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HAZARD MITIGATION PLAN INTRODUCTION

1. INTRODUCTION

PURPOSE

The purpose of the Sussex County Multi-durisdictional All-Hazard Mitigation Plan Update (from now on
referred to as the “Plan”) is to continue providing guidance for hazard mitigation in Sussex County. It identifies
hazard mitigation goals, objectives, and recommended actions and initiatives for County and jurisdictional
governments to reduce injury and damage from natural hazards.

This Plan meets the requirements for a local hazard mitigation plan under Final Rule, 44 CFR 201.6,
published by the Federal Emergency Management Agency (FEMA) in September 2009.

This Plan update keeps Sussex County qualified to obtain all disaster assistance, including all categories of
Public Assistance, Individual Assistance, and Hazard Mitigation grants available through the Robert T.
Stafford Disaster Relief and Emergency Assistance Act, P.L. 93288, as amended. In addition, future
enhancements of the State All-Hazard Mitigation Plan will allow the State to obtain more significant funding
for hazard mitigation planning and projects (20 percent of Federal Stafford Act disaster expenditures versus
7.5 percent for a standard state plan). It also keeps the State eligible for the annually funded Building Resilient
Infrastructure and Communities (BRIC) Program, and the Flood Mitigation Assistance Program.

Without this Plan, all eligible local jurisdictions would be ineligible to receive various disaster recovery
programs. Including the Public Assistance Program to repair or replace damaged public facilities and the Fire
Management Assistance Program to help the State and communities recover from the costs of major
disasters. In contrast, the State and local communities would remain eligible for certain emergency assistance
and Human Services programs available through the Stafford Act.

ORGANIZATION OF THE PLAN

The Plans organization parallels the structure provided in the Final Rule, 44 CFR 201.4. It has seven
sections, appendices containing mitigation assessment annexes., supporting documentation, and adoption
resolutions. In addition, there are references to the CFR throughout the Plan. Where possible, these provide
specific section and subsection notations to aid the review process.

= Section 1: Introduction
= Section 2: Planning Process
Section 3: Hazard Identification
= Section 4: Risk Assessment
= Section 5: Capabilities and Resources
= Section 6: Mitigation Strategy
= Section 7: Plan Monitoring and Maintenance
= Appendix A: Jurisdictional Mitigation Assessment Annexes
= Appendix B: Acronyms
= Appendix C: Meeting Documentation
= Appendix D: Adoption Resolutions for Sussex County and the Participating Jurisdictions
= Appendix E: Formal Approval Letters for Sussex County and the participating jurisdictions
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MISSION STATEMENT

Continue to develop and update a comprehensive pre-and post-disaster hazard mitigation program guided
by the adoption of stormwater management practices, the implementation of codes and regulations, the
protection of critical facilities and infrastructure, the adoption of education and outreach efforts, pre-event
planning and preparedness, and the identification of projects designed to reduce the vulnerability of
individuals, families, households, businesses, infrastructure and critical facilities to the adverse effects of
natural hazards.

GOALS AND OBJECTIVES

The Hazard Mitigation Steering Committee supported updating the goals, objectives, and mitigation actions.
The mitigation actions address or solve local mitigation issues and problems. Therefore, the Sussex County
Hazard Mitigation Steering Committee developed the following mission statement for the Sussex County All-
Hazard Mitigation Plan and the following goals for hazard mitigation.

1. Sussex County and participating jurisdictions will continue to adopt enhanced stormwater
management practices.

2. Sussex County and participating jurisdictions will continue to adopt and enforce codes and
regulations designed to reduce the impact of natural hazards.

3. Sussex County and participating jurisdictions will continue to retrofit and protect critical facilities
and infrastructure from natural and human-caused hazards.

4. Sussex County and participating jurisdictions will continue to enhance education and outreach
strategies to improve the dissemination of information to the public regarding hazards, including the
steps to reduce their impact.

5. Sussex County and participating jurisdictions will continue to improve pre-event planning and
preparedness activities.

6. Sussex County and participating jurisdictions will continue to identify and implement sound hazard
mitigation projects.

Work continues with local agencies and departments to develop projected timelines and potential funding
sources for the actions identified in the mitigation strategy with specific mitigation actions in Section 6 and
the Jurisdictional Mitigation Assessment Annexes of the Plan.

PLANNING PROCESS

This Plan update is the product of the efforts of a cross-section of people from the County, jurisdictions, and
other interested parties. This effort builds on several mitigation planning initiatives dating back to 2004.

Staff from the Sussex County Emergency Operations Center led the Sussex County All-Hazard Mitigation
Plan Update development effort, directed by the Director of the Emergency Operations Center.

The Sussex County Hazard Mitigation Steering Committee (HMSC), assembled by the Sussex County
Emergency Operations Center and DEMA Natural Hazards Section, provided guidance and assisted with the
development of the All-Hazard Mitigation Plan Update, including review of previous hazard mitigation
planning initiatives, development of mitigation strategies, and the strategy implementation plan. In addition,
the HMSC and the Hazard Mitigation Working Group (HMWG) members provide expertise and perspective
on all aspects of the planning process, including land-use planning, building codes, transportation, and
infrastructure. Representation included members from the local government, law enforcement, fire service,
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licensing & inspections, emergency management community, state agencies, public works, emergency

medical professionals, and building officials.

Once the Plan update is promulgated by the Sussex County Council and approved by FEMA, the Committee
will function as an advisor to the State Hazard Mitigation Officer on hazard mitigation efforts, including future

reviews and revisions.
PARTICIPATING JURISDICTIONS

Participation by local agencies was critical in the development of the Plan. Sussex County and 21
jurisdictions (See list below) participated by identifying potentially vulnerable facilities along with agency-
specific goals to address their vulnerabilities through mitigation actions and initiatives.

City of Lewes Town of Bridgeville
Town of Slaughter Beach Town of Blades

Town of Georgetown Town of Delmar

City Rehoboth Beach Town of Dewey Beach
City Seaford Town of Ellendale
Town of South Bethany Town of Fenwick Island
Town of Bethany Beach Town of Frankford
Sussex County

NON-PARTICIPATING JURISDICTIONS
= Town of Greenwood
= Town of Dagsboro
= Town of Bethel

Town of Henlopen Acres
Town of Laurel

Town of Millsboro

Town of Millville

Town of Milton

Town of Ocean View

Town of Selbyville

In determining jurisdictional participation in the planning process was adequate for this Plan and the FEMA
plan review process, the following were established as minimum criteria:

1. Attendance by a representative of each jurisdiction at two (2) meetings where the development of

the Plan was discussed.

2. Completion of portions of the capability assessment survey regarding the identity and participation
of floodplain administrators and the status and update intervals for master plans, zoning plans, and

ldentification and documentation of at least two (2) mitigation actions for identified hazards.

4. Adoption of the Plan after the Plan's designation as "approvable pending adoption" is received from

DEMA and FEMA.
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HAZARDS AND RISKS

In the hazard identification, analysis, and vulnerability assessment, completed as part of the plan update, the
HMSC and HMWG identified and considered the following hazard that has significant potential to affect the
people, environment, economy adversely, and property of Sussex County:

Eleven (11) Natural
= Drought
= FEarthquake
= Beach/Soil Erosion
= Extreme Heat/Cold
= Flooding
* Hail
= Hurricane Wind (Straight Line Winds)
= Thunderstorm
= Tornado
= Wildfire
= Winter Storm (Severe Weather)
Five (5) Human-caused
= Active Shooter
= Terrorism
= Dam/Levee Failure
=  Hazmat
= Pipeline Failure
One (1) Technological
= Cyber Terrorism

Based on the findings, analysis, and results of surveys presented to both HMSC and HMWG, the hazards,
their definition, and the priority can be found in Section 3.



HAZARD MITIGATION PLAN INTRODUCTION

INTERIM FINAL RULE REQUIREMENT FOR ADOPTION AND APPROVAL

Requirement §201.6(c)(5): [The local hazard mitigation plan shall include] documentation the plan has been
formally adopted by the governing body of the jurisdiction requesting approval (e.g., City Council, County
Council Tribal Council). For multi-jurisdictional plans, each jurisdiction requesting approval of the plan must
document that it has been formally adopted.

Requirement §201.6(a)(3): multi-jurisdictional plans (e.g., watershed plans) may be accepted, as
appropriate, if each jurisdiction has participated in the process. Statewide plans will not be accepted as
multi-jurisdictional plans.

ADOPTION AND APPROVAL PROCEDURE

On, (ENTER DATE), the Federal Emergency Management Agency (FEMA) Region 3 determined that the
Plan was “approvable pending adoption.” On, (ENTER DATE), the Sussex County Hazard Mitigation Working
Group met and recommended that Sussex County and the participating jurisdictions should adopt the Plan.
The Plan was submitted to the Sussex County Council as well as the appropriate entity for each participating
jurisdiction for review and adoption. The resulting Adoption Resolutions were then submitted to FEMA Region
3 for approval. FEMA subsequently issued formal approval letters to Delaware Emergency Management
Agency (DEMA) for Sussex County and each participating jurisdiction that adopted the Plan. DEMA, in turn
issued approval letters to the approved jurisdictions.
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2. PLANNING PROCESS

Requirement §201.6(c)(1): [The plan shall document] the planning process used to develop the plan,
including how it was prepared, who was involved in the process, and how the public was involved.

Requirement §201.6(b): An open public involvement process is essential to the development of an effective
plan. To develop a more comprehensive approach to reducing the effects of natural disasters, the planning
process shall include:

1. An opportunity for the public to comment on the plan during the drafting stage and prior to plan
approval.

2. An opportunity for neighboring communities, local and regional agencies involved in hazard
mitigation activities, and agencies that have the authority to regulate development, as well as
businesses, academia, and other private and non-profit interests to be involved in the planning

process.
3. Review and incorporation, if appropriate, of existing plans, studies, reports, and technical
information.
PLANNING PROCESS

This section describes the planning process undertaken by Sussex County and The Olson Group Planning
Team in preparation for the Plan update.

The Plan update was prepared following the process established in the State and Local Mitigation Plan
Development Guides produced by the Federal Emergency Management Agency (FEMA) and 44 CFR 201.6
Local Mitigation Plan. The process includes four basic steps.

1. Organize resources.

2. Assess risks.

3. Develop a mitigation plan.

4. Implement the plan and monitor progress.
RESOURCE ORGANIZATION

Sussex County Emergency Operations was the lead agency for developing the Plan update. At the beginning
of the process, a consultant firm, The Olson Group Ltd, was hired to provide technical support to the County
and all the member jurisdictions. In addition, several individuals and organizations worked together to develop
the Plan update. These participants were organized into two different committees, including:

= Sussex County Hazard Mitigation Steering Committee (HMSC)
= Sussex County Hazard Mitigation Working Group

The Sussex County Hazard Mitigation Steering Committee was comprised principally of representatives from
the Operations Center, Local Emergency Planning Committee (LEPC), and Delaware Emergency
Management Agency (DEMA). This committee was formed to provide focus and leadership on behalf of the
participating jurisdictions in developing these Plan updates. The Hazard Mitigation Steering Committee met
regularly during the planning process to receive progress reports from the consultant, review and comment
upon draft documents and procedures, implement relevant tasking, and coordinate efforts within the County
and participating jurisdictions.
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The following table identifies the Hazard Mitigation Steering Committee.

Joe Thomas, Director

Sussex County EOC

Charles Stevenson, LEPC Chair

Sussex County EOC

Jeff Shockley, Sussex County Floodplain Manager

Sussex County Planning and Zoning

Megan Nehrbas, GIS Manager Sussex County GIS Office
Nicole Carey- State Mitigation Planner DEMA

Phillip Cane — State Mitigation Officer DEMA

Joshua Norris- Hazard Mitigation Planner FEMA Region Il

Adam Montella, Project Manager

The Olson Group, Ltd. (OGL)

Andrew Forcucci, Director of Planning

The Olson Group, Ltd. (OGL)

Anthony Mangeri, HMP, SME Advisor

The Olson Group, Ltd. (OGL)

Scott Sleeman, Planner

The Olson Group, Ltd. (OGL

Table 2-1. Steering Committee

METHODOLOGY

The general workflow for the project consisted of the following steps:

= The Olson Group developed preliminary update versions of documents and planned sections for
review by the HMSC. The documents were presented in approximately the same sequence as the

information presented in the Plan.

= HMSC representatives reviewed and directed OGL to revise the documents and plan sections.

= HMSC representatives were also responsible for examining work-in-progress with participating

jurisdictions and including any revisions.

= OGL worked directly with local jurisdictions in one-on-one sessions to identify and document

mitigation actions included in Section 6.

= OGL provided a Committee Draft Plan to all participants via the HMSC for review and comment.

=  HMSC representatives directed OGL to make any revisions in their respective County plans before

submittal to DEMA and FEMA for review.
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The Sussex County representative on the HMSC was the County EOC Director and guided the participating
Sussex County jurisdictions via the Sussex County HMWG. The HMWG included all local OEM coordinators
and related agencies within the County. The OGL planning team members attended the HMWG meetings.
In addition, the planning team typically presented work-in-progress updates like presentations provided to
the HMSC.

The guidance provided to the HMWG by the County EOC Director at the meetings and via e-mail
correspondence included the following:

Data Collection — A “wish list” of desired information was provided by The Olson Group and
relayed to the participating jurisdictions via the local OEM coordinators. A copy of the “wish list” is
included in Appendix A.

Critical Infrastructure Inventory — The Olson Group provided the HMWG with spreadsheets with
default data listings per HAZUS-MH. The HMWG members reviewed the information and provided
revisions compiled for use in developing mitigation actions. The Olson Group also provided
directions for capturing more detailed information regarding critical infrastructure for use in this
Plan update and future planning efforts via the County EOC Director.

Jurisdictional Stakeholder Engagement — HMSC identified the stakeholders to enlist in the
planning effort, including other local departments, schools, and hospitals. The HMWG members
were then responsible for following up with potential stakeholders. Stakeholders sometimes
participated with the local coordinators in the one-on-one meetings to identify and document
mitigation actions.

The HMWG was responsible for representing their community, serving as the point of contact
between their community and the HMSC, and completing necessary planning tasks, including:

Data Collection - As described above, the participating jurisdictions were asked via the “wish list”
to provide updates to background information and existing plans.

Identification of Local Mitigation Actions — OGL conducted one-on-one jurisdictional working
sessions with local coordinators and, in some cases, other jurisdictional stakeholders to identify
and document specific updates to mitigation actions.

Reviewing the Plan Products of the HMSC - As noted above, presentations were made
regularly to the HMSC by the EOC Director and OGL to review work-in-progress and secure their
agreement with the recommendations made by OGL and the directions provided by the EOC
Director. In most cases, an agreement was reached without dissent. However, in some instances,
HMWG members requested additional information. In addition, HMWG members were responsible
for reviewing their individual jurisdiction’s mitigation actions.
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The following table identifies the Hazard Mitigation Working Group Committee and participating local
jurisdictions.

Aaron Moore

Town of Ellendale

Kathy Lock

Town of Slaughter Beach

Ann Marie Townshend

City of Lewes

Kenneth Cimino

Town of Ocean View

Bethany DeBussy Town of Bridgeville Kristy Rogers Town of Milton
Bill Zolper Dewey Beach Lisa Marks Town of Blades
Cheryl Lynch Town of Frankford Maureen Hartman | Town of South Bethany
Eric Evans Town of Millville Mike Bailey Town of Seaford
Evan Miller City of Rehoboth Beach Pat Schuchman Town of Fenwick Island
Gene Dvornick Georgetown Sara Bynum-King Town of Delmar

Jamie Burk Town of Millsboro Stacey Long Town of Selbyville
Jamie Smith Town of Laurel Teresa Tieman Town of Bethany Beach
Jeff Sellman North Shores Thomas Roth Town of Henlopen Acres
Table 2-2. Hazard Mitigation Working Group
PUBLIC COMMENT

During the development of this Plan Update, public participation was actively solicited. As a result, Sussex
County hosted public presentations/meetings, provided drafts of the plan update for review, and invited
comments on the plan's contents. The public and interested parties were notified of the sessions via a public
notice on Sussex County websites, participating jurisdiction's websites, newspapers, and email notifications
for each meeting. For individuals who do not have internet access to the online discussion, a phone number
with a meeting code provided in all official notifications.

PLANNING TIMELINE

The planning process occurred through planning workshops, online collaboration, and stakeholder outreach.
Appendix C, Meeting Documentation, captures the documentation for all meetings, including the agenda
and attendees as described below and a summary of the hazard mitigation planning process and survey
results.
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KICK-OFF MEETING

Sussex County conducted the Kick-Off Meeting on July 26, 2021. The meeting included the Director of
Sussex County Emergency Operations and the Olson Group, Ltd (OGL) contractual staff. The purpose was
to validate the planning project's scope, intent, and schedule and allow us to discuss expectations regarding
the Hazard Mitigation Plan. In addition, a pre-meeting was held with the same individuals to discuss and
finalize the agenda and PowerPoint presentation for the initial planning meeting.

INITIAL PLANNING WORKSHOP

The Initial Planning Workshop occurred on October 29, 2021, via teleconference. The Initial Planning
Workshop was the first opportunity to introduce and interface with the Hazard Mitigation Steering Committee
and Hazard Mitigation Working Group. Committee members were represented from the local jurisdictions,
Delaware Emergency Management Agency (DEMA) and FEMA Region 3. The meeting provided
stakeholders with an overview of the HMP planning process, and Olson Group Ltd. introduced the planning
surveys and data collection requirements.

SURVEY VALIDATION MEETING

The Survey Validation Meeting occurred on January 21, 2022, via teleconference with the Sussex County
Emergency Management Director and the Olson Group Ltd. The meeting was to present the analysis of the
survey results submitted by both the HMSC and the HMWG.

JURISDICTIONAL INTERVIEWS

The Jurisdictional Interviews were conducted via teleconference and voicemail between March 16 through
April 19, 2022. This meeting aimed to review and update county and jurisdictional capabilities that may have
changed, improved, or degraded, since the 2016 Hazard Mitigation Plan update. It is also to determine the
ability of a local jurisdiction to implement a mitigation strategy and identify potential opportunities for
establishing or enhancing specific mitigation policies, programs, or projects.

PROJECT UPDATE MEETING

The Project Update Meeting occurred on April 14, 2022, via teleconference between Olson Group Ltd. and
Sussex County Emergency Operations Director. The purpose was to provide updated status on the plan
development, scheduling of the Mid-Term Planning Meeting, and Public Comment Workshop. Discussions
on the need for a non-binding MOU from each jurisdiction assuring their participation in the process. Also
discussed was the requirement to send FEMA an official HMP extension request to June 2022.

MID-TERM PLANNING MEETING

The Mid-Term Planning Meeting occurred on April 22, 2022, via teleconference. The purpose of the meeting
was to validate the hazards and their priority, along with the updated timeline with the Hazard Mitigation
Steering Committee and Hazard Mitigation Working Group. Committee members were represented from the
local jurisdictions, Delaware Emergency Management Agency (DEMA) and FEMA Region 3.

HAZUS DISCUSSION MEETING

The Hazus Discussion Meeting occurred on April 22, 2022, via teleconference. The purpose of the meeting
was to discuss the Hazus run, the tables, charts, maps, the analysis, and the time frame still pending from
the GIS department.

10
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HMP PUBLIC COMMENT MEETING

The first public comment meeting was held on May 2, 2022. The Olson Group Ltd., in conjunction with the
Director of Sussex County Emergency Operations facilitated the meeting to review for public comment the
hazards that were identified, and the associated risk and impacts to Sussex County. This meeting allowed
for public comment and questions regarding the process.

HMP UPDATE/PUBLIC COMMENT MEETING #2

The second public comment meeting was held on May 17, 2022. The Olson Group Ltd., in conjunction with
the Director of Sussex County Emergency Operations facilitated the meeting to review for public comment
the first 4 sections (Introduction, Planning, Hazard Identification, Mitigation Strategy, and Monitoring and
Maintaining of the HMP. This meeting allowed for public comment and questions regarding the process.

FINAL PROJECT/PUBLIC COMMENT MEETING #3 (TBD)

The following table provides the meeting schedule, and organizations that were represented.

July 26, 2021 Project Kick Off Meeting Sussex EOC, Olson Group

. . Sussex EOC, HMSC,

October 29, 2021 Initial Planning Workshop HMWG, Olson Group
January 21, 2022 Survey Validation Meeting Sussex EOC, Olson Group

March 16-April 19, 2022 Jurisdictional Interviews Various Jurisdictions
April 12, 2022 Project Update Meeting Sussex EOC, Olson Group

Sussex EOC, HMSC,

April 22, 2022 Mid-Term Planning Meeting HMWG, Olson Group
April 22, 2022 Hazus Update Discussion g:gzgx EOC, GIS, Olson
May 2, 2022 HMP Public Comment Meeting #1 an%( %?S%’n HG'Vr'fl%, Subli
May 17, 2022 Plan Update Meeting/Public Comment #2 an%( %?S%’n HG'Vr'fl%, Sublic
TBD Final Project/Public Comment #3 Sussex EOC, HMSC,

HMWG, Olson Group, Public

Table 2-3. Meeting Schedule
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RISK ASSESSMENT

Following general mitigation planning practice and the established FEMA process, risk assessment forms
the basis for this Plan update by quantifying and verifying information about how natural and human-made
hazards affect Sussex County and the participating jurisdictions.

The processes used to complete the hazard identification and risk assessments and the results of these
activities are described in Sections 3 and 4 of this Plan update. The evaluation determined several aspects
of the risks of hazards faced by the County and the participating jurisdictions:

= Natural hazards are most likely to affect Sussex County.

= How often hazards are expected to impact Sussex County?

= Expected severity of the dangers.

= Areas of Sussex County that are likely to be affected by risks.

= Threats may impact Sussex County's assets, operations, people, and infrastructure.

= How private and commercial assets, procedures, and infrastructure may be affected by hazards.
= Expected future losses if the risk is not mitigated.

During the initial plan development, the HMSC first identified all hazards to impact the County. Next, using a
rating system (explained in Section 3), the HMSC reviewed and validated the updated list of hazards. The
results of this update process were discussed and validated by the HMWG. These hazards are described in
the Hazard Identification, Profiling, and Prioritization portion of the Plan (Section 3).

As a result of an in-depth examination of the characteristics of the list of hazards, the HMSC made qualitative
determinations that allowed further refinement of the focus of this Plan update to the most predominant risks
to the area. The results of this prioritization process were also discussed and validated by the HMWG.

The consultants performed detailed risk assessments for each hazard, i.e., calculations of future expected
damages, expressed in dollars where appropriate. The risk assessment results were also available to the
public during public presentations. This work's whole process and results are presented in the Risk
Assessment portion of this Plan Update (Section 4).

As part of the development of the Plan update and to the extent possible, Floodplain Administrators were
engaged in Plan development and review in many jurisdictions. In some cases, the Jurisdictional Coordinator
who led work on this Plan update was the Floodplain Administrator for the community. Floodplain
administrators' involvement in the process is shown in Table 2-4. Proposed efforts to increase outreach to
Floodplain Administrators will enhance participation in the next Plan update.

Town of Bethany Beach Susan Frederick Jurisdictional Point of Contact
Town of Blades Lisa Marks Jurisdictional Point of Contact
Town of Bridgeville Bethany DeBussy Jurisdictional Point of Contact
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Town of Delmar

Sara Bynum-King

Jurisdictional Point of Contact

Dewey Beach

Bill Zolper

Jurisdictional Point of Contact

Town of Ellendale

County

Town of Fenwick Island

Patricia J Schuchman

Jurisdictional Point of Contact

Town of Frankford

County

Town of Georgetown

Jeff Ward

Jurisdictional Point of Contact

Town of Henlopen Acres

Richard Kollar

Jurisdictional Point of Contact

Town of Laurel

Jamie Smith

Jurisdictional Point of Contact

City of Lewes Anne-Marie Townsend Jurisdictional Point of Contact
Town of Millsboro Jamie Burke Jurisdictional Point of Contact
Town of Millville Eric Evans Jurisdictional Point of Contact
Town of Milton Tom Quass Jurisdictional Point of Contact

Town of Ocean View

Kenneth Cimino

Jurisdictional Point of Contact

City of Rehoboth Beach Matthew Janis Jurisdictional Point of Contact
City of Seaford Mike Bailey Jurisdictional Point of Contact
Town of Selbyville County

Town of Slaughter Beach Robert Clendaniel Jurisdictional Point of Contact

Town of South Bethany

Maureen Hartman

Jurisdictional Point of Contact

Table 2-4. Sussex County Floodplain Administrator Involvement
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Prior to adoption by the County and the participating jurisdictions, notice was sent to adjacent jurisdictions
and other interested parties that the Draft and Final Plan Updates were available for review. Minutes of
meetings (and attendee lists) and copies of relevant correspondence are included in Appendix C.

ADDITIONAL KEY DOCUMENTS AND SOURCES

Existing Documents Method of Incorporation

FEMA: Disaster Declarations database and other
general hazard data

Used in hazard identification and risk assessment
(HIRA) development and history of loss data for
multiple hazards

FEMA: National Flood Insurance Program Flood
Maps (Flood Insurance Rate Maps, Digital Flood
Insurance Rate Maps (DFIRM)

Preliminary DFIRM data were used in developing
HIRA, strategies, and mitigation actions

FEMA: Community Status Book, Community Rating
System Eligible Communities

Used in developing capability assessments and
mitigation actions

FEMA: Tornado Activity in the United States

Used in developing HIRA and history of loss data

SUFEMA: Severe Repetitive Loss data

Used in developing HIRA, strategies, and mitigation
actions

FEMA: The National Risk Index

Used to determine vulnerabilities

Flood Factor

Used to determine past floods, current risks, and
future projections

National Oceanic and Atmospheric
Administration (NOAA)/National Climatic Data
Center database

Used in developing history and description ofmajor
hazard events for multiple hazards

NOAA Coastal Service Center-Historic Hurricane
Tracks Database

Used in developing HIRA, strategies, and
mitigation actions

NOAA National Severe Storms Laboratory
database

Used in developing HIRA, strategies, and
mitigation actions

The United States Army Corp of Engineers (Risk
estimates)

Used in developing HIRA, strategies, and
mitigation actions

2020 US Census

Used in developing various risk assessments and
establishing planning context based on population

US Geological Survey (USGS) National Hazard
Seismic Mapping Project

Used in developing HIRA and history of loss data

14



HAZARD MITIGATION PLAN PLANNING PROCESS

Existing Documents Method of Incorporation

USGS Large Floods in the United States database | Used in developing HIRA and history of loss data

US Environmental Protection Agency Toxic Used in developing hazard identification,
Release Inventory strategies, and mitigation actions
US Department of Transportation Hazardous Used in developing hazard identification,
Materials Incident Data strategies, and mitigation actions

Delaware Department of Natural Resources and | Provides interactive map application designed to
Environmental Control Flood Planning Tool aid in researching of flood risk

Table 2-5. Additional Key Documents and Sources

STATE OF DELAWARE ALL-HAZARD MITIGATION PLAN

Delaware completed the 2018 All-Hazard Mitigation Plan Update to meet the requirements of CFR Section
201.4(d), which mandates that States update their mitigation plans every three years "to reflect changes in
development and progress in statewide mitigation efforts and changes in priorities."

The State All-Hazard Mitigation Plan Update demonstrates Delaware's commitment to reducing risks from
natural hazards and serves as a guide for state and local decision-makers as they commit resources to
minimize the effects of natural hazards on lives and property. It is designed to outline a strategy to reduce
risks from natural hazards in Delaware and aid State and local emergency management officials in
developing hazard reduction programs.

DEMA intends to use the All-Hazard Mitigation Plan Update to provide data to local and regional governments
to support their mitigation planning processes and guide best practices.

The statewide mitigation strategies, goals, objectives, methods of incorporating a cross-section of relevant
disciplines, hazard-specific information, and specific data sources are present within the State Hazard
Mitigation Plan Update and were utilized to develop the Sussex County Hazards Hazard Mitigation Plan.

SUSSEX COUNTY

Delaware is a Home Rule State, which means that the authority to create laws and control land use resides
within the jurisdictional governments and not with County governmental entities.

Counties throughout Delaware are expected to act in the best interest of and protect the citizens residing
within the confines of their County. State statutes give limited authority to the counties, but the more
significant powers rest with the individual jurisdictions.

LOCAL JURISDICTIONS

Upon initiating the Plan development process, the EOC Director made initial contacts with the HMWG.
Concurrent with that effort, all the local OEM coordinators were made aware of the significance of this plan
update effort. A comprehensive "wish list" of documents, data sources, maps, studies, emergency operations
plan, land use data, laws, and ordinances were provided to the local OEM coordinators with the request to
collect as many items as possible.
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In some cases, information that may exist at the jurisdictional level was not uniformly provided or available.
Therefore, during the next five years, Sussex County Emergency Operations Center (SCEOC) and the local
jurisdiction coordinators will be taking steps to locate, review and incorporate all the indicated documents in
the next plan update.

MITIGATION PLAN UPDATE

The HMSC developed a series of goals and objectives in response to the results of the original risk
assessment. A capability assessment review and update were also conducted to help determine the capacity
of the County and the participating jurisdictions to implement hazard mitigation projects. In addition, the
HMSC and the consultant worked with the participating jurisdictions individually to identify potential problems
and hazard mitigation project solutions to include in the Mitigation Strategy Plan Update. The Mitigation
Strategy Plan was discussed and validated by the HMWG. The results of these efforts are detailed in Sections
5 and 6.

IMPLEMENT THE PLAN AND MONITOR PROGRESS

Finally, the HMSC validated a process for ongoing monitoring and revisions to the Plan over the next five
years. Section 7 details the plans for monitoring, evaluation, and plan update procedures.
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3. HAZARD IDENTIFICATION

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

Requirement: 44CFR §201.6(c)(2)(ii): [The risk assessment shall include a] description of the
Jjurisdiction’s vulnerability to the hazards described in paragraph (c)(2)(i) of this section. This
description shall include an overall summary of each hazard and its impact on the community.

Requirement: 44CFR §201.6(c)(2)(ii): [The risk assessment] must also address National Flood
Insurance Program (NFIP) insured structures that have been repetitively damaged floods.

HAZARDS AND RISKS MATRIX

Based upon the hazards and risks identified in the Sussex County Multi-Jurisdictional All Hazard Mitigation
Plan 2016 update, the HMSC and the HMWG identified the hazards and risks it felt could have the most
significant impact on the community.

The Hazards and Risks Identification Survey and the Hazards and Risks Validation Survey submitted by the
HMSC and the HMWG evaluated and scored each hazard and risk on the Severity of Impact (SOI),
Probability of Event (POE), and Long-Term Impacts (LTI) an event would have on facilities in the community.
High priority hazards scored between 19-25, medium priority hazards scored between 14-19, low priority
hazards scored between 8-13, and non-rated hazards scored a seven or below.

Probability of Event

: Somewhat : . Highly
Unlikely Likely Likely Most Likely Likely
Catastrophic 5 10 15 20 25
- Critical 4 8 12 16 20
5 Minimal 3 6 9 12 15
=
3
» Negligible 2 4 6 8 10
Insignificant 1 2 3 4 5
Not Severe M|n|m.al Somewhat Moder.ate Most Severe
Severity Severe Severity

Long Term Impact
Table 3-1. Threats and Hazards Matrix
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HAZARD IDENTIFICATION AND HISTORY

Per The Code of Federal Regulations (CFR) requirements, at the outset of the plan update process,
the Sussex County Hazard Mitigation Steering Committee and the Sussex County Hazard Mitigation
Working Group identified eleven (11) natural, four (4 human-caused, and one (1) technological
hazard and their risks as the focus of the Plan update.

These hazards were identified per the experience of the HMSC and the HMWG and in accordance
with other references (e.g., County EOP, State EOP, the Delaware State Hazard Mitigation Plan,
etc.). The resulting preliminary hazard ranking list is shown in Table 3-2.

- o

S —
c c c o <€ ©
8 £ E|(E|8 =
Flooding (Riverine and Coastal) T 1 H 25| Y Y
Hurricane/Tropical Storms N 2 H 20 1Y Y
Severe Thunderstorms N 3 H 151 Y Y
Drought N 4 H 151 Y Y
Extreme Heat/Cold N 5 M 150 Y Y
Hazmat H/C 6 M 12 1Y Y
Winter Storms N 7 M 12 1Y Y
Tornado N 8 L 12 Y Y
Hailstorms N 9 L 12 Y Y
Terrorism H/IC 10 L 0] Y Y
Beach/Soil Erosion N 11 (N/R) 8 Y Y
Cyber Terrorism T 12 | (N/R) 8 Y Y
Dam Levee Failure H/IC 13 | (N/R) 8 Y Y
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Pipeline Failure H/C 14 | (NIR) 6 Y Y
Earthquake N | 15 [NRy| 6 Y | Y
Wildfire N 16 | (N/R) 6 Y Y

Table 3-2. Hazard Ranking
Notes:
1. Hazard Type:
a. N=Natural
b. H/C=Human-Caused
c. T=Technological
2. Hazard Ranking:
a. 1-16
3. Hazard Priority:
a. H=High
b. M= Medium
c. L=Low
d

N/R= non-ranked; there was insufficient loss data to generate a ranking but are considered
asignificant risk to the County and jurisdictions.

4. Hazard Score: See Hazard Matrix
5. Hazard identified in County plan.
6. Hazard identified in State plan.

CALCULATED PRIORITY RISK INDEX (CPRI)

The following Calculated Priority Risk Index (CPRI) ratings, as shown below, are provided as a tool for local
governments to analyze their risks. The CPRI ratings should not be construed as a precise way for
determining risk. The ratings are a way to quantify and summarize the information from the risk and

19



SUSSEX COUNTY HAZARD MITIGATION PLAN HAZARD IDENTIFICATION

vulnerability assessment. Each identified hazard was evaluated and given a score, and can be found at the
end of each section.

3.00-4.00 High
2.00-2.99 Medium
1.00-1.99 Low
0.00-0.99 Negligible

Table 3-3. Calculated Priority Risk Index Rating
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CLIMATE CHANGE

Natural hazards, such as floods, tornadoes, hurricanes, and severe winter storms, are a part of the world
around us. Their occurrence is natural and inevitable, and there is little we can do to control their force and
intensity. In addition, technological accidents or acts of terrorism can cause human-caused hazards. The
State of Delaware faces a variety of natural hazards, including flooding, tornadoes, ice storms, tropical
systems, and earthquakes. Human-caused hazards include technological accidents, railroad spills, and
industrial chemical releases. Although not a direct hazard, future conditions, such as climate change and
sea-level rise, can increase the adverse effects of severe storms and flood events. These hazards are
discussed in detail in Section 3 - Hazard Identification.

Through hazard mitigation planning, we can minimize the impact of natural and human-caused hazards on
people and the built environment. Through proper planning and implementation of policies and projects
identified in the Plan, we can reduce the likelihood that these events will result in disasters. This Plan is a
logical, information-driven process that systematically identifies and guides the implementation of specific
actions and the creation of policies designed to make Sussex County safer from the threat of natural and
human-caused hazards including terrorism.

Sussex County is vulnerable to the effects of climate change. The U.S. Environmental Protection Agency
defines climate change as any significant change in the measures of climate lasting for an extended period,
including substantial changes in temperature, precipitation, and wind patterns. According to the Delaware
Department of Resources and Environmental Control, challenges posed by changing conditions include
extreme temperatures, heavier rainfall, and sea-level rise. Due to the state being a low-lying area, it is
particularly vulnerable to sea-level rise.

EFFECTS OF SEA LEVEL RISE ON COASTAL FLOODING

Coastal flooding will be exacerbated by rising seas that have been occurring globally. Global mean sea levels
have risen approximately 8 inches in the past 100 years. According to the International Panel on Climate
Change’s (IPCC) 5th report for Policy Makers, glacier mass loss and ocean thermal expansion from warming
explain about 75% of the observed global mean sea level rise (high confidence) since the early 1970s. Over
the period 1993 to 2010, global mean sea level rise is, with high confidence, consistent with the sum of the
observed contributions from ocean thermal expansion due to warming (1.1 [0.8 to 1.4] mm yr.-1), from
changes in glaciers (0.76 [0.39 to 1.13] mm yr.—1), Greenland ice sheet (0.33 [0.25 to 0.41] mm yr.-1),
Antarctic ice sheet (0.27 [0.16 to 0.38] mm yr.—1), and land water storage (0.38 [0.26 to 0.49] mm yr.—1). The
sum of these contributions is 2.8 [2.3 to 3.4] mm yr. 1.

Sea level rise around Delaware has been observed at twice the global mean sea level rise. Figure 4.1-1
shows the linear rate of sea-level rise at Lewes to be 3.42 mm/yr., equating to about 0.400 m / 15.7 inches
from 1900 through 2016. This is about twice the rate, and therefore twice the amount, of global mean sea-
level rise observed since 1900. Along with global mean sea-level rise resulting from the ocean thermal
expansion and melting of the land-based ice sheets, other processes in this region add positively to the
increase of sea level relative to the land surface, such as:

= Geologic land subsidence due to the glacial isostatic adjustment from the Laurentide ice sheet
during the last Ice Age,

= Changing nearby ocean circulation patterns, and
= Gravitational effects from melting ice sheets of Greenland and Antarctica.
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CLIMATE CHANGE

Due to these multiple factors contributing to the relative sea-level rise, this region has become known as a
hotspot for potential damage and vulnerability to sea-level rise.

8557380 Lewes, Delaware 3.42 +/- 0.24 mm/yr
0.60
— Linear Mean Sea Level Trend @\
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Figure 3-1. Monthly mean sea level for NOAA Lewes tide station from 1919 through 2016. Linear MSL trend
and 95% confidence interval shown in red and black, respectively. Data referenced to NTDE 1983-2001

MSL.?

The following section profiles the 18 hazards listed above and acted upon during the planning

process.

The overviews include a description of the hazard, location and extent of the hazard,

severity of the hazard, documented impacts on life and property, and past occurrences.

' NOAA

CO-OPS Tides and Currents SLR Trends website.
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FLOODING: RIVERINE/COASTAL (HIGH)
HAZARD PROFILE

A flood is an excess of water on land that is usually dry. Floods are typically caused by weather events that
deliver more precipitation to a drainage basin than can be easily absorbed or stored within the basin. Flooding
is a significant natural hazard throughout the United States. Causes include heavy precipitation, snowmelt,
ice jams, dam failures, hurricanes, reservoir overflows, and local thunderstorms. Floodwaters can damage
structures, topple trees, destroy infrastructure, sweep people and vehicles away, and alter landscapes.
Floods can occur quickly and without warnings, such as flash floods or floods caused by dam breaks, or build
slowly, becoming more significant over time. There may be a lag time between precipitation and the time
when the flood peaks, which in some situations may allow for warning and evacuating populations.

Flooding is the most frequent and costly natural hazard in the United States. It is a hazard that has caused
more than 10,000 deaths nationwide since 1900. In the Five years since the 2016 Plan update, 561 flood-
related deaths nationally, but there were zero fatalities in Delaware.

Widespread floods are usually long-term events that may last for several days. The primary types of
widespread flooding include riverine, coastal, and urban flooding. Riverine flooding is a function of excessive
precipitation levels and water runoff volumes within the watershed of a stream or river. Coastal flooding is
typically a result of storm surges, wind-driven waves, and heavy rainfall produced by hurricanes, tropical
storms, nor'easters, and other large coastal storms. Finally, urban flooding occurs when manufactured
development has obstructed the natural flow of water and decreased the ability of natural groundcover to
absorb and retain surface water runoff.

Flash flooding usually occurs from a dam or levee failure within minutes or hours of heavy rainfall, or a sudden
release of water held by an ice jam. Slow-moving thunderstorms cause most flash flooding in a local area or
heavy rains associated with hurricanes and tropical storms. Although flash flooding often occurs along
mountain streams, itis common in urban areas where much of the ground is covered by impervious surfaces.
As a result, flash flood waters move at very high speeds where “walls” of water can reach heights of 10 to 20
feet. Flash floodwaters and debris can uproot trees, roll boulders, destroy buildings, and obliterate bridges
and roads.

The periodic flooding of lands adjacent to rivers, streams, and shorelines (land known as the floodplain) is a
natural and inevitable occurrence that can be expected based on established recurrence intervals. The
recurrence interval is defined as the average time interval, in years, expected between a flood event of a
particular magnitude and an equal or more significant flood. Flood magnitude increases with increasing
recurrence intervals.

Floodplains are designated by a frequent flood large enough to cover them. For example, the 10-year
floodplain will be covered by the 10-year flood and the 100-year floodplain by the 100-year flood. Flood
frequencies such as the 100-year flood are determined by plotting a graph of the size of all known torrents
for an area and determining how often floods of a particular size occur. Another way of expressing the flood
frequency is the chance of occurrence each year, which is the percentage of the probability of flooding each
year. For example, a 100-year flood has a 1 percent chance of occurring in any given year.

OCCURRENCES AND PROBABILITY OF THE FLOOD HAZARD

According to the National Climate Data Center (NCDC) databases, since 2016, there have been 23 flooding
events and 36 coastal flooding events, as shown in Table 3.3. Because of the continuous and ongoing nature
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FLOODING

of the flood hazard threat, it was judged by the HMSC and the HMWG to be of significant danger and included
as an identified hazard. The generated Calculated Priority Risk Index (CPRI) for Flood is shown in Table 3-
5.

OAK ORCHARD 9/29/2016 Flood
MILTON 9/29/2016 Flood
COOL SPG 9/29/2016 Flood
GEORGETOWN 9/29/2016 Flood
REHOBOTH BEACH 9/29/2016 Flood
SLAUGHTER BEACH 9/29/2016 Flood
HARBESON 9/29/2016 Flood
GEORGETOWN ARPT 9/29/2016 Flood
MILLSBORO 9/29/2016 Flood
BETHANY BEACH 9/29/2016 Flood
HARBESON 10/9/2016 Flood
STAYTONVILLE 3/31/2017 Flood
LAUREL 7/28/2017 Flood
BROADKILL 71292017 Flood
ELLENDALE 71292017 Flood
LINCOLN 71292017 Flood
BRIDGEVILLE 71292017 Flood
FENWICK IS 8/7/2017 Flood
BETHANY BEACH 8/7/2017 Flood
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WILLIAMSVILLE 8/12/2017 Flood 0 0
BETHANY BEACH 8/12/2017 Flood 0 0
MILFORD ARPT 8/12/2017 Flood 0 0
FENWICK IS 9/6/2017 Flood 0 0

Total: 23 Events
DELAWARE BEACHES (ZONE) 1/23/2016 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 2/8/2016 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 2/8/2016 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 2/9/2016 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 2/9/2016 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 5/5/2016 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 5/7/2016 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 11232017 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 9/19/2017 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 9/19/2017 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 3/4/2018 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 3/4/2018 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 9/9/2018 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 9/9/2018 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 9/10/2018 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 9/10/2018 Coastal Flood 0 0
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INLAND SUSSEX (ZONE) 10/127/2018 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 10/27/2018 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 10/10/2019 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 10/10/2019 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 10/11/2019 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 10/11/2019 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 10/11/2019 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 10/11/2019 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 10/30/2020 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 10/30/2020 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 2/1/2021 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 2/1/2021 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 5/29/2021 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 5/29/2021 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 10/11/2021 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 10/11/2021 Coastal Flood 0 0
INLAND SUSSEX (ZONE) 10/29/2021 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 10/29/2021 Coastal Flood 0 0
DELAWARE BEACHES (ZONE) 1/3/2022 Coastal Flood 0 0
TOTAL: 59 Events
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Table 3-4. Sussex County Flood Event History2

A straightforward basis for predicting the risk of future flooding is to use the current flood risk as identified by
the flood insurance rate maps published by the FEMA. Based on the areas identified, Sussex County is at
risk of flooding from coastal flooding and a lack of wastewater management plans. In addition, flooding will
continue to be a common occurrence without mitigation efforts.

The HMSC and the HMWG determined that this type of incident is likely to occur and pose catastrophic but
minimal severity to long-term impacts to the community.

CPRI FOR DEGREE OF RISK

The generated Calculated Priority Risk Index (CPRI) for flooding is shown below.

- Magnitude Warnmg
4x .45 ’T‘ 2x.30 ’T‘ 2x.15 H 2x.10 = 29

Table 3-5. CPRI for Degree of Risk for Flooding

2 https:/lwww.ncdc.noaa.gov/stormevents/listevents.jsp?eventTypestatefips=10%2CDELAWARE
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HURRICANE/TROPICAL STORMS (HIGH)
HAZARD PROFILE

Hurricanes, tropical storms, and nor'easters classified as cyclones, are any closed circulation developing
around a low-pressure center where the winds rotate counterclockwise in the Northern Hemisphere (or
clockwise in the Southern Hemisphere) and whose diameter averages 10 to 30 miles across. Tropical
cyclones are formed as a developing center moves over warm water, the pressure drops in the center of the
storm, and as the pressure drops, the system becomes better organized, and the winds begin to rotate around
the low pressure pulling the warm and moist ocean air. Tropical cyclones can evolve from tropical
depressions to a tropical storm to a hurricane as they intensify, as shown in Table 3-6. In the Northern
Hemisphere, hurricane winds rotate in a counter-clockwise direction with different wind speeds and
characteristics in each quadrant, with the most severe effects in the right-front quadrant.

Maximum Sustained Surface Wind Speed

(Using the U.S. 1-minute average)

Tropical Depression 33 ktor less 38 mph or less 62 km/hr. or less
Tropical Storm 34kt to 63 kt 39 mph to 73 mph 63 km/hr. to 118 km/hr.
Hurricane 64 kt or more 74 mph or more 119 km/hr. or more

Table 3-6. Tropical Definitions3

The Saffir-Simpson Hurricane Scale (Table 3-7) defines hurricane strength by categories, with a Category
1 storm being the weakest and Category 5 being the strongest. Depending on where and how hurricanes
strike, a lower category storm can inflict more significant damage than a higher category storm.

Category Wind Speeds Likely Effects

No real damage to building structures. Damage primarily to
1 74 to 95 mph unanchored mobile homes, shrubbery, and trees. Also, some coastal
road flooding and minor pier damage.

Some roofing material, door, and window damage to buildings.
2 96 to 110 mph Considerable damage to vegetation, mobile homes, and piers.
Small craft in unprotected anchorages break moorings.

3 111 to 130 mph Some structural damage to small residences and utility buildings with
a minor amount of curtainwall failures, mobile homes are destroyed.

3 Tropical Definitions (weather.gov)
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Category Wind Speeds Likely Effects

Flooding near the coast destroys smaller structures with larger
structures damaged by floating debris. Terrain may be flooded well
inland.

More extensive curtainwall failures with some complete roof structure
failure on small residences. Major erosion of beach areas. Major
damage to lower floors of structures near the shore. Terrain may be
flooded well inland.

4 131 t0 155 mph

Complete roof failure on many residences and industrial buildings.
Some complete building failures with small utility buildings blown
5 155 mph or more | over or away. Major damage to lower floors of all structures located
near the shoreline. Massive evacuation of residential areas may be
required.

Table 3-7. Saffir-Simpson Hurricane Scale?

A nor'easter is a cyclonic storm that moves along the East Coast of North America with winds that blow from
a northeasterly direction. They may occur at any time but are most common and strongest in winter. These
storms are usually most intense near New England and Canada. Nor'easters can produce heavy snow and
rain, may bring gale-force winds greater than 58 miles per hour, and can cause rough seas, coastal flooding,
and beach erosion.® Table 3-8 below shows an intensity scale proposed for nor'easters that are based upon
levels of coastal degradation

1 (Weak) Minor changes None
2 (Moderate) Mﬂgjvsg;r ?::;H to Minor No Modest
3 (Significant) E;%‘:’(')Zns %)g:(r:]: s Can be significant No Loss (;ft T;acr;}llzggf tures
Severe beach erosion Severg dune Loss of structures at
4 (Severe) . erosion or On low beaches .
and recession destruction community-scale

4 https://www.nhc.noaa.gov/aboutsshws.php
5 NOAA, from htip://www.noaa.gov/features/03 protecting/noreasters.html 2 Glossary of Meteorology
(1959)
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Dunes

Extreme beach destroyed over Massive in Extensive at regional-
5 (Extreme) erosion extensive sheets and scale; millions of dollars
channels ’
areas
Table 3-8. Dolan-Davis Nor'easter Intensity Scale®
TROPICAL STORMS

= Tropical Storms Fay made landfall in July 2020, causing approximately $220 million in insured
losses to the region, causing one death and minor injuries.

= Tropical Storm Isaias violently blew through Delaware in August 2020 dumping about an inch of
rain. Most of the damage was caused by high winds, which caused widespread power outages,
and tornado warnings with damage estimates over $20 million.

Location Date Type Deaths Injuries

DELAWARE BEACHES (ZONE) 7/10/2020 Tropical Storm Fay 0 0

INLAND SUSSEX (ZONE) 7/10/2020 Tropical Storm Fay 0 0

DELAWARE BEACHES (ZONE) 8/4/2020 Tropical Storm Isaias 0 0

INLAND SUSSEX (ZONE) 8/4/2020 Tropical Storm Isaias 0 0
TOTAL 5

Table 3-9. Tropical Storms

6 Dolan, Robert, and Robert E. Davis. “An Intensity Scale for Atlantic Coast Northeast Storms.” Journal of Coastal Research, vol. 8, no. 4,
1992, pp. 840-53. JSTOR, http:/www.jstor.org/stable/4298040. Accessed 27 Jun. 2022.

30



SUSSEX COUNTY HAZARD MITIGATION PLAN HURRICANE/TROPICAL STORMS

OCCURRENCES AND PROBABILITY OF THE HURRICANE/TROPICAL STORM HAZARD

According to the National Climatic Data Center (NCDC) databases, since completion of the 2016 Plan
update, there have been no Hurricane events that have affected the region.’

Due to the continuous and ongoing nature of the hurricane hazard threat, it was judged by the HMSC and
the HMWG to be of significant danger to the community and thus included as an identified hazard. The
generated CPRI for Hurricane Wind is shown in Table 3-10 below.

CPRI FOR DEGREE OF RISK
The generated Calculated Priority Risk Index (CPRI) for Hurricane/Thunderstorm Wind is shown below.

R

4x .45 2x.30 2x.15 2x.10

Table 3-10. CPRI for Degree of Risk for Hurricane/Tropical Storms

T https://www.ncei.noaa.gov/access
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SEVERE THUNDERSTORMS (HIGH)

HAZARD PROFILE

According to the National Weather Service, more than 100,000 thunderstorms occur yearly. Only about 10
percent of these storms are classified as “severe.” Although thunderstorms generally affect a small area when
they occur, they are very dangerous because of their ability to generate tornadoes, hailstorms, strong winds,
flash flooding, and dangerous lightning. While thunderstorms can occur in all regions of the United States,
they are most common in the central and southern states because atmospheric conditions in those regions
are ideal for generating these powerful storms. Thunderstorms are caused when air masses of varying
temperatures meet. Rapidly rising warm moist air serves as the “engine” for thunderstorms. These storms
can occur singularly, in lines, or in clusters. They can move through an area very quickly or linger for several
hours. Lightning is a discharge of electrical energy from positive and negative charges buildup within a
thunderstorm, creating a “bolt” when the buildup of charges becomes strong enough. A bolt of lightning can
reach temperatures approaching 50,000 degrees Fahrenheit. Lightning rapidly heats the sky as it flashes,
but the surrounding air cools following the bolt. This rapid heating and cooling of the surrounding air cause
thunder. On average, 89 people are killed by lightning strikes in the United States. The National Weather
Service collected data for thunder days, the number and duration of thunder events, and lightning strike
density for the 30 years from 1948 to 1977. A series of maps showed the annual average thunder event
duration, the annual average number of thunder events, and the mean annual density of lightning
strikes. Figure 3-1 illustrates thunderstorm hazard severity based on the yearly average number of thunder
events from 1948 to 1977.

Average number of
thunder events

Bl 130+

Bl 120-130
Bl 110-120
B 100-110
] 90-100
- 90
- 80
- 70
- 60
- 50

Albers Equal Area Projection

0 250 500 MI
’ T T T .
0

Figure 3-1: Annual Average Number of Thunder Events
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OCCURRENCES AND PROBABILITY OF THE THUNDERSTORM HAZARD

According to the National Climatic Data Center (NCDC) databases, since 2016 there have been 105
significant occurrences of thunderstorm resulting in over $50 thousand in damages and 13 lightning events
causing very minor property damage with onIy 1 reported injury as shown in Tables 3-11 and 3-12.

Location Date Events Type Injurles Deaths

Sussex County|2016-2022 Thunderstorm Winds $50,000

Table 3-11. Sussex County Thunderstorm Winds Event History

Location Date Events Type Injurles Deaths

Sussex County|2016-2022 Lightning $500.00

Table 3-12. Sussex County Lightning Event History®

Due to the continuous and ongoing nature of the thunderstorm winds hazard threat, it was judged by the
HMSC and the HMWG to be of significant danger to the community and thus included as an identified hazard.

CPRI FOR DEGREE OF RISK

The generated Calculated Priority Risk Index (CPRI) for Thunderstorm is shown below.

BRI S
4 x 45 2x.30 ’_‘ 2x.15 ’_‘ 2x.10

Table 3-13. CPRI for Degree of Risk Index for Thunderstorms

8 https:/lwww.ncdc.noaa.gov/stormevents/listevents.jsp?eventTypestatefips=10%2CDELAWARE
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DROUGHT (HIGH)
HAZARD PROFILE

A drought is “a period of abnormally dry weather sufficiently prolonged for the lack of water to cause a serious
hydrologic imbalance in the affected area.”2 Droughts are extended periods of dry weather that cause
problems such as crop damage, affect water supplies, and increased fire danger. Droughts are often brought
on by a lack of rainfall or snow over a long period, although the amount of time that low precipitation amounts
take to impact an area varies in different geographic locations.

The Palmer Drought Severity Index (PDSI). Table 3-14 is the primary classification system used for droughts
in the United States and is based on supply and demand. The PDSI assesses total moisture using
temperature and precipitation to compute water supply and demand and soil moisture and is most effective
for long-term predictions. PDSI also describes extended wet conditions using corresponding numbers, with
zero representing near-normal conditions. NOAA publishes weekly national and regional Palmer Drought
maps. In addition, other indices can be used for specific situations, ecosystems, or terrain.

S s T e

4.0 or more Extremely wet
3.0t03.99 Very wet
2.0t02.99 Moderately wet
1.0t0 1.99 Slightly wet
0.5t00.99 Incipient wet spell
0.491t0-0.49 Near normal
-0.5t0-0.99 Incipient dry spell
-1.0t0-1.99 Mild drought
-2.0t0-2.99 Moderate drought
-3.0t0-3.99 Severe drought
-4.0 or less Extreme drought

Table 3-14. Palmer Drought Severity Index?

9 NOAA - National Oceanic and Atmospheric Administration
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DROUGHT CLASSIFICATION
Droughts are frequently classified as one of the following four types:

= Meteorological droughts are typically defined by the level of “dryness” when compared to an
average or standard amount of precipitation over a given period.

= Agricultural droughts relate common characteristics of drought to their specific agricultural-
related impacts. The emphasis tends to be placed on soil water deficits, water needs based on
different 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 results from water shortages that limit the ability to supply water-
dependent products in the marketplace.

OCCURRENCES AND PROBABILITY OF THE DROUGHT HAZARD

According to the NCDC databases, since 2016 there has been no significant periods of drought events being
reported. Due to the continuous and ongoing nature of the drought hazard threat, it was judged by the HMSC
and the HMWG to be of significant danger to the community and thus included as an identified hazard.

CPRI FOR DEGREE OF RISK

The generated CPRI for Drought is shown below.

Magnitude i

Probability gni 4 Waming |, CPRI
ISeverity Time

3x 45 H 2x.30 H 1x.15 H 410 H 2.05

Table 3-15. CPRI for Degree of Risk for Drought
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EXTREME HEAT/COLD (MEDIUM)
HAZARD PROFILE

Extreme heat can be defined as temperatures that hover 10 degrees or above the average high temperature
for the region, last for prolonged periods, and are often accompanied by high humidity. Under normal
conditions, the human body’s internal thermostat produces perspiration that evaporates and cools the body.
However, evaporation is slowed in extreme heat and high humidity, and the body must work harder to
maintain an average temperature. Elderly persons, young children, persons with respiratory difficulties, and
those who are sick, or overweight are more likely to become victims of extreme heat. In addition, because
men sweat more than women, they are more susceptible to heat-related illness because they become more
quickly dehydrated. Studies have shown a significant rise in heat-related disease occurs when excessive
heat persists for more than two days. Heat-related disorder probabilities are shown in Figure 3-2, with Table
3-17 showing the history of extreme heat events in Sussex County. Spending at least two hours per day in
air conditioning can significantly reduce the number of heat-related illnesses.

Extreme heat in urban areas can create health concerns when stagnant atmospheric conditions trap
pollutants, thus adding unhealthy air to sweltering temperatures. In addition, the “urban heat island effect’
can produce significantly higher nighttime temperatures because asphalt and concrete (which store heat
longer) gradually release heat at night.

Along the eastern seaboard of the United States, periods of hotter than average temperatures, often with
high humidity levels, can occur in the summer. These extreme temperature events can last a day to a week
or longer. It is usually considered a heatwave in this area when the temperature rises above 90 degrees
Fahrenheit, accompanied by high humidity. NOAA states that a heatwave is a period of abnormally and
uncomfortably hot and unusually humid weather. Typically, a heat wave lasts two or more days. NOAA’s
National Weather Service has created the Heat Index (HI) that combines relative humidity and actual air
temperature to accurately measure how hot the air feels to the human body and then demonstrate the
potential health effects.

NWS Heat Index Temperature (°F)

80 82 84 86 88 90 92 94 96
40 |80 81 83 85 88 91 94 97 101
45 |80 82 84 87 89 93 96 100 '
60 |81 83 8 88 91 95 99 103
55 |81 84 86 97 101
60 |82 84 88 :
65 |82 85 89
70 |83 86 90
75 |84 88 92
80 |84 89 94

85 |85 90 96 ) 11
90 |86 91 98 05 113 - @
95 |86 93 100 10¢€ v

100 |87 95 103

98 100 102 104 106 108 110

Relative Humidity (%)

Likelihood of Heat Disorders with Prolonged Exposure or Strenuous Activity

[ Caution [] Extreme Caution B Danger Il Extreme Danger
Figure 3-2. NOAA’s National Weather Heat Index10

10 NOAA- http://w1.weather.qgov/glossary/index.php?letter=h
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Location County/Zone Date Type Deaths m
INLAND SUSSEX (ZONE) INLAI(\IZ%iLé)SSEX 08/2021 | Excessive Heat 0 0

Table 3-16. Sussex County Extreme Heat Event History"!

Severe winter weather may include one or more of the following: snowstorms, blizzards, sleet, freezing rain,
ice storms, and extreme cold temperatures. Extreme cold temperatures are characterized by the ambient air
temperature dropping to approximately 0 degrees Fahrenheit or below.

A rapid accumulation of snow characterizes significant snowstorms. At the same time, a blizzard is
categorized as a snowstorm with winds of 35 miles per hour or greater and visibility of less than "4 mile for
three or more hours.

These storms can immobilize a region and cause treacherous roadways, power outages, and property
damage or collapse.

Although there is no widely used scale to classify snowstorms, the National Weather Service (NWS)
developed the Northeast Snowfall Impact Scale (NESIS). NESIS ranks as high-impact Northeast snowstorms
with large areas of 10-inch snowfall accumulations. The index utilizes population information and
meteorological measurements to indicate the storm’s impacts on society. The five categories are Extreme
(5), Crippling (4), Major (3), Significant (2), and Notable (1). NOAA’'s NWS, in cooperation with a team of
universities and other agencies, developed the current wind chill temperature index (WCT) formula in 2001.
WCT uses wind speed at 5 feet (the average height of a human’s face), incorporates heat loss from the body,
is based on a human face model, utilizes 3 miles per hour as the calm wind threshold, uses a consistent
standard for skin tissue resistance and assumes a clear night sky for solar radiation. Since 2016, there have
been no extreme cold events in Sussex County.

OCCURRENCES AND PROBABILITY OF THE EXTREME HEAT/COLD HAZARD

According to the NCDC databases, since 2016, there have been no recorded deaths, injuries, or damage
from extreme heat/cold events in Sussex County. However, due to the continuous and ongoing nature of the
extreme heat/cold hazard threat, it was judged by the HMSC and the HMWG to be of significant danger to
the community and thus included as an identified hazard.

CPRI FOR DEGREE OF RISK

The generated Calculated Priority Risk Index (CPRI) for Extreme Heat/Cold is shown below.

Magnitude
Probability + L Warning CPRI
ISeverity Time
3x.45 H 1x.30 H 1x.15 H 3x.10 H :

Table 3-17. CPRI for Degree of Risk for Extreme Heat/Cold

11 https://www.ncdc.noaa.gov/stormevents/listevents.jsp?eventTypestatefips=10%2CDELAWARE
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HAZMAT (MEDIUM)
HAZARD PROFILE

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

HazMat incidents can also occur because of or in tandem with natural hazard events, such as floods,
hurricanes, tornadoes, and earthquakes, which in addition to causing incidents, may also hinder response
efforts. For example, in the case of Hurricane Floyd in September 1999, communities along the Eastern
United States were faced with flooded junkyards, disturbed cemeteries, deceased livestock, floating propane
tanks, uncontrolled fertilizer spills, and a variety of other environmental pollutants that caused widespread
taxological concern.

According to the Pipeline and Hazardous Materials Administration, there have been approximately 149
hazardous material incidents in the State since 2007. However, none of these incidents are reported to have
an associated death or significant injury related to the incident. And only two incidents resulted in non-
hospitalized injuries.

OCCURRENCES AND PROBABILITY OF HAZMAT HAZARD

According to data from Sussex County EOC, the County responded to 307 hazardous materials incidents
from 2017 to 2022. Incidents have included release of Ammonia, Anhydrous Ammonia, Diesel Fuel and Fuel
Oils, Hexamethylene Diamine, Mineral Oil and Propane Gas, overturned semi-trucks and methamphetamine
labs.

2017 81
2018 92
2019 92
2020 90
2021 22

Table 3-18. Hazardous Materials Incidents in Sussex County
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CPRI FOR DEGREE OF RISK
The generated Calculated Priority Risk Index (CPRI) for Hazmat Incident is shown below.

Magnitude
Probability + L Warning CPRI
ISeverity Time
3x.45 H 1x.30 H 1x.15 ’_‘ 3x.10 H :

Table 3-19. CPRI for Degree of Risk for Hazmat Incident
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WINTER STORMS (MEDIUM)
HAZARD PROFILE

A winter storm can range from a moderate snow over a few hours to blizzard conditions with blinding wind-
driven snow that lasts for several days. Some winter storms may be large enough to affect several states,
while others may affect only a single community. In addition, many winter storms are accompanied by low
temperatures and heavy and blowing snow, which can severely impair visibility.

Winter storms may include snow, sleet, freezing rain, or a mix of these wintry forms of precipitation. Sleet,
raindrops that freeze into ice pellets before reaching the ground, usually bounce when hitting a surface and
do not stick to objects. However, sleet can accumulate like snow and cause a hazard to motorists. Freezing
rain is rain that falls onto a surface with a temperature below freezing, forming a glaze of ice. Even small ice
accumulations can cause a significant hazard, especially on power lines and trees. An ice storm occurs when
freezing rain falls and freezes immediately upon impact. Communications and power can be disrupted for
days, and even small ice accumulations may cause extreme hazards to motorists and pedestrians.

OCCURRENCES AND PROBABILITY OF WINTER STORMS HAZARD

According to the NCDC databases, since 2016, there were eight major winter storm warning events in Sussex
County."2

County/Zone Date Type Deaths Injuries

INLAND SUSSEX (ZONE) | 'NUAND SUSSEX} 445016 | Winter Storm | 0 0
(ZONE)
DELAWARE BEACHES | DELAWARE |
(ZONE) BEACHES (ZONE) 01/2016 | Winter Storm 0 0
DELAWARE BEACHES | DELAWARE |
ZONE) BEACHES (ZONE) 01/2017 | Winter Storm 0 0
INLAND SUSSEX (ZONE) | 'NUAND SUSSEX| 445017 | Winter Storm | 0 0
(ZONE)
INLAND SUSSEX (ZONE) 'NLA?'Z%ELS’SEX 1212017 | Winter Storm| 0 0
INLAND SUSSEX (ZONE) 'NLA?'Z%EE;Q’SEX 012022 | Winter Storm| 0 0

12 https://www.ncdc.noaa.gov/stormevents/listevents.jsp?eventTypestatefips=10%2CDELAWARE
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County/Zone Date Type Deaths Injuries

DELAWARE BEACHES DELAWARE .
ZONE) BEACHES (ZONE) 01/2022 | Winter Storm 0 0
INLAND SUSSEX (ZONE) INLA'(\IZ%“:]E?SEX 01/2022 | Winter Storm 0 0

Table 3-20. Sussex County Winter Storm Event History (2016-Present)

Although there have been no recorded deaths, major injuries, or significant damage from winter storm events
in Sussex County since the plan update in 2016, as shown in Table 3-20, this hazard was judged by the
HMSC and the HMWG to be of significant danger to the community and thus included as an identified
hazard.'3

CPRI FOR DEGREE OF RISK

The generated CPRI for Winter Storms is shown below.

Magnitude i

Probability L 4| Waming |, CPRI
ISeverity Time

3x 45 H 1x.30 H 1x .15 H 3% .10 H 2.1

Table 3-21. CPRI for Degree of Risk for Winter Storms

13 https://www.ncdc.noaa.gov/stormevents/listevents.jsp?eventTypestatefips=10%2CDELAWARE
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TORNADO (LOW)
HAZARD PROFILE

A tornado is a violent windstorm characterized by a twisting, funnel-shaped cloud extending to the ground.
Tornadoes are most often generated by thunderstorm activity when cool, dry air intersects and overrides a
layer of warm, moist air, forcing the warm air to rise rapidly.

According to the NWS, tornado wind speeds typically range from 40 to 200 mph. However, the most violent
tornadoes (EF5) have rotating winds of 200 mph or more and can cause extreme destruction and turn
ordinarily harmless objects into deadly missiles.

Each year, an average of over 1,325 tornadoes is reported nationwide, resulting in an average of 100 deaths
and 1,500 injuries."* They are more likely to occur during the spring and early summer months of March
through June. Tornadoes can occur at any time of day. However, they are more likely to form in the late
afternoon and early evening. Smaller tornadoes can touch down briefly. However, despite the smaller size,
short-lived tornadoes can inflict tremendous damage. Highly destructive tornadoes may carve out a path
over a mile wide and tens of miles long.

MAGNITUDE OR SEVERITY

The destruction caused by tornadoes ranges from light to devastating depending upon the storm's intensity,
size, and duration.

Typically, tornadoes cause the most significant damage to structures of light or wood-framed construction
such as residential homes (particularly mobile homes) and tend to remain localized in impact. The traditional
Fujita Scale for tornadoes, introduced in 1971, was developed to measure tornado strength and associated
damages. However, in February 2007, an "enhanced" Fuijita (EF) Scale was implemented, with somewhat
lower wind speeds at the higher F-numbers and more thoroughly refined structural damage indicator
definitions. Table 3-23 provides a summary of the EF Scale. Assigning an EF Scale rating to a tornado
involves the following steps:

= Conduct an aerial and ground survey over the entire length of the damage path.
= Locate and identify damage indicators in the damage path.

= Consider the wind speeds of all damage indicators and assign an EF Scale category for the
highest wind speed consistent with wind speeds from the other damage indicators.

= Record the basis for giving an EF scale rating to a tornado event; and

= Record other pertinent data related to the tornado event.

EF-Scale Number 3 Second Gusts (MPH)

FO 65-85

F1 86-110

14 https://lwww.spc.noaa.gov/climo/online/monthly/newm.html#2020
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EF-Scale Number 3 Second Gusts (MPH)

F2 111-135
F3 136-165
F4 166-200
F5 200 +

Table 3-22. Enhanced Fujita (EF) Scale for Tornadoes**

OCCURRENCES AND PROBABILITY OF TORNADOS

According to the NCDC databases, since 2016, there was four EF-1 events and one EF-2 events that
occurred in area, with minimal damage, and 1 injury reported.16

Location County/Zone Date Type Magnitude| Deaths M

GREENWOOD SUSSEX CO. 06/2017 Tornado EFO 0 0
BETHEL SUSSEX CO. 04/2019 Tornado EF2 0 1
HARBESON SUSSEX CO. 04/2019 Tornado EF1 0 0
CHESTNUT KNOLL SUSSEX CO. 08/2020 Tornado EF1 0 0
MILFORD ARPT SUSSEX CO. 07/2021 Tornado EF1 0 0

Table 3-23. 2016-2021 Historical Occurrences

Tornadoes are high-impact, low-probability hazards. The net impact depends on the storm intensity and
development vulnerability in its path. Because the direction of each tornado is unique to each event, general
descriptions of impacts in the study area can be drawn from the impacts of previous storms. Communities
rarely activate Emergency Operation Centers before tornadoes due to the short warning times, but such
activation may become necessary after extreme events with catastrophic damage that displace residents.

In the Sussex County area, a high-intensity tornado, while rare, can be expected to impact everything within
the storm's path:

= homes, especially those constructed before the use of building codes

15 National Weather Service (NWS). (2022). The enhanced Fujita scale (EF scale). National Weather Service.
https://www.weather.gov/oun/efscale

16 https://www.ncdc.noaa.gov/stormevents/listevents.jsp?eventTypestatefips=10%2CDELAWARE
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= infrastructure, especially above-ground power lines in the commercial zones and bridges
throughout the region

= cars and private property
= landscape elements such as trees, fences, and shrubs
= even human lives

Downed trees can block roadways, impede traffic, and block access and egress if any of the region's
thoroughfares are impacted. In addition, manufactured homes are particularly vulnerable to damage in the
event of tornadoes, particularly if placed outside of flood zones and before building codes were in effect
requiring foundation tie-downs.

Tornadoes associated with tropical cyclones are more predictable and occur in September and October when
the incidence of low storm systems is most significant. They usually form around the perimeter of the storm
and most often to the right and ahead of the storm center's storm path as it comes ashore. These tornadoes
commonly occur as part of large outbreaks and move in an easterly direction. Again, tracking, and prior
notification by the National Weather Service and local news media help save lives locally.

CPRI FOR DEGREE OF RISK

The generated CPRI for Tornados is shown below.

Magnitude i
Probability s Warning |, Cet
ISeverity Time |
1x.45 H 2x.30 H 4x.15 ’T‘ 1x.10 H 1.75

Table 3-24. CPRI for Degree of Risk for Tornados
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HAILSTORMS (LOW)
HAZARD PROFILE

Hailstorms are an outgrowth of severe thunderstorms. Early in the developmental stages of a hailstorm, ice
crystals form within a low-pressure front due to the rapid rising of warm air into the upper atmosphere and
the subsequent cooling of the air mass. Frozen droplets gradually accumulate on the ice crystals until, having
developed sufficient weight, they fall as precipitation—as balls or irregularly shaped masses of ice greater
than 0.75in. (1.91 cm).

The size of hailstones is a direct function of the size and severity of the storm. High-velocity updraft winds
are required to keep hail in suspension in thunderclouds. The strength of the updraft is a function of the
intensity of heating at the Earth’s surface. Higher temperature gradients are relative to elevation above the
surface, increasing suspension time and hailstone size. Figure 3-3 on the following page shows the annual
frequency of hailstorms in the United States.

Number of
days with
hailstorms
Bl s

6577
B 4-5
BE 2-s
B <2

Albers Equal Area Projection

0 250 500 MI
1 I

0 250 500 KM

Figure 3-3: Annual Frequency of Hailstorms in the United States'”

17 Federal Emergency Management Agency
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OCCURRENCES AND PROBABILITY OF HAILSTORMS

According to NCDC databases, since 2016 there have been nine hail events within SussexCounty
that resulted in no losses.®

Location County/Zone Date Type Magnitude| Deaths M
REDDEN SUSSEX CO. 05/2016 Hail 0.75n. 0 0
DELMAR STATE LINEAR| SUSSEX CO. 05/2017 Hail 0.75n. 0 0
BLADES SUSSEX CO. 08/2019 Hail 1.00 in. 0 0
LAUREL SUSSEX CO. 08/2019 Hail 0.75n. 0 0
DEWEY BEACH SUSSEX CO. 08/2019 Hail 1.25n. 0 0
PHILLIPS HILL SUSSEX CO. 09/2019 Hail 1.00 in. 0 0
BLADES SUSSEX CO. 04/2021 Hail 1.00 in. 0 0
BRIDGEVILLE SUSSEX CO. 04/2021 Hail 1.00 in. 0 0
ANGOLA BEACH SUSSEX CO. 07/2021 Hail 1.00 in. 0 0

Table 3-25. 2016-2021 Historical Occurrences

Hail was judged by the HMSC and the HMWG to be of significant danger to the community and thus
included as an identified hazard.

CPRI FOR DEGREE OF RISK

The generated CPRI for hailstorms is shown below.

Magnitude i
Probability g ) + Wa.r ning + CPR
ISeverity Time |
2x .45 H 1x.30 H 3x.15 m 1x.10 H 1.75

Table 3-26. CPRI for Degree of Risk for Hail

18 https://www.ncdc.noaa.gov/stormevents/listevents.jsp?eventTypestatefips=10%2CDELAWARE
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TERRORISM (LOW)
HAZARD DESCRIPTION

18 USC defines “Domestic Terrorism:” as activities that— (A) involve acts dangerous to human life that is a
violation of the criminal laws of the United States or any State; (B) appear to be intended— (i) to intimidate
or coerce a civilian population; (i) to influence the policy of a government by intimidation or coercion; or (iii)
to affect the conduct of a government by mass destruction, assassination, or kidnapping; and (C) occur
primarily within the territorial jurisdiction of the United States.1?

In its guidance on integrating human-caused hazards into State and local hazard mitigation plans (FEMA
Publication 386-7), the Federal Emergency Management Agency has established a set of categories that
can be applied to the profiling of intentional acts of terrorism. These categories are contamination, energy
release (i.e., explosives, arson), and service disruption.

Contamination, as it relates to terrorist activity, refers to the intentional release of chemical, biological or
radiological agents and nuclear hazards. Contamination can apply to human and animal life, a geographic
area, agriculture/food supplies (as in agroterrorism”), and even the electronic world of computers and
information via the Internet and e-mail (as in “cyber terrorism.”)

According to Jane’s Chem-Bio Handbook, chemical agents are liquid or aerosol contaminants that can be
dispersed using sprayers or other aerosol generators by liquids vaporizing from puddles or containers or
munitions. Chemical agents may pose viable threats for hours to weeks, depending on the agent used and
the conditions in the exposed area. This hazard is especially volatile because persons, vehicles, water, and
even the wind can carry contamination beyond the initial target zone.

Chemicals may also be corrosive or otherwise damaging over timeif not dealt with appropriately.
Biological agents are liquid or solid contaminants that can be dispersed using sprayers or aerosol generators
or by point or line sources such as munitions, underground deposits, or moving sprayers. Biological hazards
may pose a danger for a period of hours to years, depending on the agent used and the conditions in which
it exists. Contamination can be spread via water and wind, while infection can be spread via humans and
animals.

FEMA's Radiological Emergency Management Course states that radiological agents can also be dispersed
using sprayers or aerosol generators or by point or line sources such as munitions, underground deposits,
and moving sprayers. Radiological contaminants can be hazardous for seconds and years, depending on
the material used. The initial effects of a radiological attack are likely to be localized to the site of the attack.
However, depending on meteorological conditions, the subsequent behavior of contaminants may become
more dynamic. Nuclear hazards include the detonation of a nuclear device underground, on the Earth’s
surface, in the air, or at a high altitude. Heat flashes and blast waves resulting from a detonation would last
for seconds. However, nuclear radiation and fallout hazards can continue for years. In addition, an
electromagnetic pulse resulting from a high-altitude detonation lasting for a few seconds can affect
unprotected electronic systems. The initial light, heat, and blast effects of a subsurface, ground, or airburst
are static and are determined by the device’s characteristics. The fallout of radioactive contaminants may be
dynamic depending on meteorological conditions.

19 United States Code 18. (2021). https://www.govinfo.gov/content/pkg/USCODE-2011-title18/pdf/lUSCODE-
2011-title18.pdf
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OCCURRENCES AND PROBABILITY OF A TERRORISM HAZARD

Domestic Terrorists (DT) can face state and federal charges for applicable criminal violations, including
weapons, explosives, threats, attacks on federal officials or facilities, hate crimes, arson, violence against
animal enterprises, and material support to terrorists. Under 18 U.S.C. § 2339(a), it is a crime to provide
material support or resources to another knowing or intending to be used in preparation for or conducting
certain terrorism-related offenses. However, unlike a violation of 18 U.S.C. § 2339(b), the recipient of the
material support need not be a designated foreign terrorist organization.

From FY 2015 through FY 2019, approximately 846 DT subjects were arrested by or in coordination with the
FBI, as follows:

Frscal Year (FY) TotaI Charged Federal Charges StatelLocaI Charges

2015

2016 229 169 60
2017 186 109 77
2018 113 54 52
2019 107 63 42

Table 3-27. Arrest for Domestic Terrorism (FBI, 2021)20
PRIORITIZATION AND RATIONALE OF THE TERRORISM HAZARD

Although there have been no previously recorded deaths, injuries, or damage from terrorism in Sussex
County, this hazard was judged by the HMSC and the HMWG to be of significant danger to the community
and thus included as an identified hazard.

CPRI FOR DEGREE OF RISK
The generated CPRI for terrorism is shown below. Terrorism remains an un-ranked hazard.

e
1x.45 ’_‘ 1x.30 ’_‘ 1x.15 ’_‘ 1x.10 ’_‘

Table 3-28. CPRI for Degree of Risk for Terrorism

2 Strategic Intelligence Assessment and Data on Domestic Terrorism. (2021, May). www.fbi.gov/file-
repository/fbi-dhs-domestic-terrorism-strategic-report
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BEACH/SOIL EROSION (NON-RATED)
HAZARD PROFILE

Coastal erosion removes material from a coastal profile due to an imbalance in the supply and export of
material from a particular section. It takes place in the form of scouring at the foot of the cliffs or dunes or the
sub-tidal foreshore. Coastal erosion occurs mainly during strong winds, high waves, high tides, and storm
surge conditions and results in coastline retreat and loss of land.

The processes will vary according to the coast types in question, cliff, coarse gravel, or sandy beaches. What
is clear from this description is that coastal erosion is a dynamic process. It is often event-driven (a storm),
and its consequences may be at least partially reversed during calmer periods. Such events are
superimposed on the long-term coastal evolution. Coastal behavior also has a spatial dimension: the long-
shore currents may permanently remove sediment from the shore, but they may also bring new deposits
elsewhere. Therefore, it is essential to describe these processes concerning the concept of the coastal cell.!

There are two types of soil erosion: wind erosion and water erosion. Wind erosion can cause significant soil
loss. Winds blowing across sparsely vegetated or disturbed land can pick up soil particles and carry them
through the air, thus displacing them. Water erosion can occur over land or in streams and channels. Water
erosion over land may result from raindrops, shallow sheets of water flowing off the ground, or shallow surface
flow, concentrated in low spots. Stream channel erosion may occur as the volume and velocity of water flow
increases enough to cause movement of the streambed and bank soils. Major storms such as hurricanes
may cause significant erosion by combining high winds with heavy surf and storm surge to impact the
shoreline significantly.

An area's potential for erosion is determined by four factors: soil characteristics, vegetative cover, topography
climate or rainfall, and topography. Soils composed of a large percentage of silt and fine sand are most
susceptible to erosion. As the content of these soils increases at the clay and organic material level, the
potential for erosion decreases. Well-drained and well-graded gravels and gravel-sand mixtures are the least
likely to erode. Coarse gravel soils are highly permeable and have a good capacity for absorption, which can
prevent or delay the amount of surface runoff. Vegetative cover can be beneficial in controlling erosion by
shielding the soil surface from falling rain, absorbing water from the soil, and slowing the runoff velocity. The
area's topography also affects runoff, including size, shape, and slope. The greater the slope length and
gradient, the more potential a location has for erosion. Climate can affect the amount of runoff, mainly the
frequency, intensity, and duration of rainfall and storms. When rainstorms are frequent, intense, or for a long
time, erosion risks are high. Seasonal changes in temperature and rainfall amounts define the period of
highest erosion risk of the year.

During the past 20 years, the importance of erosion control has gained the increased attention of the public.
Implementing erosion control measures consistent with sound agricultural and construction operations is
needed to minimize the adverse effects associated with increasing settling out of the soil particles due to
water or wind. The increase in government regulatory programs and public concern has resulted in a wide
range of erosion control products, techniques, and analytical methodologies in the United States. The
preferred method of erosion control in recent years has been vegetation restoration.

21 Concepts & Science for Coastal Management: - http://www.conscience-
eu.net/what_is_coastal_erosion_and_when_is_it_a_problem/index.htm
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PRIORITIZATION AND RATIONALE OF THE EROSION HAZARD

Although there have been no previously recorded deaths, injuries, and quantifiable damage from erosion in
Sussex County, there have been events along areas of waterway currently not utilized or owned and was
judged by the HMSC and the HMWG to be of significant danger to the future of the community and thus
included as an identified hazard.

CPRI FOR DEGREE OF RISK

There has been no measurable loss data to generate a CPRI rating for erosion. Thus, erosion remains
unranked as shown below.

Probability I\;I;g\r::r?t(:,e Duration CPRI
0x .45 ’_‘ 0x.30 H 0x.15 ﬂ 0x.10 ﬂ

Table 3-29. CPRI for Degree of Risk for Erosion

50



SUSSEX COUNTY HAZARD MITIGATION PLAN CYBER TERRORISM

CYBER TERRORISM - SOFTWARE/HARDWARE (NON-RATED)
HAZARD DESCRIPTION

Cyber-terrorism is a relatively new concept. According to the National Strategy for Homeland Security,
terrorists may seek to cause widespread disruption and damage, including casualties, by attacking electronic
and computer networks linked to critical infrastructures such as energy, financial, and securities networks. In
addition, terrorist groups are known to exploit information technology and the Internet to plan attacks, raise
funds, circulate propaganda, gather information, and communicate. In terms of hazard mitigation, cyber
terrorism is often explored as a component in business continuity planning.

Software threats are malicious pieces of computer code and applications that can damage your computer
and steal your personal or financial information. For this reason, these dangerous programs are often called
malware (short for “malicious software”).

Software disasters are challenging because they can affect any system element and are difficult to detect
until after the damage has been done.

Accidental and malicious activity can lead to financial losses, operational capacity loss, and hardware
systems damage. Vulnerabilities have been detected in communications systems, medical systems, utility
systems, and more. Further, educational institutions account for one-quarter of all data breaches in the United
States.

Loss of hardware function could result from physical damage to the IT hardware, hardware malfunction, or a
software event. In addition, loss of hardware could mean loss of critical information or service disruption.

Physical damage to any part of a hardware system could cause massive failures and result in loss of function
throughout Sussex County.

Physical damage includes:
= Major, accidental damage to hardware that is easily repaired or replaced.

= Major, unintentional damage to hardware that is not easily replaced or repaired, for example, from
construction or structural event.

= Major damage caused by malicious activity.

= Hurricane, flood, or leak that causes water damage.

= Seismic or construction event causes the hardware to move around and break.
= Electrical event or fire.

A hardware malfunction could lead to temporary or permanent loss of function in part or all a system. In
addition, a malfunction in any element could interrupt network functions, medical operations, and other
processes.

Hardware threats are easy to detect in comparison with software threats.

Hardware threats cause more damage to the network than software because a software threat can only harm
the data, while a hardware threat can harm both device and data (Computer Networking Notes, 2018).

51



SUSSEX COUNTY HAZARD MITIGATION PLAN

OCCURRENCES AND PROBABILITY OF A CYBER ATTACK
Table 3-30 identifies the top ten deadliest computer viruses.

CYBER TERRORISM

ILOVEYOU

Used social engineering to get
people to click on the
attachment, in this case, a love
confession. The attachment was
a script that poses as a TXT file,
due to Windows at the time
hiding the actual extension of the
file.

Once clicked, it will send itself to
everyone in the user’'s mailing list
and proceed to overwrite files
with itself, making the computer
unbootable.

10% of all computers infected.

$15 Billion

Code Red

2001

The worm targeted computers
with Microsoft IS web server
installed, exploiting a buffer
overflow problem in the system.
It leaves little trace on the hard
disk as it can run entirely on
memory, with a size of 3,569
bytes.

Once infected, it will proceed to
make a hundred copies of itself
but due to a bug in the
programming, it will duplicate
even more and ends up eating
the systems resources.

1.2 million servers affected

$2.4 Billion

Melissa

1999

It started as an infected Word
document that was posted up on
the atlases UseNet group,
claiming to be a list of passwords
for pornographic sites.

This got people curious and
when it was downloaded and
opened, it would trigger the

$80 Million
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macro inside and unleash its
payload.

= Slows down and crashes the
computer, while making it hard to
reset without cutting the power),
the effects were incredibly
disruptive, with millions of
computers being infected, and

Sasser 2004 important, critical infrastructure $500 Million
affected.

= More than a million infections
taking out critical infrastructures,
such as airlines, news agencies,
public transportation, hospitals,
public transport

= Zeus is a Trojan horse made to
infect Windows computers so
that it will perform various
criminal tasks.

= Compromised thousands of FTP
accounts and computers
from large multinational
corporations and banks such as
Amazon, Oracle, Bank of
Zeus 2009 America, and Cisco. Controllers $3 Billion
of the Zeus botnet used it to steal
the login credentials of social
network, email, and banking
accounts.

= One million computers infected
(25% from US)

= Money mules are used to
smuggle and transfer cash to the
ringleaders in Eastern Europe.

= The malware was able

to infect more than 9 million
Conficker 2009 computers all around the world, $9 Billion
affecting governments,
businesses, and individuals.
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= Itwas one of the largest known | largest known
worm infections to ever surface.

= Believed to have been created by
the Israeli Defense Force
together with the American
Government,

= Stuxnet is an example of a virus
created for the purpose of
cyberwarfare, as it was intended
to disrupt the nuclear efforts of
the Iranians.

Stuxnet N/A

= |t was estimated that Stuxnet
managed to ruin one fifth of
Iran’s nuclear centrifuges and
that nearly 60% of infections
were concentrated in Iran.

= Became one of the fastest
spreading email worm since
ILOVEYOU.

= The author is unknown, and it is
believed that the creator was
paid to create it since it contains
the text message, “Andy; I'm just
doing my job, nothing personal,
sorry,”

Mydoom 2004 = The payload itself is twofold: first $38 Billion
it opens a backdoor to allow
remote access and second it
launches a denial-of-service
attack on the controversial SCO
Group.

= |t was believed that the worm
was created to disrupt SCO due
to conflict over ownership of
some Linux code.

= Trojan horse ransomware
Crypto Locker targeted at computers running $665 Million
Windows. It uses methods to

spread itself, such as email, and
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once a computer is infected, it
will proceed to encrypt certain
files on the hard drive and any
mounted storage connected to it
with RSA public key

cryptography.

= The only way to unlock the files
is to pay a ransom by a deadline.

= The number of infections is
estimated to be $500,000

= This is one of the few Mac
malwares to have gain
notoriety as it showed that Macs

Flashback 2011 are not immune. N/A
= The Trojan was first discovered

in 2011 by antivirus company
Intego as a fake flash install.

Table 3-30. Top 10 Deadliest Viruses?2

CPRI FOR DEGREE OF RISK
The generated CPRI for Cyber Terrorism is shown below. Cyber Terrorism remains an un-ranked hazard.

2 oo o
0x.45 H 0x.30 H 0x.15 H 0x.10 ’j‘ 0

Table 3-31. CPRI for Degree of Risk for Cyber Terrorism

22 Gerencer, T. (2020, November 4). The top 10 worst computer viruses in history | HP® tech takes. Laptop Computers, Desktops,
Printers, Ink & Toner | HP® Official Site. https://www.hp.com/us-en/shop/tech-takes/top-ten-worst-computer-viruses-in-history
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DAM-LEVEE FAILURE (NON-RATED)
HAZARD DESCRIPTION

Dams are manufactured structures that serve a variety of uses such as flood protection, power production,
agriculture, water supply, and forming recreational areas. They are typically constructed of earth, rock, or
concrete and come in all shapes and sizes. Dam failure is the uncontrolled release of impounded water
resulting in downstream flooding and other impacts affecting lives and property. Dams can fail because water
heights or flows are above the capacity the structure was designed for (including flooding) or because the
structure failed in some way. Structures fail for many reasons, including lack of maintenance, erosion, seismic
events, insufficient design, development or alteration of the floodplain, or improper construction.
Concrete/masonry dams usually fail from the loss of a section or undermining, while the primary causes of
earthen dam failure are overtopping, piping failure, and foundation failure. In addition, concrete or masonry
dams tend to fail suddenly, while earthen dams usually take longer.

DAM HAZARD POTENTIAL CLASSIFICATIONS

Dam safety inspections and monitoring have become essential tools in evaluating dam failure risk, ensuring
proper maintenance, and prioritizing actions. The ranking of assessments is often based on a classification
system according to the potential impact a dam failure or mis operation would have on nearby populations
and property. FEMA utilizes a Hazard Potential Classification System for Dams that categorizes them as
Low, Significant, or High, as in Table 3-32.

Hazard.P.ote.ntlaI Loss of Human Life Econor_mc', Environmental,
Classification Lifeline Losses
Low (L) None Expected Low and Gec?erally Limited to
wner
Significant (S) None Expected Yes
. Probable; One or More
High () Expected Yes

Table 3-32. Dam Hazard Potential Classification System?:

Low Hazard Potential Dam: Any dam whose failure or mis-operation is unlikely to cause loss of human
life but may cause minor economic and or environmental losses.

Significant Hazard Potential Dam: Any dam whose failure or mis-operation will cause possible loss of
human life, economic loss, environmental damage, disruption of lifeline facilities, or can impact other
concerns.

23 FEMA
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High Hazard Potential Dam: Any dam whose failure or mis-operation will cause probable loss of human
life24.

OCCURRENCES AND THE PROBABILITY OF THE DAM FAILURE HAZARD

Dam failure can result from natural events, human-induced events, or a combination. Losses due to natural
events such as hurricanes, earthquakes, or landslides are significant because there is generally little or no
warning. However, the most common cause of dam failure is prolonged rainfall that produces flooding.
Sussex County has experienced no dam failures within the last five years. The at-risk inventory within the
state and County are listed in Table 3-33 and 3-34 on the following pages.

_ Delaware State Dam Inventory

Overview 84 dams on the NID

67 publicly owned

Ownership .

17 privately owned

63 high hazard potential
Hazard Classification 6 significant hazard potential

15 low hazard potential

Table 3-33. Delaware State Dam Inventory

Sussex County High & Significant Potential Dam Inventory

«  City of Laurel Sewage Lagoon (1) . Hearns Pond Dam

«  City of Laurel Sewage Lagoon (2) . Horseys Pond Dam

«  City of Laurel Sewage Lagoon (3) . Ingram Pond Dam

«  Selbyville Wastewater Lagoon . Marshall Millpond Dam
High Hazard Potential | Clendaniel Pond Dam ) Millsboro Pond Dam

*  Abbotts Pond Dam + Portsville Mil Pond Dam

+ Betts Pond Main Dam . Records Pond Dam

+ Betts Pond Route 113 Dam . Red Mill Pond Dam [

«  Burton Pond Dam Reynolds Pond

«  Chipman Pond Dam . Shoals Branch Dam

24 http:/lwww.dnrec.delaware.goviswc/Documents/SoilPPT/damsafety_files_/frame.htm
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Sussex County High & Significant Potential Dam Inventory

« Concord Pond Dam . Swiggetts Pond Dam
«  Craigs Pond . Trap Pond Dam

« Cubbage Pond Dam . Wagamons Pond Dam
« Fleetwood Pond Dam . Williams Pond Dam

«  Griffith Lake Dam . Waples Pond Dam

«  Goslee Mill Pond Dam

«  Morris Millpond Dam
Significant Hazard

Potential « Collins Pond Dam

« Davis Pond Dam
» Trussams Pond Dam

« Diamond Pond Dam
Low Hazard Potential « Gordons Pond Dam
»  Hudson Pond Dam

Table 3-34. Sussex County High & Significant Potential Dam Inventory

PRIORITIZATION AND RATIONALE OF THE DAM FAILURE HAZARD

There have been no dam failures within Sussex County thus there are no recorded deaths, injuries, or
damage. The HMSC and the HMWG find the potential impacts from dam failure to be of significant danger
to the community and thus included as an identified hazard.

CPRI FOR DEGREE OF RISK

The generated CPRI for dam failure is shown below. Dam failure remains an unranked hazard.

e e oo o
0x.45 ﬂ 0x.30 ﬂ 0x.15 ﬂ 0x.10 ﬂ

Table 3-35. CPRI for Degree of Risk for Dam Failure
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PIPELINE FAILURE (NON-RATED)
HAZARD DESCRIPTION

The energy infrastructure of the United States is comprised of many components, including the physical
network of pipes for oil and natural gas, electricity transmission lines, and other means for transporting energy
to the Nation’s consumers. This infrastructure includes facilities that convert raw natural resources into energy
products, the rail network, trucking lines, and marine transportation. (U.S. Department of Energy, 2003) Much
of this infrastructure is aging, and with the challenges of keeping the infrastructure up to date with the latest
technological advances and consumer needs, the potential for an energy pipeline failure to become a hazard
in and of itself must be considered.

The two million miles of oil pipelines in the United States are the principal mode for transporting oil and
petroleum products such as gasoline, and virtually all-natural gas in the United States. Natural gas pipelines
transport natural gas. Liquid petroleum (oil) pipelines transport liquid petroleum and some liquefied gases,
including carbon dioxide. Liquid petroleum includes crude oil and refined products made from crude oil, such
as gasoline, home heating oil, diesel fuel, aviation gasoline, jet fuels, and kerosene. Liquefied ethylene,
propane, butane, and some petrochemical feedstocks are also transported through oil pipelines.2

Pipeline systems are the safest means to move these products. The federal government rededicated itself to
pipeline safety in 2006 when the PIPES Act was signed. It mandates new methods and makes commitments
for new technologies to manage the integrity of the nation's pipelines and raise the bar on pipeline safety.

Pipeline systems consist of a few major components:

= Pipelines that collect products from sources, such as wells on land (gathering lines) or offshore, or
from shipping, such as tankers for oil or liquefied natural gas (LNG). These systems move the
product to storage, processing (such as treatment for gas or refining of petroleum).

= Transmission pipelines that transport large quantities of hazardous liquids or natural gas over
longer distances; transmission lines deliver natural gas to distant power plants, large industrial
customers and to municipalities for further distribution; petroleum transmission lines deliver crude
oil to distant refineries or refined products to distant markets, such as airports or to depots where
fuel oils and gasoline are loaded into trucks for local delivery.

= Distribution lines are a part of natural gas systems and consist of main lines that move gas to
industrial customers, down to the smaller service lines that connect to businesses and homes
throughout a municipality.

Along these pipelines are pump stations for liquids and compressor stations for natural gas, storage and
distribution facilities and automated control facilities to manage the product movement and maintain safety.
Should a pipeline fail, a drop in pressure normally triggers systems that close valves to isolate the failed
pipeline.2

This oil pipeline infrastructure is old, requiring regular safety and environmental reviews to ensure its safety
and reliability. As a result, the potential risk of pipeline accidents is a significant national concern.

25 General Pipeline FAQs | PHMSA (dot.gov)
26 General Pipeline FAQs | PHMSA (dot.gov)
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The energy infrastructure is vulnerable to physical and cyber disruption, which could threaten its integrity and
safety. Disruptions could originate from natural events such as geomagnetic storms, earthquakes, accidents,
equipment failures, or deliberate interference. In addition, the Nation’s transportation and power
infrastructures have grown increasingly complex and interdependent; consequently, any disruption could
have far-reaching consequences.

PRIORITIZATION AND RATIONALE OF THE PIPELINE FAILURE HAZARD

There have been no pipeline failures within Sussex County. Although there have been no previously recorded
deaths, injuries, or damage from pipeline failure in Sussex County, this hazard was judged by the HMSC and
the HMWG to be of significant danger to the community and thus included as an identified hazard.

CPRI FOR DEGREE OF RISK

The generated CPRI for pipeline failure is shown below. Pipeline failure remains an un-ranked hazard.

e oo o
0x.45 ﬂ 0x.30 ﬂ 0x.15 ﬂ 0x.10 ﬂ

Table 3-36. CPRI for Degree of Risk for Pipeline Failure
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EARTHQUAKE (NON-RATED)
HAZARD DESCRIPTION

An earthquake is the motion or trembling of the ground produced by the sudden displacement of rock in the
Earth's crust.

Earthquakes result from crustal strain, volcanism, landslides, or the collapse of caverns. Tremors 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 of the shaking, which is directly related to the
earthquake size, distance from the fault, site, and regional geology.

Most earthquakes are caused by the release of stresses accumulated by the rupture of rocks along opposing
fault planes in the Earth's outer crust. These fault planes are typically found along the borders of the Earth's
ten tectonic plates.

These plate borders generally follow the outlines of the continents, with the North American plate following
the continental border with the Pacific Ocean in the west but following the mid-Atlantic trench in the east.
Earthquakes occurring in the mid-Atlantic trench usually pose little danger to humans.

The areas of most significant tectonic instability occur at the perimeters of the slowly moving plates, as these
locations are subjected to the most significant strains from plates traveling in opposite directions and at
different speeds. Deformation along plate boundaries causes pressure 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 disrupt gas, lifelines, electric, and phone service. 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.

MAGNITUDE OR SEVERITY

Minor earthquakes occur much more frequently than more significant earthquakes. These smaller
earthquakes generally cause little or no damage. However, massive earthquakes can cause tremendous
damage and are often followed by smaller aftershocks occurring for weeks after the event. This phenomenon
referred to as “minor faulting,” appears during an adjustment period that may last several months.

Earthquakes are measured in terms of their magnitude and intensity. Magnitude is calculated using the
Richter Scale (Table 3-37). 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 earthquake is determined from the logarithm of the amplitude of waves recorded by
seismographs. Adjustments are included for variation in the distance between the various seismographs and
the epicenter of the earthquakes. The Richter Scale expresses magnitude in whole numbers and decimal
fractions. For example, a magnitude 5.3 quake might be computed as a moderate earthquake, and a strong
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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.

RICHTER
MAGNITUDES EARTHQUAKE EFFECTS

Less than 3.5 Generally, not felt but recorded.

3.5-54 Often felt, but rarely causes damage.
Under 6.0 At most, slight damagg tp well-designed bulildings. Can cause major damage to
poorly constructed buildings over small regions.
6.1-6.9 Can be destructive in areas up to about 100 kilometers across where people live.
7.0-7.9 Major earthquake. Can cause serious damage over larger areas.

Great earthquake. Can cause serious damage in areas several hundred

8 or greater .
g kilometers across.

Table 3-37. The Richter Scale

The effect of an earthquake on the Earth's surface is called the intensity. The intensity scale consists of a
series of specific vital responses such as people awakening, movement of furniture, damage to chimneys,
and 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 United States 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 ranging from imperceptible shaking to catastrophic
destruction, is designated by Roman numerals, as shown in Table 5-38. The scale does not have a
mathematical basis; instead, it is an arbitrary ranking based on observed effects.

The Modified Mercalli Intensity value assigned to a specific site after an earthquake has a more meaningful
measure of severity to the nonscientist than the magnitude because intensity refers to the effects
experienced at a particular place.

The lower numbers on the intensity scale deal with the way people feel the earthquake. The higher
numbers on the scale are based on observed structural damage.

Structural engineers usually contribute information for assigning intensity values of VIl or above.

EARTHQUAKE CORRESPONDING RICHTER
SCALE INTENSITY EFFECTS SCALE MAGNITUDE
I Instrumental Detected only on
seismographs

|
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EARTHQUAKE

Feeble

Some people feel it

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

Vil

Very Strong

Mild alarm; walls crack;
plaster falls

<6.1

VIl

Destructive

Moving cars uncontrollable;
masonry fractures; poorly
constructed buildings
damaged

Ruinous

Some houses collapse;
ground cracks; pipes break
open

<6.9

Disastrous

Ground cracks profusely;

many buildings destroyed;

liquefaction and landslides
widespread

<7.3

Xl

Very Disastrous

Most buildings and bridges
collapse; roads, railways,
pipes, and cables destroyed;
general triggering of other
hazards

<8.1

Xl

Catastrophic

Destruction: trees fall;
ground rises and falls in
waves

>8.1

Table 3-38. Modified Mercalli Intensity Scale for Earthquakes
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Earthquakes in the central and eastern U.S., although less frequent than in the western U.S., 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 U.S.
earthquake typically can be felt at places as far as 60 miles from where it occurred, and it infrequently causes
damage near its source. A magnitude 5.5 eastern U.S. earthquake usually can be felt as far as 300 miles
from where it happened and sometimes causes damage out to 25 miles.

OCCURENCES AND PROBABILITY OF THE EARTHQUAKE HAZARD

The largest measured earthquake in Delaware was recorded on November 30, 2017. The magnitude 4.1
temblor occurred at 4:47 p.m. with an epicenter located 6 miles northeast of Dover in Bombay Hook National
Wildlife Refuge, according to data reported by the U.S. Geological Survey. Analysis of the shaking associated
with the Dover earthquake indicates that the source was approximately 3 km (10,000 ft) beneath the land
surface in deep crystalline basement rocks and had a predominantly strike-slip direction of motion (side-ways
movement along a fault zone) with a significant thrust component (some upward movement along the fault),
probably along a deep pre-existing fault related to the past tectonic episodes

The Delaware earthquake of 2017 was felt throughout the state and along the eastern seaboard from central
Virginia to Massachusetts. Reports compiled on the internet by the USGS, and DGS indicate a Modified
Mercalli Intensity of IV felt closest to the epicenter and Ill around most of the region. An intensity of IV is
generally associated with light shaking that is felt by many indoors but not as commonly felt outdoors. Dishes,
windows, and doors may be disturbed; walls make a cracking sound, and the earthquake may have a
sensation like a heavy truck striking a building. An intensity of Ill is commonly quite noticeable to persons
indoors, especially on upper floors of buildings, but many people may not recognize it as an earthquake. It
may feel like vibrations from the passing of a truck.

As of Dec 15, 2017, the Delaware Geological Survey website had received approximately 260 "felt reports"
from individuals in and around Delaware, with an average intensity reply between Mercalli Ill and IV. Higher
intensities, commonly VI, were reported closer to the epicenter, mainly in Kent County. Many of the reports
are associated with the shaking of dishes, teapots, and lamps. The USGS also has received nearly 17,000
reports through the internet from throughout the northeastern United States.?”

Although there have been no previously recorded deaths, injuries, or damage from earthquakes in Sussex
County, the hazard was judged by the HMSC and the HMWG to be of significant danger to the community
and thus included as an identified hazard.

21 Source: https://www.dgs.udel.edu/delaware-geology/earthquake-november-30-2017
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FIGURE 3-4. INTENSITY MAP OF 2017 EARTHQUAKE

CPRI FOR DEGREE OF RISK

There has been one event occurrence since the last hazard mitigation update, there is limited measurable
data to generate a CPRI rating for earthquake. Thus, earthquake remains unranked as shown below.

Probability

Magnitude + Warning

ISeverity Time + | Duration

I T T B Y

Table 3-39. CPRI for Degree of Risk for Earthquake
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WILDFIRE (NON-RATED)
HAZARD DESCRIPTION

A wildfire is any fire that burns out of control and typically occurs in grasslands, forests, and brush land.
Wildfire is a natural process that is important to ecosystems, and fire suppression can lead to more severe
fires due to the buildup of vegetation, which creates more fuel. However, wildfires can also endanger people's
lives and destroy property when out of control. Wildfires can also cause secondary effects, including erosion,
landslides, the introduction of invasive species, and changes in water quality. Wildfires can be caused by
lightning strikes but are most often the intentional or unintentional result of humans.

PRIORITIZATION AND RATIONALE OF THE WILDFIRE HAZARD

Although there have been no previously recorded deaths, only one injury, and minimal damage from
wildfire in Sussex County, there have been enough events for the HMSC and the HMWG to consider
wildfire to be of significant danger to the community and thus included as an identified hazard.

CPRI FOR DEGREE OF RISK

There has been no event occurrence since the last hazard mitigation update, thus no measurable data to
generate a CPRI rating for wildfire. Thus, wildfire remains unranked as shown below.

- Magnitude Warning
0x.45 ’T‘ 0x.30 H 0x.15 H 0x.10 ’j‘ 0

Table 3-40. CPRI for Degree of Risk for Wildfire
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PRIORITIZATION AND RATIONALE OF THE HAZARD

An analysis was performed using the Calculated Priority Risk Index (CPRI) to provide a level playing field for
comparing hazards. The purpose of the CPRI is not to replace the scientific or local knowledge or to have
the final say on a threat but to provide the County with a means for looking at the hazards for further
vulnerability analysis. Each CPRI is accompanied by a rationale for why that hazard will be included or
excluded.

CPRI values are based upon previous event history and definitions and combine the hazard’s probability of
future occurrence, magnitude or severity of the hazard’s impacts, warning time before an event occurs, and
the duration of the event. The categories are shown in Tables 3-41 through 3-46.

* Frequent significant events with a well-documented history of
_ _ occurrence.
Highly Likely 4 . _ inro
» Event has up to 1in 1 year chance of occurring. (1/1 = 100%) *
History of events is 33%-100% likely per year.
* Occasional significant occurrences with at least two or more
documented historic significant events.
Likely 3 » Eventhas up to 1in 3 year's chance of occurring. (1/3 = 33%)
+ History of events is 20%-33% likely per year.
+ Rare significant occurrences with at least one documented or
anecdotal historic significant event
Possibly 2 « Eventhas up to 1in 5 year's chance of occurring. (1/5=20%)
+ History of events is 10%-20% likely per year.
 Extremely rare with no documented history of significant events
_ occurring.
Unlikely L « Event has up to 1in 10 year's chance of occurring. (1/10=10%)
+ History of events is 0%-10% likely per year.

Table 3-41. Probability of Future Occurrence Based on Previous Hazard Events
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Magnitude/Severity Description

= Multiple deaths
Catastrophic 4 = More than 50% of property is severely damaged
= Complete shutdown of facilities for more than 1 month

= |njuries and/or illnesses result in permanent disability
Critical 3 = More than 25% of property is severely damaged
= Complete shutdown of critical facilities for at least 14 days

= |njuries and/or illnesses do not result in permanent

disability
Limited 2 = More than 10% of property is severely damaged
= Complete shutdown of critical facilities for at least 1 day
= |njuries and/or illnesses are treatable with first aid Less
1 than 25% of property is severely damaged.
Negligible

= Shutdown of critical facilities for 24 hours or less

Table 3-42. Magnitude/Severity of Potential Impacts Based on Previous Hazard Events

Warning Time Description

Less than 6 Hours 4 Less than 6 Hours warning time before event occurs
6-12 Hours 3 6-12 Hours warning time before event occurs
12-24 hours 2 12-24 Hours warning time before event occurs
24+ Hours 1 At least 24 Hours warning time before event occurs

Table 3-43. Warning Time of Hazard Event Based on Hazard Definition
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HAZARD IDENTIFICATION

. . Index o

More than 1 week 4 Event lasts more than 1 week
Less than 1 week 3 Event lasts less than 1 week
Less than 1 day 2 Event lasts less than 1 day

Less than 6 hours

1

Event lasts less than 6 hours

Table 3-44. Duration of Hazard Event Based on Hazard Definition

The HMSC and HMWG identified eleven (11) natural, four (4) human-caused, and one (1) technological
hazard for consideration within this hazard mitigation plan update. Having applied the CPRI values in
assessing the hazards, the prioritization of the hazards under consideration are displayed in Table 3-XX.
The CPRI generated values are found following in Table 3-XX on the following page

Flooding (Riverine and Coastal) N 1
Hurricane/Tropical Storms N 2
Severe Thunderstorms N 3
Drought N 4
Extreme Heat/Cold N 5
Hazmat HIC 6
Winter Storms N 7
Tornado N 8
Hailstorms N 9
Terrorism HIC 10
Beach/Soil Erosion N 11
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Cyber Terrorism T 12
Dam Levee Failure HIC 13
Pipeline Failure HIC 14
Earthquake N 15
Wildfire N 16

Table 3-45. Overall, Hazard Ranking

CALCULATED PRIORITY RANKING INDEX SUMMARY

Hazard Probability MZ%I;(;‘? : W.?ir:]i:g Duration Scczlfcl-:t ;Iaa:kai;dg
Severity

Flooding 1.8 .60 .30 .30 3 1
Hurricane/Tropical Storms 1.8 .60 .30 20 2.9 2
Severe Thunderstorms 1.8 .60 30 20 29 3
Drought 90 .60 15 40 2.05 4
Extreme Heat/Cold 1.35 30 15 30 21 )
Hazmat 90 30 .60 20 2 6
Winter Storms 1.35 30 15 20 2 7
Tornado 45 .60 .60 10 1.75 8
Hailstorms 90 30 45 10 1.75 9
Terrorism 45 30 15 10 1.0 10
Beach/Soil Erosion N/R
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Cyber Terrorism - - - - - N/R
Dam Levee Failure - - - - - N/R
Pipeline Failure - - - - - N/R
Earthquake - -- - - -- N/R
Wildfire - - - - - N/R

Table 3-46. CPRI Hazard Ranking Index
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4. RISK AND VULNERABILITY ASSESSMENT

Contents of this section

= Requirement for Hazard Identification

= Qverview of Sussex County's Risk and Vulnerability Process

= Overview of Sussex County’s Assets and Development Trends
o Population
o Critical Facilities
o Demographics of Future Land Use
o General Building Stock Development
o Estimate of Potential Losses
o Flood
o Tsunami
o Thunderstorm
o Earthquake
o Hurricane Wind
o  Wildfire o Drought
o Dam/Levee Failure
o Extreme Heat/Cold
o Terrorism
o Winter Storm
o HazMat Incident
o Tornado
o Pipeline Failure
o Hail

= Summary of Risk Assessment

Requirement for the risk and vulnerability assessment

Requirement §201.6(c)(2)(i): The plan shall include a risk assessment that provides the factual basis for
activities proposed in the strategy to reduce losses from identified hazards. Local risk assessments must
provide sufficient information to enable the jurisdiction to identify and prioritize appropriate mitigation actions
to reduce losses from identified hazards.

Requirement §201.6(c)(2)(ii): [The risk assessment shall include a] description of the jurisdiction’s
vulnerability to the hazards described in paragraph (c)(2)(i) of this section. This description shall include an
overall summary of each hazard and its impact on the community.
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Requirement §201.6(c)(2)(ii)(A): The plan should describe vulnerability in terms of the types and numbers of
existing and future buildings, infrastructure, and critical facilities located in the identified hazard area.

Requirement §201.6(c)(2)(ii)(B): [The plan should describe vulnerability in terms of an] estimate of the
potential dollar losses to vulnerable structures identified in paragraph (c)(2)(i)(A) of this section and a
description of the methodology used to prepare the estimate.

Requirement §201.6(c)(2)(ii)(C): [The plan should describe vulnerability in terms of] providing a general
description of land uses and development trends within the community so that mitigation options can be
considered in future land use decisions.

Requirement §201.6(c)(2)(iii): For multi-jurisdictional plans, the risk assessment must assess each
jurisdiction's risks where they vary from the risks facing the entire planning area.

OVERVIEW OF SUSSEX COUNTY’S RISK AND VULNERABILITY ASSESSMENT
PROCESS

A high-level, detailed risk and vulnerability assessment was completed for Sussex County for flood (riverine
and coastal), severe winds (hurricanes, coastal storms, and tornados), thunderstorms, drought, extreme
weather (hot/cold), winter storms, hail, earthquakes, terrorism, hazardous materials, and energy pipeline
failures, due to the higher level of vulnerability for these hazards compared to others. It is important to note
that this risk and vulnerability assessment is based on the best available data and represents a base-level
assessment for the planning area.

The loss estimates provided in this section have resulted in an approximation of vulnerability. Therefore,
these estimates should be used to understand relative vulnerability to hazards and potential losses. However,
it is crucial to realize that uncertainties are inherent in any loss estimation methodology, arising partly from
incomplete scientific knowledge concerning natural hazards and their effects on the built environment. Delays
also result from approximations and simplifications necessary for a comprehensive analysis (such as
abbreviated inventories, demographics, or economic parameters).

To conduct the risk and vulnerability assessment effort, two distinct hazard vulnerability assessment
methodologies were applied: HAZUS-MH (FEMA's loss estimation software) and a statistical vulnerability
assessment methodology. Both approaches estimate the potential impact using a standard, systematic
framework for evaluation.

The HAZUS-MH vulnerability assessment methodology is parametric, in that distinct hazard and inventory
parameters (for example, wind speed and building types) were modeled using the HAZUS-MH software to
determine the impact (damages and losses) on the built environment. The HAZUS-MH software was used to
estimate losses from wind (hurricane and tornado), earthquake, and flood hazards.

The second methodology, a statistical vulnerability assessment methodology, was applied to analyze
hazards of concern outside the HAZUS-MH software's scope. The method uses a statistical approach and
mathematical modeling of vulnerability to predict a hazard's frequency of occurrence and estimate impacts
based on recorded or historic damage information.

HAZUS-MH is FEMA'’s standardized loss estimation software program, built upon an integrated geographic
information system (GIS) platform (Figure 4-1). This vulnerability assessment applied HAZUS-MH to produce
regional profiles and estimate losses for three of the nine ranked hazards addressed in this section: flood,
hurricane winds and earthquake.
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EXPLANATION OF REGIONAL VULNERABILITY ASSESSMENT METHODOLOGY

Figure 4-1. Conceptual Model of HAZUS-MH Methodology

Vulnerabilities associated with other natural hazards were analyzed using a regional assessment
methodology developed and used specifically for this effort. This approach is based on the principle that any
spatially; nonspecific hazard event is essentially a random occurrence within a region and has just as much
chance of occurring within the study area as outside. Historical data for each hazard and statistical
evaluations are performed using manual calculations. The general steps used in the statistical vulnerability
assessment methodology are summarized below:

= Buffer the study area to determine the regional assessment area

= Compile hazard occurrence data for the restricted area from national and local sources

= Categorize hazard parameters for each hazard to be modeled

= Calculate the annualized occurrence and loss estimates for each regional subdivision

= Normalize the annualized occurrence and loss estimates by land area and number of housing
units, respectively

= Determine the overall regional average of annualized occurrence and loss

The economic loss results are presented here using two interrelated vulnerability indicators:

= The Annualized Loss (AL) is the estimated long-term value of losses to the general building
stock in any single year in a specified geographic area (i.e., city or County).
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= The Annualized Loss Ratio (ALR) expresses the estimated annualized loss as a fraction of the
building inventory replacement value.

The estimated Annualized Loss (AL) addresses two key components of vulnerability: the probability of the
hazard occurring in the study area and the consequences of the hazard, largely a function of building
construction type and quality, and the intensity of the hazard event. By annualizing estimated losses, the AL
factors in historical patterns of frequent smaller events with infrequent but more significant events to provide
a balanced presentation of the vulnerability.

The Annualized Loss Ratio (ALR) represents the AL as a fraction of the local building inventory replacement
value. This ratio is calculated using the following formula:

“ALR = ANNUALIZED LOSSES / TOTAL EXPOSURE AT RISK”

The annualized loss ratio gauges the relationship between average annualized loss and building replacement
value. This ratio can be used as a measure of relative vulnerability between areas, and, since it is normalized
by replacement value, it can be directly compared across different geographic units such as metropolitan
areas or counties.

It is important to note that HAZUS-MH was used to produce “worst-case scenario” results. Therefore, the
outputs in this document are the result of a worst-case scenario event for each hazard, and it is understood
that any smaller events would most likely create fewer losses than those calculated here.

Finally, in each loss table for specific jurisdictions, the loss is listed as negligible. Negligible means explicitly
less than $5,000 in losses per jurisdiction. While not listed individually, these small losses are included in the
total loss estimates.

MINOR CIVIL DIVISIONS (MCD)

Many of the tables presented in the Risk and Vulnerability Assessment use Minor Civil Divisions (MCDs),
which are a traditional way to divide counties into subdivisions?® (Figure 4-2). MCDs are recognized by the
U.S. Census Bureau and are a national standard by which HAZUS-MH results are prepared (due in part to
the reliance of HAZUS on U.S. Census data.) Minor Civil Divisions cover the entire country and provide a
standard level of geography below the County boundary.2

28 The expanded definition of a Minor Civil Division according to the U.S. Census Bureau is, “the primary
governmental or administrative division of a County or statistically equivalent entity in many states and
statistically equivalent entities...a Minor Civil Division is created to govern or administer an area rather
than a specific population.”

29 Minor Civil Divisions are typically most common in the Eastern United States, while Census County
Divisions (CCDs), a similar method of dividing counties into subdivisions, are more common in the Western
United States
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Figure 4-2. Minor Civil Divisions (U.S. Census 2020)

In the studies conducted for Sussex County, and cities, such as Lewes and Seaford, are separated from the

MCDs in jurisdiction-level analyses. This was done to provide a more detailed cross section of the planning
area and eliminate tendencies to double-count available information

Overview of Sussex county’s assets and trends

To better understand a community’s risks, and evaluation of which assets are exposed to hazard events must
be completed. The inventory of assets that should be considered includes the population, structures, and
lifelines that hazard events could impact. Section 3 provides brief descriptions of historical hazard impacts,
the locations and extent of the hazards, and the implications for life and property due to each risk. This
Section will describe the County’s overall inventory that could be injured, damaged, or destroyed during a
hazard and possible future development trends. FEMA’s spatial loss estimation software, HAZUSMH,
included data for several inventory categories and was used as the foundation for the inventory data for this
Plan. HAZUS-MH utilizes many data sources, including Census 2010 data, Dun & Bradstreet data, and
Homeland Security Infrastructure Protection data, to create the inventory database. Since this is a national
inventory database, the accuracy of HAZUS-MH outputs can be improved by refining the inventory data
based on local data.
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NATIONAL RISK INDEX30

The National Risk Index is a dataset and online tool to help illustrate the United States communities
most at risk for 18 natural hazards: Avalanche, Coastal Flooding, Cold Wave, Drought, Earthquake, Hail,
Heat Wave, Hurricane, Ice Storm, Landslide, Lightning, Riverine Flooding, Strong Wind, Tornado,
Tsunami, Volcanic Activity, Wildfire, and Winter Weather.

The National Risk Index leverages available source data for Expected Annual Loss due to these 18 hazard
types, Social Vulnerability, and Community Resilience to develop a baseline relative risk measurement
for each United States county and Census tract. 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.

- e

Type Summary Sussex Score Delaware Score
Risk Index Moderate 18.25% 13.24%
Annual Loss Relatively Moderate 19.71 % 17.96%
Social Vulnerability Relatively Moderate 44.15% 35.82%
Community Resilience Relatively Moderate 55.10% 56.53%

Table 4-1. National Risk Index
Calculating the Risk Index

Risk Index scores are calculated using an equation that combines scores for Expected Annual Loss due
to natural hazards, Social Vulnerability and Community Resilience:

Risk Index = Expected Annual Loss x Social Vulnerability + Community Resilience

Coastal Flooding Relatively High 38.37
Drought Relatively Moderate 13.53
Earthquake Relatively Low 4.50
Hail Relatively Low 8.07

30 https:/Ihazards.fema.govinri/
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Heat Wave Relatively Moderate 17.42
Hurricane Relatively Moderate 13.01
Ice Storm Relatively Moderate 18.31
Landslide Relatively Low 8.60
Lightning Relatively Moderate 20.74
Riverine Flooding Relatively Moderate 11.68
Strong Wind Relatively Low 13.45
Tornado Relatively Moderate 20.04
Wildfire Relatively Low 11.84
Winter Weather Relatively High 33.76
Table 4-2. Hazard Risk Index
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Figure 4-3. Map of Risk Index
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Relatively Moderate 18.25

CALCULATING EXPECTED ANNUAL LOSS
Expected Annual Loss scores are calculated using an equation that combines values for exposure,

annualized frequency, and historic loss ratios for 18 hazard types:
Expected Annual Loss = Exposure x Annualized Frequency x Historic Loss Ratio

RISK AND VULNERABILITY ASSESSMENT

In Sussex County, DE, expected loss each year due to natural hazards is Relatively Moderate when

compared to the rest of the U.S.

e e e

Coastal Flooding Relatively High 32.56
Drought Relatively Moderate 12.02
Earthquake Relatively Low 4.86
Hail Very Low 8.17
Heat Wave Relatively Moderate 17.97
Hurricane Relatively Moderate 12.09
Ice Storm Relatively Moderate 22.05
Landslide Relatively Low 10.19
Lightning Relatively Moderate 28.86
Riverine Flooding Relatively Low 10.86
Strong Wind Relatively Low 21.58
Tornado Relatively Moderate 18.64
Wildfire Relatively Low 11.00
Winter Weather Relatively High 39.07

Table 4-3. Expected Annual Loss Rating and Score
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Coastal Flooding $8,909,423 $8,742,143 $167,280 0.02 n/a
Drought $423,765 n/a n/a n/a $423,765
Earthquake $181,276 $174,993 $6,283 0.00 n/a
Hail $36,501 $8,813 $217 0.00 $27 471
Heat Wave $407,107 $0 $406,918 0.05 $189
Hurricane $922,988 $457,663 $334,466 0.04 $130,859
Ice Storm $117,736 $94,054 $23,682 0.00 n/a
Landslide $9,193 $5,288 $3,904 0.00 n/a
Lightning $214,028 $108,115 $105,912 0.01 n/a
Riverine Flooding $641,850 $160,346 $31,707 0.00 $449,797
Strong Wind $180,221 $51,892 $126,590 0.02 $1,740
Tornado $914,111 $465,532 $441,533 0.06 $7,045
Wildfire $210,741 $209,872 $452 0.00 $417
Winter Weather $384,019 $117,217 $266,585 0.04 $218

Table 4-4. Expected Annual Loss

Building Populatlon Agriculture

Coastal Flooding $519,904 $14,585 $505,319,011 66,489

Drought $900,951 n/a n/a n/a $900,951,322
Earthquake $1,527,390 $29,088 $1,498,302 197,145 n/a

Hail $1,528,403 $29,088 $1,498,302 197,145 $1,012,583
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Heat Wave $1,524,716 $28,950 $1,494,753 196,678 $1,012,262
Hurricane $1,526,737 $29,056 $1,496,669 196,970 $1,011,876
lce Storm $1,504,777 $28,438 $1,476,339 194,255 n/a
Landslide $78,718,262, | $1,710,138 $77,008,124 10,132. n/a
Lightning $1,527,390 $29,088 $1,498,302 197,945 n/a
Riverine Flooding $146,612 $6,132 $140,439,504 18,478 $40,733
Strong Wind $1,528,403 $29,088 $1,498,302 197,945 $1,012,583
Tornado $1,528,403 $29,088 $1,498,302 197,945 $1,012,583
Wildfire $34,736,576 | $758,794 $33,951,874 4,467 $25,907
Winter Weather $1,524,720 | $28,951,420 $1,494,756 196,678 $1,012,264

Table 4-5. Exposure Values

Coastal Flooding 4.4 events per year n/a Various

Drought 4 events per year 98 2000-2017 (18 years)

Earthquake 0.029% chance per year n/a 2017 dataset

Hail 0.8 events per year 27 1986-2017 (32 years)

Heat Wave 0.7 events per year 28 2005-2017 (12 years)
East 1851-2017 (167

Hurricane 0.2 events per year 32 years) / West 1949-2017

(69 years)
Ice Storm 0.4 events per year 28 1946-2014 (67 years)
Landslide 0 events per year 0 2010-2019 (10 years)
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nghtnlng 44, 6 events per year 1991 -2012 (22 years)
Riverine Flooding 2.8 events per year 68 1996-2019 (24 years)
Strong Wind 2.1 events per year 69 1986-2017 (32 years)
Tornado 0.3 events per year 12 1986-2019 (34 years)
Wildfire 0.033% chance per year n/a 2016 dataset

Winter Weather 2.7 events per year 109 2005-2017 (12 years)

Table 4-6. Frequency Values

Overall Rating | Building Value Population Agriculture Value

Coastal Flooding Very Low $1.35 per $10K 7.44 per 100M

Drought Very Low n/a n/a $1.14 per $10K
Earthquake Very Low $1.68 per $100 1.40 per 10K n/a

Hail Very Low $3.89 per $10M 1.73 per 10B $2.98 per $100K
Heat Wave Very Low $4.55 per $10T 3.33 per 10M $2.26 per $10M
Hurricane Very Low $8.98 per $100K 1.30 per 1M $7.68 per $10K
Ice Storm Very Low $7.83 per $1M 3.87 per 100M n/a
Landslide Very Low $3.09 per $10K 5.07 per 1M n/a
Lightning Very Low $8.17 per $100M 1.54 per 1B n/a
Riverine Flooding Very Low $9.23 per $1M 7.97 per 100M $3.90 per $1K
Strong Wind Very Low $8.56 per $10M 3.83 per 100M $7.36 per $10M
Tornado Very Low $5.00 per $100K 9.21 per 10M $2.17 per $100K
Wildfire Very Low $4.00 per $10 2.00 per 100K $1.36 per $100
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Overall Rating | Building Value Population Agriculture Value

Winter Weather Very Low $1.25 per $1M 5.32 per 100M $6.34 per $100M

;

Table 4-7. Historic Loss Ratio
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Figure 4-4. Expected Annual Loss

Relatively Moderate 19.71

Expected Annual Loss

Composite Expected Annual Loss $13,552,958.99
Building Value $10,595,928.81 Population 0.25 fatalities
Population Equivalence | $1,915,529.49 Agriculture Value $1,041,500.69

Table 4-8. Expected Annual Loss

CALCULATING SOCIAL VULNERABILITY

Social Vulnerability is measured using the Social Vulnerability Index (SVI) published by the University of
South Carolina's Hazards and Vulnerability Research Institute (HVRI). Social groups in Sussex County,
DE have a Relatively Moderate susceptibility to the adverse impacts of natural hazards when compared
to the rest of the U.S.
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Figure 4-5. Social Vulnerability Index
" Relatively Moderate 44.15

CALCULATING COMMUNITY RESILIENCE

Community Resilience is measured using the Baseline Resilience Indicators for Communities (HVRI BRIC)
published by the University of South Carolina's Hazards and Vulnerability Research Institute (HVRI).

Communities in Sussex County, DE have a Relatively Moderate ability to prepare for anticipated natural
hazards, adapt to changing conditions, and withstand and recover rapidly from disruptions when
compared to the rest of the U.S.
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Figure 4-6. Community Resilience

[ Relatively Moderate: 55.10

POPULATION, DEMOGRAPHICS, AND TRENDS

The resident population of the State of Delaware as of the 2020 census is 992,035. This was an increase of
26,438 from the 2015 census (U.S. Census Bureau and Delaware Population Consortium). The number of
households is 386,375 which increased by 30,118 from 356,204 as reported in 2015 (U.S. Census Bureau
and Delaware Population Consortium).

The current population of Sussex County is 238,496 which was an increase of 24,016 from 2015 with the
number of households increasing to 147,545. Table 4-1 shows the population trend for each jurisdiction within
Sussex County.
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Population and Trends

Jurisdiction 2010 2015 2020 Total Increase 2030
Bethany Beach 1,059 1,146 1,271 125 1,422
Bethel 173 187 205 18 229
Blades 1,244 1,340 1,484 144 1,658
Bridgeville 2,015 2,176 2,416 240 2,702
Dagsboro 792 855 946 91 1,057
Delmar 1,590 1,695 1,858 163 2,065
Dewey Beach 341 369 408 39 456
Ellendale town 370 400 443 43 495
Fenwick Island 380 410 454 44 508
Frankford 848 910 1,007 97 1,125
Georgetown 6,452 6,959 7,721 762 8,635
Greenwood 976 1,052 1,163 111 1,298
Henlopen Acres 123 132 147 15 164
Laurel 3,733 4,017 4,446 429 4,966
Lewes 2,858 3,077 3,389 312 3,778
Milford 5,815 6,406 7,257 851 8,164
Millsboro 3,876 4,155 4,629 474 5,183
Millville 530 575 639 64 716
Milton 2,570 2,775 3,075 300 3,438
Oceanview 1,852 2,010 2,237 227 2,506
Rehoboth Beach 1,324 1,426 1,578 152 1,763
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Seaford 6,918 7,427 8,174 747 9,103
Selbyville 2,172 2,341 2,593 252 2,897
Slaughter Beach 207 222 246 24 274
South Bethany 451 487 541 54 606
Sussex County 197,892 214,480 238,496 24,016 272,266

Table 4-9. Population and Trends3!

GENERAL BUILDING INVENTORY

Sussex County is the largest of Delaware’s three counties, with 979 square miles and over 79,000
households. The region has an estimated 117,721 buildings with a total building replacement value
(excluding contents) of $32,249,328.

Approximately 95% of the County’s structures and 85% of the building value are associated with residential
housing. Wood frame construction makes up 81% of the building inventory, with the other 19% constructed
of steel, concrete, precast, reinforced masonry, unreinforced masonry, or manufactured housing. In HAZUS-
MH analysis, the general building stock is grouped and evenly distributed at the census block or tract level.

Residential $27,520,983 85.34%
Commercial $3,042,603 9.43%
Industrial $871,675 2.70%
Agricultural $156,447 0.49%
Religious $324,358 1.01%
Government $144,928 0.45%
Education $188,634 0.58%

31 U.S. Census Bureau and Delaware Population Consortium
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TotaI 32 249,628 100 00%

Table 4-10. Building Exposure32

CRITICAL FACILITIES

The priority for this Plan was to focus on the accuracy of the essential facility's lifeline data. The lifeline data
updated for this Plan included potable water system facilities and wastewater treatment plants. The Delaware
River Basin Commission (DRBC) shared the HAZUS-MH data that was updated based on their partnerships
with specific communities, which they compiled in 2007 for the Multi-Jurisdictional Flood Mitigation Plan for
Municipalities in the Non-tidal, New Jersey Section of the Delaware River Basin. This update did not include
the entire County, only those municipalities within the designated watershed who chose to participate. In
addition, Sussex County GIS Department provided data for essential facilities updates. All the relevant data
was then compiled and reloaded into HAZUS-MH for use in the analysis and loss estimations.

CLASS CODE DEFINITIONS
Facility class code definitions for critical facilities are listed below in Table 4-11.

Facility Class Type of Facility Occupancy Class

ESF: Emergency Emergency Operation

EFEO

Response Center
EFFS ESF: Emergency Fire Station

Response
EFPS ESF: Emergency Police Station

Response
EFHS ESF: Medical Care Small Hospital Hospital with less than 50 beds
EFHM ESF: Medical Care Medium Hospital Hospital with beds between 50-150
EFHL ESF: Medical Care Large Hospital Hospital with greater than 150 beds
EFMC ESF: Medical Care Medical Clinic Clinics, Labs, Blood Banks
MDFLT ESF: Medical Care Default for Medical
EFS1 ESF: School School Primary and High School, K-12

32 HAZUS-MH Analysis completed June 2016.
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Facility Class Type of Facility Occupancy Class

. N Community and State Colleges,
EFS2 ESF: School College/University State and Private Universities
PDFLT Utility Default for Potable Water
WDFLT Utility Default for Wastewater
Table 4-11. Facility Class Code Definitions33
ESSENTIAL FACILITIES

The list of essential facilities for each jurisdictional fire stations is noted in the following table.

Sussex County EOC Sussex County EFEO
Rehoboth Beach EOC Rehoboth Beach EFEO
BETHANY BEACH VOLUNTEER FIRE COMPANY BETHANY BEACH EFFS
BLADES VOLUNTEER FIRE COMPANY BLADES EFFS
BRIDGEVILLE VOLUNTEER FIRE COMPANY BRIDGEVILLE EFFS
Medic 107 BRIDGEVILLE EFFS
MILLVILLE VOLUNTEER FIRE COMPANY - SU DAGSBORO EFFS
DAGSBORO VOLUNTEER FIRE DEPARTMENT DAGSBORO EFFS
Medic 103 DAGSBORO EFFS
DELMAR VOLUNTEER FIRE DEPARTMENT DELMAR EFFS
ELLENDALE VOLUNTEER FIRE COMPANY INCO ELLENDALE EFFS
BETHANY BEACH VOLUNTEER FIRE COMPANY FENWICK ISLAND EFFS

33 HAZUS-MH Analysis completed June 2022.
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ROXANA VOLUNTEER FIRE COMPANY STATION FRANKFORD EFFS
FRANKFORD VOLUNTEER FIRE COMPANY FRANKFORD EFFS
Medic 105 FRANKFORD EFFS
GEORGETOWN AMERICAN LEGION EMS GEORGETOWN EFFS
GEORGETOWN FIRE COMPANY GEORGETOWN EFFS
Medic 108 GEORGETOWN EFFS
GREENWOOD VOLUNTEER FIRE COMPANY GREENWOOD EFFS
LAUREL VOLUNTEER FIRE DEPT. STATION 2 LAUREL EFFS
LAUREL FIRE DEPARTMENT | LAUREL EFFS
Medic 102 LAUREL EFFS
LEWES VOLUNTEER FIRE DEPARTMENT LEWES EFFS
LEWES FIRE DEPARTMENT LEWES EFFS
ELLENDALE VOL. FIRE CO. STATION 2 LINCOLN EFFS
Medic 101 LINCOLN EFFS
MEMORIAL VOLUNTEER FIRE COMPANY MILFORD EFFS
MILLSBORO FIRE COMPANY MILLSBORO EFFS
MID SUSSEX RESCUE SQUAD MILLSBORO EFFS
INDIAN RIVER VOLUNTEER FIRE COMPANY | MILLSBORO EFFS
INDIAN RIVER VOLUNTEER FIRE COMPANY S MILLSBORO EFFS
GUMBORO VOLUNTEER FIRE COMPANY MILLSBORO EFFS
Medic 106 MILLSBORO EFFS
MILLVILLE VOLUNTEER FIRE COMPANY MILLVILLE EFFS
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Facility Name Jurisdiction Facility
Class

MILTON FIRE DEPARTMENT INCORPORATED MILTON EFFS
REHOBOTH BEACH VOLUNTEER FIRE COMPANY REHOBOTH BEACH EFFS
REHOBOTH BEACH VOLUNTEER FIRE COMPANY REHOBOTH BEACH EFFS
Medic 100/104 REHOBOTH BEACH EFFS
SEAFORD VOLUNTEER FIRE DEPARTMENT INC SEAFORD EFFS
ROXANNA FIRE DEPARTMENT - AMBULANCE S SELBYVILLE EFFS
SELBYVILLE VOLUNTEER FIRE COMPANY SELBYVILLE EFFS

Table 4-12. EOC and Fire Station Facilities34

The list of essential facilities for each jurisdictional law enforcement stations is noted in the following table.

Facility Name Facility Class

Bethany Beach Police Department Bethany Beach EFPS
Blades Police Department Blades EFPS
Bridgeville Police Department Bridgeville EFPS
Dagsboro Police Department Dagsboro EFPS
Lewes Police Department Lewes EFPS
Delmar Police Department Delmar EFPS
Dewey Beach Police Department Dewey Beach EFPS
DSP Aviation Unit South Georgetown EFPS
DSP Troop 4 Georgetown EFPS
DSP Troop 5 Bridgeville EFPS

34 HAZUS-MH, DRBC, and local data sources
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Facility Name Facility Class

DSP Troop 7 Lewes EFPS
Ellendale Police Department Ellendale EFPS
Fenwick Island Police Department Fenwick Island EFPS
Georgetown Police Department Georgetown EFPS
Greenwood Police Department Greenwood EFPS
Laurel Police Department Laurel EFPS
Millsboro Police Department Millsboro EFPS
Milton Police Department Milton EFPS
Ocean View Police Department Ocean View EFPS
Rehoboth Beach Police Department Rehoboth Beach EFPS
Seaford Police Department Seaford EFPS
Selbyville Police Department Selbyville EFPS
South Bethany Police Department South Bethany EFPS

Table 4-13. Law Enforcement Facilities®s

The list of essential medical care facilities is noted in the following table.

Facility Name Facility Class

Bayhealth- Milford Memorial Hospital Milford EFHL
Beebe Medical Center Lewes EFMC
MID SUSSEX Georgetown EFMC
Tidal Health Nanticoke Seaford EFMC

Table 4-14. Medical Facilities3®

35 HAZUS-MH, DRBC, and local data sources
36 HAZUS-MH, DRBC, and local data sources
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BLADES ELEMENTARY SCHOOL BLADES EFS1
PHILLIS WHEATLEY ELEMENTARY SCHOOL BRIDGEVILLE EFS1
WOODBRIDGE MIDDLE SCHOOL BRIDGEVILLE EFS1
INDIAN RIVER HIGH SCHOOL DAGSBORO EFS1
LIGHTHOUSE CHRISTIAN SCHOOL DAGSBORO EFS1
DELAWARE LEARNING INSTITUTE OF COSMET DAGSBORO EFS1
DELMAR HIGH SCHOOL DELMAR EFS1
DELMAR MIDDLE SCHOOL DELMAR EFS1
LIL' RED HEN KINDERGARTEN DELMAR EFS1
PACEM IN TERRIS ACADEMY FRANKFORD EFS1
CARVER (G.W.) EDUCATIONAL CENTER FRANKFORD EFS1
CLAYTON (JOHN M.) ELEMENTARY SCHOOL FRANKFORD EFS1
SUSSEX TECHNICAL HIGH SCHOOL GEORGETOWN EFS1
UNIVERSITY OF DELAWARE - CARVER RESEA... GEORGETOWN EFS1
ENNIS (HOWARD T.) SCHOOL GEORGETOWN EFS1
WILMINGTON UNIVERSITY - GEORGETOWN GEORGETOWN EFS1
NORTH GEORGETOWN ELEMENTARY SCHOOL GEORGETOWN EFS1
THE JEFFERSON SCHOOL GEORGETOWN EFS1
GEORGETOWN ELEMENTARY SCHOOL GEORGETOWN EFS1
GEORGETOWN MIDDLE SCHOOL GEORGETOWN EFS1
SUSSEX ACADEMY GEORGETOWN EFS1
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Facility Name Facility Class

DELMARVA CHRISTIAN HIGH SCHOOL GEORGETOWN EFS1
JESUS IS LORD CHRISTIAN ACADEMY GEORGETOWN EFS1
SUSSEX CENTRAL HIGH SCHOOL GEORGETOWN EFS1
WOODBRIDGE EARLY CHILDHOOD EDUCATION GREENWOOD EFS1
WOODBRIDGE HIGH SCHOOL GREENWOOD EFS1
GREENWOOD MENNONITE SCHOOL GREENWOOD EFS1
EPWORTH CHRISTIAN SCHOOL LAUREL EFS1
WESTERN SUSSEX ACADEMY LAUREL EFS1
LAUREL INTERMEDIATE MIDDLE SCHOOL LAUREL EFS1
DUNBAR (PAUL LAURENCE) ELEMENTARY SCHOOL LAUREL EFS1
LAUREL SENIOR HIGH SCHOOL LAUREL EFS1
LAUREL NEW SCHOOL HOLD LAUREL EFS1
NORTH LAUREL ELEMENTARY SCHOOL LAUREL EFS1
SHIELDS (RICHARD A.) ELEMENTARY SCHOOL LEWES EFS1
SUSSEX CONSORTIUM LEWES EFS1
CAPE HENLOPEN HIGH SCHOOL LEWES EFS1
BETHEL CHRISTIAN SCHOOL LEWES EFS1
MARGARET H ROLLINS SCHOOL OF NURSING LEWES EFS1
BEACON MIDDLE SCHOOL LEWES EFS1
MORRIS (EVELYN I.) EARLY CHILDHOOD LINCOLN EFS1
KIDS FIRST ACADEMY LINCOLN EFS1
GENEVA ACADEMY LINCOLN EFS1
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Facility Class

MILFORD CHRISTIAN SCHOOL MILFORD EFS1
ROSS (LULU M.) ELEMENTARY SCHOOL MILFORD EFS1
MISPILLION ELEMENTARY MILFORD EFS1
MILLSBORO MIDDLE SCHOOL MILLSBORO EFS1
EAST MILLSBORO ELEMENTARY SCHOOL MILLSBORO EFS1
LONG NECK ELEMENTARY SCHOOL MILLSBORO EFS1
MILTON ELEMENTARY SCHOOL MILTON EFS1
H. O. BRITTINGHAM ELEMENTARY SCHOOL MILTON EFS1
EAGLE'S NEST CHRISTIAN ACADEMY MILTON EFS1
MARINER MIDDLE SCHOOL MILTON EFS1
UNIVERSITY OF DELAWARE - HUGH R. SHAR... NEWARK EFS1
LORD BALTIMORE ELEMENTARY SCHOOL OCEAN VIEW EFS1
WILMINGTON UNIVERSITY - REHOBOTH CAMPUS REHOBOTH BEACH EFS1
REHOBOTH ELEMENTARY SCHOOL REHOBOTH BEACH EFS1
SEAFORD CHRISTIAN ACADEMY SEAFORD EFS1
SEAFORD CENTRAL ELEMENTARY SCHOOL SEAFORD EFS1
SUSSEX ORTHOPEDIC PROGRAM SEAFORD EFS1
SEAFORD SENIOR HIGH SCHOOL SEAFORD EFS1
SEAFORD MIDDLE SCHOOL SEAFORD EFS1
FREDERICK DOUGLASS ELEMENTARY SCHOOL SEAFORD EFS1
SOUTHERN DELAWARE SCHOOL OF THE ARTS SELBYVILLE EFS1
SELBYVILLE MIDDLE SCHOOL SELBYVILLE EFS1
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Facility Name Facility Class

SHOWELL (PHILLIP C.) ELEMENTARY SCHOOL

SELBYVILLE EFS1

Table 4-15. Educational Facilities3”

The list of potable water and wastewater facilities is noted in the following table.

Facility Name Facility Class

South Coastal Wastewater Treatment Plant #40 Frankford PDFLT
Inland Bay's Treatment Facility #84 Millsboro PDFLT
Piney Neck Treatment Facility Dagsboro PDFLT
South Coastal Wastewater Treatment Plant #40 Frankford PDFLT
Sussex County Industrial Airpark Water Plant #25 Georgetown PDFLT
Wolfeneck Treatment Facility Rehoboth Reach PDFLT
DB-4 Dewey Beach WDFLT
DB-5 Dewey Beach WDFLT
DF-8 Dagsboro WDFLT
AIR-26 Georgetown WDFLT
SC-43 Bethany Beach WDFLT
BL-45 Blades WDFLT
SC-67 Frankford WDFLT
LN-82 Millsboro WDFLT
EL-90 Ellendale WDFLT
SC-99 Ocean View WDFLT

37 HAZUS-MH, DRBC, and local data sources
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Facility Name Facility Class

SC-100 Ocean View WDFLT
00-189 Millsboro WDFLT
WR-196 Lewes WDFLT
LN-197 Millsboro WDFLT
WR-210 Lewes WDFLT
CN-256 Henlopen Acres WDFLT

Table 4-16. Water Facilitiess®

Figure 4-7 on the following page shows the locations of the essential facilities, potable water facilities, and
wastewater system facilities throughout Sussex County that were used in this analysis.

38 HAZUS-MH, DRBC, and local data sources
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Figure 4-7. Essential Facilities in Sussex County3?

In Sussex County, the replacement value of the transportation systems is estimated to be approximately
$2,989,938,000 and the utility lifeline systems to be about $1,304,465,000, for a total of over $4,294,403,000.
This inventory includes approximately 6362 kilometers of roads, 229 bridges, and 14,614 kilometers of pipes.

39 HAZUS-MH, DRBC, and local data sources.
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SUMMARY OF RISK AND VULNERABILITY ASSESSMENT

For the purposes of this risk and vulnerability assessment, the label “critical facility” may refer to any of the
following: airports, colleges, dams, day care centers, dispatch centers, electric switching stations, Emergency
Operations Centers (EOCs), fire departments, food storage facilities, gas compressor stations, gas LNG
plants, gate stations for utility companies, generating stations, government facilities, hospitals, hotels/motels,
major bridges, medical facilities, military bases, minor bridges, newspaper offices, nursing homes,
paramedic/EMS stations, police departments, ports, prisons, public shelters, radio/television towers, railroad
facilities, schools, sewage treatment plants, substations and TV/radio stations.

FLOOD

Using FEMA DFIRM, where available, along with the modeling approach described earlier, losses were
estimated using return period events ranging from 10-year to 500-year events. With this approach, annualized
losses were calculated by accounting for the losses from different return period events and their respective
annual probabilities of occurrence. (i.e., the annual probability of observing a 100-year flood is 1 percent).

Describing vulnerability in terms of annualized losses provides three primary benefits:
= Potential losses from all future disasters are accounted for using this approach
= Results across hazards are readily comparable and hence easier to rank
= Arisk ranking approach facilitates the evaluation of mitigation alternatives.

COASTAL FLOODING

Modeling conducted by the US Army Corps of Engineers in Philadelphia, PA, provides an approximation of
the extent of storm surge flooding by tropical storm category. The Sea, Lake, and Overland Surges from
Hurricanes (SLOSH) model is a robust, empirically-verified storm surge model that creates maps of potential
storm surge areas. Coastal flooding profiles were created for Category 1 through Category 3 storms to
illustrate the expected storm surge associated with each magnitude event. For example, in Sussex County,
the risk of a Category 2 storm surge is about 1% any given year. The storm surge area was mapped to show
the intersection of surge with major cities and roads and can also be compared to population
density/distribution. Figure 4-8 on the following page shows the storm surge areas for Category 1 through
Category 3 storm events in Sussex County.
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Figure 4-8. Hurricane Storm Surge Extent (USACE)
RIVERINE FLOODING

In addition to coastal flooding, the Sussex County is vulnerable to riverine flooding, primarily due to the
accumulation of excessive rainfall in the watersheds upstream along the Mispillion River, Cedar Creek,
Slaughter Creek, Primehook Creek, the Broadkill River, Old Mill Creek,
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Love Creek, Herring Creek, Guinea Creek, the Indian River, Pepper Creek, Vines Creek, Miller Creek,
Dirickson Creek, the Nanticoke River, Broad Creek, Bridgeville Branch, Gravelly Branch, Marshyhope Creek,
and other smaller tributaries. A map of the 100- and 500-year floodplains can be found in Figure 4-9.

When taken together, the extent of potential coastal flooding and the size of riverine flooding equal the total
flood hazard zone. HAZUS-MH calculated the depth of the flood of various periodicities and compared that
to the intersecting building stock exposure to predict the flood loss for each return period and an annualized
estimate. Figure 4-10 displays the result of the hydrology and hydraulic modeling in HAZUS-MH used to
estimate the depth of the 100-year flood in Sussex County. Table 4-17 shows total annualized expected

losses from coastal and riverine flooding events by jurisdiction within Sussex County. The total potential
annualized losses for Sussex County equal $129,520,000.
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Figure 4-10. Modeled 100-year Flood Depth

Bethany Beach $8,221,887
Bethel $76,408
Blades $115,000
Bridgeville Negligible
Dagsboro Negligible
Delmar Negligible
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Dewey Beach $1,430,177
Ellendale Negligible
Fenwick Island $2,258,541
Frankford $63,925
Georgetown Negligible
Greenwood $7,101
Henlopen Acres $409,600
Laurel $2,182,198
Lewes $700,624
MCD Bridgeville-Greenwood $1,091,200
MCD Georgetown $255,801
MCD Laurel-Delmar $991,374
MCD Lewes $19,357,870
MCD Milford South $1,912,048
MCD Millsboro $36,640,370
MCD Milton $445,316
MCD Seaford $1,403,417
MCD Selbyville-Frankford $43,167,201
Milford $630,092
Millsboro $411,348
Millville $124,808
Milton $338,142
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Ocean View $1,008,480
Rehoboth Beach $499,965
Seaford $560,861
Selbyville $148,809
Slaughter Beach $333,152
South Bethany $4,017,172
TOTAL $129,520,000

Table 4-17