, areas with more
karst terrain were assumed to be at greater risk.

These parameters in the karst risk assessment are provided in Table 3-87, along with the total
ranking, including the complete ranking of all the local plans. There are currently no karst related
records in NCEI; thus, the lowest ranking score (1) was assigned to the annualized data for
events, damages, fatalities, and injuries to be able to compare Kkarst to the other hazards, as
described in Section 3.7. Population vulnerability and density were not altered for this
calculation.

Jurisdictions ranked as having highest risk for Virginia include Harrisonburg, Winchester,
Roanoke and Roanoke County. Communities in the Valley and Ridge Province have a large
percentage of karst geology and, therefore, have a higher risk of karst event occurrence. Many of
these areas also have an extensive history of sinkhole development. The jurisdictions identified
at higher risk are generally urbanized areas in the western, more mountainous parts of the state.

“4Linares,R., Roqué, C., Gutiérrez, F., Zarroca, M., Carbonel, D., Bach, J., and Fabregat, I. The impact of droughts and climate change
on sinkhole occurrence. A case study from the evaporite karst of the Fluvia Valley, NE Spain. Science of The Total Environment.
2017, 579: 345-358. https://doi.org/10.1016/].scitotenv.2016.11.091.

5 Miro, M.E., DeGaetano, A.T., L6pez-Cantu, T., Samaras, C., Webber, M., and Grocholski, K.R. 2021. Developing Future Projected
Intensity-Duration-Frequency (IDF) Curves. RAND, 62 pp. DOI https://doi.org/10.7249/TLA1365-1. Retrieved 7 September 2022 from
https://www.rand.org/pubs/tools/TLA1365-1.html.
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3.89.8 Comparison with Local Ranking

Local hazard mitigation plans were reviewed for spatial data sources used, historical
occurrences, hazard probabilities, vulnerability, loss estimations, and land use and development
trends. When available, this information informs the text and figures of each of the sections in
this revision. The 12 local plans that specifically included karst as a hazard did not provide loss
estimates for the hazard. Of the plans that provided a general description of karst, some of them
intersected US Census data with the USGS karst zones to estimate the population located within
a karst zone; most of these assessments were general in nature. The consensus of the local plans
is that there is no way to estimate potential damage. Some local plans estimated the exposure of
buildings and infrastructure, but this was done in a general way, based on proximity to identified
sinkholes.

Overall, 12 local plans ranked Kkarst as a hazard in their HMPs. Only one of the local plans
(Hampton Roads PDC) ranked karst as a high hazard. Lenowisco PDC and Central Shenandoah
Valley PDC, both ranked karst as a medium hazard for their regions; however, the hazard was
often combined or discussed with other geologic hazards, such as landslides and sinkholes. A
review of the text made clear that while karst was described as a hazard, it was sinkholes and/or
landslides that were the actual concern for the jurisdictions. Nine plans ranked karst as low. The
2023 statewide analysis ranks karst as low and is consistent in that regard with the local plans.

3.89.9 Changes in Development

Most local hazard mitigation plans did not specifically address changes in development for each
hazard or the effects of changes in development on loss estimates. In most cases, overall
development patterns were discussed in general terms. Sixteen of the 20 local plans cite their
comprehensive plans for current and future land use changes. A few plans exclusively noted that
they have zoning ordinances related to sinkhole development or they have mitigation actions to
address these in the future.
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Table 3-87 - Karst (Sinkholes) Hazard Ranking Parameters

Jurisdiction Name \F;ﬁ{)nu;?;itgﬂty [P)Zggilf.;ion g‘;‘;ﬁ;:nd [P);c:ﬁgétg Events S)((atc:e%rtaphic Total Risk Ranking
Accomack Medium Medium Low Low Low Low Low Low
Albemarle Medium-High Medium Low Low Low Low Low Medium-Low
Alexandria, City of Medium-High High Low Low Low Low Low Medium-Low
Alleghany Low Low Low Low Low Low Low Low

Amelia Low Low Low Low Low Low Low Low
Ambherst Medium Medium Low Low Low Low Low Low
Appomattox Low Low Low Low Low Low Low Low
Arlington High High Low Low Low Low Low Medium-Low
Augusta Medium-High Medium Low Low Low Low Low Medium-Low
Bath Low Low Low Low Low Low Low Low

Bedford Medium-High Medium Low Low Low Low Low Medium-Low
Bland Low Low Low Low Low Low Low Low
Botetourt Medium Medium Low Low Low Low Low Medium-Low
Bristol, City of Low Medium-High Low Low Low Low Low Low
Brunswick Medium Low Low Low Low Low Low Low
Buchanan Medium Low Low Low Low Low Low Low
Buckingham Low Low Low Low Low Low Low Low

Buena Vista, City of Low Medium-High Low Low Low Low Low Low
Campbell Medium Medium Low Low Low Low Low Low
Caroline Medium Low Low Low Low Low Low Low

Carroll Medium Medium Low Low Low Low Low Low

Charles City Low Low Low Low Low Low Low Low
Charlotte Low Low Low Low Low Low Low Low
Charlottesville, City of Medium High Low Low Low Low Low Medium-Low
Chesapeake, City of High Medium-High Low Low Low Low Low Medium-Low
Chesterfield High Medium-High Low Low Low Low Low Medium-Low
Clarke Low Medium Low Low Low Low Low Low
Colonial Heights, City of | Medium High Low Low Low Low Low Medium-Low
Covington, City of Low Medium-High Low Low Low Low Low Low
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Craig Low Low Low Low Low Low Low Low
Culpeper Medium Medium Low Low Low Low Low Low
Cumberland Low Low Low Low Low Low Low Low
Danville, City of Medium Medium-High Low Low Low Low Low Medium-Low
Dickenson Low Low Low Low Low Low Low Low
Dinwiddie Medium Low Low Low Low Low Low Low
Emporia Low Medium-High Low Low Low Low Low Low
Essex Low Low Low Low Low Low Low Low
Fairfax High High Low Low Low Low Low Medium-Low
Fairfax, City of Medium High Low Low Low Low Low Medium-Low
Falls Church, City of Low High Low Low Low Low Low Low
Fauquier Medium-High Medium Low Low Low Low Low Medium-Low
Floyd Low Low Low Low Low Low Low Low
Fluvanna Medium Medium Low Low Low Low Low Low
Franklin Medium Medium Low Low Low Low Low Low
Franklin, City of Low Medium-High Low Low Low Low Low Low
Frederick Medium-High Medium Low Low Low Low Low Medium-Low
Fredericksburg, City of Medium High Low Low Low Low Low Medium-Low
Galax, City of Low Medium-High Low Low Low Low Low Low
Giles Low Low Low Low Low Low Low Low
Gloucester Medium Medium Low Low Low Low Low Low
Goochland Medium Medium Low Low Low Low Low Low
Grayson Low Low Low Low Low Low Low Low
Greene Medium Medium Low Low Low Low Low Low
Greensville Low Low Low Low Low Low Low Low
Halifax Medium Low Low Low Low Low Low Low
Hampton, City of Medium-High High Low Low Low Low Low Medium-Low
Hanover Medium-High Medium Low Low Low Low Low Medium-Low
Harrisonburg, City of Medium High Low Low Low Low Medium Medium-Low
Henrico High Medium-High Low Low Low Low Low Medium-Low
Henry Medium Medium Low Low Low Low Low Low
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Highland Low Low Low Low Low Low Low Low
Hopewell, City of Medium High Low Low Low Low Low Medium-Low
Isle of Wight Medium Medium Low Low Low Low Low Medium-Low
James City Medium-High Medium-High Low Low Low Low Low Medium-Low
King and Queen Low Low Low Low Low Low Low Low
King George Medium Medium Low Low Low Low Low Low
King William Low Low Low Low Low Low Low Low
Lancaster Low Medium Low Low Low Low Low Low
Lee Medium Low Low Low Low Low Low Low
Lexington, City of Low High Low Low Low Low Low Low
Loudoun High Medium-High Low Low Low Low Low Medium-Low
Louisa Medium Medium Low Low Low Low Low Low
Lunenburg Low Low Low Low Low Low Low Low
Lynchburg, City of Low Medium-High Low Low Low Low Low Low
Madison Low Low Low Low Low Low Low Low
Manassas, City of Medium High Low Low Low Low Low Medium-Low
Manassas Park, City of Low High Low Low Low Low Low Low
Martinsville, City of Low Medium-High Low Low Low Low Low Low
Mathews Low Medium Low Low Low Low Low Low
Mecklenburg Medium Low Low Low Low Low Low Low
Middlesex Low Medium Low Low Low Low Low Low
Montgomery Medium-High Medium Low Low Low Low Low Medium-Low
Nelson Low Low Low Low Low Low Low Low
New Kent Low Medium Low Low Low Low Low Low
Newport News, City of High High Low Low Low Low Low Medium-Low
Norfolk, City of High High Low Low Low Low Low Medium-Low
Northampton Low Medium Low Low Low Low Low Low
Northumberland Low Low Low Low Low Low Low Low
Norton Low Medium-High Low Low Low Low Low Low
Nottoway Low Low Low Low Low Low Low Low
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Orange Medium Medium Low Low Low Low Low Low
Page Medium Medium Low Low Low Low Low Low
Patrick Medium Low Low Low Low Low Low Low
Petersburg, City of Medium Medium-High Low Low Low Low Low Medium-Low
Pittsylvania Medium-High Medium Low Low Low Low Low Medium-Low
Poquoson Low Medium-High Low Low Low Low Low Low
Portsmouth, City of Medium-High High Low Low Low Low Low Medium-Low
Powhatan Medium Medium Low Low Low Low Low Low
Prince Edward Medium Medium Low Low Low Low Low Low
Prince George Medium Medium Low Low Low Low Low Low
Prince William High Medium-High Low Low Low Low Low Medium-Low
Pulaski Medium Medium Low Low Low Low Low Low
Radford, City of Low Medium-High Low Low Low Low Low Low
Rappahannock Low Low Low Low Low Low Low Low
Richmond Low Low Low Low Low Low Low Low
Richmond, City of High High Low Low Low Low Low Medium-Low
Roanoke Medium-High Medium-High Low Low Low Low Low Medium-Low
Roanoke, City of Medium-High High Low Low Low Low Medium Medium-Low
Rockbridge Medium Low Low Low Low Low Medium Low
Rockingham Medium-High Medium Low Low Low Low Low Medium-Low
Russell Medium Low Low Low Low Low Low Low
Salem, City of Medium High Low Low Low Low Low Medium-Low
Scott Medium Low Low Low Low Low Low Low
Shenandoah Medium Medium Low Low Low Low Low Low
Smyth Medium Medium Low Low Low Low Low Low
Southampton Low Low Low Low Low Low Low Low
Spotsylvania Medium-High Medium Low Low Low Low Low Medium-Low
Stafford Medium-High Medium-High Low Low Low Low Low Medium-Low
Staunton, City of Medium Medium-High Low Low Low Low Low Medium-Low
Suffolk Medium-High Medium Low Low Low Low Low Medium-Low
Surry Low Low Low Low Low Low Low Low
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L Population Population Injuries and Property Geographic . .
SN (N Vulnerability Density Fatalities Damage Extent URLE RS e
Sussex Low Low Low Low Low Low Low Low
Tazewell Medium Medium Low Low Low Low Low Low
Virginia Beach, City of High High Low Low Low Low Low Medium-Low
Warren Medium Medium Low Low Low Low Low Low
Washington Medium Medium Low Low Low Low Low Low
Waynesboro, City of Medium Medium-High Low Low Low Low Low Medium-Low
Westmoreland Low Medium Low Low Low Low Low Low
Williamsburg, City of Low Medium-High Low Low Low Low Low Low
Winchester, City of Medium High Low Low Low Low Medium Medium-Low
Wise Medium Medium Low Low Low Low Low Low
Wythe Medium Medium Low Low Low Low Low Low
York Medium-High Medium-High Low Low Low Low Low Medium-Low
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For the 2023 plan, the overall hazard ranking for karst (sinkholes) is low. Potential detrimental
impacts associated with the hazard are included in Table 3-88.

Table 3-88 - Emergency Management Accreditation Program Analysis

Subject ‘ Detrimental Impacts

Localized impacts are expected to be moderate to severe

Health and Safety of Public . .
in the impact area.

Health and Safety of Response

Limited unless sinkhole involves broken utility lines.
Personnel

Continuity of Operations Limited, unless a facility is impacted

Depending on the magnitude of the event, localized impact to facilities,
Property, Facilities, and Infrastructure residential properties, and
infrastructure around the event could be severe.

Localized disruption of roads, facilities, communications and/or utilities caused
Delivery of Services by the event may postpone the
delivery of some services.

Localized impacts expected to be moderate for the

The Environment impacted areas. Risk of pollution to ground water and drinking water. Always
a potential for utility line breaks.

Limited. Depending on the magnitude of the event, local

Economic and Financial Condition ) .
economy and finances may be impacted.

Localized impacts expected to cause property owners confidence in state and
local land use/development

policies to waiver.

Public Confidence in the Jurisdiction's
Governance

Community Lifelines Impacted by Karst (Sinkholes)

Based on the hazard analysis and description of vulnerability and impacts of karst (sinkholes) in
Virginia, karst (sinkholes) impacts the following community lifelines:

e Safety and Security
e Transportation

3.8.10 Landslides
3.8.10.1 Background

A landslide is the downslope transport of a mass of soil and rock material and refers to several
different varieties of ground movement landforms and processes. The primary driving force for a
landslide is gravity, but other factors may contribute to the failure of a slope. Landslides are
usually triggered by heavy rainfall, rapid snow melt, over steepening of slopes by stream
incision, or earthquakes, while certain man-made changes to the land, such as slope modification
or drainage alteration, can greatly increase the likelihood of landslides. Landslides can destroy
buildings, rupturing gas, water, and sewer mains, and knocking out power and telephone lines
while blocking transportation routes. Sometimes a landslide may move slowly down a slope, but
often the movement can occur without warning and be extremely fast. Soil creep and slumping
cause property damage gradually, whereas rockslides and debris flows can sweep away people
and property instantaneously.
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Landslides occur in many manifestations and are usually classified according to the type of
material involved and the mode of downslope movement. The material can range from loose
earth to blocks of solid rock. These materials may then move downslope by falling, sliding or
flowing. The following are some of the more important types of mass movement:

e Rockfalls entail large blocks of bedrock breaking off a cliff face and tumbling downslope.

e Rockslides occur when a detached section of bedrock slides down an inclined surface,
frequently along a bedding plane.

e Earthslides involve masses of soil moving down a slip face, usually on top of the bedrock.

e Creep is the slow, continuous, imperceptible downslope movement of soil and rock
particles.

e Rotational Slides or Slumps result from the rotation of a cohesive unit of soil or rock down
a slip surface, leaving a curved scarp.

e Debris flows develop on steep slopes because of heavy rainfall that saturates the soil, which
under the extra weight and lubrication breaks loose and becomes slurry that takes
everything with it, including large trees and houses. Channeled debris flows can reach
speeds approaching a hundred miles an hour and strike without warning.

3.8.10.2 Location and Spatial Extent

Landslides are most common in the mountainous terrain of Virginia because of the presence of
steep slopes and highly fractured bedrock over shallow soils. The lower-relief areas of the
Piedmont and Coastal Plain also have landslides, but they are often smaller and generated by
human disturbance, such as making an over-steepened road cut. The most disastrous landslide
events have been associated with heavy rainfall along the steep slopes of the Blue Ridge
Mountains and the Appalachians. Areas that are prone to mass movement include: areas where
landslides have occurred in the past; steep slopes with an angle greater than 30 degrees; and,
over-steepened cuts and fills, particularly due to home and road building. According to the North
Carolina Geological Survey, about 56% of recent landslides happened on slopes that had been
altered in some way by development.

Figure 3-124 shows the location of known landslides in the Commonwealth of Virginia that
Virginia Energy has studied. State geologists emphasize that this figure is not intended, nor does
it actually, represent all landslide locations; they know that every mountainous county in
Virginia has likely experienced landslides. Instead, the figure provides geographic information
on landslides that geologists have studied during the cited time period.
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Figure 3-124 - Location of Studied Landslides within the Commonwealth of Virginia.
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Landslides are a major geologic hazard because they are widespread, occurring in all 50 states
and US territories, causing up to $2 billion in damages, and leading to more than 25 fatalities on
average each year?. Casualties in the US are primarily caused by rockfalls, rockslides, and debris
flows. Expansion of urban and recreational developments into hillside areas exposes more people
to landslide-prone conditions each year.

3.8.10.3 Significant Historical Events

The greatest landslide hazards are present in western and southwestern Virginia. One federal
disaster declaration has been recorded for Buchanan County (1995); recently in 2021, disaster
relief was provided to Hurley in the Appalachian Regional Commission (ARC) to the United
Way of Southwest Virginia, Inc. for the Hurley Disaster Recover Project following the August
30, 2021, flooding in Hurley, Virginia. Two other declared disasters in Nelson (1969) and
Madison (1995) Counties were a result of landslides due to flooding or hurricane-related events.
The USGS has an informative publication titled ‘Debris-Flow Hazards in the Blue Ridge of
Virginia’ that highlights past events, specifically the June 27, 1995, event in Madison County.

For the 2011 Commonwealth of Virginia Hazard Mitigation Plan, scientists from the USGS
determined that most of the debris-flow events between 1844 and 1985 occurred in the Blue
Ridge. Studies of stream channels found evidence of prehistoric debris flows in Madison County.
Radiocarbon dating from these debris-flow deposits indicates that landslide events have
repeatedly occurred there over the last 34,000 years®. One of the most destructive events
occurred during Hurricane Camille in August 1969 in Nelson County. In an eight- hour span,
between 27 to 31 inches of rainwater triggered approximately 3,700 landslides, which killed
more than 150 people®.
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NCEI Storm Events Database has landslide/debris flow records for King George County (1998),
Tazewell County (2006), Staffordsville (2013), and Carsonville (2015)°. Additional sources,
including local plans, were used to collect information on historical occurrences included in
Table 3-89.

Table 3-89 - Historical Landslide Occurrences

Location of Landslide

Description

1969

Nelson County

Hurricane Camille stalled over the Blue Ridge Mountains, dropping more than 30 inches of
rain in less than eight hours. Flooding and numerous landslides and debris flows led to the
deaths of more than 150 people, 100 injuries, destruction of more than 100 bridges, and
more than $150 million in property damage. This event resulted in the

most recorded deaths by a natural hazard in the Commonwealth.

1985

Potomac and Cheat River
Watersheds

Affecting both Virginia and West Virginia, 72 hours of storms produced record floods and
extensive landslide and debris flow activity, causing 70 deaths and a total of $1.3 billion in
damage to

homes, businesses, roads, and farmlands.

1987

Alleghany County

Heavy rains caused landslides along Smith Creek in the Town of Clifton Forge.

1994

Pulaski County

Landslides were observed in June when six inches of rain fell in a three

hour period. The landslides knocked one home from its foundation and blocked five miles
of roads.

1995

Buchanan County

Previous rains and a saturated ground caused an abandoned/sealed underground mine to
burst. Water, rocks, and dirt cascaded into a home along Laurel Creek, about three miles
south of Whitewood. A 26-year- old woman was buried in the basement by debris and
property damage was estimated at $15,000.

1995

Madison County

For 16 hours, approximately 30 inches of rain fell in small area of Madison County. Eight
people were killed in June when hundreds of landslides combined with widespread
flooding. As many as 2,000 homes were affected and 35,000 acres of crops were
damaged. Total property damages were estimated at $112 million.

1995

Albemarle County

Numerous landslides occurred along the North Fork of the Moormans River. This reduced
the holding capacity of the Sugar Hollow Reservoir.

1998

King George County

A rockslide caused a portion of local route 627 to slide down a cliff. At least 1/2 the width of
the road was removed. The rockslide was partly due to repeated heavy rains, very moist
sail, and minor flooding along the river during the winter of 1997/98. Major river and flash
flood events in 1996 likely set the stage, over the long term, for the slide.

Property damage was estimated at $150,000.

2000

City of Staunton

16 landslides were experienced along Staunton district roads.

2004

City of Richmond

The remnants of Tropical Depression Gaston caused severe landslides throughout the
Church Hill and Riverside Drive sections of Richmond in August following 14” of rain in
eight hours.

2006

Tazewell County

A severe storm with very intense rain. Intense enough to help produce a landslide near a
pipeline construction project near the town of Tannersville, VA. The landslide blocked
sections of Freestone Valley Road with mud up to 3 inches deep.

2008

Giles County

Showers and thunderstorms produced enough rain to cause a mudslide
that blocked Highway 42. Property damage was estimated at $10,000

2008

Alleghany County

Due to a series of thunderstorms and rainfall, a rockslide occurred on

Route 220 just north of the City of Covington. No property damage estimates were
reported.

2013

Giles County

Storms along the southwest Virginia mountains created a mudslide
along Rouge 100 and Meadows Road near Staffordsville.
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Location of Landslide

Description

2015

Grayson County

Slow moving storms across central and southern Grayson County produced rainfall of one
to three inches with isolated amounts up to five inches. Mudslides were reported in the
area around Peach Bottom Road.

2018

Bedford County

A cluster of thunderstorms developed along a stationary front and produced torrential rains
across parts of Patrick, Henry and Franklin counties. Rainfall was estimated at 2 to 3
inches in a few hours. Heavy rain triggered a mudslide on the eastbound lane of US
Highway 460 near the route 122 intersection.

2018

Tazewell County

Evening thunderstorms affected parts of Tazewell County with 1 to 3 inches falling in
several hours. A mudslide was reported in the Falls Mills area.

2018

Galax County

Hurricane Michael resulted in heavy rainfall and severe flooding and all the animals and
staff were evacuated from the Galax Veterinary Clinic on Stockyard Road after a mudslide
along the road above the clinic brought down a power pole and caused its lines to fall onto
the clinic. Hurricane Michael resulted in heavy rainfall and severe flooding which resulted
in a large mudslide along East Stuart Drive that closed the road for several hours.

2020

Tazewell County

A strong cold front extending from a complex surface low pressure system, brought intense
thunderstorms which produced damaging winds and very heavy rain on April 12-13. A
massive landslide along Highway 16 between Thompson Valley and Tannersville washed
out part of the roadway and closed the southbound lane.

2020

Henry County

Late afternoon thunderstorms developed along the southwest Virginia Blue Ridge and
drifted southward into the foothills and piedmont producing intense rainfall and flooding. A
debris flow damaged the powerhouse at Philpott Dam knocking out power to the dam and
causing some damage. Late afternoon thunderstorms developed along the southwest
Virginia Blue Ridge and drifted southward into the foothills and piedmont producing intense
rainfall and flooding. A mudslide was reported on Fairystone Park Highway near Trent Hill
Drive. Late afternoon thunderstorms developed along the southwest Virginia Blue Ridge
and drifted southward into the foothills and piedmont producing intense rainfall and
flooding. Carson Drive in Bassett was blocked by a mudslide.

2020

Tazewell County

A very moisture rich atmosphere led to the formation of heavy rain producing showers and
storms. This resulted in a mudslide along Dry Fork Road.

2020

Tazewell County

A very moisture rich atmosphere led to the formation of heavy rain producing showers and
storms. This resulted in a mudslide along Lick Branch Road.

2020

Wythe County

Deep moisture returned to the lower mid-Atlantic region during the period August 12th -
15th, with precipitable water values ranging from 1.6 to 1.9 inches each day. The Wythe
County 911 Operations Center reported multiple debris flows taking place along VA
Highway 94 in and around the community of lvanhoe.

2020

Smyth County

Deep moisture returned to the lower mid-Atlantic region during the period August 12th -
15th, with precipitable water values ranging from 1.6 to 1.9 inches each day. A debris flow
was observed along River Road near Interstate 81 in Chilhowie. A tree and other debris
slid into the road off the side of a roadside hill, blocking the road.

2020

Henry County

Radar rainfall estimates and nearby personal mesonet station indicated that 2 to 3 inches
of rain fell across the Collinsville community in a 2-to-3-hour period of time. This heavy rain
caused a debris flow to occur along Figsboro Road near the intersection of Kings Mountain
Road, causing the road to be blocked and impassible until maintenance crews could clear
the debris.

2021

Albemarle County

Rockslide occurred in Afton, May 2021 in Albemarle County. Closed US 250 for 2 months.

2021

Roanoke County

A low-pressure system passed across the lower mid-Atlantic during the early morning
hours of January 26th, which produced 1 to 2 inches of rain across portions of the
mountains of Virginia. A car wash sustained severe structural damage when the hillside
immediately behind the building gave way and smashed through the rear wall of the
building.

2021

Bedford County

Widely scattered thunderstorms developed during the afternoon of June 11™ resulting in 2
to 4 inches of rain. This resulted in a mudslide along Highway 501. The road was passable
after the debris was cleared.
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Year Location of Landslide Description

Deep tropical moisture associated with the remnants of Tropical Storm Nicholas was lifted
northward ahead of a strong cold front. Precipitable water values ranging from 1.9 to 2.2
inches were carried into southern Virginia during the evening of the 21st. This resulted in a
small debris flow to occur along the Blue Ridge Parkway near the James River. The
parkway was reopened after the debris was removed. Flooding and landslides in Hurley on
August 2021, approximately 40 landslides were mapped for that storm.

2021 Amherst County

The 2023 statewide analysis has ranked landslide as low risk.

3.8.10.4 Probability of Future Occurrence

Landslide probability is highly site-specific and can only be generalized on a statewide basis.
Relative risk ranking is intended only for general comparison to the other hazards that impact
Virginia.

The landslide hazard is dependent on the amount of water present to mobilize the slide, the total
size of the slide, and damages are related to the amount of development in the area that could
potentially be impacted. Landslides are more common in areas with steeper slopes (generally
greater than 22 degrees) and in poorly drained soils. Some areas that are generally prone to
landslides include old landslide sites, the base of slopes, the base of minor drainage hollows, the
base or top of old fill slope, the base or top of a steep cut slope, and developed hillsides where
leach field septic systems are used ©.

A hazard map was developed by the USGS based on the 1995 Madison County event. Generally,
the mountains of the Blue Ridge can expect to see a series of damaging debris flows every 10 to
15 years. These intervals will decrease when considering larger geographic areas. Recurrence for
a debris-flow event, in a small area, can be one event every 3,000 to 4,000 years (0.03 — 0.025
percent annual chance). The drainage needs to be charged with soil material that could
potentially fail.

Impact and Vulnerability

Landslides can cause serious damage to highways, buildings, homes, and other structures that
support a wide range of economies and activities. Landslides commonly coincide with other
natural disasters. Expansion of urban development contributes to greater risk of damage by
landslides.

The USGS recognizes six major impacts or characteristics of landslides:

Cause damage in all 50 states, Puerto Rico, and the US Virgin Islands;
Cost $3.5 billion per year, in 2005 dollars, in damage repair;

Cause between 25 and 50 deaths in the US annually;

Reduce real estate values and tourist revenue;

Lead to lost human, industrial, agricultural, and forest productivity; and
Cause damage to the natural environment®,
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Risk

Because the data are highly generalized, owing to the small scale and the scarcity of precise
landslide information for much of the country, it is unsuitable for local planning or actual site
selection. Without well-established occurrence probabilities and damage values, true risk and
annualized dollar losses cannot be estimated. However, a rough estimate of financial impact can
be developed based on the NCEI Storm Events Database, although such an estimate is subject to
the biases and inconsistencies present in that data. For the 24-year data period from 1998 through
2022, NCEI reports an annualized average cost of damage of $31,833 per year®.

The best available landslide data are data provided by Virginia Energy; however, this data is
currently being updated for a specific location in Nelson/Albemarle that is schedule to be
delivered in September 2023. Therefore, the USGS Landslide Overview Map of the Coterminous
US, was mainly used and was considered the best available data for this HIRA update. This
dataset shows areas in the US where large numbers of landslides have occurred and areas which
are susceptible to landslides. This dataset is a digital representation of USGS Open-File Report
97-289, which is a PDF version of the 1997 USGS Digital Representation of Landslide
Overview Map (scale 1:4,000,000). The map classifies the major political subdivisions of the US
and assesses the vulnerability based on subdivision characteristics. Figure 3-125 is a map of the
counties of Virginia and their susceptibility to landslides adapted from the USGS Landslide
Overview Map.

Figure 3-125 - Counties Susceptible to Landslides.
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This assessment focuses on areas that may be susceptible to landslides and are likely to occur
based on past incidence. “The assigning of any area to the lowest incidence or susceptibility
category should not be construed to mean that no landslides exist or that no areas are susceptible
to landslides. Even areas in the lowest category may contain landslides unknown to the
compilers or have an incidence of less than 1.5 percent. In general, the possibility is great that a
lot more landslides than indicated exist in any given map area (except for the highest category),
owing to the overall scarcity of landslide data. Moreover, many published special-purpose
geologic maps do not show landslides, even where they are known to exist'!.”
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The USGS divides landslide risk into six categories. These six categories were grouped into
three, broader categories to be used for the risk analysis and ranking. Geographic extent is based
on these groupings (Figure 3-126). These categories include:

High susceptibility to landslide and moderate incidence.

High susceptibility to landslide and low incidence.

High landslide incidence (more than 15 percent of the area is involved in landslide).
Moderate Risk

Moderate susceptibility to landslide and low incidence.

Moderate landslide incidence (1.5 - 15 percent of the area is involved in landslide).

Low Risk

Low landslide incidence (less than 1.5 percent of the area is involved in landslide)*

Figure 3-126 - Landslide Incidence and Susceptlblllty
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3.8.10.5 State Facility Risk

To determine which facilities were at risk for landslide, the state facilities were intersected with
NRI expected annual loss data for each county. The results of indicate 11 counties in the
southwest region of the state have relatively high landslide risk based on the expected annual
loss rating. Table 3-90 shows the distribution of building risk for state facilities and the value of
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assets at risk. Annualized loss estimates were not calculated for state facilities due to the scale of
available landslide mapping, the lack of building detail data available (including valuation,
ground elevation, foundation design, and site characteristics), and the unknown probability of
future occurrence.

Table 3-90 - Number of State Facilities Located in Relatively High Landslide Risk Zone per
NRI

Number of .
Locality Agency and Facility State Assets at Uraiel EllLe ey At s
. Assets
Risk
DEQ Kim Stan 2 $6,690
State Police Area 38 office 3 $762,563
Alleghany County - -
VDOT Covington HQ and Triangle Area HQ | 19 $1,288,342
Mountain Gateway Community College 11 $57,195,303
DCR Smith Mountain Lake 63 $13,673,401
VDOF shed 1 $20,358
Department of Military Affairs 3 $7,255,009
Game & Inland Fisheries 1 $5,336
Bedford County State Police 1 $8,790
VDOT Smith Mountain Lake HQ, New
London Area HQ, Bedford Residency 46 $2,571,159
Complex, Irving Area HQ, Big Island HQ
Virginia Tech Bedford Office 1 Not provided
VDOF Vansant 3 $292,529
Buchanan County - -
Keen Mountain Correctional Center 16 $83,654,474
Game & Inland Fisheries Penhook Boat 1 $59,026
Shed
Franklin County Department of Military Affairs 2 $6,907,738
VDOT Syndorsville HQ, Glade Hill HQ,
Rocky Mount Residency Complex, 44 $3,854,196
Calloway HQ, Burnt Chimney HQ
Va Tech Giles Office 1 Not provided
. UVA 33 $11,902,484
Giles County -
VDOT Pearisburg HQ 5 $518,597
Game & Inland Fisheries 3 $24,512
Catawba Hospital 67 $439,909,063
DEQ Air Monitoring 2 $3,913
Forensic Science Western Lab 1 $23,548,916
Roanoke County State Police Salem Facilities 2 $5,005,329
VDOT Hanging Rock HQ, Airport Area HQ,
Rte 220 Storage, Salem Traffic 27 $7,787,088
Management
Department of Military Affairs 2 $7,058,973
. VDOT Fancy Hill HQ, Kerrs Creek racks,
Rockbridge County Fairfield HQ, Eskimo HQ 30 $2,662,304
Virginia Military Institute 8 $8,745,664
Appalachian Detention Center 14 $3,494,627
Russell County Department of Military Affairs 4 $2,769,632
Va Tech Russell Extension 1 Not provided
Scott County Va Tech Scott Office 1 Not provided
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Locality Agency and Facility gyuartneb:rsgéts at Xc;;aelt\slalue BT AL RIS
Risk

DCR Natural Tunnel State Park 47 $16,764,463
VDOT Ft Blackmore & inactive fire tower $100,171
Department of Military Affairs $16,700,629
e e Resency | g5

Tazewell County Pocahontas State Correctional Center 10 $39,527,602
Southwest Virginia Community College 10 $86,878,747

Wise County Virginia ABC 1 $225,832
VDOF Equipment storage 1 $104,826
Game & Inland Fisheries 1 $32,683
Stone Gap HO, Wike Residoncy Complex | 22 $3:324.261
Mountain Empire Community College 12 $88,704,803
Red Onion State Prison 15 $71,276,939
UVA at Wise 52 $306,768,490
Wallens Ridge State Prison 15 $141,343,034
Wise Correctional Unit #18 20 $6,469,314

3.8.10.6 Critical Facility Risk

Risk for critical facilities was calculated in the same fashion described above for state facilities.
Approximately eight percent of state-owned assets are critical facilities in regions with a
moderate or high risk of landslide. Table 3-91 shows the number of critical facilities identified in
moderate or high-risk landslide areas, by risk level and use. Utilities, fuel service/storage, and
hazardous materials represent many critical facilities in potential risk areas. Annualized loss
estimates were not calculated for critical facilities due to the scale of available landslide
mapping, limited information on mapped critical facilities (including valuation data), and the
unknown probability of future occurrence.
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Table 3-91 - Critical Facilities in Landslide Risk Areas

Number in .
Critical Facility Use High-Risk ey ) LG ErElE
Risk Areas
Areas
Airfield 4 5
Animal Health 4 12
Armory 11 10
Childcare 5 0
Communications 18 12

Emergency Operations Center

Fire Service/Support/Suppression 8 9
Food Service/Storage 12 10
Fuel Storage/Delivery 179 96
Hazardous Materials Storage 127 78
Medical Services/Support/EMS 43 18
Public Safety/Security 51 27
Research 37 70
Special Populations Housing 9 3
Utilities 178 127
Total: 686 467

3.8.10.7 Landslide Risk to Energy Pipelines

Soil movement associated with landslides can destabilize the structural supports of pipelines,
possibly leading to pipeline ruptures. In Virginia, landslides can be expected to occur in
conjunction with other hazard events such as flooding, which also pose independent risks to
pipelines.

Future Conditions

In general, different phenomena influence the stability of slopes and cause landslides, including
precipitation, snow melt, temperature changes, wildfires, earthquakes, and volcanic activity.
Climate and its variations, chiefly precipitation, and temperature influence some of these
phenomena. It is, therefore, expected that climate (influences slope stability at different temporal
and geographical scales.

That climate changes affect the stability of natural and engineered slopes, and have consequences
on landslides, is clear. Less clear are the details of those consequences - the type, extent,
magnitude, and direction of the changes in the stability conditions, and on the location,
abundance, activity, and frequency of landslides in response to the projected climate changes®®.

Climate and landslides act at only partially overlapping spatial and temporal scales, complicating
the evaluation of the climate impacts on landslides'®. How changes in the climate of Virginia will
impact landslides cannot currently be determined. Additional detailed land risk study is
necessary to determine the specific potential impacts to Virginia.
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Jurisdictional Risk

The hazard ranking for landslide is based on events reported in the NCEI Storm Events Database
and a generalized geographic extent rating developed from the USGS landslide susceptibility and
incidence. To be able to include landslide in the risk assessment, several general assumptions
were made. Geographical extent was the primary basis for establishing risk and was calculated as
a percent of the jurisdictional area in high risk. In lieu of probability of future occurrence, areas
with higher landslide risk were assumed to be at greater risk. These parameters are illustrated in
Table 3-92, along with the total ranking. Most of the Commonwealth is in the lower risk
categories.

The NCEI database has limited data available for geological hazards. The limitations are evident
in the ranking and when compared to the known historical events; Hurricane Camille in 1969
resulted in landslides that killed 150 people, but this event is not within the period of record of
the NCEI database. Table 3-92 shows the relative ranking results for the landslide hazard from
the NRI. The table includes all communities that have Very High or Relatively High risk index
rating for landslide.

Table 3-92 - Communities With High Risk Index Rating for Landslide

Locality NRI Risk Index Rating

City of Danville Relatively High

Giles County Relatively High

City of Norton Relatively High

Bath County Very High
Source: NRI

Zoning and grading ordinances to avoid building in areas of potential hazard or to regulate
construction to minimize potential for landslide are non-structural methods to reduce the likely
consequences of debris flows. Loudoun County adopted a zoning ordinance preventing the
development of building sites with steep slopes along the Blue Ridge (defined in the ordinance
as exceeding a 15-percent grade, equivalent to an 8-degree slope) which substantially reduces the
hazards of landslides and debris flows within that area.

3.8.10.8 Local Plan Comparison

Local hazard mitigation plans were reviewed for spatial data sources used, historical
occurrences, hazard probabilities, vulnerability, loss estimations, and land use and development
trends. When available, this information supplements the text and figures of each of the sections
in this revision.

None of the 20 local plans provided loss estimates for this hazard. Of the plans that provided a
general description of landslides, some of them referred to the USGS landslide susceptibility and
incidence mapping. The consensus in the local plans is that there is no definitive way to estimate
potential damages due to landslides at the local level with available local resources and data.

Lenowisco PDC, Cumberland Plateau PDC, Central Virginia, and Roanoke Valley-Allegheny
PDC all ranked landslide as a medium hazard. In total, 10 plans ranked landslide as a low hazard,
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the remaining six plans did not provide a rank for this hazard, resulting in a local plan average of
low for landslide.

3.8.10.9 Changes in Development

As stated above, the 2023 statewide analysis has ranked landslide as low risk. Most local plans
did not specifically address changes in development for each hazard or the effects of changes in
development on loss estimates. In most cases, overall development patterns were discussed in
general. Sixteen of the 20 local plans cite their comprehensive plans for current and future land
use. Lenowisco PDC and Cumberland Plateau PDC mentioned that the densely populated areas
in the PDC are in areas with a more gradual slope and therefore the widespread damages due to
landslides would be expected to be limited in those developed areas. Changes in development
would most likely have an impact on loss estimates if there was an established method for
calculating loss.
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Table 3-93 - Landslide Hazard Ranking Parameters

Jurisdiction Populatio_r_\ Popu_lation e Property Events Geographic TotaI_Ri k
Name Vulnerability Density Fatalities Damage Extent Ranking
Accomack Medium Medium Low Low Low Low Low Medium-Low
Albemarle Medium-High Medium Low Low Low Low Medium-High Medium-Low
Qflexandria, City Medium-High High Low Low Low Low Medium-High Medium
Alleghany Low Low Low Low Low Medium-Low Medium-Low Low
Amelia Low Low Low Low Low Low Low Low
Ambherst Medium Medium Low Low Low Low Medium-High Medium-Low
Appomattox Low Low Low Low Low Low Low Low
Arlington High High Low Low Low Low Low Medium-Low
Augusta Medium-High Medium Low Low Low Low Low Medium-Low
Bath Low Low Low Low Low Low Low Low
Bedford Medium-High Medium Low Low Low Low Medium-High Medium-Low
Bland Low Low Low Low Low Low Low Low
Botetourt Medium Medium Low Low Low Low Low Low
Bristol, City of Low Medium-High Low Low Low Low Low Low
Brunswick Medium Low Low Low Low Low Low Low
Buchanan Medium Low Low Low Low Medium High Medium-Low
Buckingham Low Low Low Low Low Low Low Low
CB:EJt;e/r;af Vista, Low Medium-High Low Low Low Low Low Low
Campbell Medium Medium Low Low Low Low Medium-High Medium-Low
Caroline Medium Low Low Low Low Low Low Low
Carroll Medium Medium Low Low Low Low Medium-High Medium-Low
Charles City Low Low Low Low Low Low Low Low
Charlotte Low Low Low Low Low Low Low Low
giktlsr(l)cf)ttesville, Medium High Low Low Low Low Medium-High Medium-Low
gir:;soafpeake, High Medium-High Low Low Low Low Low Medium-Low
Chesterfield High Medium-High Low Low Low Low Low Medium-Low
Clarke Low Medium Low Low Low Low Low Low
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Jurisdiction Populatio_r_\ Popu_lation Injuri_e_s and Property Crop Damage Events Geographic TotaI_Risk
Name Vulnerability Density Fatalities Damage Extent Ranking
Sg:gﬂ'tzl City of Medium High Low Low Low Low Low Medium-Low
(C):fovington, City Low Medium-High Low Low Low Low Medium-High Medium-Low
Craig Low Low Low Low Low Low Low Low
Culpeper Medium Medium Low Low Low Low Low Low
Cumberland Low Low Low Low Low Low Low Low
Danville, City of Medium Medium-High Low Low Low Low Low Medium-Low
Dickenson Low Low Low Low Low Low Low Low
Dinwiddie Medium Low Low Low Low Low Low Low
Emporia Low Medium-High Low Low Low Low Low Low
Essex Low Low Low Low Low Low Low Low
Fairfax High High Low Low Low Low Low Medium-Low
Fairfax, City of Medium High Low Low Low Low Low Medium-Low
(F:i!lsocflhurch, Low High Low Low Low Low Low Low
Fauquier Medium-High Medium Low Low Low Low Low Medium-Low
Floyd Low Low Low Low Low Low Low Low
Fluvanna Medium Medium Low Low Low Low Low Low
Franklin Medium Medium Low Low Low Low Medium-High Low
Franklin, City of Low Medium-High Low Low Low Low Low Low
Frederick Medium-High Medium Low Low Low Low Low Medium-Low
g;eydgfricksburg, Medium High Low Low Low Low Low Medium-Low
Galax, City of Low Medium-High Low Low Low Low Medium-High Medium-Low
Giles Low Low Low Low Low Medium-Low Medium Low
Gloucester Medium Medium Low Low Low Low Low Low
Goochland Medium Medium Low Low Low Low Low Low
Grayson Low Low Low Low Low Medium-Low Medium-Low Low
Greene Medium Medium Low Low Low Low Medium-High Medium-Low
Greensville Low Low Low Low Low Low Low Low
Halifax Medium Low Low Low Low Low Low Low
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Jurisdiction Population Population Injuries and Property 10 PEMEGE Events Geographic Total Risk
Name Vulnerability Density Fatalities Damage P 9 Extent Ranking
Hampton, City of | Medium-High High Low Low Low Low Low Low
Hanover Medium-High Medium Low Low Low Low Low Medium-Low
gie:)r/nos;)nburg, Medium High Low Low Low Low Medium Medium-Low
Henrico High Medium-High Low Low Low Low Low Medium-Low
Henry Medium Medium Low Low Low Low Medium-High Medium-Low
Highland Low Low Low Low Low Low Low Low
Hopewell, City of | Medium High Low Low Low Low Medium-High Medium-Low
Isle of Wight Medium Medium Low Low Low Low Low Low

James City Medium-High Medium-High Low Low Low Low Low Medium-Low
King and Queen | Low Low Low Low Low Low Low Low

King George Medium Medium Low Low Low Medium Medium-Low Medium-Low
King William Low Low Low Low Low Low Low Low
Lancaster Low Medium Low Low Low Low Low Low

Lee Medium Low Low Low Low Low Low Low
I(;?xmgton, City Low High Low Low Low Low Low Low
Loudoun High Medium-High Low Low Low Low Medium-High Medium-Low
Louisa Medium Medium Low Low Low Low Low Low
Lunenburg Low Low Low Low Low Low Low Low
I;/nchburg, City Low Medium-High Low Low Low Low Medium-High Medium-Low
Madison Low Low Low Low Low Medium High Medium-Low
(I\)/;anassas, City Medium High Low Low Low Low Low Medium-Low
M_anassas Park, Low High Low Low Low Low Low Low

City of

(I\)/;artlnsvnle, City Low Medium-High Low Low Low Low Medium-High Medium-Low
Mathews Low Medium Low Low Low Low Low Low
Mecklenburg Medium Low Low Low Low Low Low Low
Middlesex Low Medium Low Low Low Low Low Low
Montgomery Medium-High Medium Low Low Low Low Low Medium-Low
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Jurisdiction Populatio_r_\ Popu_lation Injuri_e_s and Property Crop Damage Events Geographic TotaI_Risk
Name Vulnerability Density Fatalities Damage Extent Ranking
Nelson Low Low Low Low Low Medium High Medium-Low
New Kent Low Medium Low Low Low Low Low Low
lc\l:ﬁ)\;vg?rt News, High High Low Low Low Low Low Medium-Low
Norfolk, City of High High Low Low Low Low Low Medium-Low
Northampton Low Medium Low Low Low Low Low Low
Northumberland Low Low Low Low Low Low Low Low

Norton Low Medium-High Low Low Low Low Medium-High Medium-Low
Nottoway Low Low Low Low Low Low Low Low

Orange Medium Medium Low Low Low Low Low Low

Page Medium Medium Low Low Low Low Low Low

Patrick Medium Low Low Low Low Low Low Low
Efetersburg, City Medium Medium-High Low Low Low Low Low Medium-Low
Pittsylvania Medium-High Medium Low Low Low Low Low Medium-Low
Poguoson Low Medium-High Low Low Low Low Low Low
Efortsmouth, City Medium-High High Low Low Low Low Low Medium-Low
Powhatan Medium Medium Low Low Low Low Low Low

Prince Edward Medium Medium Low Low Low Low Low Low

Prince George Medium Medium Low Low Low Low Low Low

Prince William High Medium-High Low Low Low Low Low Medium-Low
Pulaski Medium Medium Low Low Low Medium-Low Low Medium-Low
Radford, City of Low Medium-High Low Low Low Low Low Low
Rappahannock Low Low Low Low Low Low Low Low
Richmond Low Low Low Low Low Low Medium-High Low
Efichmond, City High High Low Low Low Medium-Low Low Medium-Low
Roanoke Medium-High Medium-High Low Low Low Low Low Medium-Low
Roanoke, City of | Medium-High High Low Low Low Low Medium Medium-Low
Rockbridge Medium Low Low Low Low Low Medium Low
Rockingham Medium-High Medium Low Low Low Low Low Medium-Low
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Jurisdiction Populatio_r_l Popu_lation Injuri_e_s and Property Crop Damage Events Geographic TotaI_Risk
Name Vulnerability Density Fatalities Damage Extent Ranking
Russell Medium Low Low Low Low Low Low Low

Salem, City of Medium High Low Low Low Low Low Medium-Low
Scott Medium Low Low Low Low Low Low Low
Shenandoah Medium Medium Low Low Low Low Low Low

Smyth Medium Medium Low Low Low Low Low Low
Southampton Low Low Low Low Low Low Low Low
Spotsylvania Medium-High Medium Low Low Low Low Low Medium-Low
Stafford Medium-High Medium-High Low Low Low Low Low Medium-Low
Staunton, City of | Medium Medium-High Low Low Low Medium-Low Low Medium-Low
Suffolk Medium-High Medium Low Low Low Low Low Medium-Low
Surry Low Low Low Low Low Low Low Low

Sussex Low Low Low Low Low Low Low Low
Tazewell Medium Medium Low Low Low Medium-Low Low Medium-Low
Vi_rginia Beach, High High Low Low Low Low Low Medium-Low
City of

Warren Medium Medium Low Low Low Low Low Low
Washington Medium Medium Low Low Low Low Low Low
\(I:\/igygfsboro, Medium Medium-High Low Low Low Low Low Medium-Low
Westmoreland Low Medium Low Low Low Low Low Low
Williamsburg, Low Medium-High Low Low Low Low Low Low

City of

\é\]{inchester, City Medium High Low Low Low Low Medium Medium-Low
Wise Medium Medium Low Low Low Low Medium-High Medium-Low
Wythe Medium Medium Low Low Low Low Low Low

York Medium-High Medium-High Low Low Low Low Low Medium-Low
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For the 2023 plan, the overall hazard ranking for landslide is low. Potential detrimental impacts
associated with the hazard are included in Table 3-94.

Table 3-94 - Emergency Management Accreditation Program Analysis

Subject Detrimental Impacts

Localized impacts are expected to be moderate to catastrophic for the impacted area,
Health and Safety of Public the worst disaster the Commonwealth has experienced is the landslides associated
with Tropical Storm Camille in 1969, 150 deaths.

Localized impacts could be serious as local responders are working within the

Health and Safety of Response impacted area, if they live within the impacted area then they may be displaced or
Personnel isolated for an extended period of time. In addition, response by first responders to
landslides is inherently dangerous due to slope instability and risk of additional failure.

Damage to facilities/personnel in the area of the event may require temporary

Continuity of Operations / .
relocation of some operations.

Depending on the magnitude of the event, localized impact to facilities, residential

Property, Facilities, and Infrastructure properties, and infrastructure in the area of the event could be severe.

Localized disruption of roads, facilities, communications and/or utilities caused by the

Delivery of Services . ;
event may postpone the delivery of some services.

Localized impacts expected to be severe for the impacted areas. With a high potential
The Environment for debris, HAZMAT may be an issue. In addition, increased sedimentation in streams
is also a problem.

Local economic and financial conditions may be impacted for a long period of time
Economic and Financial Condition depending on duration and geographical area of the event, as well as the size and
capabilities of the local jurisdiction.

Ability to respond and recover may be questioned and challenged if planning,
response, and recovery time is not sufficient. Local and state land development
policies may be in question.

Public Confidence in the Jurisdiction's
Governance

Community Lifelines Impacted by Landslides

Based on the hazard analysis and description of vulnerability and impacts of landslides in
Virginia, landslides impact the following community lifelines:

e Food, Water, Shelter
e Safety and Security
e Transportation

3.8.11 Land Subsidence
3.8.11.1 Background

Subsidence, also known as vertical land movement, is the gradual lowering or sudden sinking of
the Earth’s surface. Subsidence is often caused by the removal of water, oil, natural gas, or
mineral resources out of the ground by pumping, fracking, or mining activities, but can also be
the result of natural events. Land subsidence can increase flooding, alter wetland and coastal
ecosystems, and damage infrastructure and historical sites. Historical evidence shows that much
of the coastal region in Virginia is already experiencing some degree of sea level rise and land
subsidence.

While land subsidence is possible in many areas, this assessment will focus on the southern
Chesapeake Bay and Hampton Roads area because subsidence there is documented and
potentially harmful enough to be analyzed as a hazard. Vulnerability to sea level rise associated
with subsidence can be looked at in terms of economic losses resulting from future flood event
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damages. Additional insight may be gained from examining expectations for future land use and
development patterns and highlighting what infrastructure and real estate will potentially be
affected by rising tides.

3.8.11.2 Location and Spatial Extent

The southern Chesapeake Bay region is experiencing land subsidence and rising water levels due
to global sea level rise; land subsidence and rising water levels combine to cause relative sea
level rise. This land subsidence helps explain why the region has the highest rates of sea level
rise on the Atlantic Coast of the US. Data indicate that land subsidence has been responsible for
more than half the relative sea level rise measured in the region. Land subsidence increases the
risk of flooding in low-lying areas, which in turn has important economic, environmental, and
human health consequences for the heavily populated and ecologically important southern
Chesapeake Bay region.

When groundwater is pumped from an aquifer system, pressure in the aquifer decreases. The
pressure change is reflected by water levels in wells, with water levels decreasing as aquifer
system pressure decreases. This is happening over most of the southern Chesapeake Bay region,
with the greatest water level decreases seen near the pumping centers of Franklin and West
Point, Virginia (Figure 3-127). The aquifer system in the region has been compacted by
extensive groundwater pumping in the region at rates of 1.5 to 3.7 millimeters per year; this
compaction accounts for more than half of observed land subsidence in the region. Water levels
have decreased over the entire Virginia Coastal Plain in the Potomac Aquifer, which is the
aquifer that supplies approximately three-quarters of the groundwater withdrawn from the
Virginia Coastal Plan aquifer system. It is also the deepest and the thickest aquifer in the
southern Chesapeake Bay region®.

There are other causes of land subsidence, but there is currently little or no evidence that these
other causes are important to regional subsidence processes in the southern Chesapeake Bay
region. However, glacial isostatic adjustment, or the flexing of the Earth’s crust in response to
glacier formation and melting, is also suspected to be a contributor to land subsidence in the
region.

Land subsidence in the Hampton Roads area was first documented in 1940. Repeated surveys
between 1940 and 1971 documented that land surfaces across the region were sinking at an
average rate of 2.8 millimeters per year. Figure 3-127 provides a visual representation of the
1940-1971 rates of subsidence. In 2013, the area was re-measured and average rates were
observed to be 3.1 millimeters per year'® and a more recent publication in 2020 found an overall
subsidence rate of —3.6 = 2.3 millimeters per year for Hampton Roads.
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Figure 3-127 - Aquifer-System Compaction Caused by Groundwater Withdrawals®

7730 7 76730 76°

w

37°30 = 3 RELETT|
~ ¢ 1 Share

Groundwater |\ Y
level decrease,
in meters

65 -" 3
\_\— v

v

30 -0

36=ma b— — -_'—-—-— ;‘_L | l

Map made from U.S. Geological Survey end Virginia Department of Game and Inland Fisheries data i} 20 MILES

Virginia State plane projection | .

Vipinia south Federeal Information Procassing Standard (FIPS) 4502 0 10 20 KILOMETERS
North American Datum 1983 (NADB3)

EXPLANATION
—20—  Line of equal groundwater water level decline
(predevelopment to 2008)—Shows change in elevation.
Contour interval is 5 meters
o Groundwater withdrawal center

. U.S. Geological Survey extensometer station

Commonwealth of Virginia 2023 Hazard Mitigation Plan 3-309



Section 3: Hazard Identification and Risk Assessment

Figure 3-128 - Land elevation change rates from 1940 through 1971
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Recent measurements from InSAR satellite analysis show fine-scale patterning and variability of
subsidence, especially across Hampton Roads. This analysis as well as others noted below are
ongoing studies and could reveal more variability and differential vulnerability for infrastructure
(e.g., landfills, filled creeks, dredge spoil areas) across urban Hampton Roads that could be
utilized for mitigation efforts.
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Ongoing studies:

e Brett Buzzanga dissertation (2021) https://digitalcommons.odu.edu/oeas_etds/181/

e Buzzanga et al. (2020)
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1029/2020GL090013

e Ben Hamlington and NASA Sea Level Change Team have a new SLR projection tool that
includes Sewells Point available here: https://sealevel.nasa.gov/ipcc-ar6-sea-level-
projection-tool

3.8.11.3 Significant Historical Events

There is significant documentation of the subsidence occurring in the southern Chesapeake
Bay/Hampton Roads area of Virginia, but there have been no federal disaster declarations or
NCEI recorded events for land subsidence-related events. Land subsidence is a site-specific
hazard. Currently there is no comprehensive, long-term record of significant historical
subsidence events in Virginia.

3.8.11.4 Probability of Future Occurrence

From the USGS report Land Subsidence and Relative Sea level Rise in the Southern Chesapeake
Bay Region:

As relative sea levels rise, shorelines retreat and the magnitude and frequency of near-shore
coastal flooding increase. Although land subsidence can be slow, its effects accumulate over
time. This has been an expensive problem in the Houston-Galveston area and the Santa Clara
Valley (Galloway and others, 1999) and likely contributes to current flooding problems in the
southern Chesapeake Bay region. Analysis by McFarlane (2012) found that between 59,000 and
176,000 residents living near the shores of the southern Chesapeake Bay could be either
permanently inundated or regularly flooded by 2100. This estimate was based on 2010 census
data, using the spring high-tide as a reference elevation and assuming a 1-m relative sea level
rise. Damage to personal property was estimated to be $9 billion to $26 billion, and 120,000
acres of ecologically valuable land could be inundated or regularly flooded, under these same
assumptions. Historic and cultural resources are also vulnerable to increased flooding from
relative sea level rise in the southern Chesapeake Bay, particularly at shoreline sites near tidal
water, such as the 17th century historic Jamestown site.

Land subsidence can also increase flooding in areas away from the coast. Low-lying areas, such
as the Blackwater River Basin, can be subject to increased flooding as the land sinks. Locations
along the Blackwater River in the city of Franklin and the counties of Isle of Wight and
Southampton have experienced large floods in recent years (Federal Emergency Management
Agency, 2002). Land subsidence may be altering the topographic gradient that drives the flow of
the river and possibly contributing to the flooding?®.

Impact and Vulnerability

Subsidence has the potential to negatively impact assets and residents. Much of the Hampton
Roads area is already subject to flooding, both from rainfall/riverine sources and coastal storms.
Any further decrease in land elevation would only exacerbate these conditions. Subsidence can
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damage wetland and coastal marsh ecosystems by exposing shorelines to increased wave action
and washovers. Damage to infrastructure in the area — such as buildings, bridges, and pipelines —
can be caused by relative groundwater rise or land settling. Storm and wastewater sewers in
urban areas may be vulnerable because subsidence can alter the flow through the sewers, causing
increase flooding and more frequent sewer discharge from overflows'?,

Risk
Risk, strictly defined as probability multiplied by impact, cannot be fully estimated for land
subsidence due to the lack of historical data and details of state assets, including valuations. To

assess risk, this assessment focused on the state assets located in the southern Chesapeake
Bay/Hampton Roads region.

3.8.11.5 State Facility Risk

To determine which facilities are at risk for land subsidence, the state facilities in the Hampton
Roads/southern Chesapeake Bay region were examined. The results of this analysis indicate
1,975 buildings at risk from land subsidence. Table 3-95 shows the distribution of building risk
for state facilities. Annualized loss estimates were not calculated for state facilities due to the
lack of building detail data available (including valuation), and the unknown probability of future
occurrence.

Table 3-95 - Number of State Facilities Located in Land Subsidence Areas, by Agency

Number of Buildings in

Land Subsidence Areas

Virginia Department of Alcoholic Beverage

Control 8
Virginia Department of Behavioral Health and 69
Development Services

Virginia Department of Conservation and 188

Recreation

Virginia Department of Emergency Management 40

Virginia Department of Environmental Quality

Virginia Department of Forensic Science 2
Virginia Department of Wildlife Resources 34
Virginia Department of Military Affairs 194
Virginia Department of Motor Vehicles 9
Virginia Department of Corrections 102
Virginia Department of Forestry 19
Virginia Department of Veterans Services 7
Jamestown-Yorktown Foundation 31
Christopher Newport University 42
Norfolk State University 45
Old Dominion University 113
Tidewater Community College 12
Virginia Community College System 52
Virginia Department of Agriculture and Consumer 3
Services

Virginia Central Healthcare System 552
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Number of Buildings in

Agency Land Subsidence Areas
Virginia Department of Transportation 269

Virginia Employment Commission 6

Virginia Institute of Marine Science 83

Virginia Polytechnic Institute and State University

(Virginia Tech) 49
Virginia Port Authority 69
Virginia State Police 18
Other Agencies 33
Total: 1,975

3.8.11.6 Critical Facility Risk

Risk for critical facilities was calculated in the same fashion described above for state facilities.
Approximately one percent of state-owned assets are critical facilities in the Hampton
Roads/southern Chesapeake Bay region. Table 3-96 shows the number of critical facilities
identified in the area. Utilities, fuel service/storage, and hazardous materials represent many
critical facilities in potential risk areas. Annualized loss estimates were not calculated for critical
facilities due to the limited information on mapped critical facilities (including valuation data),
and the unknown probability of future occurrence.

Table 3-96 - Critical Facilities in Land Subsidence Risk Area

Number in Land
Subsidence Area

Critical Facility Use

Airfield 3
Animal Health 1
Armory 6
Childcare 2
Communications 5
Fire Service/Support/Suppression 2
Food Service/Storage 14
Fuel Storage/Delivery 49
Hazardous Materials Storage 33
Medical Services/Support/EMS 12
Public Safety/Security 14
Research 21
Special Populations/Housing 1
Utilities 68
Total: 231

3.8.11.7 Land Subsidence Risk to Energy Pipelines

Soil movement associated with land subsidence can destabilize the structural supports of
pipelines, possibly leading to pipeline ruptures. However, land subsidence is a slow-moving
hazard and, presumably, pipeline owners would be able to take mitigative measures as
components are replaced or upgraded.
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Future Conditions

The NOAA Coastal Flood Exposure Mapper tool
(http://www.coast.noaa.gov/floodexposure/#/map) uses recent land cover data to show where
areas being developed may be impacted by varying levels of sea level rise. This tool can help
provide planners with information needed to focus sea level rise mitigation efforts
geographically.

From Chesapeake Bay Land Subsidence and Sea Level Change: An Evaluation of Past and
Present Trends and Future Outlook:

Linear trend analysis of monthly mean sea level (mmsl) data from ten Chesapeake Bay water
level stations with a common time span have provided insight into temporal and spatial
differences in relative sea level rise (RSLR) with approximately the same confidence interval at
each station after decadal signal extraction (DSE). Time-segment comparisons indicate small
increases in RSLR at four of five Chesapeake Bay stations with data arranged in two periods of
equal, non-overlapping spans: 1944-1975 and 1976-2007. Although none of the increases are
statistically significant, the methodology used here (DSE analysis) is still sensitive to recent
changes on the order of £0.05 mm/yr. Excluding Washington, DC (WASH), which has significant
serial correlation for this period, 1976-2007 RSLR rates at nine stations show an average
increase of 0.10 mm/yr compared to NOAA RSLR rates for the same nine stations as reported in
Zervas (2009). The 1976-2007 RSLR rate at Sewells Point (SWPT) as determined in this study,
for example, is 4.52 £ 0.66 mm/yr compared to 4.44 = 0.27 mm/yr reported by Zervas (2009) for
the 1927-2006 period at SWPT, an increase of 0.08 mm/yr above the NOAA rate3,

Factors such as such as changes to regional ocean currents, upstream flood control, thermal
expansion, and glacial ice melt will have greater influence on how fast Virginia’s sea levels rise
in the future®. Virginia’s sea levels are already rising much quicker than most of the country due
to these issues, and scientists project that future rates will accelerate further®. Much of the
expected relative sea level rise is unavoidable and likely to increase in the face of global climate
change and shoreline communities will have to adapt, but an important component of relative sea
level rise, land subsidence, probably could be prevented or reduced in the future if groundwater
pumping and water use strategies were changed.

The probability of land subsidence cannot be expressed in terms of specific return periods or
recurrence intervals as it can be for other hazards. For the Hampton Roads area, the probability
of land subsidence is high, given that this is a documented, continuous phenomenon that is
unlikely to cease in the foreseeable future.

Jurisdictional Risk

To be able to include land subsidence in the risk assessment some general assumptions were
made. Geographical Extent, using USGS land subsidence topography maps, was the primary
basis for establishing risk. In lieu of probability of future occurrence, areas with more land
subsidence were assumed to be at greater risk and were assigned a higher GE ranking than other
jurisdictions.
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These parameters in the land subsidence risk assessment are illustrated in Table 3-97, along with

the total ranking. There are currently no land subsidence related records in NCEI; as a result, the

lowest ranking score (1) was assigned to the annualized data for population vulnerability, events,
damages, and fatalities and injuries to be able to compare land subsidence to the other hazards, as
described in Section 3.7.

3.8.11.8 Local Plan Risk Assessment

Local hazard mitigation plans were reviewed for spatial data sources used, historical
occurrences, hazard probabilities, vulnerability, loss estimations, and land use and development
trends. When available, this information supplements the text and figures of each of the sections
in this revision. Eleven of the total 20 local plans considered land subsidence. The local plans
that included land subsidence did not provide loss estimates for the hazard. Of the plans that
provided a general description of land subsidence, some of them intersected US Census data with
the USGS karst zones to estimate the population located within a land subsidence zone. The
consensus in the local plans is that it is not feasible to easily estimate potential damages.

3.8.11.9 Comparison with Local Ranking

The only jurisdiction that ranked subsidence as high risk was Hampton Roads. Lenowisco PDC,
Central Virginia, and Central Shenandoah all ranked land subsidence as having medium risk. In
most cases, the local plans combined land subsidence with other hazards (i.e., karst or sea level
rise). Therefore, the overall risk for land subsidence is low among the 11 regional plans that
ranked the hazard.

3.8.11.10 Changes in Development

Most local hazard mitigation plans did not specifically address changes in development for each
hazard or the effects of changes in development on loss estimates. In most cases, overall
development patterns were discussed in general. Sixteen of the 20 local plans cite their
comprehensive plans for current and future land use changes. Hampton Roads plan incorporated
the NOAA Flood Exposure Mapper Tool to identify development patterns and exposure with
different sea level rise scenarios.
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Table 3-97 - Land Subsidence Hazard Ranking Parameters

sunsditon Name  GOUSon - Popustion e and - Bobery o pamage Events o
Accomack Low Medium Low Low Low Low Low Low
Albemarle Low Medium Low Low Low Low Low Low
Alexandria, City of Low High Low Low Low Low Low Low
Alleghany Low Low Low Low Low Low Low Low
Amelia Low Low Low Low Low Low Low Low
Ambherst Low Medium Low Low Low Low Low Low
Appomattox Low Low Low Low Low Low Low Low
Arlington Low High Low Low Low Low Low Low
Augusta Low Medium Low Low Low Low Low Low
Bath Low Low Low Low Low Low Low Low
Bedford Low Medium Low Low Low Low Low Low
Bland Low Low Low Low Low Low Low Low
Botetourt Low Medium Low Low Low Low Low Low
Bristol, City of Low Medium-High Low Low Low Low Low Low
Brunswick Low Low Low Low Low Low Low Low
Buchanan Low Low Low Low Low Low Low Low
Buckingham Low Low Low Low Low Low Low Low
Buena Vista, City of Low Medium-High Low Low Low Low Low Low
Campbell Low Medium Low Low Low Low Low Low
Caroline Low Low Low Low Low Low Low Low
Carroll Low Medium Low Low Low Low Low Low
Charles City Low Low Low Low Low Low Low Low
Charlotte Low Low Low Low Low Low Low Low
Charlottesville, City of Low High Low Low Low Low Low Low
Chesapeake, City of High Medium-High Low Low Low Low Medium Medium-Low
Chesterfield Low Medium-High Low Low Low Low Low Low
Clarke Low Medium Low Low Low Low Low Low
Colonial Heights, City of Low High Low Low Low Low Low Low
Covington, City of Low Medium-High Low Low Low Low Low Low
Craig Low Low Low Low Low Low Low Low
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Culpeper Low Medium Low Low Low Low Low Low
Cumberland Low Low Low Low Low Low Low Low
Danville, City of Low Medium-High Low Low Low Low Low Low
Dickenson Low Low Low Low Low Low Low Low
Dinwiddie Low Low Low Low Low Low Low Low
Emporia Low Medium-High Low Low Low Low Low Low
Essex Low Low Low Low Low Low Low Low
Fairfax Low High Low Low Low Low Low Low
Fairfax, City of Low High Low Low Low Low Low Low
Falls Church, City of Low High Low Low Low Low Low Low
Fauquier Low Medium Low Low Low Low Low Low
Floyd Low Low Low Low Low Low Low Low
Fluvanna Low Medium Low Low Low Low Low Low
Franklin Medium Medium Low Low Low Low Medium Medium-Low
Franklin, City of Low Medium-High Low Low Low Low Medium Low
Frederick Low Medium Low Low Low Low Low Low
Fredericksburg, City of Low High Low Low Low Low Low Low
Galax, City of Low Medium-High Low Low Low Low Low Low
Giles Low Low Low Low Low Low Low Low
Gloucester Medium Medium Low Low Low Low Medium Medium-Low
Goochland Low Medium Low Low Low Low Low Low
Grayson Low Low Low Low Low Low Low Low
Greene Low Medium Low Low Low Low Low Low
Greensville Low Low Low Low Low Low Low Low
Halifax Low Low Low Low Low Low Low Low
Hampton, City of Medium-High High Low Low Low Low Medium Medium-Low
Hanover Low Medium Low Low Low Low Low Low
Harrisonburg, City of Low High Low Low Low Low Low Low
Henrico Low Medium-High Low Low Low Low Low Low
Henry Low Medium Low Low Low Low Low Low
Highland Low Low Low Low Low Low Low Low
Hopewell, City of Low High Low Low Low Low Low Low
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Isle of Wight Medium Medium Low Low Low Low Medium Medium-Low
James City Medium-High Medium- Low Low Low Low Medium Medium-Low
King and Queen Low Low Low Low Low Low Low Low
King George Low Medium Low Low Low Low Low Low
King William Low Low Low Low Low Low Low Low
Lancaster Low Medium Low Low Low Low Low Low
Lee Low Low Low Low Low Low Low Low
Lexington, City of Low High Low Low Low Low Low Low
Loudoun Low Medium-High Low Low Low Low Low Low
Louisa Low Medium Low Low Low Low Low Low
Lunenburg Low Low Low Low Low Low Low Low
Lynchburg, City of Low Medium-High Low Low Low Low Low Low
Madison Low Low Low Low Low Low Low Low
Manassas, City of Low High Low Low Low Low Low Low
Manassas Park, City of Low High Low Low Low Low Low Low
Martinsville, City of Low Medium-High Low Low Low Low Low Low
Mathews Low Medium Low Low Low Low Low Low
Mecklenburg Low Low Low Low Low Low Low Low
Middlesex Low Medium Low Low Low Low Low Low
Montgomery Low Medium Low Low Low Low Low Low
Nelson Low Low Low Low Low Low Low Low
New Kent Low Medium Low Low Low Low Low Low
Newport News, City of High High Low Low Low Low Medium Medium-Low
Norfolk, City of High High Low Low Low Low Medium Medium-Low
Northampton Low Medium Low Low Low Low Low Low
Northumberland Low Low Low Low Low Low Low Low
Norton Low Medium-High Low Low Low Low Low Low
Nottoway Low Low Low Low Low Low Low Low
Orange Low Medium Low Low Low Low Low Low
Page Low Medium Low Low Low Low Low Low
Patrick Low Low Low Low Low Low Low Low
Petersburg, City of Low Medium-High Low Low Low Low Low Low
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Pittsylvania Low Medium Low Low Low Low Low Low
Poquoson, City of Low Medium- Low Low Low Low Medium Medium-Low
Portsmouth, City of Medium-High High Low Low Low Low Medium Medium-Low
Powhatan Low Medium Low Low Low Low Low Low
Prince Edward Low Medium Low Low Low Low Low Low
Prince George Low Medium Low Low Low Low Low Low
Prince William Low Medium-High Low Low Low Low Low Low
Pulaski Low Medium Low Low Low Low Low Low
Radford, City of Low Medium-High Low Low Low Low Low Low
Rappahannock Low Low Low Low Low Low Low Low
Richmond Low Low Low Low Low Low Low Low
Richmond, City of Low High Low Low Low Low Low Low
Roanoke Low Medium-High Low Low Low Low Low Low
Roanoke, City of Low High Low Low Low Low Low Low
Rockbridge Low Low Low Low Low Low Low Low
Rockingham Low Medium Low Low Low Low Low Low
Russell Low Low Low Low Low Low Low Low
Salem, City of Low High Low Low Low Low Low Low
Scott Low Low Low Low Low Low Low Low
Shenandoah Low Medium Low Low Low Low Low Low
Smyth Low Medium Low Low Low Low Low Low
Southampton Low Low Low Low Low Low Medium Low
Spotsylvania Low Medium Low Low Low Low Low Low
Stafford Low Medium-High Low Low Low Low Low Low
Staunton, City of Low Medium-High Low Low Low Low Low Low
Suffolk, City of Medium-High Medium Low Low Low Low Medium Low
Surry Low Low Low Low Low Low Medium Low
Sussex Low Low Low Low Low Low Low Low
Tazewell Low Medium Low Low Low Low Low Low
Virginia Beach, City of High High Low Low Low Low Medium Medium-Low
Warren Low Medium Low Low Low Low Low Low
Washington Low Medium Low Low Low Low Low Low
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Waynesboro, City of Low Medium-High Low Low Low Low Low Low
Westmoreland Low Medium Low Low Low Low Low Low
Williamsburg, City of Low Medium-High Low Low Low Low Low Low
Winchester, City of Low High Low Low Low Low Low Low
Wise Low Medium Low Low Low Low Low Low
Wythe Low Medium Low Low Low Low Low Low
York Medium-High Medium-High Low Low Low Low Medium Medium-Low
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For the 2023 plan, the overall hazard ranking for land subsidence is low. Potential detrimental
impacts associated with the hazard are included in Table 3-98.

Table 3-98 - Emergency Management Accreditation Program Analysis

Subject ‘Detrimental Impacts

Health and Safety of Public Localized impacts are expected to be moderate to severe in the impact area.
Health and Safety of Response Personnel Limited unless involves broken utility lines.
Continuity of Operations Limited, unless a facility is impacted.

Depending on the magnitude of the event, localized impact to facilities,
Property, Facilities, and Infrastructure residential properties, and infrastructure in the area of the event could be
severe.

Localized disruption of roads, facilities, communications and/or utilities caused

Delivery of Services by the event may postpone the delivery of some services.

Localized impacts expected to be moderate for the impacted areas. Always a

The Environment potential for utility line breaks.

Limited. Depending on the magnitude of the event, local economy and finances

Economic and Financial Condition .
may be impacted.

Public Confidence in the Jurisdiction's Localized impacts expected to cause property owners confidence in state and
Governance local land use/development policies to waiver.

Community Lifelines Impacted by Land Subsidence

Based on the hazard analysis and description of vulnerability and impacts of land subsidence in
Virginia, land subsidence does not impact any community lifelines. This is a result of the long-
term nature of the hazard which allows for continuous adjustment and mitigation.

3.8.12 Non-Tornadic Wind
3.8.12.1 Background

Non-tornadic winds include severe thunderstorms, windstorms, and derechos and may occur
along with other hazards such as extreme rainfall, thunderstorms, and lightning. A derecho is a
widespread straight-line windstorm linked to a band of severe thunderstorms. They are mainly a
warm-weather phenomenon, occurring mostly in June and July in the Northern Hemisphere.
Derechos are also seen as a thunderstorm complex, producing a band of winds at least 240 miles
in length with wind speeds of at least 58 mph or greater along most of its length?. Derechos can
produce damage comparable to tornadoes.

3.8.12.2 Location and Spatial Extent

Non-tornadic winds can occur statewide, but the record of historic events indicates that severe
winds (excluding winds associated with tropical storms) have historically occurred in the
Northern Virginia region and in far southwest Virginia. Figure 3-127 provides a depiction of the
NRI reported events for counties in Virginia. Events have occurred throughout the
Commonwealth, with over 200 events reported in each of the following: Fauquier, Prince
William, Fairfax, Loudoun and Arlington Counties, and the cities of Manassas, Manassas Park,
Alexandria, Fairfax and Falls Church.
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Figure 3-129 - Location and spatial extent of historical strong wind events
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3.8.12.3 Significant Historical Events

Significant winds are often associated with other events such as hurricanes, nor’easters, and
tornadoes; it can be challenging to isolate severe non-tornadic winds from these occurrences. The
NCEI storm events database contains over 500 incidences of thunderstorm winds exceeding 60
knots between 1950 and 2021. The most severe events and those that resulted in fatalities are
included in Table 3-99.

Table 3-99 - Historical non-tornadic wind events

Location Description Fatalities Injuries (DKa)mages
1984 Fairfax City Not Available 1 0
1984 Newport News Not Available 1 0
1989 | Fluvanna Not Available 1 0
1990 Spotsylvania Not Available 1 3
Numerous trees and powerlines were downed around
. Bristol and Abingdon. A tree limb, nearly three feet in
1996 Washington diameter fell onto a car killing the driver and injuring a 1 1 8
passenger.
A logger was killed when a very localized area of high
Alleghany / winds caused a tree to fall on him. The tree that fell
1997 Clifton Forge / was not being cut down and other workers attempts to | 1 0 0
Covington alert the man failed. The very freak accident occurred
about 2 miles south of Hematite in Alleghany County.
Afternoon highs in the 90s and very moist and
1999 Waynesboro unstable air combined to produce scattered 1 0 05
thunderstorms across the northern portion of Virginia. '
Several of these storms produced winds in excess of
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Year

Location

Description

55 MPH, heavy downpours between 5:00 PM and
6:30 PM EDT. Winds were estimated between 60 and
70 MPH in the community of Opal in Southern
Fauquier County around 5:45 PM EDT and a wind
gust of 60 MPH was reported at Sperryville in
Rappahannock County at 5:20 PM EDT. These
severe winds downed trees and power lines in several
locations of Rappahannock and Fauquier Counties,
and in isolated locations in Prince William and
Stafford Counties. An observer in Opal reported 1.22
inches of rainfall in only 30 minutes as the storms
passed through. In the city of Waynesboro, a 42-year-
old woman was killed as winds from a passing
thunderstorm toppled a 25-foot-tall locust tree onto
her as she was trying to free a pet from an outdoor
kennel around 6:00 PM EDT.

Damages

(K)

1999

Halifax

High winds from the remnants of Hurricane Floyd on
the evening of the 15th and the 16th, downed trees
and powerlines. One tree was toppled onto a mobile
home in Paces, killing a woman and injuring a two-
week-old infant.

50K

2000

Isle Of Wight

A powerful storm system off the North Carolina and
Virginia coast produced high winds and waves over
the James River. One man was killed, and three
others were treated for hypothermia from the still-cold
water when their 16-foot fishing boat capsized in the
James River. Effects from the high winds did not
extend very far inland.

2000

Prince George /
Hopewell

A powerful storm system off the Virginia and North
Carolina coast produced high winds and waves over
the James River. One man drowned and another man
was injured when their 17-foot fishing boat capsized
on the James River east of Hopewell due to the
weather. Few effects from the wind were experienced
inland.

2002

Roanoke City

Thunderstorms during the morning and afternoon of
the 13th produced damaging winds. Thunderstorm
winds downed trees in Northern Halifax County,
Charlotte Court House, Sugar Grove, Danville,
Graysontown, Indian Valley, Christiansburg, 3 miles
west of Ferum, Gladys, 6 miles northeast of
Appomattox, trees and power lines in Ridgeway, and
large tree limbs in Riner. A large tree was downed in
Roanoke onto workers setting up a tent. One was
killed and 2 others injured. Trees and power lines
were downed from Wylliesburg to 1.5 miles east of
Wylliesburg. One tree fell onto a car causing damage.
Thunderstorm winds downed large trees in several
areas from 26 miles southwest of Buckingham to
Buckingham, and in Dillwyn. One house 6 miles
southwest of Buckingham had a roof blown off.

0.5

2003

Buckingham

Thunderstorms during the afternoon and evening
hours on the 9th produced hail up to golf ball size,
damaging winds, and dangerous lightning. A severe
thunderstorm during the afternoon of the 9th tracked
from about 7 miles northeast of Centenery to 7 miles
east northeast of Dillwyn. At times the damage path
was 2 miles wide with sporadic damage to buildings
and 3 commercial chicken houses destroyed.
Numerous large trees were downed and uprooted
along the path of the storm. In addition to the
damaging winds, this storm also produced golf ball
size hail along its track. A fatality also occurred when
a tree was toppled onto a house in Arvonia.
Thunderstorm winds downed numerous trees in

350
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Damages

(K)

Year Location Description Fatalities Injuries

Nathalie with many reports of damage to automobiles
and houses. Thunderstorm winds knocked down trees
4 mile east-northeast of Newcastle, broke off 2 inch
diameter tree limbs 1 miles south of Bedford City,
snapped off trees and tore down a conveyor tower 2
miles east northeast of Newcastle, knocked down
numerous trees which blocked roads in Buchanan
and Turbeville, toppled trees and power lines,
damaged the a barn and tore some shingles off a
house from 2 miles northwest of Huddleston to
Huddleston, snapped off trees and knocked down a
school zone traffic light sign in Altavista, knocked
down numerous trees, damaged a house, and moved
a metal shed 100 feet in Hurt, knocked down
numerous trees in Huddleston, knocked down
numerous trees Hurt, and from Clover to 3 miles
southeast of Dryburg. A woman was injured when she
was struck by lightning in Roanoke.

The remnants of Ernesto along the Mid Atlantic coast
combined with strong high pressure over New
England produced very strong winds across eastern
and southeast Virginia. Sustained winds in mph
ranged from the lower 40s to near 60 with maximum
gusts ranging from the mid-50s to as high as the mid-
70s. Some higher sustained winds included 60 mph
(52 knots) at York River Range Light and York River
US Coast Guard, and 56 mph (49 knots) at Wallops
Island (WAL). Some higher maximum gusts included
76 mph (66 knots) at York River Range Light, and 75
mph (65 knots) at York River USCG. The high winds
caused numerous downed trees and power outages,
along with significant structural damage. Two fatalities
occurred when a downed tree fell on a residence in
Gloucester.

2006 Gloucester 2 1000

A low-pressure system moved out of the Southern
Plains and strengthened off the southeast coast
February 12th through 14th, bringing accumulating
wintry precipitation to much of northern Virginia
beginning during the afternoon and evening hours of
February 12th and continued through the early
morning hours of February 14th. The heaviest
precipitation occurred February 13th as the low-
pressure system intensified off the coast. [Snow and
sleet accumulations ranged from 1 to 7 inches and ice
accumulations ranged from a tenth to three quarters
of an inch. This mix of sleet, snow and freezing rain
2007 Loudoun created a very hard and thick layer of ice. Many 1 1 0
snowplows were not equipped to handle such heavy
precipitation, leading to longer wait times for
roadways and sidewalks to be cleared. Icy road
conditions lead to dozens of car accidents across the
region. Schools were closed for much of the week.
Several restaurants and florists reported reduced
Valentines Day sales due to the hazardous road
conditions. The Washington Post reported that a 15-
year-old girl in Bluemont was killed when a strong
wind gust felled portions of a large old tree. Wind
gusts around the region ranged from 20 to 25 mph
with gusts as high as 35 mph.

A stalled front resided across the Mid Atlantic during
the afternoon and evening of June 4th, allowing
moisture and instability to pool along the boundary.
2008 Fairfax This combined with several strong upper-level 1 0 10
disturbances resulted in numerous thunderstorms
during the afternoon and evening. Many of these
thunderstorms became severe. While penny sized hail
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Location

Description

was reported in spots, damaging winds from the
thunderstorms was widespread. EF-1 tornadoes were
confirmed near Stevensville in Culpeper County, in
Millwood in Clarke County and near Hartwood in
Stafford County. Broadcast media reported a tree fell
on a moving car on in Annandale, killing the
passenger.

Fatalities

Injuries

Damages

(K)

2008

Sussex

The combination of intense low pressure departing to
the northeast and cold high pressure building in from
the west, produced strong winds and some minor
wind damage across portions of central and eastern
Virginia. Wind gust of 33 knots (38 mph) was
measured at AKQ. Few trees were downed. Gusty
winds caused a tree to fall onto passenger side of a
vehicle on Highway 35 near Newville Road, resulting
in one fatality and one injury. The fatality was a 52-
year-old female. A male driver was injured.

2011

James City

Strong gradient wind caused a tree to be blown down
across the Colonial Parkway in Jamestown in
southeast Virginia. The falling tree struck a vehicle
and killed the passenger of the vehicle.

2011

Wythe

A strong closed upper-level low pressure moved
across the Onhio valley, producing a variety of extreme
weather across southwest Virginia. In advance of this
system, strong southeast winds produced wind
damage across the higher elevations. These
southeast winds also provided strong upslope lifting
along the Blue Ridge. This helped produce heavy
rainfall amounts of 2 to 3 inches and areas of flash
flooding. Enough heating occurred ahead of the cold
front on the 16th to trigger severe thunderstorms
along and east of the Blue Ridge, resulting in
widespread thunderstorm wind damage and two
tornadoes. Behind the storms, strong northwest winds
knocked down many trees given the very wet soil
conditions. Strong winds combined with saturated soil
to topple a tree into a mobile home killing one woman
and severely injuring another in Wytheuville.

2011

Norfolk

Scattered severe thunderstorms well in advance of a
cold front produced damaging winds and large hail
across portions of south central and southeast
Virginia. Wind gusts pushed a crane against a
building pinning a shipyard employee.

2011

Loudoun

A cold front passed through the area during the 3rd. A
southerly flow ahead of the front caused enough
warm and moist air for moderate instability to develop.
The combination of lift associated with the front and
instability triggered showers and thunderstorms.
Some thunderstorms became severe with damaging
winds and large hail. A fatality occurred when a tree
fell onto a cyclist along the C and O Canal Towpath.

2012

Goochland

Strong winds knocked down a tree which struck and
killed. a landscaper in Goochland County.

2012

Albematrle

A strong upper-level disturbance passed through the
region in a northwest flow aloft. Extremely hot and
humid conditions caused high amounts of instability.
The upper-level disturbance triggered a line of
thunderstorms that moved through the area. Due to
the high instability, thunderstorms caused widespread
wind damage. A male was fatally wounded from a
falling tree.

2012

Franklin

A derecho of historic proportion rolled through the
region and caused widespread, significant damage.
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Numerous power outages occurred. Some customers
were without power for 12 days which coincided with
a prolonged period of excessive heat. The derecho
had its origin around Chicago, lllinois around 1:00 pm
EST. By 9:00 pm EST the derecho had reached
Southside Virginia. By midnight EST it had reached
the Atlantic coast. Thunderstorm winds blew
numerous trees down across the county. A mobile
home suffered major damage as a fallen tree split the
structure in half. Several other homes across the
northern part of the county suffered minor to moderate
damage from fallen trees in the Boones Mill to Burnt
Chimney and Smith Mountain Lake areas. A firefighter
was initially injured by a falling tree while responding
to a call in his vehicle. The individual later died as a
result of the injuries. Damage values are estimated.

Fatalities

Injuries

Damages

(K)

2012

Albemarle

A strong upper-level disturbance passed through the
region in a northwest flow aloft. Extremely hot and
humid conditions caused high amounts of instability.
The upper-level disturbance triggered a line of
thunderstorms that moved through the area. Due to
the high instability, thunderstorms caused widespread
wind damage. A female driver was fatally wounded
when a tree fell onto her as she exited her car after
encountering a fallen tree in the roadway. Three other
males were also injured by the falling tree.

2012

Fairfax

A strong upper-level disturbance passed through the
region in a northwest flow aloft. Extremely hot and
humid conditions caused high amounts of instability.
The upper-level disturbance triggered a line of
thunderstorms that moved through the area. Due to
the high instability, thunderstorms caused widespread
wind damage. A fatality occurred in Springfield when
a female was crushed by a tree that fell into her
house.

2012

Fairfax

A strong upper-level disturbance passed through the
region in a northwest flow aloft. Extremely hot and
humid conditions caused high amounts of instability.
The upper-level disturbance triggered a line of
thunderstorms that moved through the area. Due to
the high instability, thunderstorms caused widespread
wind damage. A fatality occurred when a tree fell onto
a vehicle as the motorist was exiting the vehicle.

2012

Commonwealth

Severe thunderstorms and straight-line winds
exceeding 80 mph impacted Virginia on the evening
of June 29 and the morning hours of July 1. A large
portion of the Commonwealth lost power for several
days, during a significant heat wave.

15

2014

Washington

A frontal boundary triggered thunderstorms during the
afternoon for a second day in a row across southwest
Virginia. Trees and powerlines were downed by the
storm.. Broadcast media personnel reported a
pedestrian was struck by a falling tree in Abingdon..
At the time of the event the peak wind gusts were only
recorded at 24 mph via the CWOP station 1 mile
south of Abingdon.

10

2014

Northampton

Scattered severe thunderstorms associated with a
cold front produced damaging winds, large hail, and
one tornado across portions of southeast Virginia.
Downburst straight line wind damage occurred from
the southern portions of Cherrystone Campground
southward into Cape Charles, then eastward through
Cheriton to Oyster. The most significant damage
occurred from Cherrystone Campground eastward to
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just east of Route 13 in Cheriton and southward to
just north of the intersection of Route 13 and Route
184 east of Cape Charles. Numerous trees were
downed, snapped off or large limbs were blown out. A
couple of trees were downed on homes. Several large
camping trailers were overturned in Cherrystone
Campground. 3 people died when a tree fell on the
tents in which they were taking shelter.

A few gusty showers and isolated thunderstorms
developed due to an upper-level low nearby along
with a stationary boundary. A tree fell onto a pickup
truck. One fatality was reported.

2016 Shenandoah

Scattered severe thunderstorms in advance of low
pressure and its associated cold front produced
damaging winds and six tornadoes across portions of
central and eastern Virginia.

2017 Henrico

Intense low pressure spinning off the southern New
England coast produced very strong northerly winds
across portions of central and eastern Virginia. The
very strong winds downed numerous trees, produced
structural damage, and caused power outages. The
very strong winds downed trees and caused power
outages. A 44-year-old male died when a large oak
tree fell on his vehicle.

2018 James City

Intense low pressure spinning off the southern New
England coast produced strong northerly winds
across portions of central Virginia. The strong winds
downed several trees, produced some structural
damage, and caused scattered power outages. The
strong winds downed several trees, produced some 1 0 20
structural damage, and caused scattered power
outages. Wind gust of 49 knots (56 mph) was
measured at the Chesterfield County Airport. Also, a
six-year-old male died several hours after a tree fell
on the family's mobile home.

Eastern

2018 Chesterfield

Scattered severe thunderstorms in advance of a cold
front produced damaging winds and one tornado
2019 Lunenburg across portions of central and eastern Virginia. 1 0 20
Multiple trees were downed on the west side of town.
A tree fell onto a home resulting in a fatality.

A warm front crossed central and northern Virginia
from south to north during the morning hours of April
14th, allowing for increasing warm and moist air to
move overhead. During the afternoon and evening,
low pressure moved through the Ohio Valley and into
the eastern Great Lakes, leading to an increase in the
wind field across all levels and therefore an increase
in deep layer shear. Instability remained somewhat
limited but was enough to produce showers and
scattered thunderstorms during the afternoon and
evening hours, some of which became severe. A
second round of showers and thunderstorms then
moved across central and northern Virginia as a
strong cold front crossed the region during the late
evening and overnight hours. These thunderstorms
took the form of a quasi-linear convective system
which became severe and produced locally damaging
winds. A tree fell onto a house on injuring an 82-year-
old male and killing a 78-year-old female who were
asleep in the house at the time.

2019 Stafford

Scattered severe thunderstorms in advance of a
2019 Nottoway frontal boundary produced damaging winds across 1 2 2
portions of central and eastern Virginia. A large tree
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was downed during a training exercise at Fort Pickett,
killing one person and injuring two other people.

A large thunderstorm complex moved east from the
Ohio and Tennessee Valleys across southwest
Virginia. The system caused dozens of trees to be
toppled across the region. Heavy rainfall from these
storms also caused localized flooding in the City of
Roanoke, where rainfall rates were in excess of 4
inches per hour at one point, between a 5-year and
10-year rainfall event per NOAA Atlas 14 Point
Frequency Estimates. Rainfall amounts across the
City of Roanoke ranged from 1.50 to 1.75 inches, not
unusual for thunderstorm activity, but still enough to
cause localized flooding given the more urbanized
nature of the impacted area. Thunderstorm winds
blew down a tr