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EXECUTIVE SUMMARY

In 2005, Frederick County approved its first Hazard Mitigation Plan to help reduce risk and protect life and
property. Since then, the Plan has been routinely updated through 2016. In this third iteration, the Plan has
progressed into the Frederick County Hazard Mitigation and Climate Adaptation Plan (HMCAP) to more
thoroughly address the evolving risks posed by natural hazards. The purpose of the HMCAP is to prevent
future damage by assessing the communities’ vulnerabilities to natural hazards and preparing a long-term
strategy that takes into account climate change to adequately address those hazards. The Plan relies on active
participation from county and municipal officials, residents, and stakeholders.

Frederick County has 12 municipalities: the City of Brunswick, the City of Frederick, the Town Emmitsburg, the
Town of Burkittsville, the Town of Middletown, the Town of Mount Airy, the Town of Myersville, the Town of New
Market, the Town of Rosemont, the Town of Thurmont, the Town of Walkersville, and the Town of Woodsboro.
Frederick Community College, Hood College, and Mount Saint Mary’s University are also included in the HMCAP.
Separate annexes were prepared for the colleges and are contained in appendices.

For the full Plan introduction, see Chapter 1.

Planning Process

The planning process involves six steps that ensure Frederick County is a safe and resilient community (Figure

1.

Organize
Resources

4

Implement
and
Monitor
Plan

Perform
Community
Outreach

Planning ‘

Process

Develop
Strategy

L 4 e

Assess
Capabilities

Figure 1. The Hazard Mitigation Planning Process
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In compliance with Disaster Mitigation Act of 2000 requirements, public participation was encouraged
throughout the Frederick County mitigation planning process. Frederick County formed a Hazard Mitigation
Planning Committee composed of various county agencies, representatives from each participating community
and education institution, and consultants from Dewberry Engineers, Inc.

The Hazard Mitigation Planning Committee was actively involved in identifying hazards in the communities,
reviewing the County’s risks from natural hazards, and making recommendations to reduce and prevent
potential damage from these hazards. The committee then selected the most appropriate and feasible
mitigation and adaptation actions that were included in the final strategy. The strategy will be implemented and
monitored throughout the next five years until the following HMCAP update.

For more information on the planning process, see Chapter 2.

Planning Context

Frederick County is bound by Pennsylvania to the north, Carroll County to the east, Montgomery County to the
south, Howard County to the southeast, Washington County to the west, and Virginia to the southwest. It is
Maryland’s largest county in terms of geographic area. The City of Frederick, the County seat, is intersected by 5
interstate and national highways that provide easy access to Baltimore (46 miles), Washington, DC (43 miles),
Gettysburg, PA (32 miles), Harpers Ferry, WV (21 miles), and Leesburg, VA (25 miles). The County is home to the
5,700-acre Catoctin National Park, site of the Camp David Presidential Retreat; Fort Detrick; Mount Saint Mary’s
University; Hood College; the Emergency Management Institute; and the National Fire Academy. As of 2019, the
population was 259,547, which is a 10% increase compared to 2010.

Frederick County has many valued community assets, including housing, transportation networks, utility
infrastructure, higher education institutions, natural resources, its economy, and its people. Of these assets,
critical facilities, community lifelines, and people are especially prominent throughout the HMCAP. All three
are integral to allowing essential government and business operations to continue during and after a disaster.
Social vulnerability is a new lens that the 2022 Plan update uses to paint a more complete picture of the
community and its assets.

For more information on the planning context, see Chapter 3.

Hazard Identification and Risk Assessment
Introduction

The hazard identification and risk assessment consists of three parts:

1. Identify what hazards could affect the planning area,

2. Profile hazard events and determine what areas and community assets are the most vulnerable to
damage from these hazards, and

3. Estimate losses and prioritize the potential risks to the community.

The hazards are given priority levels as a part of the hazard profiling process. They are determined based on
Hazard Mitigation Planning Committee input, as well as the five criteria to assign a quantitative ranking. Each
criterion identifies and categorizes the comparative probability and potential vulnerability for the identified
hazards. The framing criteria/questions are:

Executive Summary 2
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1. Probability/History: Has the hazard occurred in the area before, and if so, how often based on the
historical record? Weighting Factor: 0.25

2. Vulnerability: If the expected event does occur, how many people might be killed, injured, or
contaminated, and how much property might be damaged or destroyed (e.g., the percent of people or
property vulnerable to the hazard)? Weighting Factor: 0.20

3. Maximum Threat: What is the worst-case scenario of the hazard and how bad can it get? What will the
loss of life and property damage be if the worst-case scenario occurs (e.g., the percent of the
community impacted by the hazard)? Weighting Factor: 0.10

4. Warning Time: How much time is the community given to prepare for an event? Weighting Factor: 0.10

5. Ranking in Previous Plan: The ranking from the 2011 Hazard Mitigation Plan (Significant, Moderate,
Limited) was factored in the 2016 ranking. Weighting Factor: 0.35

For the full hazard identification and risk assessment introduction, see Chapter 4.

Hazard Risk Assessment

Each hazard from the 2016 plan was re-evaluated for the 2022 update based on the hazard priority criteria. The
Plan further categorizes the hazards as high, medium-high, medium, medium-low, and low. Ultimately, the
hazards listed in Table 0.1 were identified as relevant to Frederick County and incorporated into the risk
assessment. They are the same hazards from the 2016 Plan. Winter storm and flood are the highest ranked
hazards in the County, followed by tornado, thunderstorm, and karst and land subsidence with a ranking of
medium-high priority.

Table 0.1. Hazards Identified as Relevant to Frederick County and Their Rankings

Hazards Type 2016 Priority Level 2022 Priority Level
Karst and Land Subsidence Medium-High Medium-High
Drought Medium Medium
Wildfire Medium Medium
Landslide Medium-Low Medium-Low
Extreme Heat Medium Medium
Thunderstorm Medium-High Medium-High
Tornado Medium Medium-High

Executive Summary 3
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Hazards Type 2016 Priority Level 2022 Priority Level
Tropical Cyclone Medium Medium
Earthquake Medium-Low Medium-Low

The risk assessment is primarily comprised of a hazard frequency analysis, loss estimates, a critical facility
exposure analysis, and a vulnerability assessment. Across all hazards in the plan, there have been 2,034 total
events resulting in $131,263,350 in damages. This results in about $3,523,917 in damages every year. The
HMCAP aims to reduce this number by mitigating risks across the County, and especially to critical facilities, of
which 378 are located in flood, wildfire, karst, and dam inundation hazard zones. Future development plans were
also considered to provide an analysis of areas that should be moved or built to mitigate hazards during
construction to prevent future loss and damages.

For the full hazard risk assessment, see Chapter 5.

Capability Assessment

Frederick County has a number of resources it can access to implement hazard mitigation initiatives. These
resources include both private and public assets at the local, state, and federal levels. The capability
assessment evaluates the current capacity of the communities of Frederick County to mitigate the adverse
effects of the natural hazards identified in the hazard identification and risk assessment. By providing a
summary of each jurisdiction’s existing capabilities, the capability assessment serves as the foundation for
designing an effective hazard mitigation strategy. Overall, the County and the larger cities and towns prove to
be capable of adequately carrying out mitigation and adaptation projects, but the smaller towns need
substantial support from the County to accomplish the same.

For the full capability assessment, see Chapter 6.

The Hazard Mitigation Planning Committee used the results of the hazard identification and risk assessment
and the capability assessment to develop goals and objectives for the County. The committee members revised
and streamlined the goals from the 2016 plan update into four goals, each with their own objectives. The goals
in Table 0.2 represent Frederick County’s vision for reducing damages due to natural hazards.

Executive Summary 4
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Table 0.2. Mitigation and Climate Adaptation 2022 Goals and Objectives

Mitiqati
itigation Goal
Category
Goal A:
Physical Protect public infrastructure,
Projects human health, private

property, and the
environment by implementing
physical hazard mitigation
and climate adaptation
projects that efficiently and
equitably reduce risk.

Capabilityand o5 B:

Capacit
BuIi)Idirli v Enhance the capability and
e capacity of Frederick County
Al tF) |der1t|fy vuInerabllmeS a'nd
QDO risks, integrate risk reduction

strategies, and implement
resilience projects.

Public Crecll e

Awareness Improve the public's
and Education awareness of potential
hazards, education on

Executive Summary

Objective

Objective 1: Identify opportunities and implement projects
to mitigate damage or improve the resilience of existing
structures from hazards.

Objective 2: Increase the resilience of critical facilities and
infrastructure.

Objective 3: Encourage property owners to maintain
insurance that covers all hazards, including flood insurance
through the National Flood Insurance Program.

Objective 4: Prioritize equity and vulnerable populations in
the implementation of physical hazard mitigation projects.

Objective 5: Support data collection, studies, plans, and
mapping efforts to improve the County’s ability to respond
to and prepare for future hazards.

Objective 6: Advance hazard mitigation and climate
adaptation-related training, development, and technical
assistance.

Objective 7: Enhance codes and ordinances to better
encourage hazard-resistant infrastructure.

Objective 8: Ensure County residents can safely evacuate or
shelter in the event of hazards or emergencies to reduce
the potential for adverse impacts.

Objective 9: Use public information and education
programs to support community members’ decision-
making on how to protect themselves and their property
from natural hazard events.
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Mitigation . .
9 Goal Objective
Category
.reS|I|er.10e pIannmg, ar.1d Objective 10: Increase the public's awareness of their
incentives for mitigation .
) natural hazard risks.
actions.
Objective 11: Provide the public with more opportunities to
actively participate and provide input regarding hazard
mitigation and climate adaptation activities.
Objective 12: Integrate hazard mitigation, climate
adaptation, and resilience planning into other planning
Forwa'rd- Goal D: efforts.
Looking
Policy and Adapt to climate change and
Planning natural hazards through Objective 13: Increase the number of policies and
forward-looking policies, ordinances that consider future conditions and encourage
plans, and ordinances that specific actions to address risks.
aim to reduce negative
impacts.

Objective 14: Plan to retrofit infrastructure to make it
resilient to future climate impacts.

In addition, the Committee identified and prioritized actions for the County and each jurisdiction within it.

The STAPLE/E methodology was used to capture these values consistently. It
allows for the Hazard Mitigation Planning Committee to take social, technical, administrative, political, legal,
economic, and environmental considerations into account when reviewing potential actions for inclusion in the
strategy.

For the full mitigation and adaptation strategy, see Chapter 7.

Implementation and Maintenance

The HMCAP identifies procedures for implementing and maintaining the Plan as a living document that
continuously guides actions within the Frederick County. The Frederick County Division of Emergency
Management and the Hazard Mitigation Planning Committee will submit a 5-year written update to the State and
FEMA Region lll, unless a disaster or other circumstances lead to a different time frame. In the interim, the
HMCAP will be integrated into county plans, municipal plans, and other documents as applicable and the
Committee will hold an annual meeting to evaluate and monitor progress.

Since feedback from residents, businesses, and other stakeholders is a critical part of hazard mitigation
planning, public notice of the annual review will be given and public participation will be actively invited. The
County will post a link to the HMCAP on the Frederick County Division of Emergency Management’s website. It

Executive Summary 6



Frederick County Hazard Mitigation and Climate Adaptation Plan 2022

is recommended that the County’s website serve as a means of facilitating outreach by providing information
about mitigation initiatives and updates to the projects and the HMCAP itself.

For the more information on plan implementation and maintenance, see Chapter 8.

Executive Summary 7
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CHAPTER 1. INTRODUCTION

In 2005, Frederick County approved its first Hazard Mitigation Plan to help reduce risk and protect life and
property. Since then, the Plan has been routinely updated through 2016. In 2022, the Plan has progressed into
the Frederick County Hazard Mitigation and Climate Adaptation Plan (HMCAP) to more thoroughly address the
evolving risks posed by natural hazards.

Frederick County has 12 municipalities: the City of Brunswick, the City of Frederick, the Town of Burkittsville, the
Town of Emmitsburg, the Town of Middletown, the Town of Mount Airy, the Town of Myersville, the Town of
New Market, the Town of Rosemont,’ the Town of Thurmont, the Town of Walkersville, and the Town of
Woodsboro. Frederick Community College, Hood College, and Mount Saint Mary’s University are also included in
the HMCAP. Separate annexes were prepared for the colleges and are contained in appendices.

Figure 1.1. Frederick County and its Municipalities

Purpose

The purpose of the HMCAP update is to assess the communities’ vulnerabilities to natural hazards and prepare
a long-term strategy that takes into account climate change to adequately address these hazards and prevent
future damage and loss of life. The Plan relies on active participation from county officials, municipality
officials, residents, and stakeholders.

Hazard mitigation is any action taken to permanently reduce or eliminate long-term risks to people and their
property from the effects of natural hazards. Climate adaptation goes hand-in-hand with hazard mitigation—
requiring that mitigation is performed for current natural hazard threats, as well as for how those threats will

" Throughout this plan, Rosemont is referred to as a “Village” as it is historically and colloquially known as one, though technically it is a
town.
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evolve in the future. Natural hazards come in many forms: tornadoes, floods, hurricanes, severe storms, winter
freezes, droughts, landslides, and dam failures. Communities can take steps to prepare and implement
mitigation techniques for almost any type of hazard that may threaten their citizens, businesses, and
institutions.

This HMCAP establishes an ongoing hazard mitigation planning program by identifying and assessing potential
natural hazards that may threaten life and property, evaluating local mitigation measures that should be
undertaken, and outlining procedures for monitoring the implementation of mitigation and adaptation actions.
The Plan guides county officials and encourages the most effective and appropriate activities to mitigate and
adapt to the effects of all identified natural hazards.

Why Plan for Mitigation?

In the past, federal legislation has provided funding for disaster relief, recovery, and some hazard mitigation
planning. The Disaster Mitigation Act of 2000, enacted in October 2000, improved this planning process. This
legislation reinforced the importance of mitigation planning and emphasized planning for disasters before they
occur. As such, Disaster Mitigation Act of 2000 established the Pre-Disaster Mitigation (PDM) program (now
replaced by Building Resilient Infrastructure and Communities [BRIC] program) and new requirements for the
national post-disaster Hazard Mitigation Grant Program (HMGP). Disaster Mitigation Act of 2000 was intended
to facilitate cooperation between state and local authorities, prompting them to work together and encouraging
and rewarding local and state pre-disaster hazard mitigation planning. The goal of the planning process was to
enable local and state governments better to articulate mitigation needs, thus resulting in the faster allocation
of funding and more effective risk reduction projects.

The Frederick County Hazard Mitigation and Climate Adaptation Plan is multi-jurisdictional (i.e., a plan that
includes municipalities and unincorporated areas of the County). Any future Federal Emergency Management
Agency (FEMA) funding for mitigation projects is contingent upon plan approval and adoption. Any jurisdiction
that does not participate in the planning process and adopt the Plan will not be eligible for pre- and post-disaster
FEMA Hazard Mitigation Assistance (HMA) program funds.

Consistency with State and Federal Mitigation and
Climate Policies

The plan’s goals, objectives, and policies intend to implement the national and state directives to mitigate
natural hazards through local strategies.

Mitigation planning begins locally; however, the benefits accrue to the American people as a whole. According
to FEMA, “mitigation efforts provide value to the American people by (1) creating safer communities by reducing
loss of life and property, (2) enabling individuals to recover more rapidly from floods and other disasters, and (3)
lessening the financial impact on the treasury, states, tribes, and communities.”?

The State of Maryland’s Hazard Mitigation Goal is:
“To protect life, property, and the environment from hazard events through:

e Increased public awareness of hazard events, mitigation, and preparedness.
¢ Enhance coordination with jurisdictions to develop a relationship at the state- and local-levels.

2FEMA. FEMA's Mitigation Directorate Fact Sheet. Spring/Summer 2008.
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e Efficient use of State resources.”

Where possible, the goals, objectives, and strategies selected by Frederick County align with the State plan’s
goals and objectives.

Existing Studies and Plans Reviewed

Planning documents, studies, guides, regulations/ordinances, and policies were reviewed and incorporated
during the initial plan and subsequent updates. The plans included FEMA documents and emergency services
documents, county and local general plans, community plans, local codes and ordinances, state plans, and other
similar documents. They include:

e Frederick County and municipal comprehensive plans

e County and municipal codes and ordinances, including floodplain ordinances

e State and local mitigation planning guidance

e FEMA CRS-Disaster Mitigation Act of 2000 Mitigation Planning Requirements

e 2009 Maryland Emergency Management Agency and FEMA Crosswalk Comments

e FEMA RiskMAP Monocacy Watershed Discovery Report, September 2014

e Climate Emergency Mobilization Workgroup Final Report (2021)

e Metropolitan Washington Council of Governments 2030 Climate and Energy Action Plan (2020)

Additional plans reviewed can be found in Chapter 6.

Relationship to the Livable Frederick Master Plan

The Livable Frederick Master Plan is a new approach to comprehensive planning in Frederick County, MD. Itis a
long-term planning tool that will guide Frederick toward sustained livability through a framework of attitudes and
actions that support the County’s vision.
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Figure 1.2. The Three-Part Structure of the Livable Frederick Master Plan

Livable Frederick Comprehensive Planning values integration, so it was necessary for this hazard mitigation
plan update to follow the lead of the Master Plan and continue to build toward livability. The Hazard
Identification and Risk Assessment contains a future development that utilizes the Livable Frederick
Comprehensive Map data to enhance our understanding of how spatial hazards may affect the County’s future
development. This is a foundational step that can help guide future planning. The HMCAP reflects the hazard-
related positions, policies, and actions as outlined in the “Our Environment” vision theme of the Action
Framework. The Mitigation and Adaptation Strategy in the HMCAP contains the activities integrated and
adapted from the Livable Frederick Master Plan.

Relationship to the Forthcoming Frederick County Climate Action
Plan

As of February 2022, Frederick County is in the development stages of a Climate Action Plan for County
Operations. The Plan will outline specific actions that the County will take to reduce county emissions and
increase its resilience in the face of climate change. The Plan covers government operations such as buildings,
facilities, infrastructure, and equipment. Alternatively, the HMCAP does not focus on emissions and is inclusive
of both public and private property throughout the County, as well as county planning, policy, and public
outreach.

Plan Organization

The remaining chapters comprise the updated HMCAP:
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e Chapter 2 outlines the planning process;

e Chapter 3 contextualizes the Plan by providing background on Frederick County;

e Chapter 4 identifies the hazards covered in the Plan and introduces the fundamentals of the risk
assessment;

e Chapter 5 presents the risk assessment, which includes the loss estimation and vulnerability analysis;

e Chapter 6 illustrates the capabilities that Frederick County currently has to carry out the mitigation and
adaptation strategy;

e Chapter 7 states the goals and objectives, then discusses the mitigation and adaptation actions that
support achieving those goals and objectives; and

e Chapter 8 contains the procedure for maintenance, including monitoring and evaluation of plan
implementation.

To help with document navigation, the bars on the bottom left of the document are coordinated to the color
assigned to each chapter as show in the bulleted list above. The chapter title is also listed in the bottom left
corner of every page.

Throughout the individual hazard sections in Chapter 5, hazard icons are contained in the top left or right corner
of the page. The colors of these icons represent the hazard’s ranking as determined by the hazard prioritization
process. The hazard rankings and their associated colors are shown in the graphic below, but they are also
discussed and explained in Chapter 4 and Chapter 5.

- Medium - Low Medium Medium - High -

The HMCAP also has appendices in a separate document that provide supplementary details and materials. The
appendices are:

e Appendix A: Pluvial Flooding Analysis

e Appendix B: 2016 Mitigation Actions Update

e Appendix C: Hazard Histories

e Appendix D: Critical Facility Hazard Analysis Results
e Appendix E: Maps

e Appendix F: Internal Planning Meeting Materials

e Appendix G: Public Outreach Materials

e Appendix H: HAZUS Reports
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CHAPTER 2. PLANNING PROCESS

In compliance with Disaster Mitigation Act of 2000 requirements, public participation was encouraged
throughout the Frederick County mitigation planning process. Frederick County formed a Hazard Mitigation
Planning Committee, composed of various county agencies and representatives from each participating
community.

The Hazard Mitigation Planning Committee was actively involved in identifying hazards in the communities,
reviewing the County’s vulnerabilities to natural hazards, and making recommendations to reduce and prevent
potential damage from these hazards. The committee then selected the most appropriate and feasible
mitigation measures.

The planning process involves six steps that ensures Frederick County is a safe and resilient community (Figure
3).

Organize
Resources

4

Implement
and
Monitor

Perform
Community
Outreach

Planning ‘

Process

Plan

Develop
Strategy

Assess
Capabilities

Figure 3. The Hazard Mitigation Planning Process

Resources

Even before the Hazard Mitigation Planning Committee was formed, the County organized its resources to
ensure adequate technical assistance and expertise to create a hazard mitigation committee. Once created, the
Hazard Mitigation Planning Committee included representatives from key functional areas such as planning,
emergency management, GIS, public works, and representatives from each incorporated municipality.
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The HMCAP was led and created by the County, municipal, college, and university officials tied to emergency
management and hazard mitigation activities and planning. They constituted the Hazard Mitigation Planning
Committee and the Local/College Planning Teams. Additionally, Frederick County worked with consultants from
Dewberry to facilitate the Plan update.

The Hazard Mitigation Planning Committee, Local Planning Teams, and College Planning Teams met several
times throughout the hazard mitigation planning process, as shown in Table 2.1.

Table 2.1. Meetings Throughout the Hazard Mitigation Planning Process

Meeting

Steering Committee
Kick-Off

Hazard Mitigation
Planning Committee
Kick-Off

Local/College
Planning Team
Update Workshops

Hazard Identification
and Risk Assessment
(HIRA) Workshop

Public Meeting #1

Resilience Strategy
Coordination Meeting
#1

Local/College
Planning Team
Strategy Workshops

Community Rating
System (CRS)
Workshop

Public Meeting #2

Planning Process

Date

June 23, 2021

July 13,2021

August 25 -
September 16,
2021

October 14,
2021

October 28,
2021

November 9,
2021

November 30 -
December 2,
2021

December 8,
2021

December 9,
2021

Purpose

Coordinate on hazard mitigation planning
process

Review the hazard mitigation planning process
and discuss new hazard issues/mitigation
needs

Collect updates on hazard mitigation needs,
completed projects, 2016 strategy progress,
capability assessment, etc. since the 2016 plan

Review findings from the risk assessment and
discuss new goals/objectives

Provide an overview of the hazard mitigation
planning process, solicit input through the Story
Map and Survey, review high-level findings from
the risk assessment

Discuss opportunities for information sharing
between the hazard mitigation plan update and
the upcoming operations resilience plan

Provide final feedback on the goals/objectives
and make decisions on mitigation and
adaptation actions for each town, city, college,
university, and county

Complete a CRS toolkit activity and discuss
current potential standing and path forward for
the County

Review hazard mitigation planning process until
this point, review goals/objectives/actions
highlights, review public feedback received,

# of Attendees

31

1-17 (varied on
specific
meeting)

31

11

10

34 (total)

10

Aired on TV
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Meeting Date Purpose # of Attendees

review risk assessment highlights, provide
information on the upcoming plan review period

Resilience Strategy December 14, Discuss feedback on the climate impacts 9
Coordination Meeting 2021 section, HIRA, new goals/objectives, and

#2 mitigation and adaptation actions

Hazard Mitigation January 26, Reviewed the draft plan, discussed major 24
Planning Committee 2022 changes, and provided further feedback on final

Plan Review changes

Workshop

Hazard Mitigation Planning Committee

Representatives of the local municipalities and the County were invited to serve on the Hazard Mitigation
Planning Committee, tasked with conducting a Disaster Mitigation Act of 2000-compliant hazard mitigation
planning process and updating the hazard mitigation plan. Table 2.2. identifies the members of the committee,
the agencies they represent, and their participation. It is not noted in the table, but some Hazard Mitigation
Planning Committee members were also present during the public meetings as passive viewers.

Table 2.2. Frederick County Hazard Mitigation Planning Committee Members

Name Position/Role Agency or Municipality Participation
Jack Markey Director of Division of Frederick County Division of e Steering Committee Kick-
Emergency Management Emergency Management Off

e Hazard Mitigation Planning
Committee Kick-Off

e HIRA Workshop

e Frederick County Local
Planning Teams Strategy
Workshop

e Resilience Plan
Coordination Meetings

Anthony Deputy Director of Frederick County Division of ¢ Steering Committee Kick-
(Tony) Rosano  Division of Emergency Emergency Management Off
Management

e Hazard Mitigation Planning
Committee Kick-Off

e Frederick County Local
Planning Teams Update
Workshop

e HIRA Workshop
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Name

Dennis Dudley

Rohan Brown

Mary Domer

Planning Process

Position/Role

Director of Department of

Emergency
Preparedness

Planner, Emergency
Preparedness

Executive Assistant

Agency or Municipality

Frederick County Division of
Emergency Management

Frederick County Division of
Emergency Management

Frederick County Division of
Emergency Management

Frederick County Hazard Mitigation and Climate Adaptation Plan 2022

Participation

e Frederick County Local
Planning Teams Strategy
Workshop

e Public Meetings Presenter

e Resilience Plan
Coordination Meetings

e CRS Workshop

e Final Draft Review
Workshop

e Steering Committee Kick-
Off

e Hazard Mitigation Planning
Committee Kick-Off

e Frederick County Local
Planning Teams Update
Workshop

e HIRA Workshop

¢ All Local Planning Teams
Strategy Workshops

¢ Public Meetings Presenter
e CRS Workshop

e Final Draft Review
Workshop

¢ Steering Committee Kick-
Off

e Hazard Mitigation Planning
Committee Kick-Off

e Frederick County Local
Planning Teams Update
Workshop

e HIRA Workshop

e Frederick County Local
Planning Teams Strategy
Workshop

e CRS Workshop

¢ Steering Committee Kick-
Off

e Hazard Mitigation Planning
Committee Kick-Off
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Name Position/Role

Sharon Riddell ~ Administrative Specialist,
Emergency

Preparedness

Jon Newman Battalion Chief 902,

Emergency Services

Jason Stitt Department Head,
Department of
Engineering and
Construction

Management

Dave Ennis Department Head
Department Highways
and Facilities

Maintenance

Tyler Muntz Department Head of

Professional Services

Planning Process

Agency or Municipality

Frederick County Division of
Emergency Management

Frederick County Division of
Fire & Rescue Services

Frederick County Division of
Public Works

Department of Highway
Operations

Frederick County Division of
Public Works

Participation

e HIRA Workshop

¢ Steering Committee Kick-
Off

e Hazard Mitigation Planning
Committee Kick-Off

e Frederick County Local
Planning Teams Update
Workshop

e HIRA Workshop

e Final Draft Review
Workshop

e Frederick County Local
Planning Teams Update
Workshop

e Frederick County Local
Planning Teams Strategy
Workshop

e Final Draft Review
Workshop

e Hazard Mitigation Planning
Committee Kick-Off

e Frederick County Local
Planning Teams Update
Workshop

¢ Frederick County Local
Planning Teams Strategy
Workshop

¢ Frederick County Local
Planning Teams Update
Workshop

e HIRA Workshop

e Frederick County Local
Planning Teams Strategy
Workshop

e CRS Workshop

e Final Draft Review
Workshop

o Frederick County Local

Planning Teams Update
Workshop
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Name

Kendra
Lindenberg

Todd Johnson

Shannon
Moore

Donald Dorsey

Dawn
Ashbacher

Planning Process
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Position/Role

Grant Manager

Public Health Emergency
Planner/SNS Coordinator

Public Health
Preparedness

Division of Health Care
Connection and
Preparedness

Director, Environmental
Sustainability

Sustainability Project
Manager IV

Sustainability Program
Manager

Agency or Municipality

Frederick County Emergency
Management

Frederick County Health
Department

Frederick County Office of
Sustainability and

Environmental Resources,
Office of County Executive

Frederick County Office of
Sustainability and

Environmental Resources,
Department of Stormwater,
Office of County Executive

Frederick County Division of
Planning and Permitting

Participation

e Hazard Mitigation Planning
Committee Kick-Off

e Hazard Mitigation Planning
Committee Kick-Off

¢ Frederick County Local
Planning Teams Update
Workshop

e HIRA Workshop

e Frederick County Local
Planning Teams Strategy
Workshop

e Hazard Mitigation Planning
Committee Kick-Off

¢ Frederick County Local
Planning Teams Update
Workshop

e Frederick County Local
Planning Teams Strategy
Workshop

e Resilience Plan
Coordination Meetings

¢ Hazard Mitigation Planning
Committee Kick-Off

¢ Frederick County Local
Planning Teams Update
Workshop

e HIRA Workshop

e Frederick County Local
Planning Teams Strategy
Workshop

e Resilience Plan
Coordination Meetings

e CRS Workshop

e Final Draft Review
Workshop

¢ Hazard Mitigation Planning
Committee Kick-Off

o Frederick County Local
Planning Teams Update
Workshop

e HIRA Workshop
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Name

Kimberly
Brandt

Abby Ingram

Zach Kershner

Tracey
Coleman

Joe Lindstrom

Paul Beliveau

Planning Process
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Position/Role

Director Planning, Livable
Frederick

Planning & Zoning,
Project Coordinator

Director, Division of
Public Works

Deputy Director, Division
of Public Works

Risk, Safety, and
Emergency Manager

Security and Emergency
Preparedness Specialist

Agency or Municipality

Frederick County Office of
County Executive

City of Brunswick

City of Frederick

City of Frederick

City of Frederick

City of Frederick

Participation

¢ Frederick County Local
Planning Teams Strategy
Workshop

e Resilience Plan
Coordination Meetings

e CRS Workshop

e Final Draft Review
Workshop

e Hazard Mitigation Planning
Committee Kick-Off

¢ Frederick County Local
Planning Teams Update
Workshop

e HIRA Workshop

e Hazard Mitigation Planning
Committee Kick-Off

e City of Brunswick Local
Planning Teams Update
Workshop

e Final Draft Review
Workshop

e City of Frederick Local
Planning Teams Update
Workshop

¢ Hazard Mitigation Planning
Committee Kick-Off

e City of Frederick Local
Planning Teams Update
Workshop

e HIRA Workshop

o City of Frederick Local
Planning Teams Strategy
Workshop

e Final Draft Review
Workshop

o City of Frederick Local
Planning Teams Update
Workshop

o City of Frederick Capability
Assessment Worksheet
Input
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Name Position/Role Agency or Municipality Participation
)
Robin Shusko Director of Campus Frederick Community College e Hazard Mitigation Planning
Safety and Emergency Committee Kick-Off
Management, Security ¢ FCC College Planning
and Emergency Team Update Meeting
Preparedness o HIRA Workshop

¢ FCC College Planning
Team Strategy Workshop

Thurmond Director and Chief of Hood College e Hazard Mitigation Planning
Maynard Il Campus Safety Committee Kick-Off
e HC College Planning Team
Update Workshop

e HIRA Workshop
e Final Draft Review

Workshop
Rowela Risk Manager Hood College ¢ Hazard Mitigation Planning
Lascolette Committee Kick-Off

e HIRA Workshop
e Final Draft Review
Workshop

Ron Hibbard Director of Public Safety Mount Saint Mary’s University e Hazard Mitigation Planning
Committee Kick-Off
¢ MSM Local Planning
Teams Update Workshop
e MSM Local Planning
Teams Strategy Workshop
e Final Draft Review

Workshop
Kevin Fox Training and Emergency  Mount Saint Mary’s University e Hazard Mitigation Planning
Management Coordinator Committee Kick-Off

¢ MSM Local Planning
Teams Update Workshop

e HIRA Workshop

e MSM Local Planning
Teams Strategy Workshop

e Final Draft Review

Workshop
Deborah Mayor Town of Burkittsville e Town of Burkittsville Local
(Debby) Planning Teams Update
Burgoyne Call
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Name

Cathy Willets

Andrew (Drew)
Bowen

David
Warrington

Kristin
Aleshire

Brandon
Boldyga

Shawn Burnett

Jim Humerick

Sean Williams

Planning Process
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Position/Role

Town Manager

Town Administrator

Town Administrator

Town Manager

Planning & Zoning Adm.

Town Engineer

Chief Administrative
Officer

Town Manager

Agency or Municipality

Town of Emmitsburg

Town of Middletown

Town of Mount Airy

Town of Myersville

Town of Myersville

Town of New Market

Town of Thurmont

Town of Walkersville

Participation

e Town of Burkittsville Local
Planning Teams Strategy
Workshop

e Town of Emmitsburg Local
Planning Teams Update
Workshop

¢ HIRA Workshop

e Town of Emmitsburg Local
Planning Teams Strategy
Workshop

¢ Town of Middletown Local
Planning Teams Update
Workshop

¢ HIRA Workshop

e Hazard Mitigation Planning
Committee Kick-Off

¢ Hazard Mitigation Planning
Committee Kick-Off

e Town of Myersville Local
Planning Teams Update
Workshop

e Town of Myersville Local
Planning Teams Update
Workshop

e Town of New Market Local
Planning Teams Strategy
Workshop

e Hazard Mitigation Planning
Committee Kick-Off

e Town of Thurmont Local
Planning Team Update
Workshop

e Town of New Market Local
Planning Teams Strategy
Workshop

¢ Final Draft Review
Workshop

e Hazard Mitigation Planning
Committee Kick-Off
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Name Position/Role Agency or Municipality Participation

e Town of Walkersville Local
Planning Teams Update
Workshop

e HIRA Workshop

e Final Draft Review
Workshop

Joe Birch Planning & Zoning Town of Walkersville e Town of Walkersville Local
Planning Teams Update
Workshop
e HIRA Workshop
e Final Draft Review
Workshop

Mary Rice Town Manager Town of Woodsboro e Town of Woodsboro
Mitigation Goals and
Strategy Input (email)

Tom Watson Burgess Village of Rosemont o Village of Rosemont Local

Planning Teams Update
Email

e Village of Rosemont Local
Planning Teams Strategy
Workshop

e Town of Woodsboro Local
Planning Teams Strategy

Input
Christine Gentry Maryland Division of National Capital Regional e Hazard Mitigation Planning
Emergency Preparedness Planner Committee Kick-Off

Local Planning Teams

In addition to the Hazard Mitigation Planning Committee described above, Dewberry consultants held one-on-
one meetings with representatives each town, city, college, university, and county to help them gather the
information needed for the Plan update. These smaller planning groups were referred to as Local Planning
Teams/College Planning Teams.

Select members from the Hazard Mitigation Planning Committee were a part of their respective jurisdiction or
institution’s Local Planning Teams/College Planning Team, along with other key officials that could provide the
level of detail and input necessary to update the plan’s information, share developments since the 2016 plan,
and determine a final mitigation and adaptation strategy. Two Local Planning Teams/College Planning Team
workshop series were held, as described in Table 2.1 above. Participation in these teams is described in Table
2.3. Local Planning Teams/College Planning Teams members would reach out to other officials for input when
necessary, and they may not be named below.
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Table 2.3. Local Planning Teams/College Planning Teams Membership

Jurisdiction, College, Local Members
or University Planning
Team/College
Planning
Team
Frederick County Local Jon Newman, Jason Stitt, Dave Ennis, Tyler Muntz, Jack Markey,
Planning Anthony (Tony) Rosano, Dennis Dudley, Rohan Brown, Sharon
Teams Riddell, Rebecca Rogers, Todd Johnson, Shannon Moore, Donald
Dorsey, Dawn Ashbacher, Rachel Elizabeth Rosenberg Goldstein,
Kimberly Brandt
City of Brunswick Local Abby Ingram, Bruce Dell, John Gerstner, Captain Matthew Lynch,
Planning Jeremy Mose, Matt Campbell, Chief Andy Smothers, Todd
Teams Shepherd, Vaughn Ripley, Andrew (Andy) St. John, Nathan Brown
City of Frederick Local Tracey Coleman, Zach Kershner, Joe Lindstrom, Paul Beliveau,
Planning Nathan Hupp
Teams
Town of Burkittsville  Local Debby Burgoyne
Planning
Teams
Town of Emmitsburg Local Cathy Willets, Dan Fissel, Jared Brantner, Zach Gulden
Planning
Teams
Town of Middletown Local Andrew (Drew) Bowen
Planning
Teams
Town of Mount Airy Local John Breeding
Planning
Teams
Town of Myersville Local Kristin Aleshire, Brandon Boldyga
Planning
Teams
Town of New Market  Local Shawn Burnett
Planning
Teams
Town of Thurmont Local Jim Humerick, John Kinnaird, Kelly Duty
Planning
Teams
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Jurisdiction, College, Local Members
or University Planning
Team/College
Planning
Team
Town of Walkersville  Local Sean Williams, Joe Birch
Planning
Teams
Town of Woodsboro Local Heath Barnes, Mary Rice, Shawn Burnett
Planning
Teams
Village of Rosemont Local Tom Watson
Planning
Teams
Frederick Community College Robin Shusko, Lewis Godwin, John Anzinger
College Planning
Team
Hood College College Thurmond Maynard I, Rowela Lascolette
Planning
Team
Mount St. Mary's College Ron Hibbard, Kevin Fox
University Planning
Team
Data

The mitigation plan update began with data collection. A kick-off meeting was held on July 13, 2021, with the
Frederick County Division of Emergency Management and representatives from the County’s Division of Public
Works, Division of Planning& Permitting, and the Division of Fire & Rescue Services. The planning process and
proposed deliverables were discussed in detail.

Community, county, state, federal, and college/university resources were identified and contacted to collect
pertinent policy and regulatory information from each community and the County. This information included
comprehensive plans, floodplain ordinances, zoning ordinances building codes, GIS data, and other reports and
plans since 2016 (see Chapter 6 for a list). The Hazard Mitigation Planning Committee provided information
about critical facilities, assets, and natural hazards, including past occurrences and anticipated hazard issues.

Specific local sources are listed in Chapter 6 and in the annexes; state/national sources include:

e State of Maryland Hazard Mitigation Plan (2016 and 2021 draft update)
e Frederick County GIS Database

e State of Maryland GIS Database

e Maryland Department of the Environment dam data

e Maryland Department of Natural Resources wildfire data
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e FEMA mitigation planning guidance

e FEMA Disaster Mitigation Act of 2000 planning requirements

e FEMA Benefit Cost Analysis (BCA) Toolkit Technical Flood Manuals

e 2010 and 2020 U.S. Census Data

e 2015 - 2019 US Census Bureau American Community Survey

e US Department of Commerce data

e United States Geological Survey Engineering Aspects of Karst data and County historical data
e United States Geological Survey Landslide susceptibility data

e United States Geological Survey Earthquake Hazards Program data

e National Center for Environmental Information (NCEI) Storm Events Database
e Autonomous Modular System (AMS) fire data

High hazard potential dam sources included:

e 2021 Draft Maryland State Hazard Mitigation Plan

e 2016 Maryland State Hazard Mitigation Plan

e FEMA's Monocacy and Portion of Middle Potomac-Catoctin Watersheds Study: Flood Risk Report

e Frederick County GIS Database

e United States Army Corps of Engineers’ National Inventory of Dams data

e Stanford University's National Performance of Dams Program Dam Incident Database

e Dam Safety Permits Division of the Stormwater, Dam Safety, and Flood Management Program within
the Maryland Department of the Environment’s data

e Emergency Action Plans for the following dams: Lake Heritage, Holly Hills, Monocacy Boulevard No.
440, Mason-Dixon Farms Irrigation Pond, Lake Linganore, Lake Merle, Rainbow Lake, Fishing Creek, and
Hunting Creek CFSP

e Frederick County Dam Ratings List

e Town of Thurmont — Areas of Potential Inundation from Dam Failure During Probable Maximum Flood
Map

Public Involvement

The public involvement element of the planning process involved a hazard mitigation survey, two virtual public
meetings, and a draft review period. The hazard mitigation survey was available online to the public from
September 20 — November 5, 2021. The survey was promoted via social media (Appendix G) and shared
through the following local community channels:

e  Church groups (email),

e Hood College (email),

e Mount St. Mary’s University (email),

e Frederick Community College (email),

e Fort Detrick employees (email), and

e Frederick County Chamber of Commerce Newsletter (90,000-person reach).

The first public meeting was held virtually on October 28, 2021, through Microsoft Teams. A second meeting
was held virtually on December 9, 2021, through Frederick County’s FCG TV channel and online stream.
Representatives from Frederick County Division of Emergency Preparedness were available to address
questions and solicit input regarding the type of mitigation measures the Hazard Mitigation Planning Committee
should pursue. Questions and comments could be submitted during the meeting or (for the second meeting
only) before it through an online submission form or a call-in number. Public notices announcing the meetings
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were posted online and circulated through social media (Appendix G). A draft of the HMCAP was distributed to
priority groups and posted online for public and stakeholder comment from January - February 2022, along with
a survey to gather questions and feedback.

The Maryland Department of Emergency Management served as the state review agency for this mitigation
plan. FEMA Region 3 and the Maryland Department of the Environment received a draft of the Plan for review
and comment.

Virtual Outreach

Due to the COVID-19 pandemic, public involvement and engagement were entirely virtual. The hazard mitigation
survey, public meetings, and draft review were made available online to promote widespread access and
maintain safe social distancing practices. This made the promotion of the opportunities even more critical, so
increased social media outreach was done. Existing local groups on Facebook and Reddit were used for
advertising, specifically the Frederick County MD Events and Activities Facebook Group and the Frederick
County subreddit. This allowed for outreach to community members that aren’t reached through normal
emergency management channels and an opportunity for direct feedback and questions on the posts.

Public Survey Results

The public survey collected a total of 684 responses from Frederick County residents, business owners, workers,
and students, faculty, and staff of colleges and universities in the jurisdiction. The survey was conducted from
September to October of 2021 and included several questions on hazard awareness, hazard mitigation
techniques, and hazard mitigation preferences. More than half of the participants responded to the survey
based on their experiences as a resident of Frederick County. Aside from residents, almost 40% of respondents
participated as a student, faculty member, or staff member of a college or university in Frederick County.

More than one-quarter of respondents that reside in the County reported that they live in the City of Frederick,
the most of any locality. The survey collected responses from residents in all County localities, except for
Burkittsville where no responses were received.

Jurisdiction of Respondents

m Frederick County
m Brunswick
Burkittsville
m Emmitsburg
0.3% m Frederick (City of)
= Middletown
m Mt. Airy
m Myersville
New Market
m Rosemont

® Thurmont

m Woodsboro

m Walkersville

Planning Process 26


https://www.facebook.com/groups/1517132155214482/?__cft__%5b0%5d=AZWP0v6zDpxyN50uFlw602BlYa9xcxCVoa3rSngKA2kBmiax5KBxlwP1l_AQIpBzGVsWrDxgEm01RgR0fI-L8IwMc_u5fHCdI744ufOJlgIu7xnxF_IdH4wFiylDmk5q_LlIlwkn-mfLWv2ns5286YGzqzi07l6Kjz7j8eJyL0GYJBOVmR5MjP47SbiYuWs6-Gg&__tn__=-UC%2CP-R
https://www.reddit.com/r/frederickmd/
https://www.reddit.com/r/frederickmd/

Frederick County Hazard Mitigation and Climate Adaptation Plan 2022

Overall, survey respondents seemed less aware of the County’s hazard mitigation efforts than emergency
communications. Less than half of survey respondents said they knew that Frederick County maintains a hazard
mitigation plan. Still, more than two-thirds had signed up for or knew about the Alert FC emergency notification
system.

Flooding is a top concern to Frederick County residents. More than half (57%) respondents reported that they
have high or moderate-high concerns about flooding affecting their home, business, or community, the most of
any hazard. Other hazards residents cited moderate-high to high concerns about include severe winter weather
and extreme wind. Fewer Frederick County residents are as severely concerned about earthquakes or
landslides: less than 10% of residents reported either one as a moderate-high or high concern.

How concerned are you about each of the following hazards
impacting your home, business, community,

Land Subsidence (Karst)
Landslides

Earthquakes

Wildfires

Dam Failures

Flooding

Drought

Tropical Storms or Hurricanes
Tornadoes

Severe Winter Weather
Lightning

Hailstorms

Extreme Wind
Thunderstorms

Extreme Heat

college/university, or organization?

I 33

07

I ) 5

I /4

I ()
e 1 0
I S 5
I | (8
I | 1 2
e | O 5
I | 1 6
I
e | 6.3
e | 0
I

0 50 100 150

Number of Responses

200 250

m High Concern  mModerate-High Concern

In line with these concerns, more than half of residents reported that their home, business, community, college
or university, or organization had been previously affected by either a flood, extreme wind, or severe winter
weather. In comparison, few residents reported prior experiences being affected by wildfires, landslides, or dam

failures. Residents who cited “other” hazards reported experiences with sustained power outages, fallen or
damaged trees, and burst pipes due to extremely cold temperatures.
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Please select any hazards that have affected your home,
business, community, college/university, or organization.
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More than three-fourths of participants said recent
events have made them more aware of the danger of Community Comments
hazards. Of those that cited specific events, majority
reported flooding, rain, and hurricanes raised their
awareness of related dangers.

“The recent flash floods have me concerned. This
year is the first time since | have lived and worked in
the county that a heavy storm lead to flash flooding

Majority (75%) of survey respondents reported that that caused work (FCC campus) to shut down early.”
they had taken actions to reduce the risk or

vulnerability to hazards of their family, home,
business, organization. The top three most cited risk
reduction actions taken included maintaining
disaster supply kits, developing disaster plans, and
purchasing generators for one’s home. Despite cited
concerns and experiences with flooding, few
residents reported purchasing either flood insurance (7%) or enhanced homeowner insurance coverage (7%).
Further, perceptions of hazards do not appear to affect residents’ decisions to live in the area: more than half
(54%) of respondents said they would repair or rebuild their property in the same location if a disaster
substantially damaged their home.

“The most recent rainstorms that were within a week
or two of each other and brought a massive amount
of rainfall. | have not seen it rain like that outside of a
tropical system before at my house and | experienced
minor basement flooding from the rain.”

Survey participants were asked what they believed the most important actions that Frederick County could take
to mitigate hazards and become more resilient over time. Residents could select multiple important actions.
More than two-thirds of respondents cited localized flood-risk reduction projects, the most of any action. Other
commonly cited actions included public outreach and education (61%), a public warning system (58%), and
technical assistance for residents, businesses, jurisdictions, and organizations to execute their own mitigation
projects (49%). When asked to identify one mitigation action Frederick County could take, many respondents
provided open-ended answers related to flood and stormwater mitigation projects, public education and
outreach about hazards, and emergency services and notifications.

Overall, the hazard mitigation survey illustrated Frederick County residents’ high concern for flooding, severe
winter weather, and high winds. Much of the work that residents have done personally in response to this
perceived risk are preparedness activities, such as buying emergency kits or making plans in case of a hazard or
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emergency. This highlights the need for a strong hazard mitigation effort in Frederick County that is responsive
to the risks and vulnerabilities outlined later in this plan, as well as the concerns of residents, especially flood-
risk reduction projects.

Stakeholder Engagement

The stakeholder review was conducted in January and February of 2022. A copy of the Plan and appendices
were emailed to select priority stakeholders and also posted online for the public. A survey was used as a
feedback collector for half the feedback, and documents containing direct edits and comments in context were
utilized by the participating jurisdictions. In total, 34 sets of comments were received from participating
jurisdictions, neighboring counties, dam stakeholders, college/university stakeholders, and the general public.
The breakdown of responses is show in Figure 4.

Number of Responses

College
Stakeholders
[

Frederick County

: Jurisdictions
General Public 13

8

Dam
Stakeholders
5

S~ Neighboring

Jurisdictions, 3

Figure 4. Stakeholder Review Responses by Stakeholder Type

In addition, the public hazard mitigation survey was circulated to stakeholders via email and newsletters in early
Fall, 2021 during the beginning of the planning process.

The Maryland Department of Emergency Management served as the state review agency for this mitigation
plan. FEMA Region 3 and the Maryland Department of the Environment received a draft of the Plan for review
and comment.

Frederick County Cities and Towns

The participating cities and towns were involved throughout the entirety of the planning process through the
Hazard Mitigation Planning Committee, Local Planning Teams, public meetings, and direct email and phone
discussions. However, they were also included in the final stakeholder review to provide any final edits,
especially from local government representatives that were not able to be as heavily involved.

Edits and feedback consisted of minor corrections to contextual information, final updates on mitigation
strategies from the 2016 Hazard Mitigation Plan, and minor requests to improve readability once the HMCAP is
released the general public, such as the addition of a graphic to better illustrate topics.
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Neighboring Jurisdictions

Three neighboring counties reviewed and commented on the final draft of the HMCAP: Montgomery County
Office of Emergency Management and Homeland Security, Loudoun County Office of Emergency Management,
and Franklin County Department of Emergency Services. This is of immense help, as hazards do not
discriminate based on political boundaries, and cross-county coordination is highly values in Frederick County.

The counties provided information of the most prominent hazard they face (severe storms, flooding, and winter
weather) and expressed that all of these issues can have cross-county impacts between them and Frederick
County, such as transportation issues and roadway flooding. It was expressed that the pluvial flood analysis
was a strong addition to the HMCAP.

Frederick County would like to especially thank the Montgomery County Office of Emergency Management and
Homeland Security for the detailed comments they provided which were very helpful in improving the HMCAP.

Dam Stakeholders

Dam owners and dam safety experts were both asked to provide input into the HMCAP as well as provide
general feedback. The Dam Safety Permits Division of the Stormwater, Dam Safety, and Flood Management
Program within the Maryland Department of the Environment reviewed the draft Dam and Levee Failure section
in Chapter 5, dam-related mitigation and adaptation actions, and appendices for accuracy and completeness.

The Dam Safety Permits Division’s comments consisted of the following items:

e Minor corrections to details in the list of dams in Frederick County,

e Addition of dam condition assessments from the National Inventory of Dams,

e Addition of secondary dam incident source: National Performance of Dams Program Dam Incident
Database,

e Correction to dam failure table,

e Clarification on some listed dams being classified as “small ponds,” and

¢ Context addition to two dam-related mitigation actions.

While all dam owners were reached out to, four provided feedback on the draft HMCAP. They were the:

e Managing Agent for the Holly Hills Residential Cluster Community Association,
e Lake Linganore Association,

e Maryland Park Service - Cunningham Falls State Park, and

e Property Management People, Inc.

The dam owners approved of the Plan and had no major concerns or comments; however, they did state interest
in being included in any future planning or discussions regarding their affected dams.

College Stakeholders

A total of five college- or university- affiliated stakeholders provided feedback. Three commented on the
Frederick Community College Annex and two commented on the Hood College Annex. Their details and
feedback are shown in Table 2.4.

Table 2.4. College and University Stakeholder Response Overview

Affiliation Title/Role Review Comments
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Digital Resources Librarian Believed the Plan would encourage worthwhile
hazard mitigation activities on campus

Vice President, Marketing & Believed the Plan would encourage worthwhile
Communications hazard mitigation activities on campus
Eroel?ee”:k Community Special Projects Manager Raised a question about further integrating with the
9 Livable Frederick Master Plan and adding new
hazards that were not historically present in the
plan
Believed the Plan would encourage worthwhile
hazard mitigation activities on campus
Director of Athletics Appreciated the explanations of complex concepts
and availability of added details located in the
Hood College appendices
Special Programs Manager - Approved of the plan
MACEM&PS

General Public

The eight reviewers from the general public consisted of business owners, community organizations, and
Frederick County residents. Notably, the Claggett Center, New Hope Church, and YMCA of Frederick were
represented.

The comments provided were overall positive, and a few strongly believed the Plan would encourage worthwhile
mitigation activities in the County. Projects to harden electrical infrastructure were requested.

Assess Risks

The next step in the planning process was to perform a hazard identification and risk assessment for the entire
county. This process involved analyzing the County’s greatest hazard threats and determining its most
significant vulnerabilities with respect to natural hazards. Risk was determined by looking at the County’s total
threat and vulnerability for each hazard identified. The risk assessment was performed in large part using GIS
data from the County, Hazus-MH 4.2 (a GIS-based FEMA loss estimation software that uses 2010 U.S. Census
data), and state sources. At the October 14, 2021, meeting, the Hazard Mitigation Planning Committee reviewed
the results, including a brief overview of methods and areas vulnerable to various hazards.

The hazards initially identified in the 2016 plan were discussed and re-prioritized at the July 2021 Hazard
Mitigation Planning Committee Kick-Off meeting. The risk assessment was updated using the new prioritization.
In addition, worksheets were provided to Local Planning Teams members to garner comments about past
hazard events. Chapter 4 covers the hazard identification and risk assessment methods, and Chapter 5 outlines
the risk assessment results.
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Assess Capabilities

The third step was to assess the mitigation capabilities of the County and its municipalities. A capability
assessment was performed to review the existing programs and policies addressing natural hazards. Hazard
Mitigation Planning Committee members filled out capability assessment and plan identification questionnaires
to allow for a thorough analysis of the adequacy of existing measures. Potential changes and improvements
were identified based on a review of the non-hazard mitigation plans identified in the questionnaires. Chapter 6
shares the capability assessment findings.

Develop a Mitigation and Climate Adaptation Strategy

The Hazard Mitigation Planning Committee worked to develop a mitigation and climate adaptation strategy.
With the results from the risk and capability assessments in mind, the committee identified goals and objectives
for countywide mitigation efforts. These goals represent the County’s and communities’ vision for hazard
mitigation and resilience.

After, the Hazard Mitigation Planning Committee identified and developed potential mitigation actions for
implementation. The Hazard Mitigation Planning Committee considered issues related to potential damage
from hazard events in the County. The committee also evaluated 2016 projects and helped draft an action plan
to specify recommended projects, who is responsible for implementing the projects, and when they are to be
completed.

It should be noted that the Plan recommends mitigation measures that should be pursued and implemented if
funding becomes available. Implementation of these recommendations depends on adoption of the Plan by the
County Executive and each of the municipalities, and the cooperation and support of the offices and contacts
designated as being responsible for each action item. The mitigation and adaptation strategy can be found in
Chapter 7.

Implement the Plan and Monitor Progress

The County will implement the Plan and perform monitoring through periodic reviews and revisions with
consultation with the Hazard Mitigation Planning Committee. The Department of Emergency Preparedness will
conduct an annual planning review of the mitigation plan, and public participation will be invited during the
annual and 5-year review/update periods. Chapter 8 outlines plan implementation and maintenance.
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CHAPTER 3. PLANNING CONTEXT

County Profile

Frederick County is bound by Pennsylvania to the north, Carroll County to the east, Montgomery County to the
south, Howard County to the southeast, Washington County to the west, and Virginia to the southwest (Figure
3.1).

Figure 3.1. Frederick County in Geographic Context

Frederick County is Maryland'’s largest county in terms of geographic area. The City of Frederick, the County
seat, is intersected by 5 interstate and national highways that provide easy access to Baltimore (46 miles),
Washington, DC (43 miles), Gettysburg, PA (32 miles), Harpers Ferry, WV (21 miles), and Leesburg, VA (25
miles). The County is home to the 5,700-acre Catoctin National Park, site of the Camp David Presidential
Retreat; Fort Detrick; Mount Saint Mary’s University; Hood College; the Emergency Management Institute; and
the National Fire Academy.

Community Assets

Community assets are anything that Frederick County and its municipalities deem important to the wellbeing of
their communities. For this HMCAP, community assets are made up of the built environment, the natural
environment, and the economy. This section identifies and maps community assets throughout the County. The
impacts of hazards and climate change are not distributed equally and identifying assets that are the most
vulnerable to natural hazards and changing future conditions will allow the County to create a more resilient
region.

Built Environment

The built environment is everything that makes up the physical, manmade support structure for a community.
This includes homes, critical facilities, infrastructure, and cultural resources. This section only includes existing
structures, as future development is covered in a later section.
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Overall, Maryland’s manmade infrastructure is rated C by a committee of 25 civil engineers from the American
Society of Civil Engineers.® Having older, damaged, or over-capacity infrastructure increases vulnerability to
hazards—and therefore increases risk—due to its decreased likelihood to withstand hazard events or maintain
functionality during or after a disaster. The most important pieces of infrastructure and facilities for community
response and recovery from disasters, called critical facilities, are show in Figure 3.2. Further analysis can be
done in the future to collect and detail the age, construction standards, and life expectancy of select critical
facilities.

Figure 3.2. Critical Facilities in Frederick County

Although not typically used for recovery and response operations, cultural resources should also be considered
for mitigation projects. Cultural and historic assets are often the most unique and irreplaceable buildings and
places in communities. These tangible vestiges of our shared past help to define the character of communities.
Their status and importance are determined by those who value them. Figure 3.3 depicts the cultural and
historic resources in Frederick County.

3 https://infrastructurereportcard.org/wp-content/uploads/2021/07/Maryland-ASCE-Report-Card-2020-Full-Sections.pdf
Planning Context 34


https://infrastructurereportcard.org/wp-content/uploads/2021/07/Maryland-ASCE-Report-Card-2020-Full-Sections.pdf

Frederick County Hazard Mitigation and Climate Adaptation Plan 2022

Figure 3.3. Cultural and Historic Resources in Frederick County

Housing

According to the U.S. Census, the total number of housing units in the County in 2019 was 100,803. Of the total
occupied housing units, approximately 75.2% were owner-occupied. The median value of owner-occupied
housing units in 2019 was $331,600. Frederick County’s rapid growth is expected to continue. To keep pace with
this growth, annual housing construction has also risen steadily over the past few decades.

Transportation
The highway network in Frederick County can be broken into 3 categories:

e Freeway: includes Interstate 70, Interstate 270, U.S. Route 15 inside the City of Frederick, and U.S. Route
340;

e Four-lane Rural Highway: U.S. Route 15 north of the City of Frederick; and

e Two-lane Rural Highway: includes the state secondary highways (i.e., Maryland Route 75, Maryland
Route 355, etc.), Maryland Route 15 south of the Maryland Route 340 split, as well as county roads.

The Frederick Municipal Airport (FDK), a city owned and operated facility, is an integral component of the
County's overall transportation system. The Federal Aviation Administration has designated the Frederick
Municipal Airport as a "reliever airport," which is a general aviation facility designed to reduce congestion at
airports that have substantial scheduled commercial passenger service (in this case, Dulles International (IAD),

Planning Context 35



Frederick County Hazard Mitigation and Climate Adaptation Plan 2022

Ronald Reagan Washington National (DCA), and Baltimore Washington International Thurgood Marshall (BWI)).
The Frederick Municipal Airport is the State's second busiest general airport with over 140,000 annual
operations. Over 260 aircraft are based there.*

Rail transportation includes CSX Transportation and Maryland Midland Railway (short line service). In terms of
mass transit, MARC (commuter rail) and Amtrak provide service to Washington, DC. The four MARC stations in
Frederick County are Brunswick and Point of Rocks (on the Brunswick Line) and Monocacy and The City of
Frederick (on the Frederick Line). Although there are no Amtrak stations in the County, Amtrak passes through
the County on the line from Washington, DC, to Harpers Ferry, WV. Public bus transportation is available
throughout the City of Frederick, connecting to other municipalities and multiple jurisdictions in the National
Capital Region. The nearest major water port is the Port of Baltimore.

Utilities
Electricity is provided by Potomac Edison and Thurmont Municipal Light Company.

Natural gas is supplied by Frederick Gas Company, a division of Washington Gas. Baltimore Gas and Electric
serves Mount Airy. Rocky Ridge and Emmitsburg are served by the South Penn Gas Company. Water and sewer
services are provided by the Frederick County Division of Utilities and Solid Waste Management.

There are 27 public water service systems in the County; 7 of these systems are regional systems owned and
operated by the County. There are also several small community systems and individual subdivision systems.
Municipal water systems are located in Brunswick, Emmitsburg, Frederick, Middletown, Mount Airy, Myersville,
Thurmont, Walkersville, and Woodsboro. The Potomac River provides approximately 80% of the County’s public
water supply, with the remaining 20% supplied by groundwater.® Two major institutional uses, Fort Detrick and
Mount St. Mary’s University, that maintain their own systems.

Municipal sewer systems are located in Brunswick, Emmitsburg, Frederick, Middletown, Mount Airy, Myersville,
Woodsboro, and Thurmont. The County operates 16 plants serving a wide geographic area.

Higher Education Institutions

There are three higher education institutions in Frederick County: Frederick Community College, Hood College,
and Mount St. Mary’s University. As they function as standalone institutions, their hazard mitigation planning
information is detailed in individual annexes to this plan.

Natural Resources and the Environment

Natural resources and assets can help protect communities from hazard events by reducing the magnitude of
the hazard, such as an undeveloped floodway preventing increased flooding to the buildings nearby.
Environmental resources also support the economy and ensure clean air and water for businesses and
residents in the area.

The Livable Frederick Master Plan identifies natural resources in the County, as well as the plans that are in
place to conserve and expand natural areas. Future updates of the HMCAP can include analyses that consider
these areas and resources.

42010 Frederick County Comprehensive Plan.
5 Frederick County Water & Sewerage Plan, effective June 2, 2015. Retrieved from
http://frederickcountymd.gov/DocumentCenter/View/283649.
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Economy

Business is another critical asset for Frederick County. Keeping our people employed and a steady flow of
income coming into our community allows residents to better prepare individually and helps ensure the County
and municipalities have the means to fund hazard mitigation projects. The County’s economic wellbeing also
requires adequate protection.

Chapter 1 outlines the major employers throughout the County. The Livable Frederick Comprehensive Planning
effort identifies important commercial centers within the County. Damage to these centers resulting in
temporary closure or extended inoperability would have severe impacts on disaster recovery within the
community, especially when it comes to finding materials to repair damage or buying food and supplies after a
disaster. Future analysis could be done to assess the dependencies between businesses and the infrastructure
needed to support them, as well as map the large economic drivers within the floodplain.

The County’s private sector industries generate $11.0 billion in economic activity. Small business is the
backbone of Frederick County’s economy. The County's businesses employ more than 91,000 workers, and an
estimated 98% of these businesses have under 100 workers. Frederick County’s employers of 500 or more
people include:

e Fort Detrick (including U.S. Army, National Cancer Institute and other tenants)
e Frederick County Board of Education

e Frederick Memorial Healthcare System

e Frederick County Government

e Leidos Biomedical Research

e Wells Fargo Home Mortgage

e Frederick Community College

e State Farm Insurance Co.

e City of Frederick Government

e United Health Care

e Wal-Mart

e Astra Zeneca

e National Emergency Training Center (U.S. Fire Academy, FEMA, and other tenants)
e Lonza Bioscience Walkersville, Inc.

¢ Mount Saint Mary's University

e Thermo Fisher

e Fannie Mae

Some recent development projects include new locations of Kite Pharma, Wilcoxon Sensing Technologies, a
U.S. headquarters for a German-based company— Indivumed, HealthWell Foundation, TEI Electrical Solutions
Stulz Air Technologies, Dairy Maid Dairy, and a Dunkin Donut Centralized Kitchen.

The County has experienced a significant increase in high-tech and bioscience companies, allowing more
residents to work near where they live. ® Frederick County is also Maryland's largest dairy producer, providing
one-third of the State's milk production.

6 Frederick County. Office of Economic Development. Retrieved from
http://www.discoverfrederickmd.com/business_support/major_employers on January 18, 2016.
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Community Lifelines

Lifelines are systems, like roads and power, that allow critical government and essential business operations to
continue. Lifelines are essential to human health and safety, or economic security. The framework of lifelines
was to give common definitions and terminology when talking about various hazards or incidents and what may
or has been affected, and to help formulate both a response, but also prompt mitigation before such an incident.
This framework allows emergency managers to:

e Characterize the incident and identify the root causes of priority issue areas.
e Distinguish the highest priorities and most complex issues from previous incident information.

A lifeline enables the continuing operation of critical government and business functions during a hazard or
other incidents and is essential to human health and safety or economic security. Lifelines include police and
fire departments, hospitals, power plants, arterial roads, grocery stores, and the cellular towers that connect
everything. These often-interconnected systems are, simply put, essential for communities to keep the “lights
on.” Examples of this are:

e The most fundamental services in the community that, when stabilized, enable all other aspects of
society to function.

e The integrated network of assets, services, and capabilities that are used day-to-day to support the
recurring needs of the community.

e When disrupted, decisive intervention (e.g., rapid service re-establishment or employment of
contingency response solutions) is required to stabilize the incident.

Figure 3.4. The seven community lifeline categories

BRIC and Community Lifelines

Resilient lifelines help build resilient communities. The goals and objectives of FEMA'’s Strategic Plan promote
using mitigation to reduce risk to lifelines before a disaster and to quickly stabilize a community after disaster
by preventing cascading impacts. BRIC mitigation grants can go toward projects which mitigate these
structures, facilities, and systems. Lifeline-focused mitigation projects could involve a wide variety of public,
private, and non-profit organizations. Framing mitigation projects in the terms of which community lifelines are
being improved gives a mitigation project a higher chance to be awarded a BRIC mitigation grant.

Community Lifelines in Frederick County

FEMA developed the community lifelines focus to increase effectiveness in disaster operations and to better
position the Agency to respond to catastrophic events. A lifeline enables the continuous operation of critical
government and business functions and is essential to human health and safety or economic security. Table
3.1. lists the facilities that are part of the community lifelines framework in Frederick County. In addition to the
facilities listed, community lifelines in Frederick County also consist of infrastructure that is related to any of the
community lifeline categories shown in Figure 3.4, such as power lines.
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Table 3.1. Community Lifelines in Frederick County from Frederick County GIS Data

Facility Name

Adamstown Vol Fire Company
Station 14

Advanced Life Support Station

Ballenger Creek Center

Ballenger Creek Wastewater
Treatment Plant

Bethany Living Il
Blossom Place at Edenton

Braddock Heights Vol Fire Co
Station 12

Brunswick Vol Ambulance Co
Station 19

Brunswick Police Department

Brunswick Volunteer Fire
Company Station 5

Brunswick Wastewater
Treatment Plant

Buckingham's Choice

Citizens Care and Rehabilitation
Center of Frederick

Citizens Truck Company Station
4

College View Center

Country Meadows of Frederick
Cozy Care

Devotion Assisted Living LLC

Fiddler's Green at Edenton

Planning Context

Jurisdiction

Frederick County

City of Frederick

City of Frederick

Frederick County

Frederick County

Frederick County

Frederick County

City of Brunswick

City of Brunswick

City of Brunswick

City of Brunswick

Frederick County

Frederick County

City of Frederick

City of Frederick
Frederick County
Frederick County
Frederick County

Frederick County

Community Lifeline(s)

Safety and Security

Safety and Security

Health and Medical

Food, Water, Shelter

Health and Medical

Health and Medical

Safety and Security

Health and Medical; Safety and
Security

Safety and Security

Safety and Security

Food, Water, Shelter

Health and Medical

Health and Medical

Safety and Security

Health and Medical
Health and Medical
Health and Medical
Health and Medical

Health and Medical
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Facility Name
Fort Detrick (including U.S.
Army, National Cancer Institute

and other tenants)

Fort Detrick Wastewater
Treatment Plant

City of Frederick Government

City of Frederick Wastewater
Treatment Plant

Frederick County Department of
Fire and Rescue Services

Frederick County Government

Frederick County Health
Department

Frederick County Public Safety
Training Center

Frederick County Sheriff's
Office

Frederick County Volunteer Fire
and Rescue Association -

Headquarters

Frederick Health &
Rehabilitation Center

Frederick Memorial Healthcare
System

Frederick Police Department
Garden House at Edenton
Glade Valley Center

Golden Living Center

Graceham Vol Fire Company
Station 18

Green Valley Fire Station 25
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Jurisdiction

Fort Detrick

City of Frederick

Frederick County

City of Frederick

Frederick County

Frederick County

Frederick County

Frederick County

Frederick County

Frederick County

Frederick County

Frederick County

City of Frederick
Frederick County
Town of Walkersville

City of Frederick

Frederick County

Frederick County

Community Lifeline(s)

Safety and Security; Health and
Medical; Communications

Food, Water, Shelter

Safety and Security

Food, Water, Shelter

Safety and Security;
Communications

Safety and Security;
Communications

Health and Medical

Safety and Security

Safety and Security

Safety and Security;
Communications

Health and Medical

Health and Medical

Safety and Security
Health and Medical
Health and Medical

Health and Medical

Safety and Security

Safety and Security
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Facility Name

Guardian Hose Company
Station 10

Heartfields at Frederick

Homewood at Crumland Farms
Independent Hose Co Station 1
Integrace Buckingham's Choice

Jefferson Vol Fire Company
Station 20

Junior Fire Co Station 2

Lewistown District Vol Fire
Company Station 22

Libertytown Vol Fire Co Station
17

Life in The Country

Lonza Bioscience Walkersville,
Inc

Maryland Natural Resources
Police - Western Region Echo
Lake office (Area 7)

Maryland State Police: Barrack
B - Frederick

Middletown Volunteer Fire
Company Station 7

Montevue Assisted Living
Mount Airy Police Department

Mount Airy Wastewater
Treatment Plant

Myersville Volunteer Fire
Company Station 8
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Jurisdiction

Town of Thurmont

City of Frederick
City of Frederick
City of Frederick

Frederick County

Frederick County

City of Frederick

Frederick County

Frederick County

City of Brunswick

Frederick County

Frederick County

City of Frederick

Town of Middletown

Frederick County

Town of Mount Airy

Town of Mount Airy

Town of Myersville

Community Lifeline(s)

Safety and Security

Health and Medical
Health and Medical
Safety and Security

Health and Medical

Safety and Security

Safety and Security; Health and
Medical

Safety and Security

Safety and Security

Health and Medical

Health and Medical

Safety and Security

Safety and Security

Safety and Security; Health and
Medical

Health and Medical

Safety and Security

Food, Water, Shelter

Safety and Security; Health and
Medical

41



Facility Name

Myersville Water Treatment
Plant

Myersville Wastewater
Treatment Plant

National Emergency Training
Center (U.S. Fire Academy,
FEMA, and other tenants)

New Market District Vol Fire Co
Station 15

New Midway Volunteer Fire
Company Station 9

Northampton Manor

Northgate Fire Station 29
(opening 2022)

Orchard Terrace at Edenton
Point of Rocks Fire Station 28

Record Street Home - Home for
the Aged

Rocky Ridge Vol Fire Company
Station 13

Somerford House & Place
Spring Ridge Fire Station 33
St Joseph's Ministries
Sunrise of Frederick

Sunset Ridge Assisted Living,
Inc.

Thurmont Ambulance Company
Station 30

Thurmont Police Department

Thurmont Wastewater
Treatment Plant
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Jurisdiction

Town of Myersville

Town of Myersville

Frederick County

Town of New Market

Frederick County

City of Frederick

City of Frederick

Frederick County

Frederick County

City of Frederick

Frederick County

City of Frederick
Frederick County
Frederick County

City of Frederick

Frederick County

Town of Thurmont

Town of Thurmont

Town of Thurmont

Community Lifeline(s)

Food, Water, Shelter

Food, Water, Shelter

Safety and Security

Health and Medical

Safety and Security

Health and Medical

Safety and Security

Health and Medical

Safety and Security

Health and Medical

Safety and Security

Health and Medical
Safety and Security
Health and Medical

Health and Medical

Health and Medical

Health and Medical; Safety and

Security

Safety and Security

Food, Water, Shelter



Facility Name

Town of Emmitsburg
Wastewater Treatment Plant

Tranquility at Fredericktowne
United Health Care

United Steam Fire Engine
Station 3

Urbana Vol Fire Company
Station 23

Vigilant Hose Company Station
6

Vindobona Nursing and
Rehabilitation Center

Walkersville Vol Ambulance
Company Station 24

Walkersville Volunteer Fire
Company Station 11

Wal-Mart

Warm Heart Family Assistance
Living Il

Westview Fire Station 31

Wolfsville Vol Fire Company
Station 21

Woodsboro Vol Fire Company
Station 16
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Jurisdiction

Frederick County

City of Frederick

Frederick County

City of Frederick

Frederick County

Town of Emmitsburg

Frederick County

Town of Walkersville

Town of Walkersville

Frederick County

City of Frederick

Frederick County

Frederick County

Town of Woodsboro

Community Lifeline(s)

Food, Water, Shelter

Health and Medical

Health and Medical

Safety and Security

Safety and Security

Safety and Security

Health and Medical

Health and Medical; Safety and

Security

Safety and Security

Food, Water, Shelter

Health and Medical

Safety and Security

Safety and Security

Health and Medical

Population and Population Trends

The people of Frederick County are its most critical assets. Without them, we would not have our wonderful
community. Figure 3.5 shows population density throughout the County. Understanding where people are in
relation to hazards areas helps to identify areas to prioritize for mitigation projects so that we can prevent the
most loss of life. Figure 3.5 illustrates population density in the County.

Planning Context 43




Frederick County Hazard Mitigation and Climate Adaptation Plan 2022

Figure 3.5. Population Density in Frederick County, MD

Frederick County encompasses a total of 662.7 square miles and contains approximately 391.7 persons per
square mile.” Based on the most recent data available from the U.S. Census Bureauy, the estimated population in
2019 was 259,547, an 11.2% increase since 2010.8 Table 3.2. indicates recent and projected change in Frederick
County population from 2020 to 2045.

7 Maryland Department of Commerce, “Brief Economic Facts: Frederick County, Maryland”, 2021.
8 U.S. Census Bureau, Quickfacts: Frederick County, Maryland Population Estimates, 2021.
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Table 3.2. Population Projections in Frederick County (Source: Frederick County Planning Department, 2021)

Year Household Population Employment
2020 98,400 263,900 117,300
2025 106,300 284,300 123,200
2030 115,400 304,500 128,600
2035 122,400 320,000 135,300
2040 128,100 334,600 141,100
2045 132,100 346,600 145,500

Table 3.3. shows the 2019 U.S. Census population estimates and the 2021 Frederick County Planning estimates
for Frederick County municipalities.

Table 3.3. 2019 and 2021 Population Estimates (Source: U.S. Census Bureau Estimates 2019 and Frederick County
Planning Department, July 2021)

Municipalities 201.9 U.S. Census Population 20%1 Frederick County Population
Estimates Estimates
Brunswick 6,491 7,826
Burkittsville 165 151
Emmitsburg 3,198 2,866
City of Frederick 72,244 72,097
Middletown 4,792 4,516
Mount Airy 9,458 Y854
Myersville 1,838 1,713
New Market 738 1,241
Rosemont 322 296
Thurmont 6,895 6,286
Woodsboro 1,269 1,161
Walkersville 6,415 6,182
Unincorporated Areas 145,722 86,191

“Other Small Areas” 77,189
Total 259,547 271,500

*portion within Frederick County
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Social Vulnerability

It is important to acknowledge that our communities are made up
of diverse groups with varying degrees of social vulnerability. Social
vulnerability considers the social characteristics and conditions of
people, such as socioeconomic status, household composition,
disability, minority status, language barriers, housing type, and
transportation access. These factors can influence a person’s
ability to mitigate and recover from hazard events, so Frederick
County is including them in the hazard risk assessment to help
identify communities that will most likely need support before,
during, and after a disaster. Figure 3.7 depicts the Center for
Disease Control and Prevention (CDC) Social Vulnerability Index
(SVI1) in Frederick County.

CDC Social Vulnerability Index

The CDC’s SVI uses U.S. Census data
to determine vulnerability on a census
tract level. Each tract is ranked on 15

social factors that are grouped into
four related themes, that when
combined, create the overall SVI
ranking (Figure 3.4).

Figure 3.6. American Community Survey, 2014-2018, data and how it is categorized to create CDC SVI themes®

9 https://www.atsdr.cdc.gov/placeandhealth/svi/documentation/SVI_documentation_2018.html
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Figure 3.7. CDC Social Vulnerability Index Map for Frederick County, MD
Future analyses can be done to dive deeper into populations that may pose unique vulnerabilities (e.g., visitors
and temporary residents, such as large event attendees or college students). They can often lead to high
concentrations of people who are not accounted for in usual population density maps, less familiar with the
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area and its hazard risks, and less prepared for hazard events. A map of recurring events that bring large
numbers of people into one area could be helpful.
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CHAPTER 4. HAZARD
IDENTIFICATION AND RISK
ASSESSMENT INTRODUCTION

Hazard Identification

Hazard identification for Frederick County has involved investigating various types of natural hazards faced by
the County since the process began around 1900. Information on past hazards was based on research from
historical documents and newspapers, county plans and reports, conversations with county residents and public
officials, and websites. Data and maps were gathered online from sources such as the U.S. Geological Survey
(USGS) and the National Centers for Environmental Information (NCEI) Storm Events Database (part of the
National Weather Service), as well as from the Frederick County GIS Department, Public Health Department, and
Division of Public Works.

Hazard profiling involves determining the frequency or probability of future events, their severity, and factors
that may affect their severity. Each hazard type has unique characteristics that determine impact; for example,
no two flood events will impact a community in the same manner. The unique characteristics of the community
(geography, development, population distribution, age of buildings, etc.) also influence the potential impact of
the hazard. Developing hazard event profiles enables Frederick County to anticipate the potential extent of the
impact of each hazard.

The hazards are given priority levels as a part of the hazard profiling process. They are determined based on
Hazard Mitigation Planning Committee input as well as the five criteria summarized below to assign a
quantitative ranking. Each criterion identifies and categorizes the comparative probability and potential
vulnerability for the identified hazards. The framing criteria/questions are shown in the list below and Table 4.1
provides the thresholds for each of the risk levels.

The five main parameters include:

6. Probability/History: Has the hazard occurred in the area before, and if so, how often based on the
historical record? Weighting Factor: 0.25

7. Vulnerability: If the expected event does occur, how many people might be killed, injured, or
contaminated, and how much property might be damaged or destroyed (e.g., the percent of people or
property vulnerable to the hazard)? Weighting Factor: 0.20

8. Maximum Threat: What is the worst-case scenario of the hazard and how bad can it get? What will the
loss of life and property damage be if the worst-case scenario occurs (e.g., the percent of the
community impacted by the hazard)? Weighting Factor: 0.10

. Warning Time: How much time is the community given to prepare for an event? Weighting Factor: 0.10

10. Ranking in Previous Plan: The ranking from the 2011 Hazard Mitigation Plan (Significant, Moderate,

Limited) was factored in the 2016 ranking. Weighting Factor: 0.35
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Table 4.1. Hazard Priority Ranking Criteria

Probability / History

Weighting Factor: 0.25

Unlikely

No documented
occurrence with annual
probability <0.01

Somewhat Unlikely

Infrequent occurrence
with at least one
documented event and
annual probability
between 0.5 and 0.01

Somewhat Likely

Moderate occurrence with
at least two documented
events and annual
probability between 0.5
and 0.01

Likely

Frequent occurrence with
at least three documented
events and annual
probability between 1 and
0.5

Highly Likely

Common events with
annual probability >1

Vulnerability

Weighting
Factor: 0.20

Negligible

1to 10% of
people or
property

Slight

10% to 20% of

people or
property

Limited

20 to 30% of
people or
property

Critical

25 to 50% of
people or
property

Catastrophic

> 50% of
people or
property

Maximum Threat
(Geographic Area Affected)

Weighting Factor: 0.10

Isolated

< 5% of community
impacted

Minor

5 to 15% of community
impacted

Small

15 to 25% of community
impacted

Medium

25 to 50% of community
impacted

Large

> 50% of community
impacted

Warning Time

Weighting
Factor: 0.70
Extended

More than 3
days

Slight
3 days

Limited

2 days

Minimal

1 day

No Notice

< 24 hours

2016
Ranking

Weighting
Factor: 0.35

Low

Medium-
Low

Medium

Medium-

High

High

All hazards from the Maryland State Hazard Mitigation Plan were considered for inclusion in the HMCAP.
Ultimately, the hazards listed in Table 4.2 have been identified as relevant to Frederick County and incorporated
into the risk assessment. They are the same hazards from the 2016 Plan.

Table 4.2. Hazards Identified as Relevant to Frederick County

Hazards Type

Flood

2016 Priority Level

2022 Priority Level

Hazard Identification and Risk Assessment Introduction
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Hazards Type 2016 Priority Level 2022 Priority Level
Karst and Land Subsidence Medium-High Medium-High
Drought Medium Medium
Wildfire Medium Medium
Landslide Medium-Low Medium-Low
Extreme Heat Medium Medium
Thunderstorm Medium-High Medium-High
Tornado Medium Medium-High
Tropical Cyclone Medium Medium
Earthquake Medium-Low Medium-Low

Climate Change and Natural Hazard Taxonomy

The risk assessment is organized by the primary climate change interaction each hazard faces. Unlike how 2016
Plan was organized by hazard type (i.e., atmospheric, hydrologic, wildfire, geologic), the 2022 Plan sets each
hazard in the context of climate change will allow for a better understanding of how risk from each hazard may
change in the future. The primary climate change interactions that are included are:

e Changes in precipitation,
e Rising temperatures, and
e Extreme weather.

Earthquake is organized under a ‘non-climate-influenced-hazard’ category as it is a hazard that is not largely
driven by a climate change interaction.

Climate Change Projections

Overview

Governments throughout the United States share a common goal of ensuring the safety, health, and welfare of
their communities. Meeting this goal and maintaining the integrity of essential public services requires that
governments anticipate trends and changes that could affect their environment, economy, and community
wellbeing. Climate change will affect communities and government functions in a variety of ways, and
government services, assets, operations, and policies may all be affected to some extent. More obvious impacts
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may include an increased risk for extreme events such as drought, storms, flooding, landslides, and wildfires;
more heat-related stress; the spread of existing or new food-, water-, and vector-borne disease into a
community; and increased erosion and inundation of low-lying areas along river shorelines.® Working
proactively to address the anticipated impacts to these extreme events can help mitigate against future
damages to both infrastructure and human life.

According to the American Planning Association, new conditions and certain extreme events in recent years
have brought the issue of climate change into the forefront for planners, lawmakers, and the public. Clear
evidence exists of climate change leading to specific, measurable effects ranging from Arctic melting and sea
level rise to heightened storm and drought frequency and/or severity. These conditions make it imperative that
planners and policymakers work immediately to implement new policies to address climate change.™

The effects of climate change may be felt through any of the atmospheric, wildfire, hydrologic, and geologic
hazard categories detailed within this hazard mitigation plan. Climate change can amplify the hazards that
currently exist and introduce new hazards not previously experienced in the County. As such, it is imperative that
Frederick County continue to be proactive by including climate change as an amplifier that may exacerbate
natural hazards.

“A changing climate leads to changes in the frequency, intensity, spatial
extent, duration, and timing of extreme weather and climate events, and can
result in unprecedented extreme weather and climate events.”

— Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation, Special
Report of the Intergovernmental Panel on Climate Change (IPCC)

Regional and Local Climate Change Trends and Projections

In 2018, the United States Global Change Research Program prepared the Fourth National Climate Assessment.
The Fourth National Climate Assessment includes regional chapters that include descriptions of observed
historical climate trends, as well as future projections and scenarios for each of the 10 specified regions. In this
context, Maryland is included as part of the Northeast Region (which also includes Maine, New Hampshire,
Vermont, Massachusetts, Rhode Island, Connecticut, New York, New Jersey, Pennsylvania, Delaware, West
Virginia, and Washington D.C.). The Fourth National Climate Assessment findings and projections, alongside
state- and county-specific climate data that have been gathered from the National Oceanic and Atmospheric
Administration Climate Explorer website, the NOAA State Summary for Maryland, and the University of
Massachusetts Amherst (UMass Amherst) State Summary for Maryland, support the trends and projections
discussed below.

10 National Climate Assessment. Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume II:
[Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. 2018. U.S. Global Change
Research Program, Washington, DC, USA. Retrieved from https://doi.org/10.7930/NCA4.2018

11 American Planning Association. Climate Change Policy Guide. 2020. Retrieved from https://planning-org-uploaded-
media.s3.amazonaws.com/publication/download_pdf/Climate-Change-Policy-Guide.pdf
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Temperature

According to the Fourth National Climate Assessment, by 2035, average temperatures in the Northeast Region
are projected to rise more than 3.6°F (2°C) compared to the preindustrial era.’? Increases have been observed in
every season, although the most significant upward trend has been during the winter months: winter
temperatures have warmed three times faster than those recorded in the summer. Additionally, more frequent,
intense, and longer heat waves are projected to increase over the next century in the Northeast.

Figure 4.1. Graph of observed and projected temperature change data for the State of Maryland 13

In Maryland specifically, average annual temperatures have risen by more than 1.5°F since the beginning of the
20th century, and by the end of the 215t century, the State may experience historically unprecedented warming
under a higher emissions pathway (Figure 4.1)."% Heat waves are projected to be more intense while cold waves
are projected to be less intense.’® According to the UMass Amherst State Summary for Maryland, in the next 50-
60 years, as global temperatures cross the 2°C threshold, Maryland’s average summer and winter temperatures
are projected to increase by over 6°F (3.3°C) relative to preindustrial levels (Figure 4.2).°

12 National Climate Assessment. Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume II:
[Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. 2018. U.S. Global Change
Research Program, Washington, DC, USA, pp. 669-742. Retrieved from https://doi.org/10.7930/NCA4.2018.CH18.

13NOAA. State Summary for Maryland. 2017. Retrieved from https://statesummaries.ncics.org/chapter/md/

14NOAA. State Summary for Maryland. 2017. Retrieved from https://statesummaries.ncics.org/chapter/md/

15 NOAA. State Summary for Maryland. 2017. Retrieved from https://statesummaries.ncics.org/chapter/md/

16 Bradley, Raymond, Ambarish Karmalkar, and Kathryn Woods. Climate System Research Center (CSRC). University of Massachusetts
Ambherst. Maryland State Climate Report: https://www.geo.umass.edu/climate/stateClimateReports/MD_ClimateReport_CSRC.pdf
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Figure 4.2. Seasonal warming in the State of Maryland by 2070 under lower and higher emission pathways 17

Based on the National Oceanic and Atmospheric Administration Climate Explorer, by mid-century (2040-2059),
Frederick County’s projected average daily maximum temperature is projected to increase between 5.1°F to
6.0°F — reaching 69.0°F to 69.9°F — over historical temperatures observed between 1961 and 1990."8 By late
century (2080-2099), these increases may further rise by 6.5°F to 10.6°F — reaching 70.4°F to 74.5°F — over
temperatures observed between 1961 and 1990.° By mid-century, Frederick County is projected to experience
between 18.7 and 25.8 days where maximum temperatures exceed 95°F, and by late century, the number of
days will rise to between 27.2 and 62.5—much higher than the historical observations of 2.8 days per year with
maximum temperatures above 95°F. 20

Similarly, historical data shows that minimum temperatures have increased, and projections indicate that they
will continue to rise. Between 1950 and 2010, average daily minimum temperatures in Frederick County rose by
0.36°F every decade. ?' By mid-century (2040-2059), the average daily minimum temperature is projected to
range from 47.5°F to 48.5°F, representing an increase of 4.8°F to 5.8°F compared to observations between 1961
and 1990. By late century (2080-2099), average daily minimum temperatures are projected to further increase by
6.3°F to 10.5°F relative to the historic baseline.

Precipitation

Precipitation assessments consider both the accumulation of liquid and the frequency of events. Accumulation
across the region has been on the rise, particularly since 1970, and especially during the fall months. Frequency
of extreme precipitation (heavy downpours) has also increased significantly over this time period. According to
the Fourth National Climate Assessment, precipitation in the Northeast Region increased by approximately five
inches, or more than 10%, between 1895 and 2011.22 The Northeast has seen a greater recent increase in
extreme precipitation than any other region in the United States: the region experienced more than a 70%
increase in the amount of precipitation falling in "very heavy events" (defined as the heaviest 1% of all daily
events) between 1958 and 2010.%

7 Bradley, Raymond, Ambarish Karmalkar, and Kathryn Woods. Climate System Research Center (CSRC). University of Massachusetts
Ambherst. Maryland State Climate Report: https://www.geo.umass.edu/climate/stateClimateReports/MD_ClimateReport_CSRC.pdf

18 NOAA Climate Explorer: https:/crt-climate-explorer.nemac.org/

19 NOAA Climate Explorer: https://crt-climate-explorer.nemac.org/

20 NOAA. The Climate Explorer: Frederick County, MD. Retrieved from https://crt-climate-explorer.nemac.org/

21 NOAA. The Climate Explorer: Frederick County, MD. Retrieved from https:/crt-climate-explorer.nemac.org/

22 National Climate Assessment. Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume II:
[Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. 2018. U.S. Global Change
Research Program, Washington, DC, USA, pp. 669-742. Retrieved from https://doi.org/10.7930/NCA4.2018.CH18.

= |bid.
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The frequency of heavy downpours is projected to continue to increase over the remainder of the century,?* as
well as seasonal drought risk in summer and fall due to warming temperatures and earlier snowmelt.?* The
NOAA State Summary for Maryland states that average annual precipitation and frequency of events are
projected to increase over the 21st century, particularly during winter and spring (Figure 4.3).2% In Frederick
County, the region receives an average of 40.0 inches of precipitation every year, based on historical data. By the
end of the century (2080-2099), the County is projected to receive up to 46.3 inches of annual precipitation, an
increase of over six inches (or 16 percent).?’ This could elevate the risk of flooding: more intense extreme
precipitation events will likely expand the flood hazard areas (areas that a flood event will inundate);
compounding this intensity is the increase of the frequency of the 100-year rainstorm event, as defined by
historical data, which is expected to occur every 20 to 50 years by the end of the century. 28

Figure 4.3. Projected change in annual precipitation in State of Maryland2°

Even if precipitation patterns intensify, naturally occurring droughts will continue and potentially worsen.2° Such
droughts are projected to be more intense because higher temperatures will increase the rate of soil moisture
loss during dry spells.®' The Maryland Commission on Climate Change reported in their Comprehensive
Assessment of Climate Change Impacts to Maryland noted that if emissions do not decrease, annual
precipitation changes will be felt during both summer and winter seasons, with heavier precipitation occurring in
the winter, and longer and dryer summer seasons occurring with decreased rainfall. The most noticeable
percentage increase will occur during the winter months: according to UMass Amherst, increasing temperatures
will lead to more rain and less snow at this time of year.32 Given regional trends, changes to Frederick County’s
precipitation patterns may affect its vulnerability and the potential consequences of related hazards.

Maryland’s and Metropolitan Washington Region’s Efforts on Climate
Change

Frederick County has a unique opportunity to address the issue of climate change and the potential affects it
may have on the County. Both Maryland and the Metropolitan Washington Council of Governments have been

24 NOAA. State Summary for Maryland. 2017. Retrieved from https:/statesummaries.ncics.org/chapter/md/

2 National Climate Assessment. Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume I:
[Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart (eds.)]. 2018. U.S. Global
Change Research Program, Washington, DC, USA, pp. 669—742. Retrieved from https://doi.org/10.7930/NCA4.2018.CH18.

28 NOAA. State Summary for Maryland. 2017. Retrieved from https://statesummaries.ncics.org/chapter/md/

27 NOAA. National Weather Service: Climate Prediction Center. 2021. Retrieved from https://www.cpc.ncep.noaa.gov/

2B NOAA. State Summary for Maryland. 2017. Retrieved from https://statesummaries.ncics.org/chapter/md/

2 |bid.

% lbid.

% bid.

%2 Bradley, Raymond, Ambarish Karmalkar, and Kathryn Woods. Climate System Research Center (CSRC). University of Massachusetts
Ambherst. Maryland State Climate Report. Retrieved from
https://www.geo.umass.edu/climate/stateClimateReports/MD_ClimateReport_CSRC.pdf
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engaged in climate change initiatives. On April 20, 2007, then-Governor Martin O’Malley signed Executive Order
01.01.2007.07 establishing the Maryland Climate Change Commission. 3 In 2014, Executive Order
01.01.2014.14 expanded the Maryland Climate Change Commission’s scope and membership to allow non-
state government participants. In 2015, the Maryland General Assembly codified the Maryland Climate Change
Commission, ensuring its work would continue under future administrations.

One of the early successes of the Maryland Climate Change Commission was the publication of the Climate
Action Plan in August 2008. This report summarizes the impact of climate change on the State, establishes a
greenhouse gas and carbon footprint reduction strategy, and discusses ways to decrease Maryland'’s
vulnerability to climate change. Although much of the report’s focus is on sea level rise and the potential impact
to Maryland'’s coastal communities, the report also examines the issues surrounding Maryland’s agricultural and
forested communities. This, in particular, applies directly to Frederick County.

In 2009, Maryland passed the Greenhouse Gas Emissions Reduction Act. The law requires the State to develop
and implement a Plan (the Greenhouse Gas Emissions Reduction Act Plan or the Plan) to reduce greenhouse
gas (GHG) emissions 25% from a 2006 baseline by 2020. The Greenhouse Gas Emissions Reduction Act Plan,
completed in 2012, put the State on track to achieve this reduction, while also creating jobs and improving the
State’s economy. In 2016, Governor Hogan signed an updated version of the law, which includes the same
balanced requirements and safeguards as the original, such as additional reporting and a mid-course
reaffirmation of goals by the Maryland General Assembly, as well as incorporating protection for jobs and the
economy. The most significant enhancement was a new benchmark requiring a 40 percent reduction of
emissions from 2006 levels by 2030. This additional benchmark was included in order to ensure continued
progress after 2020 toward the State's long-term GHG emission reduction goals.®* To achieve the 2030 goal, a
statewide greenhouse gas reduction plan (2030 Greenhouse Gas Emissions Reduction Act Plan) was required.

In 2020, The Maryland Commission on Climate Change recommended in its Annual Report that Maryland
increase the Greenhouse Gas Emissions Reduction Act of 2016 reduction goal from 40% to 50% compared to
2006 levels due to updated findings from the International Panel on Climate Change. In 2021, MDE released the
2030 Greenhouse Gas Emissions Reduction Act Plan. The 50% reduction goal was incorporated into the 2030
Greenhouse Gas Emissions Reduction Act Plan as a “stretch goal,” but Maryland Department of the
Environment’s emissions analysis shows that Maryland will come very close to achieving a 50% reduction by
2030 without accounting for some anticipated new federal government policies to reduce emissions.®®

The Metropolitan Washington Region has also made efforts to address climate change. In November 2020, the
Metropolitan Washington Council of Governments released the Metropolitan Washington 2030 Climate and
Energy Action Plan. The Plan builds on previous regional action plans and establishes priority collaborative
actions for the MWCOG's Climate, Energy and Environment Policy Committee members to work on together
over the next ten years to help move the region towards meeting its’ 2030 goals. Since all the actions in the Plan
are voluntary, the success of the Plan will depend on active regional collaboration and implementation.3¢ The
Plan covers greenhouse gasses, climate mitigation, climate risk and vulnerabilities, and climate resilience.
Notably, it sets a greenhouse gas emissions reduction goal of 50% below 2005 levels by 2030 and 80% below by
2050. The success of the Plan relies entirely on extensive coordination between the jurisdictions, including

33 Maryland Commission on Climate Change. 2021 Annual Report and Building Energy Transition Plan. 2021. Retrieved from
https://mde.maryland.gov/programs/Air/ClimateChange/Maryland Climate Change
Commission/Documents/2021%20Annual%20Report%20FINAL%20(2).pdf.

34 Maryland Department of the Environment. 2011 Greenhouse Gas Emissions Reduction Act of 2009 (GGRA) Draft Plan. Retrieved from
http://www.mde.state.md.us/programs/air/climatechange/pages/air/climatechange/index.aspx

35 Maryland Department of the Environment. The Greenhouse Gas Emissions Reduction Act 2030 GGRA Plan. Retrieved from

https://mde.maryland.gov/programs/air/ClimateChange/Documents/2030%20GGRA%20Plan/THE%202030%20GGRA%20PLAN.pdf

36 Metropolitan Washington Council of Government'’s Climate, Energy and Environment Policy Committee. Metropolitan Washington 2030

Climate and Energy Action Plan (2020). Retrieved from https://www.mwcog.org/documents/2020/11/18/metropolitan-washington-2030-

climate-and-energy-action-plan/.
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evaluating project-level feasibility and cost-effectiveness of measures on a regional level. In recognition of the
Plan and coordination efforts, the Global Covenant of Mayors recognized the MWCOG as fully compliant with
the global standards of best practices for climate planning in 2021.

Frederick County’s Efforts on Climate Change

As stated in Preparing for Climate Change: A Guidebook for Local, Regional, and State Governments, an
increasing amount of physical evidence points to the fact that climate change is already in motion as a result of
the greenhouse gases accumulated in the atmosphere to date, particularly since the 1950s. It is projected that
the climate through the middle of the 215 century will be driven by present-day greenhouse gas concentrations.
Given these projections, reducing greenhouse gas emissions will limit the severity of long-term future impacts,
but will do little to alter the near-term changes already set in motion. 3’

Recognizing its increasing vulnerability to climate change, the 2009 Frederick County Hazard Mitigation Plan
Update was among the first at the time to include climate change, and this work was carried forward for
inclusion in the 2016 plan update. This 2021 plan update attempts to further integrate climate considerations
into the assessment of hazards and future occurrences. Several sectors of Frederick County may be directly
impacted by the effects of climate change, including hydrology and water resources, agriculture, biodiversity,
forests, recreation, energy, transportation, and human health and welfare.

When assessing the County’s risk and vulnerability to the natural hazards analyzed in this plan, the County
considered the potential impacts from exacerbated weather events on the sectors above. The National Capital
Region’s Climate Change Report looked specifically at jurisdictions in Maryland and rated the risks associated
with severe weather events potentially worsened by climate change in 2008, but it has not updated the ratings
since. 3 At the time, Frederick County was ranked high or medium-high for risks associated with severe weather
events (except tidal/coastal flooding). Each of the events were analyzed and prioritized as hazards chosen by
the Frederick County Hazard Mitigation Planning Committee for inclusion in the HMCAP.

In 2010, the Frederick County Board of Commissioners released the 2007 Greenhouse Gas Emissions Inventory
Report, which addressed emissions attributed to county government operations, as well as the community at
large. To expedite the County’s emissions reductions in recognition of the growing risks of climate change,
Frederick County Council approved a Climate Emergency Resolution in summer 2020.3° The resolution
committed the council to consider policy and legislative actions through the lens of climate change and
reducing county-wide greenhouse gas emissions by 50% from 2010 levels by 2030 and 100% no later than 2050.
It also established the Climate Emergency Mobilization Workgroup—in coordination with the City of Frederick—
to make recommendations on how to achieve the emissions goals. In August 2021, the Workgroup submitted a
draft Climate Response and Resilient Report to the Council, recommending a number of climate resilience
strategies that would also reduce the risk of climate-related hazards.*° Some of those strategies were
considered throughout the 2022 plan update.

In 2021, the County Executive launched climate initiatives that were approved by the County council in January
2022. A comprehensive program to address climate change and make Frederick County more resilient and
sustainable divides these initiatives into four categories: climate and energy actions plans, clean fleet and
electric vehicle infrastructure, building energy and resiliency programs, and clean energy procurement. Funding

87 Center for Science in the Earth System (The Climate Impacts Group). Preparing for Climate Change. A Guidebook for Local, Regional, and
State Governments. 2007.

38 Metropolitan Washington Council of Governments Climate Change Steering Committee. National Capital Region’s Climate Change Report.
Pg 27.2008.

3% The County Council of Frederick County, Maryland. Resolution No. 20-22: Climate Emergency. 2020. Retrieved from
https://frederickcountymd.gov/ArchiveCenter/ViewFile/ltem/11819

40 Frederick County Climate Emergency Mobilization Workgroup. Climate Response and Resilience: Volume 1. 2021. Retrieved from
https://frederickcountymd.gov/DocumentCenter/View/333505/824-CEMWGVOL1DRAFT
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was approved to implement the initiatives, which will help the County government to meet its goal to reduce
greenhouse gas emissions by 50% by 2030. Implementation will be led by the County’s Office of Sustainability
and Environmental Resources who were involved in the 2022 HMCAP update.

Frederick County is also a member of the Metropolitan Washington Council of Governments and approved the
Metropolitan Washington 2030 Climate and Energy Action Plan in 2020, as described in the previous section.
The County has worked with the Council’s Built Environment and Energy Advisory Committee and Climate,
Energy and Environment Policy Committee on a budget and work plan in support of the implementation of the
Energy Action Plan to meet greenhouse gas reduction goals.

Notable Climate Impacts

Water Resources

Water quantity, quality, and infrastructure will be affected by climate change. Precipitation is expected to
become more variable, which may impact water quality and stress water supply infrastructure. Although
average precipitation is anticipated to increase slightly, this is most likely to occur in winter and not during
summer months of maximum demand. As the climate changes, one of the more immediate impacts will be the
change in Frederick County’s water resources. Not only might it affect the overall water supply, it might also
affect water quality and increase flood risks. According to the U.S. Environmental Protection Agency, evaluating
the impacts of climate change on water resources is challenging because water availability, quality, and stream
flow are sensitive to changes in temperature and precipitation. Additionally, seasonal fluctuations are a major
factor in availability and stream flow in Frederick County. Other important factors include increased demand for
water caused by population growth, changes in the economy, development of new technologies, changes in
watershed characteristics, and water management decisions. 4! Mitigation measures that could reduce the
potential impact to water resources include:

e Revising water storage and release programs for reservoirs

e Adopting crops and cropping practices that are robust over a wider spectrum of water availability

e Adjusting water prices to encourage conservation and the expansion of water supply infrastructure
e Supporting water transfer opportunities 4?

Additionally, in the Comprehensive Strategy for Reducing Maryland’s Vulnerability to Climate Change report, the
Maryland Climate Change Commission recommends:

e Ensuring long-term safe and adequate water supply for humans and ecosystems through practices
such as demand management and water conservation

e Reducing the impacts of flooding and stormwater through practices such as removal of vulnerable or
high-hazard water supply and treatment infrastructure 43

Flooding

As global temperatures increase, the atmosphere will contain more moisture, which will likely enhance the
intensity of heavy downpours. More intense rainfall may increase peak flooding in urban environments, including

41 U.S. Environmental Protection Agency. Addressing Climate Change in the Water Sector. n.d. Retrieved from https://www.epa.gov/climate-
change-water-sector.

42 Richard M. Adams and Dannele E. Peck. Effects of Climate Change on Water Resources. 2008.

43 Maryland Department of Natural Resources. Comprehensive Strategy for Reducing Maryland’s Vulnerability to Climate Change.
http://www.dnr.maryland.gov/climatechange/pdfs/climatechange_phase2_adaptation_strategy.pdf
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areas of Frederick County.** An increase in rainfall may negatively affect infrastructure such as stormwater
runoff, crop irrigation systems, the transportation network, and local housing developments.

Mitigation measures to reduce potential flooding impacts include:

e Conduct a detailed risk assessment of flood hazards modeling the potential effects of climate change

e Analyze stormwater management plans and predict changes in flood impacted areas

e Develop “future conditions” floodplain maps for climate change scenarios and use those maps for
zoning and planning

Agriculture

Frederick County has a significant agricultural community. Warmer temperatures and more variable
precipitation will likely lead to changes in crop and animal production and pest management. The impacts of
climate change on the agricultural community of Frederick County could be economically devastating. Crop
production may increase initially but decline later in the century if emissions are not reduced and more intense
droughts occur. The longer growing season and higher carbon dioxide levels in the atmosphere are likely to
increase crop production modestly during the first half of the century. Later, crop production is likely to decrease
due to heat stress and summer drought.*® As temperatures rise, some crops may experience a decrease in the
length of the growing season resulting in less revenue for the County and its citizens. Increased temperatures
also may increase crop water demand putting extra strain on the County’s water resources. Prolonged periods
of drought may negatively impact the growing season of some Frederick County crops, as well.

Measures to consider that could mitigate against the possible effects of climate change on the Frederick
County agricultural community include:

e Conduct a detailed drought risk assessment accounting for the potential effects of climate change
e Educate the agricultural community about the benefits of growing crops that are more drought-resistant
e Adopt crops and cropping practices that are robust over a wider spectrum of water availability

Additionally, in the Comprehensive Strategy for Reducing Maryland’s Vulnerability to Climate Change report the
Maryland Climate Change Commission recommends:

e Increasing crop diversity, protecting against pests and disease, and intensifying water management
e Strengthening applied research, risk communication, and technical support
e Enhancing existing Best Management Practices and land conservation targets 4

Transportation Infrastructure

An area of public service that may be overlooked when mitigating against the impacts of climate change is
transportation infrastructure. As temperatures rise and the severity and frequency of storm events increase,
storm runoff may overwhelm various culverts and bridges throughout Frederick County, which could make
roads and bridge impassable.

Strategies to mitigate against future damages to transportation infrastructure include:

e Consider climate change impacts on natural hazards in establishing design levels for new and
replacement infrastructure

44 Maryland Commission on Climate Change. Comprehensive Assessment of Climate Change Impacts in Maryland. July 2008.

“ Ibid.

46 Maryland Department of Natural Resources. Comprehensive Strategy for Reducing Maryland’s Vulnerability to Climate Change. Retrieved
from http://www.dnr.maryland.gov/climatechange/pdfs/climatechange_phase2_adaptation_strategy.pdf
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e Perform routine maintenance and replacement of infrastructure components damaged by extreme
temperatures and storms

e Provide opportunities to shift passenger trips from cars to public transportation, biking, and walking,
and freight trips from trucks to rail (and possibly ships) to help to reduce on-road travel

e Develop infrastructure for cleaner and more climate-friendly fuels and engine technologies#’

Human Health and Welfare

Climate change will likely cause increases in heat stress, reduced air and water quality, and shifts in vector-
borne disease risk. The impacts of climate change on human health will vary and depend on, among other
factors, an individual’s sensitivity and exposure to a given threat and capacity to adapt. A warmer climate could
result in increased cases of vector-borne diseases, such as West Nile virus, and stronger, more frequent heat
waves. Locally, there is also a correlation between heat waves and the occurrence of high ozone days.
Generally, the hotter the temperature, the more favorable the conditions are for ozone-producing chemical
reactions in the air, which can lead to an increase in asthma cases and exacerbation of chronic respiratory
diseases. Mitigation measures to consider should include:

e Encouraging private transportation users to reduce emissions of greenhouse gases
e Providing public education programs to warn of the dangers of extreme heat and high ozone conditions
e Monitoring the health status of the community

Additionally, in the Comprehensive Strategy for Reducing Maryland’s Vulnerability to Climate Change report the
Maryland Climate Change Commission recommends:

e Conducting vulnerability assessments to gain a better understanding of risks and inform preventative
responses

¢ Integrating impact reduction strategies into State and local planning practices

e Streamlining and revising data collection and information dissemination channels*®

Table 4.3 cross-references the sectors discussed above to the natural hazards that may be exacerbated by
climate change. The table shows how exacerbated hazards may manifest themselves as vulnerabilities for
Frederick County.

Table 4.3. Climate Change Risks and Vulnerabilities

Natural Hazard Relative Risk Sector

Water Transportation Human Health

Resources Agriculture Infrastructure and Welfare
Drought/Extreme  High Strains on Shorter Increased Increased food
Heat water supply growing roadside costs

Adverse water ~ S€ason erosion Food shortages

quality affects Reduced crop Failure of st Gl

yield roadway Respi
asphalt espiratory

problems

47 Professor Sudhakar Yedla. Climate Change Mitigation Initiatives in Urban Transportation — Strategies to Promote Non-Motorized Modes
in Indian Cities. 2008.

48 Maryland Department of Natural Resources. Comprehensive Strategy for Reducing Maryland’s Vulnerability to Climate Change. Retrieved
from http://www.dnr.maryland.gov/climatechange/pdfs/climatechange_phase2_adaptation_strategy.pdf
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Reduced air
quality
Flash/River High Adverse water ~ Damage to Increased Flooding
Flooding/ quality affects ~ Ccrops roadside deaths
Thunderstorm Damage to erosion Injury from
irrigation Failure of debris
systems roadway Population
asphalt displacement
Winter Weather Medium-High Groundwater Damage to Failure of Injury from
(Snow & Ice) availability crops roadway debris
asphalt

Population
displacement

Methodologies Used

Federal Disaster Declarations

Two important sources for identifying hazards that can affect a locality are the record of federal disaster
declarations and historic storm data. According to FEMA, since 1962, there have been 25 major disaster
declarations for Maryland, of which 13 have been declared for Frederick County. Nine of the declarations were
for flooding/severe storm and four were for winter weather. In addition, there have been five emergency
declarations in Maryland; Frederick County was included in all five declarations. Table 4.4 presents the declared
disasters and available FEMA recovery programs since 1962.

Table 4.4. Presidentially Declared Disasters for Frederick County

Programs Declared”

Disaster

Number Incident Type Incident Date IH 1A PA HM
DR-309 Flooding, Severe Storm 8/17/1971 v 4 v
DR-341 Flooding, Heavy Rains (Tropical Storm Agnes) 6/23/1972 v v v
DR-489 Flooding, Heavy Rains 10/4/1975 v 4 v
DR-522 Severe Storms, Flooding 10/14/1976 v v v
DR-601 Severe Storms, Tornadoes & Flooding 9/14/1979 4 v 4
EM-3100  Severe Snowfall & Winter Storm 3/13/1993 v v
DR-1016  Severe Winter Weather & Ice Storm 2/8/1994 v v
DR-1081 Severe Snowstorm (Blizzard of '96) 1/6/1996 v v
DR-1094 Severe Storms, Flooding 1/19/1996 v 4 v
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Programs Declared”

Disaster

Number Incident Type Incident Date IH 1A PA HM
DR-1139 Ere::)re Storms, Flooding (Tropical Storm 9/6/1996 v v
DR-1324 Severe Winter Storm 1/25/2000 v v
EM-3179  Severe Snowstorm 2/14/2003 v v
DR-1492 ::Slzgzlli)ng, Severe Storms, Wind (Hurricane 9/18/2003 v v v v
EM-3251  Sheltering, Evacuation (Hurricane Katrina) 8/29/2005 v
DR-1910  Severe winter storms and snowstorms 2/5/2010 v v
EM-3335  Hurricane (Irene) 8/26/2011 v
EM-3349  Hurricane (Sandy) 10/26/2012 v
DR-4091 Hurricane (Sandy) 10/26/2012 v v v
DR-4261 Severe winter storms and snowstorms 1/22/2016 v v
DR-4374 Severe Storms, Flooding 5/15/2018 4
EM-3430 COVID-19 1/20/2020 v
DR-4491 COVID-19 Pandemic 1/20/2020 v

*|H = Individual Housing IA = Individual Assistance PA = Public Assistance HM = Hazard Mitigation

Source: FEMA Declared Disasters (as of August 2021).

Additional notable events that have occurred in or near Frederick County, MD, provided by the Frederick County
Division of Emergency Management, include:

e In April 2002, a prolonged drought strained water resources along the east coast, the effects of which
were felt especially in Frederick, MD. #°

e Atornado outbreak occurred on Friday, September 17, 2004 as Tropical Depression Ivan advanced
northward up the spine of the Appalachians. Three tornados touched down in Frederick County.

e Between June 27 to 29, 2006, heavy rains caused significant flooding across much of the Mid-Atlantic
region. In Frederick County, three people were killed when they attempted to cross the flood waters
from Middle Creek and two teenagers drowned while swimming in a swollen creek that feeds into the
Monocacy River.

e On December 19, 20009, the first of three major snowstorms of the season crippled much of the Mid-
Atlantic region, dumping nearly two feet of snowfall across much of Frederick County. A second major
snowstorm, which occurred February 5-6, 2010, is commonly referred to as “Snowmageddon.” On

4 http:/Iwww.nytimes.com/2002/04/21/nyregion/extended-drought-strains-resources-along-east-coast.html
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February 10, 2010, the third major snowstorm of the season dumped about two feet of snowfall across
much of Frederick County.

e OnJune 29,2012, a destructive complex of thunderstorms (derecho) moved through the Washington,
DC metro area with winds of 60-80 mph, resulting in extensive damage and leaving more than 1 million
area residents without power.

e On September 29, 2015, a heavy rainstorm dropped over 5 inches of rain in Frederick County and
resulted in flash flooding in downtown City of Frederick and parts of the County. In total, 42 residents
and 13 businesses reported damage from flooding. Radar estimated rainfall of 3 to 4 inches total in the
city of Frederick, with 2 to 2.5 inches falling in one hour. Based on that 1-hour rainfall estimate, the event
would be between a 10- and 25-year rainfall event for the area (4% to 10% chance of occurrence in any
given year). The County has requested, via the State, a federal disaster declaration for the event.

National Centers for Environmental Information Storm Events Data

National Centers for Environmental Information (NCEI) storm events data is published by the National Oceanic
and Atmospheric Administration (NOAA), U.S. Department of Commerce. The storm events database contains
information on storms and weather phenomena that have caused loss of life, injuries, significant property
damage, and/or disruption to commerce from 1950 to March 2021. Records for the majority of weather events
were reported starting in 1996, with the exception of tornado, thunderstorm, and hail. There has been a total of
1,248 events for the hazards profiled in this report. Total property damages from these events exceed $96
million (adjusted for inflation). Table 4.5 summarizes the County totals by hazard. The hazard-specific sections
in this report profile the historic events and include, when applicable, narratives from this dataset.

Table 4.5. NCEI Storm Events for Frederick County 50

. Property
Hazard Type ::::;Of Z\?:zlts Damage ?zrg; 1D$a;mage Injuries Deaths
(20219)
Primary Climate Change Interaction: Changes in Precipitation
Flood 1996 -2021 237 $83,237,213  $67,228 1 6
Dam and Levee Data not collected by NCEI. Analysis source to be used: United States Army Corps of
Failure Engineers National Inventory of Dams and Levees and Stanford University’s National

Performance of Dams Database.

Karst and Land Data not collected by NCEI. Analysis source to be used: USGS Engineering Aspects of

Subsidence Karst data and County historical data.
Drought 1996-2021 12 S0 $40,277,677* 0 0
. Data not collected by NCEI. Analysis source to be used: United States Geological Survey
Landslide ) o
Landslide susceptibility data.
Wildfire Data not collected by NCEI. Analysis source to be used: Autonomous Modular System

(AMS) fire database.

Primary Climate Change Interaction: Rising Temperatures

5 NOAA NCEI Storm Events Database (as of March 2021).
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Extreme Heat 1996 -2021 44 S0 SO 6 2

Primary Climate Change Interaction: Extreme Weather

Winter Storm 1996 -2021 265 $406,988 $208,282 0 1
Thunderstorm**  1955-2021 496 $2,578,924  $115,983 7 2
Extreme Wind**  1996-2021 57 $2,174,353  $145,543 2 1
Hailstorms** 1955-2021 79 $6,124 $21,438 0 0
Lightning** 1996 -2021 22 $1,788,766  $0 5 1
Tornado 1950-2021 36 $6,067,480  $84,034 1 0
Tropical Cyclone 1996 -2021  2%** $5,863 $0 0 0

Non-Climate-Influenced Hazards

Data not collected by NCEI. Analysis source to be used: United States Geological Survey

Earthquake Earthquake Hazards Program data.

Total 1,248 $96,265,711 $40,920,185 22 12

* Zonal damages for three regional droughts spanning 1997 - 1999.

** Thunderstorms, extreme wind, hailstorms, and lightning are presented collectively under the Thunderstorm hazard profile. Previous
plans, including the 2016 plan update, presented these hazards separately.

***There are tropical storm/hurricane events were categorized as floods or not recorded in the NCEI database, due to the kind of damage
and if damages were recorded.

It should be noted that these estimates are believed to be an underrepresentation of the actual losses
experienced because losses from events that go unreported or that are difficult to quantify are not likely to
appear in the NCEI database; this is especially true with crop damages. As shown in Table 4.5 above, several of
the hazards are not collected in the NCEI storm events database. Each of the individual hazard sections uses
the best available national and local data. In most cases, Frederick County departments have provided
supplemental data for past events and damages.

Loss Estimation

Loss estimation involves estimating losses from hazard events and requires a full range of information and
accurate data. The loss estimation process helps answer the question “How will the community’s assets be
affected by the hazard event?” The most convenient way to express the expected losses is in terms of dollars.
Rough estimates are provided where available.

There are a number of site-specific and structure-specific characteristics that determine a building’s ability to
withstand hazards. Site-specific characteristics that have a direct impact on losses incurred can depend on the
exposure to hazards, first-floor elevation, number of stories, construction type, foundation type, age and
condition of structure, use of structure, and structure contents.

It should be noted that areas and total structures vulnerable to various hazards have been calculated based on
best available county data and 2010 U.S. Census data since that is what Hazus-MH 4.2 uses.
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Building Stock

Using 2010 U.S. Census data derived from Hazus-MH, there are an estimated 85,141 buildings in the County.
The total building replacement value is $33.4 billion, with $20.4 billion in contents exposure. Approximately
91.2% of the buildings are residential housing (Table 4.6), with the dollar exposure estimated at more than $27.6
billion (Table 4.7). Commercial buildings in the County have a total dollar exposure of approximately $3.2 billion,
as displayed in Table 4.7.

Approximately 56% of the County’s building stock was built after 1980; 31.1% was built between 1940 and 1979,
and the remaining 12.9% was built before 1940. The majority of the buildings in Frederick County are wood
frame construction, but 25% are reinforced/unreinforced masonry.

Table 4.6. Building Count by Occupancy

Occupancy Count % of Total
Residential 77,638 91.2%
Commercial 4,574 5.4%
Industrial 1,544 1.8%
Agricultural 452 0.5%
Religious 559 0.7%
Government 203 0.2%
Education 171 0.2%
Total 85,141 100%

Source: Hazus-MH 4.2

Table 4.7. Building Exposure by Occupancy

Occupancy Building Exposure ($1,000) % of Total  Contents Exposure ($1,000) % of Total

Residential $27,645,779 82.8% $13,824,480 67.7%
Commercial $3,295,187 9.9% $3,511,200 17.2%
Industrial $1,311,273 3.9% $1,818,997 8.9%
Agricultural $117,472 0.4% $117,472 0.6%
Religious $471,199 1.4% $471,199 2.3%
Government $232,139 0.7% $267,257 1.3%
Education $327,822 1.0% $404,783 2.0%
Total $33,400,871 100% $20,415,388 100%

Source: Hazus-MH 4.2
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In addition to the building stock, building footprints were provided by the Frederick County GIS Department.
According to this data, there are 182,121 structures in Frederick County with a total exposure value of $26.3
billion. Unincorporated areas have 128,674 structures with a total exposure value of $15.7 billion. The
jurisdiction with the next largest number of structures is the City of Frederick, which has 31,252 structures with
an exposure value of §7.5 billion. Table 4.8 summarizes the number of structures and exposure for each
participating municipality.

Table 4.8. Building Footprints and Exposure

Municipality Total # Building Footprints Total Market Value Exposure
Brunswick 4,414 $596,543,300
Burkittsville 207 $11,657,200
Emmitsburg 1,451 $175,612,800
City of Frederick 31,252 $7,547,665,100
Middletown 2,502 $510,711,800
Mount Airy 2,151 $334,903,300
Myersville 1,043 $148,296,600
New Market 914 $163,661,700
Rosemont 326 $18,603,000
Thurmont 4,514 $465,555,110
Unincorporated Areas 128,674 $15,669,314,810
Walkersville 3,790 $578,212,000
Woodsboro 883 $94,704,300
Total 182,121 $26,315,441,020

Source: Frederick County GIS Database, 2021

Critical Facilities

To assess Frederick County’s vulnerability, an inventory of its structures and critical facilities was performed.
Critical facilities are those that warrant special attention in preparing for a disaster and that are vital in
maintaining community function. Frederick County has prepared an inventory of critical facilities that includes
emergency response facilities such as: dry hydrants, law enforcement, fire, and emergency medical services
(EMS) stations; hospitals, nursing homes, and care facilities; schools; local government buildings; and important
transportation facilities, transit stations, water treatment plants, and wastewater treatment plants.

Table 4.9 indicates a total of 381 facilities in Frederick County and its municipalities that are deemed critical. Of
these, 125 facilities are located in the City of Frederick, and 161 facilities are dispersed in the unincorporated
areas of the County. In terms of facility type, there are 32 medical and health care related facilities in the County
and 67 schools. Appendix D provides detailed information for each facility in the hazard zones.
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Appendix E shows all of the mapped critical facilities in the County. This information was provided by the
Frederick County Division of Emergency Management and Interagency Information Technologies Division GIS
team.
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Table 4.9. Number of Critical Facilities Per Municipality by Type

Brunswick
Burkittsville
Emmitsburg
City of Frederick
Middletown
Mount Airy
Myersville
New Market
Rosemont
Thurmont
Walkersville
Woodsboro

Unincorporated
Areas

Total

Source: Frederick County GIS Database, 2021
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Lifeline Inventories

Table 4.10 shows the Transportation System Lifeline Inventory that was derived from the Hazus-MH 4.2
database. The replacement value for highways in the County was approximately $2 billion, and for airports, $322
million. The total transportation system lifeline replacement value was estimated at $2.4 billion.

Lifelines have been categorized as follows:

e A highway transportation system consists of roadways, bridges, and tunnels

e Arailway transportation system consists of tracks, bridges, tunnels, stations, fuel, dispatch, and
maintenance facilities

e Alight railway transportation system consists of tracks, bridges, tunnels, stations, fuel, dispatch, and
maintenance facilities; the major difference between light rail and rail systems is the power supply,
where light rail systems operate with direct current substations

e A bus transportation system consists of urban stations, fuel facilities, and dispatch and maintenance
facilities

e Port and harbor transportation systems consist of waterfront structures, cranes/cargo handling
equipment, warehouses, and fuel facilities

e Aferry transportation system consists of waterfront structures, passenger terminals, warehouses, fuel
facilities, and dispatch and maintenance facilities

e An airport transportation system consists of control towers, runways, terminal buildings, parking
structures, fuel facilities, and maintenance and hanger facilities

Table 4.10. Transportation System Lifeline Inventory

System Component Locations/Segments Replacement Value ($1,000)
Bridges 152 $197,782
Segments 126 $1,803,406
Highway
Tunnels 0 S0
Sub Total 278 $2,001,188
Bridges 0 )
Facilities 1 Unavailable
Railways Segments 78 $107,119
Tunnels 2 Unavailable
Sub Total 81 $107,119
Light Rail 0 $0
Bus 1 $2,158
Ferry 0 $0
Port 0 S0
Facilities 8 $43,164
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System Component Locations/Segments Replacement Value ($1,000)
Runways 9 $276,923

Airport
Sub Total 36 $ 322,245

Total 377 $2,430,552

Source: Hazus-MH 4.2

Table 4.11 shows the Utility System Lifeline Inventory derived from Hazus-MH 2010 U.S. Census data. The
replacement value for potable water facilities in the County is approximately $65.9 million, and that of
wastewater facilities is $1.5 billion; the replacement value for each system’s distribution lines is unknown. The
total utility system lifeline replacement value is estimated near $1.6 billion (excluding distribution lines).

Utility systems addressed in the Hazus-MH methodology include potable water, wastewater, natural gas, oil,
electrical power, and communication systems, which are defined as follows:

e A potable water system consists of pipelines, water treatment plants, control vaults and control
stations, wells, storage tanks, and pumping stations

e A wastewater system consists of pipelines, wastewater treatment plants, control vaults and control
stations, and lift stations

e A natural gas system consists of pipelines, control vaults and control stations, and compressor stations

e An oil system consists of pipelines, refineries, control vaults and control stations, and tank farms

e An electrical power system consists of generating plants, substations distribution circuits, and
transmission towers

e A communication system consists of communications facilities, communications lines, control vaults,
switching stations, radio/TV stations, weather stations, or other facilities.

Table 4.11. Utility System Lifeline Inventory

Replacement Value

Component Locations/Segments (mi) ($1,000)

Distribution Lines 7,927.5 Unknown
Potable Water Facilities 1.2 $65,934

Distribution Lines 4,756.5 Unknown
Wastewater

Facilities 14.3 $1,516,482
Natural Gas Distribution Lines  3,171.0 Unknown
Electrical Power  Facilities 0.6 $10,890
Communication Facilities 6.8 $1,089

37 facilities

Total 15855.1 mi total distribution lines $1,594,395

Source: Hazus-MH 4.2
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Vulnerability Assessment

The hazard identification for Frederick County indicates that some of the hazards warrant a vulnerability
analysis because of their frequency of occurrence or because they have caused major damage in Frederick
County and its municipalities. The vulnerability assessment uses the information generated in the hazard
identification to identify locations in which residents of Frederick County could suffer the greatest injury or
property damage in the event of a disaster. This assessment identifies the effects of hazard events by
estimating the relative exposure of people, buildings, and infrastructure to hazardous conditions.

Each of the profiled hazards have been prioritized based on several factors (Table 4.12) including the frequency
of occurrence (probability/history), amount of damage caused, potential for significant damage, and the
committee’s knowledge of the potential impacts of the hazard as part of the analysis. The extent of vulnerability
analysis was driven by availability of data and established methodology for vulnerability analysis.

2022 Hazard Priority Update

During the 2021 update kick-off meeting, committee members discussed and identified hazards of concern.
Each of the hazards profiled were considered using the hazard priority criteria. For this update, only one hazard,
Tornado, was determined to have a higher hazard ranking than in 2016 due to the evolving risk of the hazard.
The weighted hazard ranking criteria from 2016 was used again in 2021, which de-emphasized warning time
and emphasized probability and vulnerability.

Priority Ranking Criteria

As discussed in the planning process, the final hazard rankings were updated using Hazard Mitigation Planning
Committee feedback to appropriately apply the criteria summarized below. Each criterion identifies and
categorizes the comparative probability and potential vulnerability for the identified hazards in Frederick County.
The framing criteria/questions are shown in the numbered list below, and Table 4.12 provides the thresholds for
each of the risk levels.

The five main parameters include:

1. Probability/History: Has the hazard occurred in the area before, and if so, how often based on the
historical record? Weighting Factor: 0.35

2. Vulnerability: If the expected event does occur, how many people might be killed, injured, or
contaminated, and how much property might be damaged or destroyed (e.g., the percent of people or
property vulnerable to the hazard)? Weighting Factor: 0.25

3. Maximum Threat: What is the worst-case scenario of the hazard and how bad can it get? What will the
loss of life and property damage be if the worst-case scenario occurs (e.g., the percent of the
community impacted by the hazard)? Weighting Factor: 0.10

4. Warning Time: How much time is the community given to prepare for an event? Weighting Factor: 0.10

5. Ranking in Previous Plan: The ranking from the 2016 Frederick County Hazard Mitigation Plan was
factored in the 2021 ranking. Weighting Factor: 0.20

Table 4.12. Hazard Priority Criteria

Maximum Threat Warnin 2022
Probability/History Vulnerability (Geographic Area Time 9 Committee
Affected) Ranking
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Somewhat Likely .. Small
Limited Limited
. % '
Infrequent occurrence with at least 10 to 25% of 5to 25 'of Medium
one documented event and annual community 2 days
people or property

probability between 0.5 and 0.01 impacted

Each hazard was assessed based on the five criteria above and assigned an overall hazard priority based on a 5-
point priority scale. The overall priority rankings include: Low, Medium-Low, Medium, Medium-High, and High.
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CHAPTER 5. HAZARD RISK
ASSESSMENT

Risk Assessment Summary

Hazard Prioritization

As discussed at the beginning of this chapter, each hazard was re-evaluated for the 2022 plan update based on
the hazard priority criteria. The Plan further categorizes the hazards as high, medium-high, medium, medium-
low, and low. As shown in Table 5.1., winter storm and flood are the highest ranked hazards in the County,
followed by tornado, thunderstorm, and karst and land subsidence with a ranking of medium-high priority.

Previous plan hazard rankings changed based on the priority ranking criteria thresholds (Table 4.12. Hazard
Priority Criteria). The scores for each criterion were reviewed across hazards in an effort to standardize the
priority levels. Tornado, which was previously ranked as Medium, is now ranked as Medium-High.

Table 5.1. Hazard Priority Level Comparison

Primary Climate Change Interaction: Changes in Precipitation

Flood

Karst and Land

Subsidence
Wildfire Medium Medium

Dam and Levee
. Small
Failure

Primary Climate Change Interaction: Rising Temperatures

Primary Climate Change Interaction: Extreme Weather

Hazard Risk Assessment 7
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Tropical Somewhat

Cyclone Likely Medium Medium

Limited

Non-Climate-Influenced Hazards

Hazard Frequency

Based on the hazard history and profiles of the aforementioned hazards, the hazard frequency (also called the
expected annual number of events) was calculated based on the available data, as shown in Table 5.2. The
hazard frequency was calculated by dividing the number of events observed by the number of years. The higher
the number, the more likely an event (or multiple events) will happen in a given year.

Table 5.2. Historical Occurrence and Recorded Damage (as of July 2021)

Primary Climate Change Interaction: Changes in Precipitation

1996 - 2021

Flooding NCEI 237 9.48 883,237,213 $67,228 $83,304,441
Karst and Land 2004 - 2015
Subsidence DPW* 300 25 $210,086 S0 $210,086
Drought :\I%QE? -2021 12 0.48 S0 840,277,677 $40,277,677
2010-2015
e 94 15.67 S0 S0 S0
Wildfire
1998 - 201
8-2010 382 21.22 S0 $18,882 $18,882
DNR
United S0
Landslide States 0 0 $0 $0
Geological
Survey
Da.m and Levee United 0 30 30 30
Failure States Army
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Expected
Period of Total Annual Property Crop Total
Hazard Type Record Events Number Damage Damage Damage
2021 2021 2021
of Events CLPIEY, CLPIEY, CLPIEY,
Corps of
Engineers
Primary Climate Change Interaction: Rising Temperatures
1996 - 2021
Extreme Heat 44 1.76 S0 S0 S0
NCEI
Primary Climate Change Interaction: Extreme Weather
1996 - 2021
Winter Storm NCEI 265 10.6 $406,988 $208,282 $615,270
Thunderstorm :\I%SE? -2021 654 24.14 $6,548,167  $282,964 $6,831,131
1950 - 2021
Tornado NCEI 38 0.54 $6,067,480  $84,034 $6,151,514
1996 - 2021
Tropical Cyclone NCEI 2 0.08 $5,863 SO $5,863
Non-Climate-Influenced Hazards
United S0
Stat
Earthquake ates 0 0 $0 $0
Geological
Survey
Total 2,034 $90,408,317 $40,855,033 $131,263,350

*Frederick County Division of Public Works only tracks sinkholes in the County right-of-way as of 2021

Loss Estimates

As described in the hazard-specific estimated loss sections, the County has experienced at least 1,250 hazard
events since 1950, as recorded by NCEI, AMS, and Maryland Department of Natural Resources (DNR). Table 5.3.
summarizes the estimated annualized damages. Damages included here are limited to reported damages and
should be considered an underestimation. In addition to physical damages to buildings and infrastructure,
secondary damages, such as disruption of commerce, increased public safety and public works expenditures,
and unreported physical damages are not included.

Table 5.3. Annualized Events and Damages by Hazard Type

Hazards Type Annualized Events Annualized Reported Damages

Primary Climate Change Interaction: Changes in Precipitation

Flood 9.48 $1,475,461
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Hazards Type Annualized Events Annualized Reported Damages
Karst and Land Subsidence 25 $17,507

Drought 0.48 $1,611,107

Wildfire 21.2 $1,452

Landslide 0 S0

Dam and Levee Failure 0 S0

Primary Climate Change Interaction: Rising Temperatures
Extreme Heat 1.76 S0

Primary Climate Interaction: Extreme Weather

Winter Storm 10.6 $78,577
Thunderstorm 24.14 $252,939
Tornado 0.54 $86,641
Tropical Cyclone 0.08 $233

Non-Climate-Influenced Hazards

Earthquake 0 SO

Total $3,523,917

Critical Facilities

As described in each hazard-specific section, hazards with defined spatial extents were intersected with critical
facility locations. Table 5.4. provides a summary by facility type of locations in the hazard zones. Location
details, shown by jurisdiction, are provided in Appendix D. Facilities located in one or multiple hazard zones have
been evaluated and used as the starting point for new mitigation actions for the Plan update.

Fifteen critical facilities were located in three hazard zones. One facility, the Thurmont Regional Library, is
located in the intermix wildfire zone, in an area of high landslide vulnerability, and in the Hunting Creek dam
inundation area. The remaining facilities are located in the unincorporated area of the County. These include:

e  Wolfsville Volunteer Fire Company

e Sabillasville Post Office

e Myersville Highway Fleet Maintenance
e Sabillasville Elementary School

e  Wolfsville Elementary School

e Tower Road Radio Tower

e Six Wastewater Treatment Plants

e Two Water Treatment Plants
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Table 5.4. Critical Facilities Located in Hazard Zones

Facility Type Total Count Flood Zone :’r\:'ittjr!faal::i/l:::ea:lmix 'I:::)s:graphy :?:::dation
Dry Hydrant 42 13 7 5 1
Fire/EMS 55 3 16 16 0
St w1 e o
Interchange 29 2 1 10 1
Landfill 1 0 1 0 0
Law Enforcement 7 0 0 4 0
Library 8 0 2 3 1
Medical Center 32 0 4 18 0
Post Office 23 1 6 8 0
School 67 0 10 23 0
Shopping Center 67 5 4 44 2
Transit Station g 2 0 2 0
ra 74 4 1
Total 378 31 54 155 6

Risk Assessment Changes Since 2016

The 2022 plan consolidates and updates content from the 2016 loss estimation and vulnerability analysis, which
built upon previous analyses conducted in 2009 and 2004. The 2016 plan update integrated climate
considerations into the vulnerability analyses, but this 2022 process further emphasizes how climate change
will affect the frequency and intensity of some hazards due to their interactions with climate-related factors, like
precipitation and temperatures. The 2022 plan reorganizes hazards based on the primary climate factor that will
affect future probability and severity of occurrences.

The 2022 plan considers all hazards previously assessed in the 2016 plan, as well as those included in the 2021
State of Maryland Hazard Mitigation Plan Update Draft as of Fall 2021. The foundation for the 2016
assessments remain valid, but each hazard was re-analyzed when updated data was available. All hazard
sections received the following updates and changes:

e Updated hazard descriptions;

e Updated hazard histories;

e Broken out sections and expanded content for location, extent, and impacts;
¢ New tables and maps;

e Updated data for determining the probability of future occurrences;

e Updated climate interaction information; and

e Updated critical facilities assessment.
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Other than general updates in the list above, specific new additions or significant changes to each hazard
section are outlined in Table 5.5.

Table 5.5. Changes to Hazard Risk Assessments Since 2016

Hazard Type New in 2022

Primary Climate Interaction: Changes in Precipitation

Flood

Karst and Land

Subsidence

Drought

Wildfire

Landslide

Dam and Levee
Failure

Hazard Risk Assessment

Added a Community Rating System overview

Added an asset exposure analysis using FEMA floodplain extents and using
HAZUS-MH 4.2

Added a population exposure analysis

Added a social vulnerability analysis

Augmented the flood hazard with a localized analysis of pluvial flooding
Added a cultural and historic resources exposure analysis using FEMA Flood
Hazard Area extents

Added a development trends analysis using Livable Frederick Comprehensive
Plan, frequently flooded roadways, and FEMA Hazard Zones data (separate
section)

Expanded the building exposure and loss estimation to include average
exposure

Added a critical facilities exposure analysis

Added a cultural and historic resources exposure analysis using karst area
extent

Added a population exposure analysis karst area extent

Expanded the asset exposure analysis to show the number and types of farms
Added a reducing vulnerability section that discusses the Maryland Water
Conservation Advisory Committee’s recommendations based on drought stage

Added a cultural and historic resources exposure analysis
Added a development trends analysis using Livable Frederick Comprehensive
Plan and Wildland Urban Interface extent data (separate section)

Added narratives on asset and population exposure

Added levee information

Added information on risk types, dam hazard classification, and dam condition
assessments

Added an asset exposure analysis based on inundation mapping

Added a cultural and historic resources exposure analysis based on inundation
mapping

Added a population exposure analysis based on inundation mapping

Added a social vulnerability analysis based on inundation mapping

Added inundation mapping for all dams where data available

Added list of high hazard dams list

Updated section to meet FEMA HHPD requirements

Added a development trends analysis using Livable Frederick Comprehensive
Plan and dam inundation data (separate section)
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Hazard Type New in 2022

Primary Change Interaction: Rising Temperatures

e Added an assets exposure narrative

Extreme Heat . :
e Added a population exposure narrative

Primary Change Interaction: Extreme Weather

e Expanded Public Assistance data and discussion
Winter Storm e Added an assets exposure narrative
e Added a population exposure narrative

e Combined the previous thunderstorm, hailstorm, extreme wind, and lightning
hazards into “thunderstorm” with subsections for each hazard within it
e Added a narrative and extent information on winds, such as downburst and

Thunderstorm . . .
straight-line winds
e Added an assets exposure narrative
e Added a population exposure narrative
e Added an assets exposure narrative
Tornado

e Added a population exposure narrative

e Renamed “hurricane and tropical storm” to “tropical cyclone
Added HAZUS-MH annualized analysis

e Added an assets exposure narrative

e Added a population exposure narrative

Tropical Cyclone

Non-Climate-Influenced Hazards

e Added HAZUS-MH annualized analysis
Earthquake e Added an assets exposure narrative
e Added a population exposure narrative

Primary Climate Change Interaction: Changes in
Precipitation

The frequency, severity, and magnitude of the hazards in the following section - floods, dam and levee failures,
karst and land subsidence, drought, landslides, and wildfires — are all affected by the amount of precipitation
received in a region. As precipitation patterns change, so too does Frederick County’s vulnerability to certain
hazards. By the end of this century, Frederick County is projected to receive more than 46 inches of precipitation
every year, an increase of roughly 16% compared to historical averages.®' The region is also expected to
experience more frequent and intense severe rainfall events. Given these projections, Frederick County’s
vulnerability to the following hazards may intensify in the coming decades.

51 NOAA. National Weather Service: Climate Prediction Center. 2021. Retrieved from https://www.cpc.ncep.noaa.gov/
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Flood

Hazard Identification

Hazard Description

Flooding is the most frequent and costly natural hazard in the United States. A majority of presidential disaster
declarations result from weather events where flooding was a major component. Flooding, as defined by the
National Flood Insurance Program (NFIP) for insurance purposes, is "a general and temporary condition of
partial or complete inundation of two or more acres of normally dry land area or of two or more properties from:
overflow of inland or tidal waters, unusual and rapid accumulation or runoff of surface waters from any source,
or a mudflow.”

A flood occurs when an area that is normally dry becomes inundated with water. Flooding can occur at any time
of the year, with peak volume in the late winter and early spring. Snowmelt and ice jam breakaway contribute to
winter flooding, while seasonal rain patterns contribute to spring flooding. Torrential rains from hurricanes and
tropical systems are more likely in late summer. Development of flood-prone areas tends to increase the
frequency and degree of flooding.

According to FEMA, there are several different types of inland flooding:

¢ Riverine Flooding: Also known as overbank flooding, it occurs when channels receive more rain or
snowmelt from their watershed than normal, or the channel becomes blocked by an ice jam or debris.
Excess water spills out of the channel and into the channel's floodplain area.

e Flash Flooding: A rapid rise of water along a water channel or low-lying urban area, usually a result of an
unusually large amount of rain and/or high velocity of water flow (particularly in hilly areas) within a very
short period of time. Flash floods can occur with limited warning.

¢ Shallow Flooding: Occurs in flat areas where a lack of a water channel results in water being unable to
drain away easily. The three types of shallow flooding include:

o0 Sheet Flow: Water spreads over a large area at uniform depth.

o Ponding: Runoff collects in depressions with no drainage ability.

o Urban Flooding: Occurs when man-made drainage systems are overloaded by a larger. amount
of water than the system was designed to accommodate.

Frederick County largely suffers from riverine and flash flooding. Flash flooding (stormwater or pluvial flooding)
as the name suggests, occurs suddenly after an intense but brief downpour, generally less than 6 hours. They
move fast and terminate quickly. Although the duration of these events is usually brief, the damages can be
quite severe. Flash floods also result as a secondary effect from other types of disasters, including dam breaks
and denuded ground from large wildfires. Wildfires remove vegetative cover and alter soil characteristics,
increasing the quantity and velocity of storm water runoff, and dam breaks release large quantities of water into
receiving drainage ways in a very short timeframe. Flash floods can also deposit large quantities of sediments
on floodplains and can be destructive of vegetation cover not adapted to frequent flood conditions. Flooding is
the second-leading weather-related cause of death in the country, and flash flooding in particularly is a leading
cause of flood-related fatalities. Between 2010 and 2020, floods resulted in an average of 94 fatalities

annually. 52 As of November 2021, 145 flood-related fatalities occurred this year, including at least one in
Maryland. >3

52 National Weather Service. “80-Year List of Severe Weather Fatalities.” https://www.weather.gov/media/hazstat/80years_2020.pdf
53 National Weather Service. “NWS Preliminary US Flood Fatality Statistics: 2021.” https://www.weather.gov/arx/usflood
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Riverine (or fluvial) flooding occurs when a channel, such as a stream or river, receives more water than it can
hold, and the excess water overflows the channel banks, flooding the surrounding area. Heavy rain and large
amounts of snow melt can cause riverine flooding. Riverine flooding is a longer-term event than flash flooding,
maybe lasting days or weeks. Riverine floods are described in terms of their extent (including the horizontal area
affected and the vertical depth of floodwaters) and the related probability of occurrence. Flood studies use
historical records to determine the probability of occurrence for different extents of flooding. The probability of
occurrence is expressed as the percentage chance that a flood of a specific extent will occur in any given year.
On the other hand, flash floods are more difficult to predict accurately and happen whenever there are heavy
storms (Table 5.6.).

Overall, flood damage to residences can be devastating, both emotionally and financially. Flood damage to
businesses could result in loss of income, wages, and tax revenues. Other effects include outbreaks of disease,
widespread animal ilinesses, disrupted utilities, water pollution, fire, and washed out roads and culverts.

Table 5.6. Causes of Flooding vs. Flash Flooding

Causes of Flooding External Issues that Exacerbate Flash Flooding
Low lying, relatively undisturbed topography Hilly/mountainous areas
High water tables High velocity flows
Soil characteristics Short warning times
Constrictions in the floodway or floodplain (filling) Steep slopes
Obstructions in the floodway or floodplain (bridges) Narrow stream valleys
Excess paved surfaces Parking lots and other impervious surfaces
Poor drainage Improper drainage
Location

According to FEMA, most municipalities in the United States have at least one clearly recognizable area at risk
of flooding around a river, stream, or large body of water. In support of the NFIP, FEMA identifies and maps
areas of flood risk (floodplains). The floods are often described in terms of annual percentage chance of
occurrence. Floodplains have been delineated by FEMA to reflect the 1% and 0.2% annual flood events
previously known as 100-year and 500-year floods, respectively. The area that has a 1% -annual-chance to flood
each year is delineated as a Special Flood Hazard Area (SFHA) for the purposes of the NFIP. This flood is often
referred to as the “base flood” or “100-year flood.” The 0.2%-annual-chance floodplain indicates areas of
moderate flood hazard.

However, because the 1% floodplain (or any percent floodplain) reflects the percentage chance that area will be
inundated in any given year, it is possible to observe a 1% flood more than once every 100 years. For example,
FEMA notes that a structure located within a 1%-annual-chance flood zone has a 26% chance of suffering flood
damage during the term of a 30-year mortgage. Furthermore, the 1% floodplain is based on empirical evidence.
If more or fewer floods of a certain magnitude are observed, FEMA may restudy the floodplains and update
corresponding insurance maps. This means that there can be a lag between the official risk and the empirical
risk.
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Coordinated Needs Management Strategy (CNMS)

The Coordinated Needs Management Strategy (CNMS) is a nationwide program to identify and manage
flood hazard mapping needs. The goal is to identify areas where existing flood maps are not based on data
that can be validated against today’s standards. In the CNMS, studied stream miles are classified as Valid,

Unverified, or Unknown based on whether the underlying engineering methods meet validation criteria.
According to the FEMA RiskMAP Monocacy Watershed Discovery Report (2014), Frederick County has 1
Unverified mile and 145 Valid miles of detailed study in the Monocacy Watershed. There are 57 Unverified
miles and 167 Valid miles of approximate study in the Monocacy Watershed. Generally, this means that
Frederick County’s flood maps are based on data in line with today’s engineering standards.

Special Flood Hazard Areas (SFHASs) in the County are delineated on a Flood Insurance Rate Map (FIRM)
produced as part of a Flood Insurance Study. Major watercourses in Frederick County typically have SFHAs
mapped as Zone AE while smaller tributary streams are mapped as Zone A. Other small streams have shading
as Zone X, and other classifications are also possible. Table 5.7. Description of FEMA Flood Zones presents the
various flood hazard zones (including coastal zones which will be discussed in the subsequent section) mapped
on FIRM panels in Frederick County.

Table 5.7. Description of FEMA Flood Zones
Zone Description

A An area with a 1% chance of flooding in any given year for which no base flood elevations
(BFEs) have been determined.

AE An area with a 1% chance of flooding in any given year for which base flood elevations
have been determined. This area may include a mapped floodway.

AO An area with a 1% chance of flooding in any given year where average depths of flooding
are between one and three feet.

X (Shaded) An area with a 0.2% chance of flooding in any given year for which no base flood
elevations have been determined.

X (Unshaded) An area that is determined to be outside of the 1% and 0.2%-annual-chance floodplains.

Figure 5.1 shows the flood hazard areas in Frederick County. A map of frequently flooded roadways in Frederick
County and additional figures with the flood hazards for each jurisdiction can be found in Appendix E.
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¢

Figure 5.1. Flood Hazard Areas in Frederick County

Many communities also have localized flooding areas outside the Special Flood Hazard Area (SFHA). These
floods tend to be shallower and chronically reoccur in the same area due to a combination of factors, such as
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ponding, poor drainage, inadequate storm sewers, clogged culverts or catch basins, sheet flow, obstructed
drainageways, sewer backup, or overbank flooding from minor streams.

Extent

A number of factors contribute to the extent of a flood and the relative vulnerabilities of certain areas in the
floodplain. Development, or the presence of people and property in the hazardous areas, is a critical factor in
determining vulnerability to flooding. Additional factors that contribute to flood extent and vulnerability include:

¢ Flood depth: The greater the depth of flooding, the higher the potential for significant damages.

¢ Flood duration: The longer duration of time that floodwaters are in contact with building components,
such as structural members, interior finishes, and mechanical equipment, the greater the potential for
damage. Floodwaters may linger because of the low relief of the area, but the degree varies.

e Velocity: Flowing water exerts force on the structural members of a building, increasing the likelihood of
significant damage. A one-foot depth of water, flowing at a velocity of five feet per second or greater,
can knock an adult over and cause significant scour around structures and roadways.

e Elevation: The lowest possible point where floodwaters may enter a structure is the most significant
factor contributing to its vulnerability to damage due to flooding. Data on the specific elevations of
structures in Frederick County has not been compiled for use in this analysis.

e Construction type: Certain types of construction are more resistant to the effects of floodwaters than
others. Masonry buildings, constructed of brick or concrete blocks, are typically the most resistant to
flood damages simply because masonry materials can be in contact with limited depths of water
without sustaining significant damage. Wood frame structures are more susceptible to flood damage
because the construction materials used are easily damaged when inundated with water. The type of
construction throughout Frederick County varies.

The strength or magnitude of a flood hazard is dependent on the factors above. For example, during a riverine
flood, water slowly climbs over the edges of a stream or riverbed and spreads to the surrounding area.
Observing the slow rise of water along with an area-wide flood warning usually gives adequate time to evacuate;
however, because the rainfall associated with flash flooding is so intense and fast moving, it is not as easy to
predict when a flash flood will occur. Specific extent of flash flooding is difficult to determine in advance
because local terrain, soil conditions, and construction play a role in how much stormwater can percolate into
the soil, be accommodated by waterways, or cause flash flooding.

Previous Occurrences

There have been seven Presidential disaster declarations related to flooding in Frederick County (not including
those associated with tropical systems). These include May 2018, September 1996, January 1996, September
1979, October 1976, October 1975, and August 1971.

Frederick County typically experiences 9 to 10 flood events each year, however statistically only 1 event a year
caused damage. Of these damaging events, 76% were related to flash flooding. Events prior to 2016 are
summarized in Appendix A. The County has experienced three main events since 2016:

e OnJuly 8,2019, around 6.3 inches of rainfall fell in less than a few hours in Frederick County.>* The
heavy rainfall led to the overflowing of Carroll Creek, which resulted in the flooding of 20 different

54 Bohnel, S. “Heavy rain causes flooding throughout Frederick.” July 8, 2019. The Frederick News-Post.
https://www.fredericknewspost.com/news/disasters_and_accidents/heavy-rain-causes-flooding-throughout-frederick/article_68954d6éc-
€b99-5182-b255-d05558eff066.html
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roadways and stranding of 11 vehicles in standing water. > Roadways were closed for several hours due
to floodwaters, but in general, no significant damage occurred.

e On August 4, 2018, Sams Creek rapidly exceeded its banks, causing flash flooding near the intersection
of Oak Orchard Road and Sams Creek Road. The force of the water caused damage to the roadway,
scouring out a portion of the road. Gas House Pike, Stauffer Road, Water Street Road, and MD-75 South
Main Street were closed due to flooding, not only in Sams Creek, but in Linganore Creek, Walkersville,
and near Harp Road. The stream gauge at Frederick along the Monocacy River crested at 15.74 feet,
above the flood stage of 15 feet. Both banks of the river were flooded. Water flooded low-lying fields at
Monocacy National Battlefield. Water reached the access road of the City of Frederick Wastewater
Treatment Plant. No injuries or deaths were reported.

e On May 15,2018, heavy rain led to multiple flash flood events. A cold front slowly sagged southward
through Pennsylvania during the afternoon hours of May 15. A line of storms spread ahead of this front,
causing a widespread 1-3 inches of rain across North Central and Northeast Maryland. The western end
of this line stalled, producing 3-6 inches of rain in a relatively short period of time in Frederick County,
prompting numerous water rescues and causing somewhat significant damage. The front stalled, and
the next evening (May 16th), a second round of extreme rainfall struck much of the same area, with 3-6
inches of rain observed again in Frederick County. Renewed flooding ensued which continued into the
morning hours of May 17. A passenger train was surrounded by floodwaters as it moved westward
between Point of Rocks and Brunswick. Water never entered the train, but eyewitnesses reported water
up to the bottom step and partial undermining of the tracks. Renewed flooding ensued which continued
into the morning hours of May 17. The stream gage on the Potomac River at Point of Rocks exceeded
the 16-foot flood stage during the indicated times. The peak level of 17.39 feet occurred at 11:00am
EST on May 20. The Brunswick campground, parts of the C and O Canal, the lower parking lot of the
Point of Rocks boat ramp, and the parking lot of the Brunswick and Nolands Ferry boat ramps all
flooded. No injuries or deaths were reported.

e On February 24, 2016, strong low pressure moved from the deep south to the Great Lakes. Strong warm
air advection coupled with moisture led to showers and thunderstorms across the area. Activity
strengthened in the afternoon and multiple rounds of heavy rain moved across the area. Many rivers
reached flood stage across the Mid-Atlantic. An SUV was stranded in high water on Gas House Pike
from Linganore Creek. The vehicle was slowly being drifted downstream. A water rescue was
conducted, and the occupant was rescued. Maryland route 550 was flooded and closed in both
directions at Council Drive. No injuries or deaths were reported.

According to the NCEI, 230 flood events were reported in Frederick County from 1996 to March 2021. Of these,
75 events were classified as flash floods. These events have resulted in at least $36.8 million of property
damages and $67,228 in crop damages. NCEI only accounts for reported events and damages, so there is very
likely to be events and damages that are not captured. A record of NCEI events by jurisdiction is in Table 5.8.. All
values have been converted into 2021 dollars.

Table 5.8. NCEI Record of Frederick County Flooding Events

Property Damage Crop Damage Total Damage

Jurisdiction Events (20218) (20218) (20218)
City of Brunswick 7 $203,557 $0 $203,557
City of Frederick 18 $133,576 $0 $133,576

% Dacey, K., Melser, L., and Pann, T. “Heavy rainfall floods roads, parks across Maryland.” July 8,2019. WBAL 11.
https://www.wbaltv.com/article/heavy-rainfall-floods-roads-frederick/28320217#
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Jurisdiction Events gg;::)y Damage ::zrg;[;mage '(I'zo (::L I;;\mage
Town of Burkittsville 0 $0 $0 $0
Town of Emmitsburg 21 $0 $0 $0
Town of Middletown 3 $0 $0 $0
Town of Mount Airy 0 $0 $0 $0
Town of Myersville 1 $0 $0 $0
Town of New Market 0 $0 $0 $0
Town of Thurmont 9 $0 $0 $0
Town of Walkersville 8 $0 $0 $0
Town of Woodsboro 3 $0 $0 $0
Village of Rosemont 1 $5,251 $0 $5,251
Unincorporated Areas 159 $36,476,908 $67,228 $36,544,136
Frederick County (Total) 230 $36,819,292 $67,228 $36,886,520

Probability and Severity of Future Occurrences

All jurisdictions in the region are vulnerable to some degree of flooding. There is always a risk for flash floods,
along with other riverine and stream flooding. While climate change impacts are expected to impact
precipitation patterns, the probability of future floods can be discussed in relation to the benchmark flood, or the
“1%-annual-chance” flood.

In addition to this statistical probability, there is also an increased chance of flooding in communities that are
not maintaining natural floodplains and infrastructure. Urban flooding can often be minimized or avoided with
consistent drainage system maintenance. In addition, by working to maintain clean floodways, natural
floodplains will be allowed to flood normally, minimizing adjacent property damage. Table 5.9. shows the flood
probability for the region.

Table 5.9. Flood Probabilities for the Region

Recurrence interval (years)  Probability of occurrence in any Chance of occurrence in any given
given year year

500 1in 500 0.2%

100 1in 100 1%

50 1in 50 2%

25 1in 25 4%

10 1in 10 10%

5 1in5 20%
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Recurrence interval (years)  Probability of occurrence in any Chance of occurrence in any given
given year year
2 1in2 50%

It is important to note that although a recurrence interval is given for a storm of a certain magnitude, that does
not mean this size storm only occurs once in a certain number of years. For example, a 1%-annual-chance flood,
or 100-year flood, has a 1% chance of occurring each year. There is always a chance that a storm of the same
magnitude can occur in the same year.

Looking at the flooding events listed in the NCEI database, there were 25 events that have any recorded damage
within a 25-year period, between 1996-2021. That would indicate one damaging flood event every year. Table
5.10. lists all flooding events for Frederick County and the number of annualized events per jurisdiction. There
was a total of 230 events in the same 25-year period, meaning that according to the NCEI, only 10.9% of flooding
events produced damages that were reported.

Table 5.10. Annualized NCEI Flood Events for Frederick County

. . Total Damages Annualized

Jurisdiction Events Annualized Events (20218) Damages
(20219)

City of Brunswick 7 0.28 $203,557 $8,142
City of Frederick 18 0.72 $133,576 $5,343
Town of Burkittsville 0 0 S0 S0
Town of Emmitsburg 21 0.84 S0 S0
Town of Middletown 3 0.12 S0 S0
Town of Mount Airy 0 0 S0 S0
Town of Myersville 1 0.04 S0 S0
Town of New Market 0 0 S0 S0
Town of Thurmont 9 0.36 S0 S0
Town of Walkersville 8 0.32 S0 S0
Town of Woodsboro 3 0.12 S0 S0
Village of Rosemont 1 0.04 $5,251 $210
Unincorporated Areas 159 6.36 $36,544,136 $1,461,765
Frederick County (Total) 230 9.2 $36,886,520 $1,475,461

Climate change models predict shifts in precipitation patterns for the Mid-Atlantic region. As warming
progresses, precipitation events are expected to increase in intensity with seasonal variations. Changes in
precipitation patterns in Maryland are likely to intensify both floods and droughts. This means fewer spring and
summer rainstorms, but when they do occur, they are likely to bring more short duration high-intensity rain
events than historically experienced. In addition, precipitation is expected to increase during the winter months.
However, due to warming air temperatures, this is expected to fall more frequently as rain or freezing rain versus
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snow. All of this will likely result in increases in both fluvial (riverine) and pluvial flooding without adequate
mitigation.

Loss Estimation

Riverine flooding loss estimates for each jurisdiction were derived using the FEMA Hazus-MH Flood Module for
riverine hazards. Flood hazard is defined by a relationship between depth of flooding and the annual chance of
inundation to that depth. Annualization is the mathematical method of converting individual losses to a
weighted average that may be experienced in any given year. Annualized loss is the preferred measure with
which to express potential risk for hazard mitigation planning as it is useful for creating a common denominator
by which different types of hazards may be compared. Annualized losses compared across a region, may
indicate targeted areas for prioritization of hazard mitigation actions. Areas with signification annualized losses
may be subject to not only local flooding (nuisance flooding) but also frequent storm event flooding as well. The
analysis was completed using the multi-frequency riverine depth grids published in January 2021.

The annualized results for Frederick County are summarized in Table 5.11. Due to population growth and
increased development, all estimates of the numbers of vulnerable structures and losses may under-estimate
risk at the present time. Annualized flood damage due to flash flooding (stormwater or pluvial flooding) is not
accurately reflected in the results and is explored more in the Pluvial Flood Analysis section.
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Table 5.11. Total Annualized Flood Loss (in $1,000s)

Jurisdiction

Communities

City of Brunswick
City of Frederick
Unincorporated Areas
Town of Burkittsville
Town of Emmitsburg
Town of Middletown
Town of Mount Airy
Town of Myersville
Town of New Market
Town of Thurmont
Town of Walkersville
Town of Woodsboro
Village of Rosemont

Frederick County (Total)
Colleges

Frederick Community College
Hood College

Mount St. Mary’s University

Hazard Risk Assessment

Buildings

$45.98
$5,570.06
$9,038.37
$0.00
$106.19
$135.08
$0.00
$56.16
$0.01
$305.70
$309.94
$82.06
$7.04
$15,656.58

$0.00
$0.00
$1.79

Contents

$25.98
$6,040.69
$8,169.82
$0.00
$76.43
$94.35
$0.00
$66.66
$0.00
$331.30
$300.27
$142.74
$4.02
$15,252.27

$0.00
$0.00
$1.04

Inventory

$0.00
$89.20
$224.82
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$1.00
$7.10
$8.81
$0.00
$330.93

$0.00
$0.00
$0.00
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Relocation

$13.98
$1,657.36
$1,997.85
$0.00
$23.57
$42.14
$0.00
$20.36
$0.00
$198.42
$131.25
$35.16
$0.03
$4,120.13

$0.00
$0.00
$0.00

Income

$0.00
$2,526.97
$2,342.26
$0.00
$24.46
$38.01
$0.00
$23.94
$0.91
$314.35
$79.69
$98.70
$0.00
$5,449.28

$0.00
$0.00
$0.00

Rental

$3.99
$793.40
$815.38
$0.00
$7.84
$9.69
$0.00
$4.05
$0.00
$79.03
$38.62
$13.67
$0.01
$1,765.68

$0.00
$0.00
$0.00

Wages

$2.00
$4,530.07
$4,678.53
$0.00
$23.46
$34.74
$0.00
$524.31
$2.72
$483.65
$141.69
$99.62
$0.00
$10,520.79

$0.00
$0.00
$0.00

Total Loss

$91.93
$21,207.75
$27,267.02
$0.00
$261.96
$354.00
$0.00
$695.49
$3.64
$1,713.45
$1,008.57
$480.76
$11.10
$53,095.67

$0.00
$0.00
$2.82
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Points of note on impacts and areas of vulnerability:
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e Out of the total number of critical facilities (fire stations, police stations, schools, and hospitals) located,
a small number of these facilities can be expected to endure moderate damage, and in most cases, few
facilities are projected to obtain substantial damage. No loss of use was projected in any county.

e Building occupancy most affected by a 100-year flood event would be residential followed by
commercial. In addition, the building material type in all counties that would obtain the most damage
was calculated to be wood. Since damage to residential structures was modeled to be most prevalent in
all county scenarios, it is apparent that safety concerns and homeowner education on proper clean up
after flood waters recede would be very important during the post-disaster management phase.

e All communities may expect some level of emergency shelter needs post-disaster.

Complete Hazus scenario generated reports for flooding can be found in Appendix H.

As evidenced in the loss figures (Table 5.12) obtained from NCEI and Hazus, floods have the potential to be
destructive and, although analyses vary, the overall trends are consistent. Total damages, on an annualized
basis, for incorporated communities range from about $210.04 in the Village of Rosemont to more than $8,000
in the City of Brunswick, using NCEI data. There are nine communities that either had no NCEl-reported flooding
or did not have any damages associated with flooding. Total annualized damages are compared to the
annualized damages as determined by Hazus. While Hazus reports much higher loss values than NCE|, it also
shows that the differences in the magnitude of the loss values may be a result of inconsistent storm event
reporting in the NCEI Storm Events Database.

Table 5.12. Comparison of NCEI Annualized Events to Hazus Annualized Losses

County

City of Brunswick
City of Frederick
Unincorporated Areas
Town of Burkittsville
Town of Emmitsburg
Town of Middletown
Town of Mount Airy
Town of Myersville
Town of New Market
Town of Thurmont
Town of Walkersville
Town of Woodsboro

Village of Rosemont

Frederick County (Total)

Hazard Risk Assessment

NCEI Annualized
Events

0.28
0.72
6.36
0

0.84
0.12

0.04

0.36
0.32
0.12
0.04

9.2

NCEI Total
Annualized Damages

$8,142.26
$5,343.05
$1,461,765.44
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$210.04

$1,475,460.79

Hazus Total Annualized
Losses

$91,928.28
$21,207,748.40
$27,267,023.24
$4.62
$261,962.27
$353,998.28
$0.00
$695,486.55
$3,641.90
$1,713,451.74
$1,008,568.35
$480,755.92
$11,099.03

$53,095,668.60
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National Flood Insurance Program (NFIP)

The National Flood Insurance Program (NFIP) is a federal program that enables property owners in participating
communities to purchase insurance for flood losses since homeowner insurance policies do not cover damage
from flood. Flood insurance is designed to provide an alternative to post-disaster assistance to reduce the
escalating costs of repairing damage to buildings and their contents caused by floods. Frederick County and the
localities participating in the HMCAP pay special attention to properties that have faced repeated flood damage
and NFIP claims, as they offer excellent opportunities for high-impact flood mitigation. These “repetitive loss
properties” are further described below.

Additional information on the NFIP and HMCAP-participating communities capabilities within it can be found in
Chapter 6 under the National Flood Insurance Program section.

Repetitive Loss Areas

Frederick County pays special attention to repetitive loss properties due to their unique potential for high-return
mitigation projects. Both the NFIP and FMA have definitions for Repetitive Loss and Severe Repetitive Loss
structures or properties as described below. However, the HMCAP primarily focuses on the NFIP definition.

Repetitive Loss refers to a structure or property meeting either (1) or (2) from the following definitions:

1. A structure that meets one of the two following qualifiers:

a. Two or more claims of more than $1,000 paid by the NFIP within any rolling 10-year period,
since 1978; or

b. Two or more claims (building payments only) that, on average, equal or exceed 25 percent of
the market value of the property.5®

2. A structure covered by a contract for flood insurance made available under the NFIP that meets both of
the two following qualifiers:

a. Has incurred flood-related damage on two occasions, in which the cost of the repair, on
average, equaled or exceeded 25 percent of the market value of the structure at the time of
each such flood event; and

b. At the time of the second incidence of flood-related damage, the contract for flood insurance
contains increased cost of compliance coverage.®’

Severe Repetitive Loss refers to a structure or property meeting either (1) or (2) from the following definitions:

1. A structure that meets one of the two following qualifiers:
a. Received four or more separate claim payments of more than $5,000 each (including building
and contents payments); or
b. Received two or more separate claim payments (building payments only) where the total of the
payments exceeds the current value of the property. 58
2. A structure covered by a contract for flood insurance made available under the NFIP that has incurred
flood related damage and meets one of the two following qualifiers:
a. Four or more separate claims payments (includes building and contents) have been made
under flood insurance coverage with the amount of each such claim exceeding $5,000, and with
the cumulative amount of such claims payments exceeding $20,000; or

% This definition is based on the definitions for RL used by the NFIP program. See 44 C.F.R. § 209.2 and pt. 61, Appendices A(1)-A(3); see
FEMA, National Flood Insurance Program, Flood Insurance Manual, Appendix A, pg. 11-12, and Appendix E, pg. 5 (Apr. 2021); and see FEMA,
National Flood Insurance Program, Community Rating System Coordinator’s Manual, pg. 120-7 (2017).

57 This definition is based on the definitions for RL used by the Flood Mitigation Assistance (FMA) program. See 42 U.S.C. § 4121(a)(7); and
see 44 C.F.R. § 77.2(i).

5 This definition is based on the definitions for SRL used by the NFIP program. See 42 U.S.C. § 4014(h); see FEMA, National Flood Insurance
Program, Flood Insurance Manual, Appendix |, pg. 1, and Appendix L, pg. 8 (Apr. 2021); and see FEMA, National Flood Insurance Program,
Community Rating System Coordinator’s Manual, pg. 120-8 (2017).
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b. At least two separate claims payments (includes only building) have been made under such
coverage, with the cumulative amount of such claims exceeding the market value of the insured
structure.®’

Repetitive loss properties are important to the NFIP because they cost $200 million per year in flood insurance
claim payments nationwide. Repetitive loss properties represent only 1% of all flood insurance policies; yet,
historically, they account for nearly one-third of the claim payments (over $4.5 billion to date). Mitigation of the
flood risk to these repetitive loss properties will reduce overall costs to the NFIP as well as to individual
homeowners.

There are 31 repetitive loss properties with a combined 82 claims in all of Frederick County. The City of

Brunswick, Town of Thurmont, Town of Middletown, and City of Frederick all have at least one repetitive loss
property. Overall, there are 23 repetitive loss properties in Flood Zone A (SFHA), 3 repetitive loss properties in
Flood Zone C, and 5 repetitive loss properties in Flood Zone X. Table 5.13 provides the type and number of
repetitive loss properties in Frederick County and its communities, with targeted structures for mitigation
highlighted in red. Some of the properties in the table may no longer be considered repetitive loss properties
because they have been mitigated, as shown in the table. Before the next plan update, Frederick County will
work with the State and FEMA Region Il to review and reconcile all sources of repetitive loss data.

Table 5.13. Repetitive Loss/Severe Repetitive Loss Overview

Locality Name Occupancy Type Mitigated I':I;I::-e d fosses ;I::: :II_:/I:RL :?_II/QRL
Brunswick Single-Family No No 6 A RL =
Frederick County Other - Nonresidential  No No 3 A RL -
Frederick County Other - Nonresidential  No No 5 A SRL SRL
Frederick County Single-Family No No 3 A RL -
Frederick County Single-Family Yes No & © RL =
Frederick County Single-Family Yes No & A RL =
Frederick County Single-Family Yes No & A RL =
Frederick County Single-Family No No & A RL =
Frederick County Single-Family No No 3 C RL -
Frederick County Single-Family Yes No 3 A RL -
Frederick County Single-Family No No 2 A RL -
Frederick County Single-Family No No 3 C SRL SRL
Frederick County Single-Family No No 2 A RL -
Frederick County Single-Family No No & A RL =
Frederick County Other - Nonresidential  No No 2 A RL =

% This definition is based on the definitions for SRL used by the FMA program. See 42 U.S.C. § 4104c(h)(3); and see 44 CFR § 77.2(j).
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Locality Name Occupancy Type Mitigated :I;I:re d fosses ;I::: ::.:/I:RL :?.AIQRL
Frederick County Single-Family No No 2 A SRL SRL
Frederick County Single-Family No Yes & A SRL SRL
Frederick County Single-Family No No 2 X SRL SRL
Frederick County Other - Nonresidential  No No & A SRL SRL
Thurmont Unknown No No 3 A RL =
Thurmont Single-Family No No 2 A RL -
Frederick County Single-Family No Yes 2 A RL -
Frederick County Single-Family No Yes 2 A RL -
Frederick County Single-Family No No 2 A = =
Frederick County Single-Family No No & A RL =
Middletown Business No No 2 A RL =
City of Frederick Single-Family No Yes 2 X RL =
City of Frederick Other - Nonresidential  No No 2 X RL =
City of Frederick Single-Family No No 2 X - -
City of Frederick Single-Family No No 3 X SRL SRL
Impact Summary

Primary Impacts

Flood damage to property and populations can be devastating, both emotionally and financially. Flood damage
to businesses could result in loss of income, wages, and tax revenues. Buildings, including homes and critical
facilities, are susceptible to damage and sometimes collapse as a result of a severe flood.

The primary effects of both riverine and pluvial floods are those due to direct contact with the flood waters. As
water velocities tend to be high with floods, discharge increases as velocity does. With higher water velocities,
streams are able to transport and carry larger items as suspended loads, such as trees, rocks, or even cars and
houses. Flooding can also concentrate garbage, debris, and toxic pollutants. Erosion is also a big issue with
flooding. This mass erosion can undermine bridges, levees, and even building, leading to their collapse.
Additionally, there is also the possibility that homes can be inundated with water, potentially leading to structure
and personal property damage that can range from minor to catastrophic.

Damage can extend outside of structures as well. Flooding of a vehicle usually results in damage that cannot be
repaired cost effectively. Crop loss, especially in the early stages of planting where soil and seeds can be
washed away, can be an issue. Livestock, pets, and other animals can be carried away with the flood waters,
and often drown, as can humans.
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Secondary Impacts

Secondary effects result from primary effects. For example, the concentration of garbage, debris, and toxic
pollutants can cause health hazards. Drinking water can become contaminated, especially if treatment plants
are flooded. This can result in disease and other health problems, especially in underdeveloped areas.

Utilities can also be impacted. Gas and electrical services may be interrupted, either because the lines got
damaged by the flood itself, the lines were damaged by suspended items like rocks or trees, or the gas and
electrical facilities themselves were flooded. Various transportation systems may also be disrupted due to
debris in the way, road damage, or bridge collapse. This can include either roadways or railways. Flooded
roadways can cause congestion on alternative routes and lengthen travel times for emergency vehicles and
school buses. Having transportation systems down can result in food shortages and problems with clean-up,
including removing debris from roads. Public works and public safety expenditures during floods to keep
conditions safe and to clean up after an event often exceed the cost of primary impacts.

Risk Assessment

Assets Exposed

Exposure analysis shows the total value of buildings in a mapped floodplain. It is not an estimation of loss from
a particular event. Using Frederick County-provided parcel data, an exposure analysis was performed to see the
value at risk if flooding were to occur. This parcel data was used in conjunction with the FEMA flood hazard
areas to assign parcel points to a specific flood zone. Parcel points that were within 50 feet of a flood zone
were included, due to the possibility of the parcel point not being directly on the structure. Full results are shown
in Table 5.17..

Unincorporated areas have the most exposure, followed by the City of Frederick, the Town of Thurmont, and the
City of Brunswick. The Towns of Burkittsville and Mount Airy, while having values associated with their parcels,

had no parcel points in any of the floodplains. Based on percentage of structures in the floodplain, the Town of

Thurmont is the most exposed to flooding, followed by the Town of Emmitsburg and the City of Frederick.
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Table 5.14. Jurisdictional Exposure to FEMA Floodplains

Jurisdiction

City of Brunswick
City of Frederick
Town of Burkittsville
Town of Emmitsburg
Town of Middletown
Town of Mount Airy
Town of Myersville
Town of New Market
Town of Thurmont
Town of Walkersville
Town of Woodsboro
Village of Rosemont

Unincorporated Areas

Frederick County (All)

Hazard Risk Assessment

Total Value

$596,543,300
$7,357,519,300
$11,657,200
$174,886,900
$510,489,100
$334,903,300
$146,925,000
$162,849,100
$465,555,110
$578,212,000
$94,704,300
$18,603,000

$15,673,470,610

$26,126,318,220

Value Exposure in Floodplain

AE

$6,505,300
$41,597,400
$0
$782,200
$0

$0

$57,600

$0
$8,724,200
$729,600
$10,900
$67,000
$137,054,200

$195,528,400

AE - Floodway

$0
$13,934,600
$0
$1,876,200
S0

S0

S0

$0
$3,211,700
$0

$0

S0
$2,326,600

$21,349,100
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X-0.2 PCT

$0
$150,727,000
$0
$1,471,700
$312,000

$0

$0

$0
$14,674,600
$725,300

$0

$0
$155,952,100

$323,862,700

X - 0.2 PCT - 50ft

$2,536,600
$156,539,200
$0
$4,613,500
$484,600

$0

$344,100
$473,200
$7,583,300
$6,727,700
$1,601,600
$0
$143,913,700

$324,817,500

Grand Total

$9,041,900
$362,798,200
$0
$8,743,600
$796,600

$0

$401,700
$473,200
$34,193,800
$8,182,600
$1,612,500
$67,000
$439,246,600

$865,557,700

Percent
Value
Exposed

1.52%
4.93%
0.00%
5.00%
0.16%
0.00%
0.27%
0.29%
7.34%
1.42%
1.70%
0.36%

2.80%

3.31%

95



P S Frederick County Hazard Mitigation and Climate Adaptation Plan 2022

-w

Critical Facilities Exposed

Critical Facilities are necessary to preserve the welfare and quality of life in the County, or to fulfill important
public safety, emergency response, and/or disaster recovery functions. Many public and commercial facilities
serve vital functions for communities, which, if interrupted due to flooding, would severely impact citizens.
Some facilities also house large numbers of people who would experience difficulty if required to evacuate
before or during a severe flood (i.e., a hospital).

Since flooding can prevent access to a critical facility even if the facility is elevated or floodproofed above the
flood level, knowing what facilities are located in existing flood hazard areas and avoiding building any new
critical facilities in flood hazard areas is critically important to ensuring public safety. Twelve critical facilities in
Frederick County are located in either the 0.2%- or 1%-annual-chance floodplain. Of those, only two are located in
the floodway. Facilities located in flood zones are shown in Table 5.18. by jurisdiction.

Table 5.15. Critical Facilities Located in Flood Zones by Jurisdiction

Facility Type AE X-shaded X-unshaded All Facilities
Brunswick 2 0 12 14
Burkittsville 0 0 3 3
Emmitsburg 1 1 7 9
City of Frederick 3 5 117 125
Middletown 0 0 11 11
Mount Airy 0 0 5 5
Myersville 0 0 6 6
New Market 0 0 7 7
Rosemont 0 0 1 1
Thurmont 0 5 13 18
Walkersville 0 0 13 13
Woodsboro 0 0 5 5
Unincorporated Areas 10 4 147 161
Frederick County (All) 16 15 347 378

For a detailed list of the critical facilities that are located in flood zones, see Appendix D. It is worthwhile to note
that water and wastewater treatment plants, by their nature, must be near a body of water and thus are typically
located in the floodplain.

Cultural and Historic Resources Exposed

Figure 5.2 shows flood hazard areas and their proximity to the cultural and historic resources in Frederick
County.
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Figure 5.2. Cultural and Historic Resources and Their Proximity to Flood Hazard Areas
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Population Exposed

People that live within or near floodplains are more likely to experience flooding compared to those that do not.
Using population data from the 2018 American Community Survey, census tracts in Frederick County were
overlaid with the effective FEMA Special Flood Hazard Areas to identify areas where residents may be exposed
to flooding. Census tracts illustrate overall population, but do not indicate whether within these boundaries that
residents live. Some populous tracts may contain concentrated pockets of development, while others may be
more evenly distributed. This analysis considers only overall tract population as an indicator of exposure.

Figure 5.3 shows the County’s 2018 population by census tract, segmented by quintiles and Figure 5.4 shows
social vulnerability by census tract. Frederick County’'s southernmost border is formed by the Potomac River.
Along these waters, Special Flood Hazard Areas affect less populous tracts to the southeast, and more
populous ones closer to Brunswick and Rosemont to the southwest. Other rivers, streams, and tributaries run
through the County, especially in less populous and incorporated areas to the northern part of the region.
Frederick County’s most populous tracts are clustered to the southeast around the City of Frederick, New
Market, and Mount Airy. In recent years, Frederick County has witnessed both population and development
growth. Floodplain ordinances will be essential to ensure that future development and residents within Special
Flood Hazard Areas are able to withstand future flood events.
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Figure 5.3 Population in FEMA Special Flood Hazard Areas
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Figure 5.4. Social Vulnerability and FEMA Flood Zones
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Pluvial Flood Analysis

This section provides an overview of the pluvial (stormwater) flood. For a more detailed write up, see Appendix
A

Motivation

As described at the beginning of the chapter, there are two major types of flood hazard: fluvial and pluvial.
Previous Frederick County hazard mitigation plan updates, as with most mitigation plans, have included a flood
exposure analysis and loss estimation based entirely on FEMA flood maps, which only consider fluvial (riverine)
flood risk. It is important to also understand the pluvial (stormwater) flood hazard because it is large and
increasing, due to climate and urbanization trends. Fortunately, recent advances in computing power and
topographic data make it faster and easier than before to consider pluvial flood risk in hazard mitigation plans.

Recognizing the opportunity to better understand flooding more holistically, the County commissioned a new
pluvial flood hazard analysis as part of the Plan update. This study provides a new baseline understanding of
pluvial flood risk for planning. The analysis employed a large number of assumptions to simplify the
development and running of the model across a very large area on a fixed budget. Despite its limitations, the
model results provide the most complete picture to date of pluvial flooding hot spots and exposure over a range
of potential storm events.

Study Scope

The goal of the pluvial flooding analysis was to develop high level stormwater flood risk products for a limited
range of precipitation events for all of Frederick County. The risk products were derived from a two dimensional
(2D) hydraulic model using readily available data and simplifying assumptions based on engineering judgement.
The model results were not calibrated or validated to any observed flood data, which is sparse and difficult to
obtain. The model results were however compared to the FEMA Special Hazard Flood Area (SFHA) and previous
flood modeling at Clover Hill to ensure generally consistency in areas where the flood map products overlap.

Modeling Approach

The pluvial flood analysis was conducted using a U.S. Army Corps of Engineer HEC-RAS Version 6 2-
dimensional (2D) unsteady flow model. The open-source model and documentation were downloaded from
https://www.hec.usace.army.mil/software/hec-ras/download.aspx.

Topographic Processing

Existing Digital Elevation Model (DEM) and LiDAR datasets were downloaded for the Frederick County area

using the United States Geological Survey (USGS) National Map API. The best-available DEMs were stitched
together into a single elevation data layer. The DEM used across most of Frederick County was collected in

2012 with a resolution of 1/9 arc-second (3.4 m).

Development of Major Watersheds

The USGS Watershed Boundary Dataset was used to help delineate Frederick County into two major
watersheds: Catoctin watershed and Monocacy watershed. A separate pluvial flood model was developed for
each major watershed, which was necessary to reduce model run times.

Development of Rainfall Inputs

The pluvial flood model simulates stormwater flooding with a “rain-on-grid” modeling approach. The rain-on-grid
approach adds or “rains” the appropriate amount of rainfall onto the surface of each grid cell at each model time
step. During the model simulation, rainfall ponds and/or moves from model grid cell to grid cell based on the
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governing hydraulic equations which account for topography, differences in water surface elevation, and surface
roughness. The rainfall timestep was set to six minutes, which was sufficiently short to capture the rise and fall
of rainfall during the storm. Note the rain-on-grid approach used here is substantially different than the

approach used in traditional FEMA models, which use increases in river flows instead of increases in rainfall to
simulate flood events.

The rain-on-grid approach was applied with five different storm events: the 100-year 24-hour event, 100-year 12-
hour event, 100-year 6-hour event, 25-year 24-hour event, and 10-year 24-hour event. These scenarios were
chosen to represent a range of potential extreme storm events. The NOAA Atlas-14 dataset was used to get the
cumulate rainfall totals for each major watershed (Table 5.16).

Table 5.16. Average Cumulative Total Rainfall for Each Scenario

Rainfall Scenario Average Cumulative Rainfall at Average Cumulative Rainfall at
Catoctin Watershed (in) Monocacy Watershed (in)

100-year 24-hour 6.92 7.24

100-year 12-hour 5.89 6.03

100-year 6-hour 4.67 473

25-year 24-hour 5.11 5.28

10-year 24-hour 414 4.22

Rainfall Infiltration

Rainfall infiltration was modeled within HEC-RAS using the Soil Conservation Service curve number approach.
The method is described in detail in the HEC-RAS Version 6 Hydraulic Reference Manual. ¢

Manning’s n

Manning'’s n values were assigned to each grid cell in the model mesh based on its land use class from the 2019
National Land Classification Dataset.

Bridges and other Hydraulic Structures

The model geometry was manually adjusted to ensure that flows could pass through large bridges and major
culverts. While this method prevents unrealistic ponding upstream of structures, it may not realistically simulate
local hydraulic conditions that affect flooding such as flow constriction, expansion, and backwater.

Stormwater Infrastructure

The pluvial model did not explicitly simulate the effect of stormwater management infrastructure including
stormwater catch basins, subsurface storm pipes, and outfalls. Instead, the influence of stormwater
infrastructure was indirectly captured by the infiltration model, which assumes a “typical” amount of stormwater
runoff from areas based on the density of development.

60 Brunner, W. B. (2021). HEC-RAS, River Analysis System Hydraulic Reference Manual.
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Flood Map Post-Processing

The HEC-RAS model simulation produced maps of the maximum flooding extent and the maximum flood depth
across Frederick County for the five rainfall scenarios. The flood maps were post-processed to remove minor
“nuisance” flooding from the maps. The final flood map for the 100-year 24-hour event is shown in Figure 5.5.

Model Evaluation

The model results were compared with existing FEMA and local flood model results and found to be generally
consistent.

Exposure Analysis

An exposure analysis was conducted to understand the potential pluvial flood hazard for buildings, critical
infrastructure, and major educational institutions. The results from the three types of exposure analysis are
summarized in the sections that follow.
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Figure 5.5. Modeled Flood Extent for the 100-Year 24-Hour Rainfall Event Across Frederick County

Building Exposure

The estimated exposure of buildings to pluvial flooding is presented for the 100-year 24-hour event (Table
5.20.). Tables for the other four scenarios are presented in the technical appendix (Appendix A). The total
number of buildings exposed across Frederick County ranges from 7,566 (4.2% of total) for the 10-year 24-hour
event to 12,560 (6.9% of total) for the 100-year 24-hour event. The highest number as percent of total buildings
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affected are in The City of Frederick and Burkittsville. The number of buildings exposed based on our pluvial
modeling is generally higher than the number of buildings exposed to the FEMA floodplain, which only considers
fluvial (riverine) flooding.

Table 5.17. Building Exposure to Pluvial Flooding for 100-Year 24-Hour Event

Jurisdiction Number of Number of Percent of Value of Value of Percent of
Buildings Buildings Buildings Buildings Buildings Value
Flooded Flooded (%) (SM) Flooded Flooded
(SM) (%)
Unincorporated Areas 128,662 6,822 53 15,665.9 915.7 5.8
Walkersville 3,790 397 10.5 578.2 36.3 6.3
New Market 914 47 5.1 163.7 3.5 2.1
Myersville 1,043 18 1.7 148.3 3.4 2.3
City of Frederick 31,252 4,126 13.2 7,547.7 840.9 11.1
Mount Airy 2,151 82 3.8 334.9 6.2 1.9
Rosemont 326 8 2.5 18.6 1.0 5.4
Brunswick 4,414 265 6.0 596.5 22.8 3.8
Emmitsburg 1,451 123 8.5 175.6 6.6 3.8
Woodsboro 883 97 11.0 94.7 4.0 4.3
Burkittsville 207 28 13.5 11.7 1.9 16.6
Middletown 2,502 149 6.0 510.7 13.9 2.7
Thurmont 4,514 398 8.8 465.6 26.9 5.8
Frederick County (Total) 182,109 12,560 6.9 26,312 1,883 7.2

Critical Infrastructure Exposure

The estimated exposure of critical facilities infrastructure to pluvial flooding for different rainfall events is
presented in Table 9 in Appendix A. The modeling suggest that 53 critical sites will flood during at least one of
the simulated events.

Educational Institution Exposure

The exposure of buildings at select institutions of higher education is shows in Table 9 and Figure 9 in Appendix
A. The pluvial analysis suggests that several buildings are at risk of pluvial flooding. As previously stated, these
modeling results do not consider the flood reduction benefit of specific stormwater infrastructure and best
management practices at these sites.

Limitations and Future Work

The pluvial flood analysis was performed using a state-of-practice pluvial model with readily available
topography other data. Although the modeling results should constitute the best-available estimates of pluvial
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flooding across the region, it was necessary to make several assumptions that contribute to the overall
uncertainty of the results including:

e The best-available DEM used in the model was too expansive to ground-truth and was assumed to
represent actual ground conditions;

e Bridges, culverts, and other structures were modeled as generic flow passages that don't necessarily
capture actual local hydraulic features such as flow contraction and backwater; and

e Stormwater infrastructure was implicitly modeled in the HEC-RAS infiltration model, which assumes that
the infrastructure performance is “typical” or average, which may be different than actual site
conditions.

To reduce model uncertainty and produce a better picture of the overall pluvial flood hazard, future work should
consider making the following improvements:

e Improve the model mesh resolution from 100 m to 30 m or less, which may require breaking up the
major watersheds into smaller watersheds to maintain reasonable model run times;

e Add additional detail to bridges and other hydraulic structures including invert elevations and structure
dimensions;

e Simulate the effect of stormwater management infrastructure, which can reduce accumulation of water
in some areas while delivering it more rapidly to others; and

e Add additional rainfall scenarios to simulate the effect of different antecedent moisture conditions,
which controls soil infiltration, as well as potential future changes in climate and land use.

Vulnerability Summary

Flooding has the greatest effect on the people living in the area impacted, but it can also impact a community’s
overall ability to function by disrupting community services, overloading response capacity, and interrupting
utility service. Flash floods have been and will continue to be a significant threat to the economic and social
well-being of the more developed areas of Frederick County, such as the City of Frederick and Mount Airy. In
particular, the towns that have concentrated structures, assets, and populations are vulnerable to flood
damages.

Based on the risk assessment above, besides unincorporated areas, the City of Frederick has the highest
number of buildings and the highest value of structures exposed to flooding. Jurisdictions that lie along water
bodies, like the Monocacy River, Toms Creek, and Potomac River, also show a higher number and share of
structures exposed to flooding, such as Walkersville, Brunswick, and Emmitsburg. In the future, as precipitation
patterns change, flood risks will intensify in areas adjacent to water bodies and, more specifically, flash flooding
risks will elevate in more developed areas, where there are more impervious and paved surfaces. If development
and population growth encroach into flood-prone areas, Frederick County’s vulnerability to flooding will increase.
Ensuring that new and existing structures are up to code or have mitigation measures in place will be essential
to protecting Frederick County residents and their property.

Reducing Vulnerability

Frederick County and the City of Frederick have completed flood mitigation projects in recent years. These
projects are discussed below.

¢ Point of Rocks Mitigation Project: Using federal, state, and local funding, Frederick County made
purchase offers to the owners of properties in Point of Rocks that had sustained complete first floor
and partial second floor flooding 3 times in 6 years. The offers were based on the average of 2
appraisals. The Point of Rocks Flood Mitigation Project benefited the community by removing 14
repetitive loss properties from harm'’s way and protecting 75 people. The project permanently
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eliminated the risk of loss of life, injury, and property damage associated with flooding of these
residences. In addition, the project saves approximately $350,000 in physical damages and $100,000 in
response services for each future flood event. Additional project benefits include creation of public
recreation space and additional parking areas.

e Carroll Creek Mitigation Project: After Carroll Creek flooded much of the historic downtown business
district in 1976, the City of Frederick invested in a $60 million, 10-year flood control project. Carroll
Creek was channelized, and 4 underground concrete conduits, each wider than a city bus, were built to
accommodate the 1% annual chance flood. As a result, FEMA no longer considers hundreds of valuable
downtown properties to be in a mapped floodplain, saving businesses and residents millions in flood
insurance.

¢ Park Improvements: The second phase of park improvements includes new and widened multi-use
paths, landscape planters, lighting, water features, and crosswalk improvements. The occurred primarily
between Bentz and South Market Street and between the Delaplaine Arts Center and East Patrick Street;
as of October 2015, the work is complete between Bentz Street and South Market Street and between
East Street and East Patrick Street. More than $100 million in new and renovated private construction is
planned along the new park/path sections, which will eventually result in hundreds of new jobs and
increased state and local tax revenues.
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Karst and Land Subsidence

Hazard Identification

Hazard Description

Land subsidence occurs when large amounts of groundwater have been withdrawn from certain types of rocks,
such as limestone, dolomite, and gypsum. The rock compacts because the water is partly responsible for
holding the ground up. When water is withdrawn, the rock falls in on itself.

Common causes of land subsidence from human activity are pumping water, oil, and gas from underground
reservoirs; dissolution of limestone aquifers (sinkholes); collapse of underground mines; drainage of organic
soils; and initial wetting of dry soils (hydrocompaction).

The zone of dewatering influence, established by the State, identifies areas around quarries in which quarry
owners can be held liable should the quarry adversely affect adjacent properties’ well water supplies and/or
sinkhole formation. Based on information from the Maryland Department of the Environment, Mining Program,

“There are certain regions of the state where dewatering of surface mines may interfere with water
supply wells and may contribute in some instances to sudden subsidence of land known as sinkholes. It
is the intent of the surface mine law (Environment Article 15-801--15-834) to provide an added measure
of protection to those property owners that may be impacted by the surface mine operations by
establishing a zone of influence around the quarry.”6?

Land subsidence is usually not observable because it occurs over a large area. When land subsidence is
isolated in a small area, it appears as a sinkhole. Karst refers to a specific type of terrain, characterized by
sinkholes, caves, underground streams, and other cavernous features, that is highly susceptible to land
subsidence. 2

Location

Land subsidence occurs in nearly every state, but karst areas tend to be more vulnerable due to its erodibility.
The Engineering Aspects of Karst map in Appendix E, shows karst areas containing distinctive surficial and
subterranean features developed by solution of carbonate and other rocks and characterized by closed
depressions, sinking streams, and cavern openings. This dataset is a digital version of USGS Open File Report
2014-1156 (scale: 1:7,500,000). USGS karst mapping shows northwestern and southern karst regions in
Frederick County. The southern region is located east of Maryland Route 351, west of Interstate 270, and
extending north into The City of Frederick. The karst topography is classified as fissures, tubes, and caves
generally less than 1,000 feet (300 meters) long, 50 feet (15 meters) or less in vertical extents, and in gently
dipping to flat-lying beds of carbonate rock. 3

A map of generalized rock types in Frederick County can be found in Appendix E. The karst region in the map is
shown as a limestone rock formation that extends farther to the northeast into Woodsboro. The limestone,
dolomite, and marble bedrock in Frederick County are considered to be areas at risk for karst features because
they are formed by the slow dissolution of calcium and magnesium oxides in the rock types.

51 Maryland Department of the Environment, Mining Program.

62 Western Maryland Resource Conservation & Development Council, Inc. “A User’s Guide to Karst and Sinkholes in Western Maryland.”
January 2004. http://www.mgs.md.gov/reports/Karst_in_Maryland.pdf

53 United States Geological Survey. Land Subsidence in the United States. USGS Fact Sheet 165-00. December 2000.
http://water.usgs.gov/ogw/pubs/fs00165/SubsidenceFS.v7.PDF
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Frederick County has been known to have a number of sinkholes. In 2002, a study titled Stratigraphy-Karst
Relationships in the Frederick Valley of Maryland was conducted by David K. Brezinski and James P. Reger of
the Maryland Geological Survey. The following information has been adapted from this study:*

“Karst features are present in strata of Triassic, Ordovician, and Cambrian age in the Frederick Valley of
Maryland. [...] The Frederick Valley of Maryland’s western Piedmont represents the State’s second
largest karst terrain. Although the largest is located in eastern Washington County and is known as the
Hagerstown Valley or Great Valley, the Frederick Valley has had more incidences of catastrophic
collapse and active subsidence than its larger neighbor. The Frederick Valley is a lowland, flat region
that stretches from the Potomac River northward to Woodsboro in northern Frederick County, an area of
approximately 400 square kilometers. [..]

This study recognized and recorded three types of karst features: closed depressions, active sinkholes,
and karst springs. By far the most common feature recognized were closed depressions, otherwise
known as dolines. These features are recognizable topographic lows towards which the surrounding
area is inclined and can be from a few meters to 100 meters across. The second category of karst
features recorded is active sinkholes. These features are differentiated from depressions by the
recognition of recent activity, or an open throat. The third category of karst features recognized is
springs.”

In cooperation with the Maryland State Highway Administration, the Maryland geological Survey conducted a
report titled Stratigraphy of the Frederick Valley and its Relationship to Karst Development in 2004. This report
included detailed geologic mapping along with karst feature identification. This effort mapped and identified
116 karst features in the Frederick Valley of Frederick County. % Of these, the most common identified features
included depressions (64%) and active sinkholes (34%). Springs made up less than 2% of features, the least
common of any identified.

Extent

Sinkholes can range from a few feet across and less than a foot deep to hundreds of acres in width and a
hundred feet deep. The severity of a sinkhole will depend on its size, how quickly it forms, and its proximity to
existing development. A sinkhole that occurs gradually over time may be able to be addressed before damage
occurs, whereas one that forms quickly may lead to property damage or service disruptions, if roads or utilities
are affected. Sinkholes that occur in more developed areas will likely experience more significant damage due
to the concentration of buildings, infrastructure, and people. However, even sinkholes that form gradually can
incur significant damage if no interventions occur, such as the collapse of a roadway or building foundations.

Previous Occurrences

There is limited data on the historical occurrence of sinkholes. Previously, the Maryland State Highway
Administration conducted a study of the extent of sinkholes that occurred between 2000 and 2004 near major
transportation routes in Frederick County. % The study identified between 250 and 300 sinkholes in Frederick
County, 154 of which can be identified as distinct locations and have been mapped. Fifteen sinkholes more than
6 feet deep were located throughout the County. Of these, 6 were near/in the City of Frederick, 2 were near U.S.
Route 15, and 3 were near Maryland Route 194. Two sinkholes more than 10 feet deep were found south of the
City of Frederick, one near Interstate 70 and the other near Interstate 270. Several sites in particular have

54 David K. Brezinski and James P. Reger. Stratigraphy-Karst Relationships in the Frederick Valley of Maryland. Maryland Geologic Survey.
https://doi.org/10.3133/wri024174

65 Maryland Geological Survey. Stratigraphy of the Frederick Valley and Its Relationship to Karst Development. 2004.
http://www.mgs.md.gov/reports/RI_75.pdf

66 https://roads.maryland.gov/OPR_Research/MD-04-SP208B4N-Sinkhole-Hazard-Mapping_Phase%20ll_Summary.pdf
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experienced numerous and sometimes large sinkholes. As mapped by the Fredrick County Division of Public
Works, these include:

e Devilbiss Bridge Road/Railroad
e Spectrum Drive

e New Horizons Way

e Westview Drive

e Crestwood Boulevard

e English Muffin Way

e New Design Road

e Technology Way

Given the geology of the area, it is likely that the data used to create the sinkhole activity is missing activity north
of the City of Frederick in Walkersville and Woodsboro.”

Frederick County has witnessed an increased frequency of these events in recent years. Between 2010 and
2016, Frederick County Division of Public Works spent $210,086 on the repair of utilities and roads related to
sinkholes. Frederick County Division of Public Works frequently identifies and repairs sinkholes along county
roads. Events before 2016 are included in Appendix C. Events after 2016 have not been similarly documented,
and the most reliable, cumulative data remains from 2010 to 2016. Since the last plan update, two significant
sinkholes incidents have affected Frederick County, described below:

e Around May 15, 2018, four sinkholes opened up on The City of Frederick property following multiple
days of heavy rains and flash flooding. One of the holes resulted in multiple lane closings on Monocacy
Boulevard near Gas House Pike. The others were at Sagner Park and the County’s Wastewater
Treatment Plant. Frederick County issued a Local State of Emergency to respond to the weather-related
events. Estimated costs from the sinkholes were over $35,000.

e OnJuly 8,2019, a sinkhole opened up at the Darcars Kia dealership on Urbana Pike after the County
received roughly 6 inches of rain within a few hours’ time. A customer narrowly avoided injury as the
sinkhole opened up mere moments after they had driven over the spot.

Probability and Severity of Future Occurrences

There is limited historical data on sinkholes, which prevents a clear picture of the probability of future events.
Based on data collected between 2004 and 2016, more than 300 karst or land subsidence events occurred in
Frederick County. In that time frame, the expected annual number of events is roughly 20. Between 2010 and
2016 (the period with the most complete data), Frederick County Division of Public Works spent $210,086 on
repairs due to sinkhole damage. Based on those records, Frederick County may experience $17,507 annually in
sinkhole related costs including road clearing and damages. However, this data is outdated, and the County has
witnessed increasingly frequent sinkholes. The actual expected event occurrence and associated damages is
likely higher.

Most research points to sinkhole development being heavily dependent on groundwater drawdown, but the role
of climate change should also be considered. A case study was done in Florida that showed a correlation
between climate change and an increase in sinkholes. ®® Sinkhole collapse phases were linked and followed
shortly after periods of drought. As drought likelihood and intensity is expected to increase in Frederick County,
especially during the summer and fall, future occurrences may be higher than historical projections suggest.

57 The Towns of Walkersville and Woodsboro considered incorporating a mitigation action to develop more current and comprehensive land
subsidence and sinkhole data during the 2021 Plan update process. It was determined that, based off of local observations and incidences
of sinkholes, developing this data was not a priority at this time. However, the mitigation action will be reconsidered during future annual
update meetings and during the 5-year update process.

%8 https://nhess.copernicus.org/preprints/nhess-2018-18/nhess-2018-18-SC1-supplement.pdf
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Impact Summary

Primary Impacts

The direct effects from sinkholes can include structure damage to buildings and infrastructure, risks to health
and safety depending on human and animal proximity to sinkholes, and personal property damage.

Secondary Impacts

Secondary impacts may include transportation delays when sinkholes appear in or around roadways.
Businesses can be disrupted when impacted by sinkholes as well, having limited impacts to direct employees of
that business and more widespread, but likely minor, impacts to customers.

Larger scale land subsidence can potentially lead to increased risk of flooding over time in the form of pooling
and related drainage issues. This is due to certain areas sinking below the surrounding areas, encouraging
water to seek new lowest points in the land.

Where land subsidence or sinkholes exist, runoff, spills, or pesticides and fertilizers from lawns and farms can
leak through the many spaces in the rock, unfiltered by the soil, enter the groundwater system, and leak into
water resources. Since thousands of residents in this region get their water from private home wells, these
areas would be especially susceptible to immediate pollution. The Frederick Quarry is another major cause of
sinkholes in the area; quarry owners are required to repair sinkholes within the established Zone of Influence.

Risk Assessment

Assets Exposed

Building footprints were intersected with the USGS engineering aspects of karst spatial extent. Table 5.21.
summarizes the number of structures and the associated market value vulnerability for areas in karst
topography. The City of Frederick and the unincorporated areas of the County are vulnerable to sinkholes due to
karst topography. Nearly half (48.4%) of the structures located in the City of Frederick are in karst geology and
have an associated vulnerability of $5.7 billion (52.8% of the city’s total exposure).

Table 5.18. Building Footprints Within Karst Areas

Buildi
Total # . dln'g Parcels Average Value
. . Footprints Total # Total Parcel
Municipality Building on Karst Exposure per
. on Karst Parcels Value Exposure .
Footprints Geology Building
Geology
Brunswick 4,414 0 3,159 0 $0 $0
Burkittsville 207 0 76 0 $0 $0
Emmitsburg 1,451 0 1,014 0 $0 $0
City of
. 31,252 22,125 24,510 16,400 $5,456,664,400  $246,629
Frederick
Middletown 2,502 0 1,737 0 $0 $0
Mount Airy 2,151 0 1,301 0 $0 $0
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Building

. Tofal.# Footprints Total # Parcels Total Parcel Average Value
Municipality Building on Karst Exposure per
. on Karst Parcels Value Exposure o
Footprints Geology Building
Geology
Myersville 1,043 0 621 0 $0 $0
New Market 914 0 582 0 $0 $0
Rosemont 326 0 134 0 $0 $0
Thurmont 4,514 1,979 2,559 1,013 $180,368,210 $91,141
Walkersville 3,790 3,790 2,202 2,202 $578,212,000 $152,563
Woodshboro 883 879 468 462 $94,021,000 $106,964
X:;';Zorporamd 128,674 19,515 61,743 11,404  $3,767,079,200  $193,035
Frederick
182,121 48,288 100,106 31,481 $10,076,344,810 $208,672
County (All)

Loss Estimation

Exposure analysis reflects all properties potentially at risk. It is not an estimation of potential losses, However, if
even a small fraction of the exposed property received losses one can see the losses would be quite significant
in terms of property damage.

Critical Facilities Exposed

Based on critical facilities data and the USGS engineering aspects of karst spatial extent (Table 5.22.), 155 out
of the 378 facilities are located in karst areas. Of these facilities, 90 facilities are located in the City of Frederick,
13 in the Town of Walkersville, 5 in Thurmont, 5 in Woodsboro, and 42 in the Unincorporated areas of Frederick
County. The facility type most affected are shopping centers (44), which are a part of the supply network. The
next most affected are schools (23). Appendix D includes the specific facilities and associated hazard
vulnerabilities.

Table 5.19. Critical Facilities in Karst Areas by Municipality

.. Facilities in Karst  Facilities Outside s Percent in Karst
Municipality Total Facilities
Area Karst Areas Areas

Brunswick 0 14 14 0%

Burkittsville 0 3 3 0%

Emmitsburg 0 9 9 0%

City of Frederick 90 35 125 72%
Middletown 0 11 11 0%
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Municipality Facilities in Karst  Facilities Outside Total Facilities Percent in Karst
Area Karst Areas Areas
Mount Airy 0 5 5 0%
Myersuville 0 6 6 0%
New Market 0 7 7 0%
Rosemont 0 1 1 0%
Thurmont 5 13 18 28%
Walkersville 13 0 13 100%
Woodsboro 5 0 5 100%
Unincorporated Areas 42 119 161 26%
Frederick County (All) 155 223 378 41%

Cultural and Historic Resources Exposed

Figure 5.6 shows cultural and historic resources in Frederick County and their proximity to karst areas. As most
of the City of Frederick resides in karst areas, a high amount of cultural and historic resources are at risk. Most
notable, there are large tracts of Maryland Historical tryst Preservation Easements.
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Figure 5.6. Cultural and Historic Resources and Their Proximity to Karst Areas

Population Exposed

People that live in areas with underlying karst areas are more likely to be affected by land subsidence and
sinkholes than those do not. Using population data from the 2018 American Community Survey, census tracts in
Frederick County were overlaid with karst areas. Census tracts illustrate overall population, but do not indicate
whether within these boundaries that residents live. Some populous tracts may contain concentrated pockets of
development, while others may be more evenly distributed. This analysis considers only overall tract population
as an indicator of exposure.

Figure 5.7 illustrates the County’s population by census tract, segmented by quintiles. The region’s karst areas
are located within some of Frederick County’s most populous tracts, including The City of Frederick and the
surrounding unincorporated areas. Smaller stretches of karst lie under parts of Thurmont and Emmitsburg.
Residents in these areas may be more likely to witness sinkholes and land subsidence.
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Figure 5.7 Population in Karst Areas

Vulnerability Summary

Population within the Frederick County region continues to grow at a rapid pace, ranking third within the State
for population increase percentage from 2010-2018. In the past 10 years, Frederick County has gained about
38,332 residents according to the U.S. Census Bureau. % This growth will continue to increase demands on
groundwater supplies, elevating the risk for more land subsidence in areas already experiencing sinkholes,
urban areas, as well as new subsidence in other areas. In the past, major subsidence areas have been in
agricultural settings where groundwater has been pumped for irrigation.

With current and future population in mind, the City of Frederick is especially vulnerable to the karst and land
subsidence hazard, especially sinkholes. It is an urban area that can see heightened groundwater demands from
population growth, and it already has high exposure. There are 31,252 buildings, including 90 critical facilities, in
karst areas. Due to close proximity of buildings, sinkholes can have secondary impacts that effect more people
as well.

9 Census Bureau. “Quick Facts: Frederick County, Maryland.” 2021. https://www.census.gov/quickfacts/frederickcountymaryland
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Reducing Vulnerability

Several county and local governments in other states have legislated special water-management practices for
industrial or commercial sites located in karst areas that require:

Refraining from dumping anything onto a parking lot, storm drain, or down a sinkhole

Diverting water runoff away from sinkholes

Remediating sinkholes that receive runoff as soon as possible

Maintaining vegetation on steep slopes to keep soil in place

Identifying the best practices for dispersed storm water management in karst areas

Working with the local health department to select the best septic system for each site and contacting
local health officials if there is a reason to believe the system is malfunctioning

Under a 1991 Amendment to Maryland’s Surface Mining Law, the MDE is required to establish and define Zones
of Influence around limestone and marble quarries in Baltimore, Carroll, Frederick, and Washington Counties. A
quarry’s Zone of Influence is based on local topography, watersheds, and geologic and hydrologic factors. When
establishing Zones of Influence, MDE conducts field investigations and evaluates any available information
(e.g., groundwater studies and well monitoring data).
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Drought

Hazard Identification

Hazard Description

Drought occurs when water systems cannot provide the minimum necessary water to sustain plant, animal, or
economic systems due to shortfalls in precipitation, soil moisture, or runoff. Drought is the result of complex
interactions between physical and human processes and can have widespread effects. Differing built and
natural landscapes throughout the State often make this hazard a regional issue, rather than statewide. Despite
all the problems that droughts have caused, it has proven to be difficult to define, and there is no universally
accepted definition. Unlike a flood, a drought is not a distinct event and typically has no well-defined start or
end. Further, the impacts of drought vary by affected sector.

The most commonly used drought definitions are based on meteorological, agricultural, hydrological, and
socioeconomic effects:

¢ Meteorological drought refers to a period of substantially diminished precipitation duration and/or
intensity. The commonly used definition of meteorological drought is an interval of time, generally on
the order of months or years, during which the actual moisture supply at a given place consistently falls
below the climatically appropriate moisture supply.

e Agricultural drought occurs when there is inadequate soil moisture to meet the needs of a particular
crop at a particular time. Agricultural drought usually occurs after or during meteorological drought, but
before hydrological drought. It can also affect livestock and other dry-land agricultural operations.

¢ Hydrological drought refers to deficiencies in surface and subsurface water supplies. It is measured as
streamflow, snowpack, lake, reservoir, and groundwater levels. There is usually a delay between lack of
rain or snow and less measurable water in streams, lakes, and reservoirs. Therefore, hydrological
measurements tend to lag behind other drought indicators.

e Socioeconomic drought occurs when physical water shortages start to affect the health, well-being, and
quality of life of the people, or when the drought starts to affect the supply and demand of an economic
product.

Droughts result from prolonged periods of dry weather accompanied by extreme heat and usually occur during
the summer months (July and August). The warmest time of the year in Frederick County is July when
maximum temperatures average 89 degrees. Extreme temperatures of 100 degrees occur occasionally. Drought
forecasting is difficult and often unreliable due to the climate complexities involved since drought is not the
result of a single cause. Sometimes about a month of notice is possible, however.

Location

Agricultural droughts are the most common form of drought in Frederick County and poses the greatest threat
to region’s agricultural operations. High summer temperatures can exacerbate the severity of a drought. When
soils are wet, a significant portion of the sun’s energy goes toward evaporation of the ground moisture.
However, when drought conditions eliminate soil moisture, the sun’s energy heats the ground surface and
temperatures can soar, further drying the soil.

The U.S. Drought Monitor is a tool produced in partnership between the National Drought Mitigation Center, the
United States Department of Agriculture, and the National Oceanic and Atmospheric Administration. It
illustrated the geographic extent of drought conditions. For example, on September 28, 2021, no parts of
Maryland were considered abnormally dry or in a drought condition by the US Drought Monitor, as shown in
Figure 5.8.
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U.S. Drought Monitor September 28, 2021

(Released Thursday, Sep. 30, 2021)

Maryland Valid 8 am. EDT

Drought Conditions (Percent Area)

Mone [D0-D4 (D1-D4 [ D2-D4 isxEnk Sty

Curmrent 100.00( 000 QOO0 | QOO | QOO [ Q00

Last Week

09.24.2091 100.00( 000 QOO0 | QOO | QOO [ Q00

3 Months Ago

06.25.2091 9386 | 614 | 000 | 000 [ 00O | 00O

Start of
Calendar Year |100.00| 0.00 | 0.00 | 0.00 | 0.00 | 0.00
12-29-2020
Start of
Water Year 9216 | 784 [ 000 | 000 [ 000 | 00O
05-29-2020

One YearAgo | g5 45 | 754 | 0.00 | 000 | 0.00 | Q.00
09-29-2020

Intensity:

|:| Mone |:| D2 Severe Drought
|:| D0 Abnormally Dry - D3 Extreme Drought
|:| D1 Moderate Drought - D4 Exceptional Drought
The Drought Monitor focuses on broad-scale condtions.

Local conditions may vary. For more information on the
Drought Monitor, go to htips.ddroughtmonitor.unl.edw/About. aspx

Author
Brian Fuchs
National Drought Mitigation Center

droughtmonitor.unl.edu

Figure 5.8. An Example of the U.S. Drought Monitor for Maryland

Extent

The extent (i.e., magnitude or severity) of drought can depend on the duration, intensity, geographic extent, and
the regional water supply demands made by human activities and vegetation. The intensity of the impact from
drought could be minor to total damage in a localized area or regional damage affecting human health and the
economy. Generally, impacts of drought evolve gradually, and regions of maximum intensity change with time.
The severity of a drought is determined by areal extent as well as intensity and duration. The frequency of a
drought is determined by analyzing the intensity for a given duration, which allows determination of the
probability or percent chance of a more severe event occurring in a given mean return period. Table 5.23.
summarizes the levels of drought severity and their possible impacts on a community or region.”®

Table 5.20. Drought Severity Classification and Possible Impacts

Category Description Possible Impacts

Going into a drought: short-term dryness slows planting, growth of crops or
Do Abnormally dry pastures; fire risk above average. Coming out of a drought: some lingering
water deficits; pastures or crops not fully recovered.

70 U.S. Drought Monitor.
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Category Description Possible Impacts

Some damage to crops, pastures; fire risk high; streams, reservoirs, or
D1 Moderate drought  wells low; some water shortages develop or are imminent; voluntary water
use restrictions requested.

Major crop/pasture losses; extreme fire danger; widespread water
shortages or restrictions.

Extreme drought

Previous Occurrences

According to the National Centers for Environmental Information (NCEI), Frederick County experienced 12
drought periods from 1950 to 2021, often spanning months. Between 1997 and 1999, three regional droughts
incurred more than $40.2 million in crop damages (adjusted for inflation).

No significant droughts have been recorded since 2007; these events are summarized in Appendix C.

Probability and Severity of Future Occurrences

Droughts are often unpredictable and may be localized, which makes it difficult to assess the probability.
Historical records of drought show that when droughts occur, they have a costly impact on agricultural
production of Frederick County. Most droughts in this area are shorter, multi-month droughts, while widespread
multiyear droughts are much less common. Based on historical occurrences as reported by NCEI, since 1993,
12 droughts occurred in Frederick County, resulting in an expected annual number of events of 0.43, or drought
conditions likely every few years. It is predicted an increase in drought conditions will occur due to climate
changes.

Maryland is projected to experience both higher average temperatures and precipitation rates during the winter
and spring seasons by the mid-21%t century. Despite increased precipitation, the region may experience more
severe droughts in the summer and fall as higher air temperatures accelerate soil moisture loss.”" 72 Both
summer and winter temperatures are likely to increase. Precipitation is likely to increase as well, leading to a
generally wetter future. Typical climate forecasts tend to suggest that increased temperatures coupled with
increased annual precipitation generally correspond to higher intensity storms (greater flood risk) and longer dry
periods in the summer months (more frequent and/or intense droughts). It should be noted that small reservoir
systems could be very sensitive to such changes.

As Frederick County’'s economy and population continues to grow, the potential effects of prolonged droughts
may grow with it. If development encroaches on rural or undeveloped areas, the County could lose agricultural
and forest land, open spaces, and rural character, while facing increased water needs. Unmanaged residential
and commercial growth could strain existing water supplies, intensifying future drought events.

Those who rely on surface water (reservoirs and lakes) and subsurface water (groundwater) are usually not
adversely affected by a drought. A short-term drought that persists for three to six months may have little
impact on these areas, depending on the characteristics of the hydrologic system and water use requirements.
Droughts of longer duration affect areas that are dependent on stored surface or subsurface supplies while the

71T NOAA National Centers for Environmental Information. 2018. “State Climate Summaries: Maryland and District of Columbia.” Retrieved
from https://statesummaries.ncics.org/chapter/md;/.

72 Environmental Protection Agency. 2016. “What Climate Change Means for Maryland.” Retrieved from
https://19january2017snapshot.epa.gov/sites/production/files/2016-09/documents/climate-change-md.pdf.
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impacts of a drought may be less in agricultural areas as rain quickly replenishes soil moisture. Groundwater
users who are often the last to be affected by drought during its onset may also be the last to experience a
return to normal water levels. The length of a recovery period is a function of the intensity of the drought, its
length, and the quantity of precipitation as the drought ends.

Loss Estimation

Drought events poses a significant risk to agriculture, which depend on water supplies. According to the 2017
Census of Agriculture, Frederick County’s farmland constitutes 45% of the jurisdiction’s total area and 10% of all
Maryland’s farm areas. The County also produces 5% of total agriculture sales in Maryland.

Cumulatively, drought events (12) since 1993 caused roughly $40.2 million in crop damages. On average,
Frederick County may experience $1,438,488 annually in drought-related crop damages. In addition to crop
damages, other less easily quantifiable damages (e.g. wells drying up) likely increase overall losses annually.
More of these potential losses are discussed in the impact summary below.

Impact Summary

Primary Impacts

According to the American Planning Association, since 1980, drought has been the fourth most common type of
disaster in the United States but is the second most costly overall and per incident.

While a drought does not pose immediate threats to life and property, it can have severe economic,
environmental, and social consequences. A lack of precipitation can affect not only agricultural production but
also tourism, water utilities, residential wells, businesses, and more. Droughts may also lead to losses or
destruction of fish and wildlife habitat, loss of wetlands, and lower water levels in reservoirs, lakes, and ponds.
The reduction in water levels can also cause private wells to go dry or pumps to fail and can cause dry hydrants
to be unusable for fire protection purposes.

When drought begins, agriculture is usually first to be affected because of heavy dependence on stored soil
moisture. Soil moisture can be rapidly depleted during extended dry periods. Dryland farming and ranching are
the most at risk from drought. Water uses that depend on in-stream flows are at high risk but less exposed;
these include irrigated farms; aquatic, wetland, and riparian environmental communities; and recreational
activities. Urban and agricultural water users who rely on reservoirs and wells that are not dependent on high
rates of aquifer recharge are the last to experience drought.

Secondary Impacts

Droughts can increase the severity of flooding as land that has been dry for extended periods of time does not
allow water to infiltrate as quickly, which may lead to flash flooding. Droughts also exacerbate the possibility of
wildfires due to the very dry conditions. Risk to life and property is greatest in areas where forested areas adjoin
urbanized areas (high-density residential, commercial, and industrial), known as the wildland-urban interface
(WUI). Buildings are not anticipated to be directly affected by a drought, and all are expected to be operational
during a drought event. However, buildings, critical facilities, and infrastructure within the WUI zone are
considered vulnerable to wildfire.

The impacts on public health from drought can be severe which includes increase in heat-related ilinesses,
waterborne illnesses, recreational risks, limited food availability, and reduced living conditions. Those individuals
who rely on water, such as farmers, may experience financial-related stress. Additionally, industries that rely on
water for business may be impacted the hardest (e.g., landscaping businesses). Even though most businesses
will still be operational, they may be impacted aesthetically. These aesthetic impacts are most significant to the
recreation and tourism industry.
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Risk Assessment

Assets Exposed

Drought events generally do not impact buildings; however, they have the potential to impact agriculture-related
facilities and critical facilities that are associated with potable water supplies. Drought has a major impact on
livestock and crops. Approximately 45% of Frederick County is dedicated to agriculture, making up almost 10%
of the State’s total farm area. Frederick County has the largest amount of farmland, 188,576 acres, pastureland
(26,969 acres), and total number of farms (1,373) in the State. Based on the number of operations with sales,

the main agricultural products are cattle, grain, corn, and soybeans (Table 5.24. Number and Types of Crop
Farms). The amount of livestock on these farms, according to the U.S. Department of Agriculture’s 2017

Census, is shown in Table 5.25..

Table 5.21. Number and Types of Crop Farms73

Crop Type Number of Farms Reporting Inventory (acres)
Corn for grain 231 29,672

Corn for silage 85 9,541

Forage (Hay and haylage) 730 36,024
Soybeans 244 41,503

Wheat 163 14,399

Table 5.22. Number and Types of Livestock Farms74. 75

Livestock Type Number of Farms Reporting Inventory (animals)
Cattle and calves 613 39,637

Chickens (Broilers and layers) 274 112,706
Egrt:?se;rl;i(;);s:nskgg)ponies, and mules, 55 3,306

Hogs and pigs 91 1,699

Sheep and lambs 144 4,684

Turkeys N/A N/A

73 U.S. Department of Agriculture; 2017 Census of Agriculture. 2017. “Chapter 2, Table 1 - County Summary Highlights: Frederick County,
MD.” Retrieved from https://www.nass.usda.gov/Quick_Stats/CDQT/chapter/2/table/1/state/MD/county/021/year/2017.

74 U.S. Department of Agriculture; 2017 Census of Agriculture. 2017. “Chapter 2, Table 1 - County Summary Highlights: Frederick County,
MD.” Retrieved from https://www.nass.usda.gov/Quick_Stats/CDQT/chapter/2/table/1/state/MD/county/021/year/2017.

75 U.S. Department of Agriculture; 2017 Census of Agriculture. 2017. “Chapter 2, Table 2 - Market Value of Agricultural Products Sold.”
Retrieved from https://www.nass.usda.gov/Quick_Stats/CDQT/chapter/2/table/2/state/MD/county/021/year/2017.

Hazard Risk Assessment


https://www.nass.usda.gov/Quick_Stats/CDQT/chapter/2/table/1/state/MD/county/021/year/2017
https://www.nass.usda.gov/Quick_Stats/CDQT/chapter/2/table/1/state/MD/county/021/year/2017
https://www.nass.usda.gov/Quick_Stats/CDQT/chapter/2/table/2/state/MD/county/021/year/2017

Frederick County Hazard Mitigation and Climate Adaptation Plan 2022

Population Exposed

All of Frederick County is vulnerable to droughts. Which communities will be affected by droughts, and to what
degree, depends on the type of drought, its severity, tenure, and residents’ water needs. The City of Frederick is
the second most populous in Maryland (78,842 in 2020). In the last several years, Frederick County as whole has
witnessed growth in both population and development. As the region grows, more residents will be affected by
future droughts, and unmanaged growth may exacerbate droughts that do occur.

Vulnerability Summary

Due to the drought impacts that can be expected as discussed above, the agricultural sector is especially
vulnerable to drought. Droughts severely impact farm income due to crop damage and undernourished
livestock, and they can increase the cost of potable water if water supplies have to be augmented. Areas with a
high amount of agricultural land are, therefore, at an increased vulnerability, such as the unincorporated areas of
Frederick County.

However, urban areas remain vulnerable as well. They may face increased strain on their water supply due to a
higher population density. This may cause concern for municipalities such as the City of Frederick. Additionally,
since droughts are often accompanied by excessive heat, the urban heat-island effect is a concern. It prevents
inner-city buildings from releasing heat built up during the daylight hours, further increasing already high
temperatures. Secondary impacts of excessive heat are severe strain on the electrical power system and
potential brownouts or blackouts.

Finally, areas with stormwater drainage issues face increased vulnerability to drought conditions if periods of
extreme precipitation follow after severe drought conditions. This scenario is projected to be more likely in the
future. A detailed discussion of these areas can be found in the technical appendix (Appendix A).

Reducing Vulnerability

Identifying the first stages of drought and conserving water will help mitigate drought to an extent. In the future,
there is also the potential for managing population growth and development based on available groundwater,
water supplies, and water infrastructure. Mitigation management for drought is a proactive process, but most of
the process is initiated at the state level. In Maryland, the Governor's Water Conservation Advisory Committee
delivered a final report in 2000 that offered the recommended actions in Table 5.23 for the four drought
stages.”®

Table 5.23. Maryland Water Conservation Advisory Committee's Recommended Actions by Drought Stage

Stage 2: Watch (Yellow) — 5% to 10% reduction goal

e Drought conditions evaluated biweekly
e MDE media office works with local TV and radio stations to issue frequent drought updates to public
e MDE increases monitoring of any problems incurred by water systems

e Utilities or local governments may impose restrictions more stringent than the State guidelines

76 Maryland Statewide Water Conservation Advisory Committee. 2000. “Maryland Statewide Water Conservation Advisory Committee: Final
Report.” Retrieved from
https://mde.maryland.gov/programs/Water/droughtinformation/Documents/www.mde.state.md.us/assets/document/drought/droughtrep
ort.pdf.

Hazard Risk Assessment 122


https://mde.maryland.gov/programs/Water/droughtinformation/Documents/www.mde.state.md.us/assets/document/drought/droughtreport.pdf
https://mde.maryland.gov/programs/Water/droughtinformation/Documents/www.mde.state.md.us/assets/document/drought/droughtreport.pdf

Frederick County Hazard Mitigation and Climate Adaptation Plan 2022

e Water systems activate Water Conservation Plans

o Water systems aggressively pursue leak detection surveys and repair programs
e Reduce water usage for main flushing, street flushing, and park irrigation

e Business and industries activate water emergency plans

e Homeowners, government facilities, businesses, and industry should reduce water use for irrigation
purposes

Stage 3: Warning (Orange) — 10% to 15% reduction goal

e Drought conditions evaluated on a weekly basis
e Residences, businesses, and industry voluntarily comply with nonessential water use restrictions

e MDE media office works with local TV and radio stations to issue periodic notification of drought
measures, and to increase public awareness of water conservation

e MDE continues to monitor problems incurred by water systems

e Utilities or local governments may impose restrictions more stringent than the State guidelines
e Water systems actively implement water conservation measures

e Water systems individually contact industrial users to reduce water usage

e Water systems discontinue flushing water lines, fire hydrants, and distribution equipment

e Facility managers for government buildings identify leaks and accelerate maintenance and/or repairs

e Encourage business and industry to irrigate with treated wastewater in accordance with health
guidelines

e Drought conditions evaluated at least weekly

¢ Implement mandatory restrictions on nonessential water uses

¢ MDE media office works with local TV and radio stations to issue daily drought updates to public
e Establish Drought Hotline

e Utilities or local governments may impose restrictions more stringent than the State guidelines

e MDE and water systems notify consumers of severity of water shortage

e Water systems conduct field surveillance of abuses, leaks, etc.

e Local police and/or water systems execute enforcement of water conservation restrictions

e Water systems verify availability of alternate water source or interconnection

e Residences comply with mandatory nonessential water use restrictions

e Business and industry comply with water conservation plans to reduce water use by at least 10%

e Business and industry evaluate need for reduced hours of operation
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Wildfire

Hazard Identification

Hazard Description

A wildfire is an uncontrolled fire that spreads through vegetative fuels, such as brush, marshes, grasslands,
forests, or fields. Nearby structures may be exposed and possibly consumed by the spreading fire. Wildfires
often begin unnoticed and spread quickly, usually signified by dense area-wide smoke. Wildfires are sometimes
called “forest fires,” but this analysis will use the term “wildfire.”

The Wildland-Urban Interface (WUI) refers to places where structures and other human development meet or
intermingle with wildland or vegetative fuels. WUI fires are wildfires that occur in these geographic areas. The
WUI consists of both interface and intermix communities. In interface communities, housing exists near large
areas of dense wildland vegetation, whereas in intermix communities, housing and wildland vegetation are
intermingled.””

Location

Figure 5.9. Wildland Urban-Interface Map

Areas within the WUI, as seen in Figure 5.9, face a higher risk of potential damage from wildfires. As
summarized in Table 5.27, Nearly 29% (193 square miles) of Frederick County’s land area falls in either the WUI

77U.S. Forest Service. 2015. “The 2010 Wildland-Urban Interface of the Conterminous United States.” Retrieved from
https://www.fs.fed.us/nrs/pubs/rmap/rmap_nrs8.pdf.
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interface or intermix areas. Nearly 97% of all land area in the WUl is in the unincorporated areas of Frederick
County.

Table 5.24. Wildfire Exposure by Land Area in the WUI

Total Area
Municipality Interface Intermix
(Square Miles)

Brunswick 369 0 0.08
Burkittsville 0.45 0 0.23
Emmitsburg 1.48 0 0.43
City of Frederick 21.03 0.05 2.00
Middletown 1.84 0 0.22
Mount Airy 1.40 0.01 0
Myersville 1.01 0 0.83
New Market 0.76 0 0
Rosemont 0.56 0.02 0
Thurmont 3.09 0.22 2.24
Unincorporated Areas 625.34 112.34 74.54
Walkersville 4.73 0 0
Woodsboro 0.70 0 0
Total 666.08 112.64 80.57

Not all areas in the WUI face the same level of wildfire risk. Based on 2018 data, Frederick County holds 135,804
forested acres, making up 32% of its total land area.’® The Fire Zones map (Appendix E) prepared by the
Maryland Department of Natural Resources divides the County into distinct zones that identify the fire risk for
that area. Based on the 2021 Draft Maryland State Hazard Mitigation Plan, approximately 2.6% of Frederick
County’s land area falls in high and medium-high risk zones identified by the Maryland Department of Forestry.”°
The risk is based on factors such as fuel type, slope, potential for ignition (human), and land value. Zone 6 is
considered the area with the highest risk and Zone 1, the lowest risk. There are no Zone 1 designations in the
County.

Portions of the City of Frederick, Walkersville, and southwest portions of the unincorporated areas of the County,
lie in Zone 2. Zone 3 includes Brunswick, Burkittsville, Emmitsburg, Middletown, Mount Airy, New Market,
Rosemont, Thurmont, Woodsboro, and unincorporated areas in the southeast part of the County; Zone 4

78 Maryland Department of Natural Resources. 2020. “2020 Forest Action Plan — Part I: Forest Resource Assessment.” Retrieved from
https://dnr.maryland.gov/forests/Documents/Maryland-State-Assessment-2020FINALpages.pdf#page=75

79 State of Maryland. 2021. “2021 Draft Maryland State Hazard Mitigation Plan.” Retrieved from https://aecomviz.com/MEMA-Maryland-
360/Doc/MEMA%20HazMitPlan%20JULY%2009_FINAL%20with%20Appendices.pdf#page-1030
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includes the Myersville area, and portions of the northwestern part of Frederick County make up Zone 5. The
Zone 6 area carries the highest fire risk posing concern for future development and is located primarily in the
northwest part of the County.

Extent

Wildfires can occur at any time of day and during any month of the year, but in Maryland, wildfire season peaks
in the spring due to the combination of low humidity, high winds, and dried forest fuels. Wildfire season length
and peak months may vary from year to year.

The most common cause of wildfire ignition is human activity, which accounts of 96% of all wildfires in
Maryland.® The leading cause of wildfires in the State is improper debris or outdoor burning (35% of fires
annually), followed by arson (30%). Lightning is the only natural cause of wildfires and accounts for just 4% of all
wildfires ignited in Maryland.

The primary factors that influence how many fires occur and how many acres they burn include land use,
vegetation, the amount of combustible materials present, and weather conditions, such as wind, low humidity,
and lack of precipitation. Generally, fires are more likely when vegetation is dry from a winter with little
precipitation and/or a spring and summer with sparse rainfall.

The National Fire Danger Rating System assesses existing and expected conditions of identified factors that
contribute to how dangerous a fire may become, as well as how prepared an organization is to address potential
fires. The National Fire Danger Rating System rates fire potential using five color-coded levels, which are
outlined in Table 5.28.

Table 5.25 National Fire Danger Rating System
Rating Description

e Fuels will not ignite easily from small embers or firebrands, but a sudden and intense
heat source, like lightning, could start fires in decayed wood or duff, which refers to
decomposing organics above the soil but below freshly fallen leaves.

Low e Fires that start in open, dry grasslands may burn freely for a few hours after rain, but
wood fires may spread slowly by creeping or smoldering and may burn in irregular
fingers.

e There is little danger of spreading, and control of these fires is generally easy.

e Fires can start from most accidental causes, but except for lightning, the number of
fire starts is generally low.

e Fires that start in open, dry grasslands can burn and spread fast on windy days.

e Timber fires spread slowly to moderately fast.

e The average fire intensity if moderate, although heavy concentrations of fuel may
burn hot.

e Short-distance spotting, which refers to sparks carried by wind that start new fires
beyond the main fire, may occur but is not persistent.

e Fires are not likely to become serious and control is relatively easy.

High e All fine dead fuels can ignite readily, and fires can start easily from most causes.
e Unattended brush and campfires are likely to escape and become uncontrolled.

80 Maryland Department of Natural Resources. N.d. “Wildland Fire in Maryland.” Retrieved from
https://dnr.maryland.gov/forests/Pages/wfm.aspx.
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Rating Description

e Fires spread easily, and short-distance spotting is common.

e High intensity burning may develop on slopes or in concentrations of fuels.

e Fires may become serious and difficult to control unless they are suppressed
aggressively and while small.

e Fires start easily from all causes, spread rapidly and increase quickly in intensity
immediately after ignition.

e Spot fires are a constant danger.

e Fires burning in light fuels may quickly become high intensity, potentially exhibiting
characteristics such as long-distance spotting and fire whirlwinds when they burn
into heavier fuels.

e Direct attack is rarely possible after these fires have burned longer than a few
minutes.

Very High

e All types of fires can start quickly, burn intensely, and spread rapidly.

e Allfires are potentially serious.

e Compared to Very High conditions, fires can transition to high intensity burning much
faster and small fires can grow into big fires much more quickly as well.

e Except forimmediately after ignition, direct attack may be dangerous and rarely
possible.

e Spot fires are possible, and long-distance spotting is likely.

e Fires that develop in conifer stands or heavy slash, which refers to debris left after
logging or pruning, may be unmanageable while Extreme conditions persist.

e Under Extreme conditions, the only effective and safe control actions are on the
flanks of the fire until the weather changes or fuel supply diminishes.

Previous Occurrences

The NCEI database does not collect wildfire events. Historical wildfire data and associated damage are
captured through two sources: Frederick County Fire AMS and the Maryland Department of Natural Resources.
These two sources cannot be combined due to overlap and possible duplication of events. Additionally, there
are no presidentially declared disasters for wildfires recorded for Frederick County.

Frederick County Fire AMS data from 2010 through 2015 indicates there were 119 calls related to wildfires or
vegetation fires. Ninety-four of the calls were confirmed to be vegetation fires and were responded to
accordingly. Maryland Department of Natural Resources data recorded 382 wildfires from 1988 through 2010.
These events incurred a combined $18,882 in crop damages and one injury. No property damages or fatalities
were recorded. No updates to these data are available as of August 2021.

Since 2016, one significant wildfire event has affected Frederick County: On March 8, 2016, a five-acre wildfire
ignited in Gambrill State Park in Frederick County. The cause of the ignition is unknown, but heavy winds and
dead, dry vegetation from the winter months allowed the wildfire to quickly spread. Around 60 fire and rescue
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crew members from Frederick County responded to the event and were able to extinguish the flames after about
two hours. 882

Probability and Severity of Future Occurrences

As summarized in Table 5.29, Frederick County can expect to experience 20 wildfire events in a given year. This
analysis is based off of more recent County AMS data. Based on the Department of Natural Resources data, the
County can expect to experience roughly 29 wildfire events that incur $1,452 in damages in a given year.

Table 5.26. Annualized Wildfire Events and Damage

Total Events Cumulative Damage Total Years of Record 83
County AMS 119 N/A 6
(Annualized) 20 N/A
State DNR 382 $18,882 13
(Annualized) 29 $1,452

Anticipating the future frequency and severity of wildfires requires an understanding of how wildfires are
affected by climate factors. Many wildfires are started by human activity, but the potential severity and extent of
these events is affected by atmospheric temperatures and precipitation patterns. In general, hot and drier
seasons will reduce the amount of moisture in soils and vegetation, ultimately creating more fuel for fires to
consume to grow and spread.

External factors, like development patterns, can also affect the potential magnitude of future wildfires. Wildfires
typically start in natural areas and pose the most immediate risk to the ignition site. In recent years, Frederick
County’s population increased in both urban and rural areas. As more recreational and full-time residences are
developed in wooded land or the WUI, the potential for property damage from fires increases.

Maijority of wildfires in Maryland are caused by human activity, but the severity and extent of wildfires depends
on climate conditions, including atmospheric temperatures and precipitation patterns. Wildfires are more likely
during hotter months because higher temperatures accelerate evaporation, drying out soil and vegetation.
Similarly, changes to season precipitation patterns during the winter and spring can also affect soil and
vegetative moisture during peak wildfire months. Combined, temperatures and precipitation can influence the
likelihood that wildfires ignite and their potential magnitude and geographic extent.

As global temperatures rise, Frederick County is projected to experience more extremely hot days: by 2050, the
region is expected to experience upwards of nearly 29 days over 95 degrees and 9 days over 100 degrees (both
in Fahrenheit). 84 At the same time, Maryland is projected to witness more frequent and intense rainfall events.
During dry spells, hotter temperatures will increase the evaporation rate, drying out soils and vegetation.

With climate change, increasing temperatures and more frequent or severe droughts may lengthen the fire
season and potential intensity of fires. Future vulnerability of wildfires will also depend on seasonal precipitation

81 Maryland Department of Natural Resources. 2016. “Dry and Windy Conditions Elevate Wildfire Risk.” Retrieved from
https://news.maryland.gov/dnr/2016/03/09/spring-conditions-elevate-wildfire-risk/.

82 Arias, Jeremy. 2016. The Frederick News-Post. “Gambrill State Park brush fire that produced 'ring of fire' under investigation.” Retrieved
from https://www.fredericknewspost.com/news/disasters_and_accidents/gambrill-state-park-brush-fire-that-produced-ring-of-fire-under-
investigation/article_7f03a567-4fc0-59a0-b849-755418a6¢f62.html.

83 County AMS data records are for the years 2010 to 2015. Maryland Department of Natural Resources data records are for the years 1998
to 2010.

84 National Oceanic and Atmospheric Administration. (n.d.) Climate Explorer. Retrieved from https://crt-climate-explorer.nemac.org/.
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patterns. Combined with more development in forested areas, the number of people, properties and
communities at risk to wildfires could increase. Future wildfires and urban interface fires could cause
substantial loss of property along with direct and indirect economic effects for residents and community
businesses.

Impact Summary

Primary Impacts

Wildfires can spread quickly, reaching homes, businesses, utilities, transportation corridors, and other physical
structures with little notice. Trees or wood utility poles may catch fire and collapse, blocking roadways or
causing additional damage to nearby properties. Some transportation routes may be detoured or closed to stop
travelers from approaching the flames. Natural spaces and wildlife in the fire’s path will likely be burned or
destroyed by flames.

Uncontained wildfires can destroy or significantly damage property, public infrastructure, and natural resources
in or around the WUI. In additional to physical damage, affected areas may experience smoke and ash. Large,
severe wildfires can create significant smoke and ash that can be suspended in the air for days. Depending on
wind patterns, these materials can spread, carrying pollution and reducing air quality in the surrounding area.

Most wildfire-related deaths occur as a result of fire suppression activities; however, if roads are damaged or
there is insufficient warning, other injuries and deaths could occur. Since death or injury statistics curves for
wildfire are not available, they are estimated based on past wildfire events.

Secondary Impacts

Wildfires can extensively hinder the economy of an affected area, especially recreation and tourism industries,
upon which Frederick County depends. Affected businesses may need to close to execute repairs, or if workers
cannot travel to job sites. Property repairs for damaged homes and commercial facilities can be costly for
residents and business owners alike.

These events can also be costly if many first responders are needed to evacuate residents or tend to the injured.
After a wildfire, local and county governments may need to assess damage and pay for property and
infrastructure repairs. Major direct costs associated with wildfires include fire suppression, subsequent salvage
and removal of downed timber and debris, and restoration of the burned area.

If burned woodlands and grasslands are not replanted quickly, widespread soil erosion may occur. Accelerated
erosion can elevate the potential for landslides, mudflows, and floods to occur, intensifying existing damage.

Public Health Impacts

Wildfires can create significant smoke, ash, and haze. Depending on wind patterns, these materials can be
transported into surrounding areas, reducing air quality and visibility. People who live in affected areas face a
higher risk of burn-related injuries and smoke inhalation. For individuals with underlying or pre-existing health
conditions, added smoke and ash in the air raises the potential for health complications. First responders who
work near the flames may face much higher risks of injuries, particularly burns, and smoke inhalation, while
performing their job duties. Finally, buildup of ash, soil, and fire debris can cause changes in water quality that
effect taste, color, and smell. Depending on fire severity and characteristics, water quality can be compromised
for months or, in extreme cases, years after the fire has been extinguished.
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Risk Assessment

Assets Exposed

Building footprints were intersected with the WUI interface and intermix zones with results shown in Table 5.30.

Nearly 17% of structures in Frederick County lie within the interface zone, while 13% reside in the intermix zone.
Since the 2016 plan, the number of structures in Frederick County has grown, but the share of those in the WUI
interface and intermix zones has fallen one percentage point each.

Table 5.27. Building Footprints in WUI Areas in Frederick County

Municipality Total Number Building Footprints Interface Intermix
Brunswick 4,412 70 0
Burkittsville 215 20 0
Emmitsburg 1,452 675 1

City of Frederick 30,328 3,621 0
Middletown 2,504 375 0
Mount Airy 2,166 0 27
Myersville 1,037 988 0

New Market 869 0 0
Rosemont 329 0 7
Thurmont 4,546 3,862 115
Unincorporated Areas 129,502 21,140 24,041
Walkersville 3,808 0 0
Woodsboro 886 0 0
Total 182,054 30,751 24,191

The fundamental factor necessary to assess physical vulnerability is the extent to which structures sustain
damage when exposed to fire and heat. Current standard loss estimation tables do not exist for wildfires. The
local fire department and structural engineers should help estimate structure and content damage from
wildfires. The following loss estimation identifies critical facilities, building footprints, and market values of
parcels in WUl interface and intermix areas.

Within Frederick County, the total market value of all structures exceeds $8.2 billion. Of those structures, more
than $5.3 billion of the total market value, or 64%, falls within the WUI interface or intermix zones, representing
the total market value vulnerable to wildfires. Table 5.31 summarizes the number of structures within interface
and intermix and the associated vulnerability.
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Table 5.28. Land Improvement Market Values Within the WUI

Municipality
Brunswick
Burkittsville
Emmitsburg
City of Frederick
Middletown
Mount Airy
Myersville

New Market
Rosemont
Thurmont
Unincorporated Areas
Walkersville

Woodsboro

Total

Critical Facilities Exposed

Total Market Value Vulnerability Total Market Value Exposure

$596,543,300
$11,657,200
$174,886,900
$858,736,500
$510,489,100
$334,903,300
$146,925,000
$162,849,100
$18,603,000
$465,555,110
$4,300,216,300
$578,212,000

$94,704,300

$8,254,281,110

$9,277,900
$10,386,000
$99,328,700
$769,047,000
$81,741,100
$4,949,900
$134,439,700
$0

$287,800
$385,086,310
$3,829,570,600
$0

$0

$5,333,392,910

Of the 378 critical facilities in Frederick County, 54 facilities (14.3%) are in the WUI spatial extent (Table 5.32.).
Of these exposed facilities, 16 are fire and EMS stations (Table 5.33). The unincorporated areas of Frederick
County contain the most critical facilities. Of these, 11 facilities fall in the WUI. The locality with the highest
number of exposed facilities is Thurmont, which contains five critical facilities in the WUI. Appendix D includes

the specific facilities and associated hazard vulnerabilities.

Table 5.29. Critical Facilities in the WUI by Municipality

Municipality Interface
Brunswick 0
Burkittsville 1
Emmitsburg 3

City of Frederick 7
Middletown 0

Mount Airy 0

Hazard Risk Assessment

Intermix

Total in the WUI Percent in WUI

0.0%

33.3%

33.3%

5.6%

0.0%

0.0%

131



Frederick County Hazard Mitigation and Climate Adaptation Plan 2022

Municipality Interface Intermix Total in the WUI Percent in WUI
Myersuville 5 0 5 83.3%

New Market 0 0 0 0.0%
Rosemont 0 0 0 0.0%
Thurmont 9 2 11 61.1%
X:eir;(;orporated 16 11 27 16.8%
Walkersville 0 0 0 0.0%
Woodsboro 0 0 0 0.0%

Total 41 13 54 14.3%

Table 5.30 Critical Facilities in the WUI by Facility Type

Critical Facility Type Total in the WUI Total Percent in WUI
Dry Hydrant 7 42 1.9%
Fire/EMS 16 55 4.2%
Government Facilities 2 37 0.5%
Interchange 1 29 0.3%
Landfill 1 1 0.3%
Library 2 7 0.0%
Medical Center 4 8 0.5%
Post Office 6 32 1.1%
School 10 23 1.6%
Shopping Center 4 67 2.6%
Transit Station 0 3 1.1%
Wastewater Treatment Plant 1 7 0.0%
Total 54 378 0.3%

Cultural and Historic Resources Exposed

Figure X shows cultural and historic resources in Frederick County and their proximity to karst areas.
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Figure 5.10. Cultural and Historic Resources and Their Proximity to the Wildland Urban Interface

Population Exposed

People that live in either the WUI interface or intermix areas are more likely to be affected by a wildfire
compared to those who do not. Using population data from the 2018 American Community Survey, census
tracts in Frederick County were overlaid with the WUI spatial extent. Census tracts illustrate overall population,
but do not indicate whether within these boundaries that residents live. Some populous tracts may contain
concentrated pockets of development, while others may be more evenly distributed. This analysis considers
only overall tract population as an indicator of exposure.

Figure 5.11 illustrates the County’s population by census tract, segmented by quintiles and Figure X shows
social vulnerability and the WUI. The region’s most populous tracts are clustered to the southeast around the
City of Frederick, New Market, and Mount Airy. This part of the County has several pockets of the WUI, some of
which overlap with highly populous census tracts in unincorporated areas. Western Frederick County contains
larger and continuous stretches of the WUI. Populous tracts that intersect with these portions of the WUI are
concentrated around Emmitsburg and Burkittsville. In recent years, Frederick County has witnessed both
population and development growth. If development encroaches into WUI areas, the number of people exposed
to future wildfires will grow as well.
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Figure 5.11. Population in WUI Areas in Frederick County
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Figure 5.12. Social Vulnerability and the Wildland Urban Interface
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Vulnerability Summary

More information about specific properties in or near wooded areas as well as total damage values would
support determination of the relative vulnerability, as would an assessment of the vegetation types in
determining specific risk factors. If more development occurs in forested areas, the occurrence of human-
caused fires may likely increase, as will the number of people and property potentially at risk to wildfire and WUI
fire exposure. Particular attention should be paid while planning for development in Zones 4 and 5.

Reducing Vulnerability

As development encroaches into rural and forested areas, the potential danger for people and property will
increase. Mitigating the risk of WUI fires must address fuel management in addition to growth management to
address the potentially expanding population in wildfire-vulnerable areas. These measures may define the
necessary interface between private property needs and natural resource needs, public education, fire breaks,
and maintenance of fire roads. Other mitigation options include hazardous fuels reduction, defensible space,
and ignition-resistant construction materials and techniques.
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Landslide

Hazard Identification

Hazard Description

Landslides include a wide range of ground movement, such as rock falls, deep failure of slopes, and shallow
debris flows. Although gravity acting on an over-steepened slope is the primary reason for a landslide, there are
other contributing factors, such as:

e Erosion by rivers, glaciers, or ocean waves creates over-steepened slopes.

e Rock and soil slopes are weakened through saturation by snowmelt or heavy rains.

e Earthquakes create stresses that make weak slopes fail; earthquakes of magnitude 4.0 and greater
have been known to trigger landslides.

e Volcanic eruptions produce loose ash deposits, heavy rain, and debris flows.

e Excess weight from accumulation of rain or snow, stockpiling of rock or ore from waste piles or from
man-made structures may stress weak slopes to failure.

Slope material that becomes saturated with water may develop a debris flow or mud flow. The resulting slurry of
rock and mud may pick up trees, houses, and cars, blocking bridges and tributaries and causing flooding along
its path. Landslides occur in every state and United States territory. Any area composed of very weak or
fractured materials resting on a steep slope can and will likely experience landslides.

Landslides are often prompted by the occurrence of other disasters. Floods or long duration precipitation events
create saturated, unstable soils that are more susceptible to failure. The forces of earthquakes can also cause
landslides.

Location

Landslides can occur anywhere land on a slope becomes unstable. It is more likely on slopes that are overly
steep, have loose debris such as rocks, or contain excess weight from rain or snow accumulation. Due to the
topography in the County, naturally occurring landslides are more likely to be seen in the northwest region near
Thurmont or, more generally, on the western side of the County in and around South Mountain and Gathland
State Parks.

Extent

Landslides constitute a major geologic hazard because they are widespread, occurring in all 50 states, and
causing $1 to 2 billion in damages and more than 25 fatalities annually. Landslides pose serious threats to
highways and structures that support fisheries, tourism, timber harvesting, mining, and energy production as
well as general transportation. Landslides commonly occur with other major natural disasters such as
earthquakes and floods that exacerbate relief and reconstruction efforts. Expanded development and other land
uses have increased the incidence of landslide disasters.

Localized landslide data and information is limited, and the understanding of landslide hazards is better
understood at a regional and national level. A previous USGS dataset, last updated in 2001, indicated the
western half of Frederick County has high susceptibility and incidence, while the eastern portion exhibited a low
susceptibility and incidence. This dataset, however, has not been updated, and is intended for analysis at
national or large regional areas.

More recently, in 2019, the USGS developed a Landslide Inventory Map that documents historical landslides
throughout the nation and identifies a confidence index (from high confidence in extent or nature of landslide to
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possible landslide), for areas that potentially affected by landslides. 8 This database does not include any
historical landslides or areas of high or possible landslide susceptibility within Frederick County. Additionally,
according to the 2021 State of Maryland Hazard Mitigation Plan, Frederick County has a moderate risk for soil
movement, which includes landslides, sinkholes, coastal erosion.

There are currently no landslide monitoring stations in the State of Maryland. The closest landslide monitoring
station is in North Carolina. However, landslide activity in the State of Maryland is commonly induced by
prolonged rainfall associated with strong storms.

Previous Occurrences

NCEI contains no data for landslide events in Frederick County. However, landslide and mudslide activity has
occurred in the area and are described below.

e According to the United States Department of Agriculture Farm Service Agency, Frederick County was
one of several counties to be declared a contiguous disaster county due heavy rain and flooding that
caused landslides and mudslides between May 15 and May 28, 2018.8%A landslide occurred on
Alternate route 40 on Braddock Mountain that undermined the highway and required repairs by the State
Highway Administration.

e OnJune 27,2006, thunderstorms brought 4 to 7 inches of rain to the County in a short amount of time.
Numerous roads were closed across the county due to high water or mud slides.

Probability and Severity of Future Occurrences

Due to the localized variability of the hazard, probabilistic landslide data are limited and not available without a
local study of specific hazard areas and conditions. However, generalized risk can be used to extrapolate
general likelihood of future occurrences.

As previously discussed, USGS data on landslide susceptibility indicated the western portion of the County
having a high landslide susceptibility and incidence, with the western most edge having a high susceptibility and
moderate incidence (Appendix E). This dataset, however, has not been updated since 2001, and more recently
updated datasets, like the USGS’s Landslide Inventory, does not include any previous events or show any
susceptible areas in Frederick County. According to the Global Facility for Disaster Reduction and Recovery,
Frederick County has low landslide probability and risk.®” The Global Facility for Disaster Reduction and
Recovery utilizes a global dataset that considers the risk from annual rainfall-triggered landslides and
earthquake-triggered landslides.

Due to Frederick County's terrain, rainfall patterns, geology, soil, and land cover, localized landslides are known
to be an uncommon hazard according to emergency management professionals on the Hazard Mitigation
Planning Committee. While this has been the case in the past, it might not hold as steady in the future. Climate
change can alter bedrock and slope stability as a result of changes in temperature and increased precipitation,
so there is a potential for landslide risk to increase as briefer, higher precipitation events are expected.

85 USGS. “U.S. Landslide Inventory.”
https://usgs.maps.arcgis.com/apps/webappviewer/index.html?id=ae120962f459434b8c904b456c82669d

86 USDA. “Disaster Designation Information: State and County Records of Disaster Designation Information Made By the US Secretary of
Agriculture.” 2018. https://www.fsa.usda.gov/programs-and-services/disaster-assistance-program/disaster-designation-information/index
87 Global Facility for Disaster Reduction and Recovery. “Frederick County, Maryland: Landslides.” https://thinkhazard.org/en/report/3234-
united-states-of-america-maryland/LS
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Impact Summary

Primary Impacts

Rainfall-triggered landslides are a significant, yet underreported phenomena which may impact or threaten lives,
property, and development. Impacts to roadways are common as they are often the closest development to a
sloped area. The true impact of landslides is often disguised by more broad data relating to the precipitation
events that prompt them. Rain-triggered landslide events are often concurrent with wind damage and floods, so
the impacts and costs of landslide damages are often being reported and attributed to larger storm activity.

Secondary Impacts

When damage occurs to roadways, traffic delays can delay everyday travel for commuters which can impact
leisure and business activities. The slope where the hazard occurred would need to be examined to determine
the risk of a repeat event, so delays can potentially extend past the immediate cleanup time.

Risk Assessment

Assets Exposed

As discussed previously, there is limited data on the localized risk to landslides. The USGS Landslide Inventory
does not assign any confidence index scores — which indicates areas where there is high confidence of
landslides occurring to landslides being possible in the area — anywhere in Frederick County. However,
structures located in areas of dramatic slope changes, where the risk to landslides is higher, are more likely to
be vulnerable to damage. Additionally, buildings that are not constructed to code or that have a foundation
inappropriate for its underlying soil type may be more likely to affected by landsides, if they occur.

Population Exposed

The accumulation of landslide risk is a result of increased development activity and a reduction in slope
stability. Though underreported, landslide risk is present in many highly populated and developed areas. The
City of Frederick has the second largest population (78,842 in 2020) in the State of Maryland, and Frederick
County as a whole has shown growth trends in population and development in the last few years. In order to
address landslide-related losses or future risk, the interaction of development and slope stability should be
considered in order to mitigate risk.

Vulnerability Summary

Frederick County has experienced few landslide incidences over the past decade, few of which are captured in
databases like NCEI and the USGS Landslide Inventory. However, areas of dramatic elevation changes face a
higher vulnerability to potential damage or harm, such as western and northwester Frederick County. Between
2010 and 2020, Frederick County gained 38,332 residents and recorded the third highest percentage increase in
population in Maryland. If development encroaches into areas with significant slope variations, the County’s
vulnerability to landslides could grow.

Heavy precipitation events can trigger landslides. Both the frequency and intensity of severe rainfall events are
projected to increase in Maryland due to climate change. These changes may elevate the chance for landslides
to occur in Frederick County, particularly the western and northwestern parts of the region.

Reducing Vulnerability

Key areas of focus to reduce vulnerability to landslides in the County include:
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e Identify areas where riparian landslides may occur and map landslide hazard areas.

e Develop and maintain a database to track historical occurrences of landslides.

e Apply soil stabilization measures, such as planting certain types of vegetation on steep, publicly-owned
slopes.
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Dam and Levee Failure

Hazard Identification
Hazard Description

Dam Failure

Dams are artificial barriers that store, slow, or divert water, wastewater, or liquid-borne materials. They serve to
regulate water supply, control floods, provide hydroelectric power, or create recreational opportunities. Most
dams in Maryland consist of an earthen embankment to retain water and a combination of spillways designed
to convey water safely around or through the facility. Maryland has no natural lakes or ponds, meaning that
nearly all water bodies are formed by dams. 88

Dams are sources of concentrated vulnerability and can be serious disaster agents if they fail. FEMA defines
dam failure as the “catastrophic type of failure characterized by the sudden, rapid, and uncontrolled release of
impounded water.”® There is often little to no advance warning prior to a dam failure, which intensifies the
potential risk for downstream property damage, and loss of life or injury. While minor dam failures can lead to
catastrophic failures, in most cases these minor failures can be corrected.

Dams can fail for several reasons, including the following:

e Overtopping caused by floods that exceed the capacity of the dam,
e Deliberate acts of sabotage,

e  Structural failure of materials used in dam construction,

e Movement and/or failure of the foundation supporting the dam,

e Settlement and cracking of concrete or embankment dams,

e Piping and internal erosion of soil in embankment dams,

¢ Inadequate maintenance and upkeep.®®

Levee Failure

FEMA defines a levee as “a man-made structure, usually an earthen embankment, designed and constructed in
accordance with sound engineering practices to contain, control, or divert the flow of water so as to reduce risk
from temporary flooding.” These embankments run in a long strip, sometimes for many miles, along a river, lake
or ocean. Grass or other mat-like vegetation is planted on the levee's bank to prevent erosion.

A levee failure occurs when the levee fails or is otherwise breached, causing the previously contained water to
flood the land protected by the levee. There are several main types of failures that occur in man-made levees.
The foundation could breach suddenly or gradually due to either surface erosion or by any sort of subsurface
failure. Sand boils, which results when the rising pressure of the water flowing through the pores in the soil is
stronger than the downward pressure of the soil, can also occur during a breach. If there is no surface cover, like
grass, are more prone to surface erosion.

88 State of Maryland. 2021. “2021 Draft Maryland State Hazard Mitigation Plan.” Retrieved from https://aecomviz.com/MEMA-Maryland-
360/Doc/MEMA%20HazMitPlan%20JULY%2009_FINAL%20with%20Appendices.pdf#page-89

89 Federal Emergency Management Agency. 2004. “Federal Guidelines for Dam Safety: Glossary of Terms.” Retrieved from
https://www.fema.gov/sites/default/files/2020-08/fema_dam-safety_glossary_P-148.pdf.

9 Federal Emergency Management Agency. 2016. “Be Aware of Potential Risk of Dam Failure in Your Community.” Retrieved from
https://www.fema.gov/sites/default/files/2020-08/fema_dam-safety_aware-community_fact-sheet_2016.pdf.
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Location

Frederick County has 27 dams within its jurisdiction. The dams are mostly low hazard, with some significant and
high hazard dams as well. Of these 27 dams, 19 were included in a list provided by Frederick County;®" the other
8 were exclusively found on the National Inventory of Dams (NID). The eight additional dams found in the NID
data include three low hazard dams and five significant hazard dams. Included in the list of 27 dams provided
by Frederick County are three low-hazard dams that were not included in the NID. Table 5.34 lists all the dams
and their associated information. Figure 5.13 shows the dams by hazard potential.

Dam inundation extents exist for four of the high hazard dams and one significant-hazard dam in Frederick
County: Lake Merle Dam, Fishing Creek Dam, Rainbow Dam, Lake Linganore, and Hunting Creek Dam. Maps of
all five inundation zones can be found in Appendix E.

91 The original list from Frederick County GIS listed 21 dams, but upon consultation with the Maryland Department of the Environment, it was
determined that three of the dams (Higgins Lake, Lake Whittier, and Shay Lake) were very likely categorized as “small ponds.” Therefore,
they are not included in the list of dams in the HMCAP.
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Table 5.31. Dams Located in Frederick County

. Owner Primary . Year Hazard Condition Emergency
Dam River Owner Name Height X . )
Type Dam Type Built Potential Assessment Action Plan
MD Department of
Bentz Community Pond Hunting Creek State Natural Rer.sourc.es, Public Masonry 12 feet 1908  Low Hazard = Not Required
Lands, Engineering &
Constr-Western
Bond Farm Pond Spruce Run-Tr Private William M Bond Earth 17 feet 1973  Low Hazard Not Rated Not Required
Cohen Pond Ballenger Creek-Tr  Private David Chaput Earth 33 feet 1952 ilg;;l;:ant Poor Yes
Damazo Pond (L:l;c::k??rtoctln Private H Damazo Earth 22 feet 1975  Low Hazard Satisfactory Not Required
Fishing Creek Dam* Fishing Creek Local Govt.  City of Frederick Earth 58 feet 1925  High Hazard Unsatisfactory Yes
Frederick Research Park ) S
Lot 4 Stormwater Monocacy River-Tr  Private Corpore?te Office Earth 20 feet = Significant Poor No
Properties Trust Hazard
Management Pond
Holly Hills Section 4 . .
Stormwater Long Branch Private Holly I—.“”.S Homeowners Earth 26 feet 2001 Significant Satisfactory Yes
Association Hazard
Management Pond 1
Hunting Creek Dam
. . MD D tment of . .
(Cunningham Falls State  Hunting Creek State epartment o Earth 79 feet 1969  High Hazard Fair Yes
Natural Resources
Park Dam)*
Kump's Dam Middle Creek Private VFW Post 6658 Masonry 14 feet 1900 Low Hazard = Not Required
Lake Anita Loui . . Lake Li .
a. € Anita touise Linganore Creek-Tr  Private axe .|nganore Earth 40 feet 1973  Low Hazard Not Rated Not Required
(Pinehurst Dam (Upper)) Association
Lake Jennifer South Fork-Tr Private Lake Jennifer Common Earth 15 feet 1963  Low Hazard Poor Not Required
Lake Li Brosi . . Lake Li . .
0 HIgEE (el Linganore Creek Private axe Linganore Earth 63 feet 1972  High Hazard Unsatisfactory Yes

Dam)*

Hazard Risk Assessment

Association

143



Dam

Lake Marian (Woodridge
Road) (Lake Marian
(Woodridge Road))

Lake Merle Dam
(Meadowlake Dam)*

Lilypons Dam

Mason-Dixon Farms
Irrigation Pond

Monocacy Boulevard
Dam (I-70 Dam)

Mt Airy Park-N-Ride
Stormwater
Management Pond (Sha
Bmp No. 100171)

PB Dye Golf Course
Irrigation Pond Dam

Point of Rocks Dam
(Potomac Station
Stormwater
Management Dam)

Emmitsburg Dam
(Rainbow Dam)*

Reichs Ford Landfill
Stormwater
Management Dam

Hazard Risk Assessment

River

Linganore Creek-Tr

Linganore Creek-Tr

Monocacy River

Cattail Branch-Os

Carroll Creek-Tr

Bush Creek-Tr

Little Bennett
Creek

Potomac River-TR

Turkey Creek

East Boyer Run

Owner
Type

Private

Private
Private

Private

State

State

Private

Local Govt.

Local Govt.

Local Govt.

Owner Name

Lake Linganore
Association

Lake Linganore
Association

Lilypons Water Gardens

Mason Dixon Farms INC

MD Department of
Transportation, State
Highway Admin Bridge
Hydraulics

MD Department of
Transportation, State
Highway Administration

The Club at PB Dye

Frederick County Parks
and Recreation

Town of Emmitsburg

Frederick County Dept. Of
Solid Waste Mgmt.
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Primary
Dam Type

Earth

Earth

Earth

Earth

Earth

Earth

Earth

Earth

Roller-
Compacted
Concrete

Height

50 feet

43.65
feet

14.5 feet

20 feet

15 feet

22 feet

13.8 feet

30 feet

39 feet

Year
Built

1973

1971

1984

2011

1972

1990

1990

1964

1995

Hazard
Potential

Low Hazard

Significant
Hazard

Low Hazard

Low Hazard

Significant
Hazard

Significant
Hazard

Low Hazard

Significant

High Hazard

Low Hazard

Condition
Assessment

Not Rated

Poor

Not Rated

Fair

Fair

Poor

Satisfactory

Satisfactory

Emergency
Action Plan

Not Required

Yes
Not Required

Not Required

Yes

Yes

Not Required

No

Yes

Not Required
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Spring Ridge St t
pring Ridge Stormwater Lowen e

Management Pond No. L G Private

4a

St Clair Farm Pond CllIe EIEIE), U Private

Bush Creek

Starners Dam Monocacy River Private

Summit Lake Church Offstream-Little )
Private

Camp Dam Owens Creek

Urbana Lake/Urbana Bennett Creek-Tr State

Spring Ridge Conservancy

Thomas K. St. Clair

Starners Dam Association

Summit Lake Bible Conf
INC

MD Department of
Natural Resources -
Fisheries Administration

Earth

Earth

Earth

Earth

16 feet

18 feet

15 feet

25 feet

*These dams have inundation zones associated with them that are used for the analyses in this section.
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1994

1968

1930

1963

Low Hazard

Significant
Hazard

Low Hazard

Low Hazard

Low Hazard

Not Rated

Satisfactory

Not Rated

Satisfactory

Not Required

Yes

Not Required

Not Required

Not Required
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Figure 5.13. Frederick County Dam Hazard Potential

There is only one levee in Frederick County: The Carroll Parkway Levee. It is located west of the City of
Frederick’'s downtown along Carroll Parkway between College Avenue and North Bentz Street, south of Baker
Park. This system is 0.1 miles in length and is controlled and operated by the City of Frederick. The Carroll
Parkway Levee is part of the flood control project that came together in response to the 1976 flood that caused
between $5 million and $25 million in damages to the City of Frederick’'s downtown.°? According to the United
States Army Corps of Engineers (USACE) National Levee Database, 251 people and $3.52 Million in property
value is protected by the Carroll Parkway Levee. However, it is classified by FEMA as a Non-Accredited Levee
System—meaning that it does not meet NFIP levee requirements—and is therefore not shown on any FIRM as
reducing the base flood hazard risk.

92 The Frederick News-Post. 2018. “Carroll Creed flood control project did its job during recent floods.” Retrieved from
https://www.fredericknewspost.com/news/politics_and_government/levels_of_government/municipal/carroll-creek-flood-control-project-
did-its-job-during-recent-floods/article_06903b48-2716-5de3-8272-73d58060ffa0.html.
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Extent

Risk Types

There are three major flood risks that can be applied to any dam or levee. These risks include incremental risk,
non-breach risk, and residual risk. Each of these risk measures focus on a different aspect of risk. %

Incremental risk is the risk to the pool area and downstream floodplain residents that can be directly attributed
to a dam breach both before and after overtopping, or if a component malfunctions or fails to operate properly
when the consequences of that malfunction are over and above those that would occur without dam breach.
The consequences typically are due to downstream inundation, but loss of the pool can result in significant
consequences in the pool area upstream of the dam.

Non-breach risk is the risk to the pool area and the downstream affected floodplains even if the dam functions
as intended. This is due to ‘normal’ dam operation of the dam or ‘overtopping of dams without breach’
scenarios. It's the same thing for levees, the landside area may remain in a state of high risk even if the levee
functions as intended. The USACE dam and levee safety programs will carefully and systematically assess,
communicate, and consider in safety decisions the “non-breach” risks associated with the dams and levees in
its portfolio.

Residual risk is the risk in the pool area and downstream of the dam and the landside area behind a levee at any
point in time (i.e., prior to, during, or after implementation of risk reduction measures). The residual risk (i.e., the
risk that remains) associated with a dam consists of both incremental and non-breach risk. The value of
residual risk is the same as the incremental risk for scenarios where there are no non-breach risks.

Dam Hazard Classification

Dam failures can threaten significant damage and disruption to nearby communities. They are classified based
on the scale of downstream damage that could occur if the structure were to fail. Maryland classifies dams into
three hazard categories, as described in Table 5.35., that align with both the NID and the U.S. Natural Resources
Conservation Service (NRCS) framework.

Table 5.32. Maryland Dam Hazard Classification

Hazard Description Code of Maryland NRCS
Classification P Classification Classification

Likely loss of human life, extensive property damage,
High Hazard  and cause flooding of major highways, such as State ~ Category | Class C
roads or interstates.

Possible loss of life or increased flood risks to roads

Significant

Ha?zard and structures, and no more than two houses affected Category |l Class B
and less than six lives in jeopardy.
Unlikely loss of life, and minor increases to existin

Low Hazard y g Category Il Class A
flood levels at roads and structures.
Dams for which a hazard potential has not been Not

Undetermined Not Applicable

designated or is not provided. Applicable

93 US Bureau of Reclamation. 2019. “Best Practices and Risk Methodology. Chapter A-9 Risk Guidelines Presentation.” Retrieved from
https://www.usbr.gov/ssle/damsafety/risk/methodology.html
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Hazard Description Code of Maryland NRCS
Classification P Classification Classification

Source: Maryland Department of the Environment

Dam Condition Assessment

The hazard classification of a dam does not account for the structural integrity, condition, or operation status;

therefore, dams are also given a condition assessment by the National Inventory of Dams (NID). The condition
ratings are not absolute, as they are based on subjective field inspections which may change depending on the
inspector. Table 5.36. gives a description of each of the condition assessments.

Table 5.33. NID Condition Assessment Descriptions

Condition Assessment Description

No existing or potential dam safety deficiencies are recognized. Acceptable
Satisfactory performance is expected under all loading conditions (static, hydrologic, seismic) in
accordance with the applicable regulatory criteria or tolerable risk guidelines.

No existing dam safety deficiencies are recognized for normal loading conditions.
Fair Rare or extreme hydrologic and/or seismic events may result in a dam safety
deficiency. Risk may be in the range to take further action.

A dam safety deficiency is recognized for loading conditions which may
realistically occur. Remedial action is necessary. Poor may also be used when
uncertainties exist as to critical analysis parameters which identify a potential dam
safety deficiency. Further investigations and studies are necessary.

Poor

A dam safety deficiency is recognized that requires immediate or emergency

Unsatisfactor ) . .
y remedial action for problem resolution.

The dam has not been inspected, is not under state jurisdiction, or has been

Not Rated .
inspected but, for whatever reason, has not been rated.

Based on field inspections, three of the four dams that received a high hazard rating are in excellent condition
and one is listed as being in good condition.

In January 2021, the FEMA RiskMAP Flood Risk Report for the Monocacy and Middle Potomac-Catoctin
Watersheds identified four dams (Lake Merle Dam, Fishing Creek Dam, Rainbow Dam, Lake Linganore, and
Hunting Creek Dam) as areas of mitigation interest (AoMI).%* All five of these sites are located in
Unincorporated Frederick County. Two of the dams are locally-owned, one is state-owned, and two are privately-
owned. The report identified broad actions to reduce flood risk, including engineering assessments, dam
upgrades and strengthening, emergency action plans, removal of dam structures, and easements in
impoundment and downstream inundation areas.

The available condition assessments for Frederick County dams are listed in Table 5.31 above.

94 Federal Emergency Management Agency. 2021. “Monocacy and Portion of Middle Potomac-Catoctin Watersheds Study: Flood Risk
Report.” Retrieved from
https://map1.msc.fema.gov/data/FRP/FRR_02070009_Part02070008_20210129.pdf?LOC=a2a632632f12adba1deb8088c152¢c5b3.
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Previous Occurrences

As of August 2021, there have been no major dam or levee failures in Frederick County. According to the
Maryland Department of the Environment’s Dam Safety Permits Division, there have been four known dam
failures in the State since 2011. They are shown in Table 5.37.

Table 5.34. Previous Dam Failures in Maryland

Year Dam Name Location Description

Heavy rains caused Cascade Lake Dam to overtop and

C de Lak . .
2018 ascade Laxe Carroll County  partially fail. Downstream roads closed for two weeks

Dam while the owner worked to remove the dam.
2016 Barren Creek Dam Wicomico Heayy rains cagsed the structure to overtop and fail,
County leading to flooding on Barren Creek Road.
I Worcester Heavy rains caused the structure to overtop and fail,
2016 Big Millpond Dam County leading to flooding on Sheephouse Road.
Pref Estat - i
2011 rererence =states Charles County Heavy rains caused the structure to overtop and fail.

Dam

In 2014, the Blairs Valley Dam in Washington County had a historically high pool which led to a record two feet
of flow in the emergency spillway. Clear Spring was evacuated, but the dam did not fail. Additionally, the
National Performance of Dams Program’s Dam Incident Database lists 33 total incidents involving dams in
Maryland since 1929. 16 of the incidents resulted in a dam failure (uncontrolled release of the reservoir), while
17 did not. None of the incidents occurred in Frederick County.

Probability and Severity of Future Occurrences

Without a historical basis, quantifying the probability of future dam and levee failure is not possible at this time.
However, as climate change is increasing the frequency and extent of extreme rainfall, there is an increasing risk
of floodwaters overtopping dams and levees. High hazard dams, especially, are at risk of failure that causes
severe damages to people and property.®®

Impact Summary

Primary Impacts

Dam failure has the potential to cause significant and long-term social effects, resulting in changes to the
quality of life in the affected community. Direct economic impacts appear immediately following a dam failure
event and typically include the need to repair and rebuild structures and infrastructure and reopen businesses.

A levee system failure or overtopping can create severe flooding and high-water velocities. Trees are a special
type of risk. If the levee becomes saturated with water, a tree can become unstable and fall, causing the root
system to take a chunk out of the saturated levee soil. This tree can then fall into the water and cause further
damage downstream. Similar damage can result from traffic signs and fencing that were damaged and
throwing into water. Another type of failure occurs when water overtops the structure. Levees can also be
intentionally breached. This is done to protect other areas from flooding, drain flooded areas, or return the land

95 Stanford University National Performance of Dams Program, Dam Incident Database (http://npdp.stanford.edu/dam_incidents).
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to its natural state. This is not done without discussion, however, as valuable land is given up to future flooding
due to the breach.

Secondary Impacts

A dam failure can have negative environmental impacts, such as the pollution of surface or groundwater, air,
and soil; the release of hazardous materials; or the destruction of environmentally sensitive areas. Indirect
economic impacts that might be identified during the consequence assessment are unemployment leading to
population shifts, difficulty in attracting new businesses to the area, the need for governmental assistance, and
lower property tax revenues. Indirect impacts may also include the closure of an industry outside the inundation
area that depends on the output of a factory within the inundation area that would be destroyed by the dam
failure scenario under consideration. °® Social impacts may include a loss in the public’s confidence in public
officials, difficulty delivering necessary social or medical services to the community or the loss of connections
among community members that provide support and enrichment.

Risk Assessment

Assets Exposed

In total, approximately $79 Million in property value is exposed between the five dam inundation areas and the
Carroll Parkway Levee inundation area. Hunting Creek Dam poses the highest exposure risk, both in terms of the
number of buildings and property exposure. Almost $48 Million is exposed, of which 90% is within the Town of
Thurmont. This value averages to approximately $97,000 per structure. The Carroll Parkway Levee is the second
to last in terms of property exposure but has the fewest number of buildings. Table 5.38. lists the high hazard
dams and the levee along with their inundation areas, the number of buildings potentially impacted, and the
number of buildings per acre. Frederick County-provided parcel-based tax roll data was used to calculate the
Property Exposure value. Parcel centroids that were within 50 feet of the inundation areas, to account for
buildings not being in the center of the parcel, were used to calculate property exposure, which is the total
improvement value of a parcel, not the land value. In the absence of historical damages, it is difficult to estimate
probable future losses. The number in the table represents total possible losses and overstates what would be
actually lost under various breach scenarios.

Table 5.35. High Hazard Dams and Levees in Frederick County

Dam Inundation Jurisdiction Inundation Bmlqus in Buildings  Property
Area (Acres) Inundation Area per Acre Exposure

Fishing Creek $12,431,300
e Unincorporated Areas 321.6 375 1.17
Hunting Creek

S e Town of Thurmont 369.1 446 1.21 R AL DY
Dam
Hunting Creek

qnting Unincorporated Areas 942.2 126 0.13 $4.529,000
Dam
Lake Linganore City of Frederick 59.9 0 0.00 $0

9% FEMA. 2012. “Assessing the Consequences of Dam Failure”. Retrieved from
https://damsafety.org/sites/default/files/files/FEMA%20TM%20AssessingtheConsequencesofDamFailure%20March2012.pdf
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Lake Linganore Unincorporated Areas 367.4 $7,220,400
Lake Merle Dam  Unincorporated Areas 16.5 39 2.36 $9,783,900
Rainbow Dam Unincorporated Areas 89.1 38 0.43 $942,800
Il Park
SEMONFEICEY | e o Erelartals 18 7 3.89 #961L700
Levee
TOTAL -- 2,167.6 1,057 0.49 $79,070,900
Figure 5.14. Map of Fishing Creek Dam Inundation Area and Exposure
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Figure 5.15. Map of Lake Linganore Dam Inundation Area and Exposure
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Figure 5.16. Map of Hunting Creek Dam Inundation Area and Exposure
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Figure 5.17. Map of Lake Merle Dam Inundation Area and Exposure
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Figure 5.18. Map of Rainbow Dam Inundation Area and Exposure

Critical Facilities Exposed

Only six of the 378 critical facilities in the County fall within a dam inundation area, and none within the
protected area of the Carroll Parkway Levee. All six of these facilities, five of which are in Thurmont and one in
unincorporated Frederick County, fall within the Hunting Creek Dam inundation area (Table 5.39). The facilities
include one dry hydrant, one interchange, one library, two shopping centers, and one wastewater treatment plant
(Table 5.40). Recently, the Thurmont Wastewater Treatment Plant, located in the Hunting Creek Dam inundation
zone, went through an Enhanced Nutrient Removal Upgrade that was financially supported by the State of
Maryland as part of their commitment under the Chesapeake Bay 2000 Agreement.

Table 5.36. Frederick County Critical Facilities in Dam Inundation Zones by Jurisdiction

Jurisdictions Facilities in Dam Inundation Zone None Grand Total
Brunswick 0 14 14
Burkittsville 0 3 3
Emmitsburg 0 9 9

City of Frederick 0 125 125
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Middletown

Mount Airy 0 5 5
Myersville 0 6 6
New Market 0 7 7
Rosemont 0 1 1
Thurmont 5 13 18
Walkersville 0 13 13
Woodsboro 0 5 5
::;r;(s:orporated 1 160 161
TOTAL 6 372 378

Table 5.37. Frederick County Critical Facilities Located in High and Significant Hazard Dam Inundation Zones by Facility

Type
Dry Hydrant 2.4%
Fire/EMS 0 55 0.0%
Government Facilities 0 37 0.0%
Interchange 1 28 3.4%
Landfill 0 1 0.0%
Law Enforcement 0 7 0.0%
Library 1 7 12.5%
Medical Center 0 32 0.0%
Post Office 0 23 0.0%
School 0 67 0.0%
Shopping Center 2 65 3.0%
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Facility Tvpes Facilities in Dam Facilities outside Dam Percent in
yyp Inundation Zone Inundation Zone Inundation Zone

Transit Station 0 3 0.0%

Wastewater Treatment 1 6 14.3%

Plant

TOTAL 6 372 1.6%

Cultural and Historic Resources Exposed

Figure 5.19 shows the dam inundation hazard areas and their proximity to the historic and cultural resources in
Frederick County.

Figure 5.19. Cultural and Historic Resources and Their Proximity to Dam Inundation Zones

Population Exposed

Only three jurisdictions are affected by the five dams and one levee that have an inundation area, as illustrated
in Figure 5.20. For these jurisdictions, assuming a worst-case scenario of all buildings in the inundation areas
being residential, results in almost 2,800 people being exposed. Persons per household estimates were taken
from the US Census Bureau’s estimates between 2015 and 2019. The City of Frederick possesses the least
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population exposure, and the County the most (Table 7). For the dams, Hunting Creek Dam has the greatest
population exposure while Lake Linganore Dam has the least (Table 8). The Carroll Parkway Levee exposes
approximately 17 people. Figure 5.21 shows social vulnerability in the County and dam inundation areas.

Table 5.38. Estimated Population Exposure by Jurisdiction

_ . Sum of Average Persons Estimated
o Buildings in Average Exposure X
Jurisdiction Inundation Area Property er Buildin per Household Population
Exposure P 9 (2015-2019) Exposed
City of
Frederick 7 $961,700 $137,385.71 2.49 17
Unincorporated
604 $34,907,400 $57,793.71 2.67 1,613
Areas
Town of 446 $43,201,800 $96,865.02 2.61 1,164
Thurmont
Frederick
1,057 79,070,900 74,806.91 -- 2,794
County (All) ! $79,070, $74, )

Table 5.39. Estimated Population Exposure by Dam

Dam Buildings in Property Average Property  Estimated
Inundation Area Exposure Exposure Population Exposed

Carroll Parkway Levee 7 $961,700 $137,386 17

Fishing Creek Dam 375 $12,431,300 $33,150 1,001

Hunting Creek Dam 572 $47,730,800 $132,809 1,500

Lake Linganore 26 $7,220,400 $277,708 69

Lake Merle Dam 39 $9,783,900 $250,869 104

Rainbow Dam 38 $942,800 $24,811 101

TOTAL 1,057 $79,070,900 $856,733 2,794
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Figure 5.20 Population near Dam Inundation Zones
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Figure 5.21. Social Vulnerability and Dam Inundation Areas

Hazard Risk Assessment 160




-I Frederick County Hazard Mitigation and Climate Adaptation Plan 2022

Vulnerability Summary

As population increases and development patterns change, there is potential for an increased risk associated
with dam failures that could result in the loss of life and property throughout Frederick County. As metropolitan
areas continue to grow, stormwater control becomes increasingly important as does a reliable source of clean
drinking water. Dams can provide both. While there have been no dam or levee breaches in Frederick County, a
single dam or levee failure event may lead to catastrophic and expensive consequences.

As dams and levees are critical structures, they need to be properly maintained. An increased intensity of rainfall
events, in combination with poorly maintained dams, can lead to breaches. Rainfall can not only cause the rivers
to increase the amount of water needed to go through a channel but can also cause erosion that can undermine
a dam, leading that dam to fail before water levels reach the design level of the dam. Aging and poorly
maintained dams are increasingly expected to fail, making property damage, death, and environmental
destruction a more likely, and perhaps a more normal, occurrence. Levees are designed to protect against a
specific flood level, typically a 1%-annual-chance or 0.2%-annual-chance flood event, and can be overtopped
during severe weather. Levees reduce, not eliminate, the risk to the individuals and structures behind them. It's
important to remember that levees may not guard against events for which they were not designed. This is why
the building of levees to mitigate flooding will continue to be an issue as communities plan and build for
extreme weather events, especially as climate change progresses.

Reducing Vulnerability
Key areas of focus to reduce vulnerability to dam and levee inundation in the County include:

e Ensuring that dams and levees are properly maintained and functioning properly,
e Improving inundation mapping and mapping products to identify future mitigation projects and educate
property owners about their risk, and

A Note on Coordination

Dam owners and dam safety experts were both asked to provide input into the HMCAP as well as provide
general feedback. The Dam Safety Permits Division of the Stormwater, Dam Safety, and Flood Management
Program within the Maryland Department of the Environment provided dam data and reviewed a draft

version of this section, dam-related mitigation and adaptation actions, and the appendices for accuracy and
completeness.

Dam owners were also reached out to during the planning process. Four chose to participate through
providing feedback and approval of the dam-related content of the draft plan. They also expressed interest
in being included in any future planning or discussions regarding their affected dams.
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Primary Climate Change Interaction: Rising
Temperatures

As temperatures rise, the frequency, severity, and duration of extreme heat events will likely intensify. Rising
temperatures during the summer months elevate the potential for periods of extreme heat to occur. Over the
next 50 to 60 years, Maryland’s average summer temperatures are expected to rise over 6°F, compared to
preindustrial levels. ® Given these projections, Frederick County’s susceptibility to temperature-related hazards,
like extreme heat, may rise in the coming decades.

Extreme Heat

Hazard Identification

Hazard Description

There is not one standard definition for extreme heat, but temperatures that hover ten degrees or more above
the average high temperature for the region sustained over several weeks are defined as extreme heat in this
Plan. A heat wave is primarily a public health concern with more than 600 people in the United States killed by
extreme heat every year according to the CDC. During extended periods of very high temperatures or high
temperatures with high humidity, individuals can suffer a variety of ailments, including heat stroke, heat
exhaustion, heat syncope, and heat cramps. Individuals with existing medical conditions such as heart disease
or respiratory problems are at higher risk, as extreme heat can exacerbate such conditions. High risk groups
include those under the age of 5 or over the age of 65, those with chronic iliness, people taking certain
medications, and individuals who work outdoors.

e Heat stroke, in particular, is a life-threatening condition that requires immediate medical attention. It
occurs when the body’s core temperature rises above 105°F as a result of environmental temperatures.
Patients may be delirious, stuporous, or comatose. The death-to-cure ratio in reported cases in the
United States averages about 15%. Children and individuals with chronic existing medical conditions are
especially susceptible to heat stroke.

e Heat exhaustion is much less severe than heat stroke. The body temperature may be normal or slightly
elevated. A person suffering from heat exhaustion may complain of dizziness, weakness, or fatigue. The
primary cause of heat exhaustion is fluid and electrolyte imbalance. The normalization of fluids will
typically alleviate the situation.

e Heat syncope is typically associated with exercise by people who are not acclimated to exercise. The
symptom is a sudden loss of consciousness. Consciousness returns promptly when the person lies
down. The cause is primarily associated with circulatory instability as a result of heat. The condition
typically causes little or no harm to the individual.

e Heat cramps are typically a problem for individuals who exercise outdoors but are unaccustomed to
heat. Similar to heat exhaustion, heat cramps are thought to result from a mild imbalance of fluids and
electrolytes.

97 Bradley, Raymond, Ambarish Karmalkar, and Kathryn Woods. CSRC. University Amherst. Maryland State Climate Report:
https://www.geo.umass.edu/climate/stateClimateReports/MD_ClimateReport_CSRC.pdf
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Location

Excessive heat does not have an exact spatial extent, as it effects large areas and regions when it occurs.
However, it can pose particular problems for individuals in high risk groups, such as small children, the elderly,
those that work or live outside, and those with certain medical conditions. Therefore, while the hazard is
widespread, the risk may be localized.

Large urban areas such as the City of Frederick can also create an island of heat that can raise the temperature
by 3 to 5 degrees Fahrenheit. Therefore, urban communities with susceptible residents could face a significant
medical emergency during an extended period of excessive heat. In addition to posing a public health hazard,
periods of excessive heat usually result in high electrical consumption for air conditioning, which can cause
power outages and brownouts. This can primarily effect areas with less resilient or inadequate infrastructure.

Extent

In 1979, meteorologist R.G. Steadman developed the heat index (Table 5.43 and Figure 5.22) to illustrate the risk
associated with extreme heat. The heat index of a given location is determined by calculating the “apparent
temperature” using both the relative humidity and air temperature. The apparent temperature can actually be
lower than the air temperature if the relative humidity is low. In Maryland, the average annual percentage of
humidity is 64%. August is the most humid month with a mean monthly relative humidity of approximately 70%.

Table 5.40. NWS Heat Danger Categories

Danger Category = Heat Disorders Heat Index (°F)
IV. Ext

xireme Heatstroke or sunstroke imminent. >130
Danger
lll. Danger Sunsj[roke,.heat cramps, or heat exhaustlon'llkely; r?e'at stroke 105-130

possible with prolonged exposure and physical activity.

Il. Extreme Sunstroke, heat cramps, and heat exhaustion possible with prolonged 90-105
Caution exposure and physical activities.

Fatigue possible with prolonged exposure and physical activity. 80-90
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Figure 5.22. National Weather Service Heat Index Chart (2021)

The NWS issues three types of excessive heat watches, warnings and advisories depending on the heat index
severity.

e An Excessive Heat Watch is issued when there is a potential for the heat index value to reach or exceed
110 degrees (east of the Blue Ridge) or 105 degrees (west of the Blue Ridge) within the next 24 to 48
hours.

e An Excessive Heat Warning is issued when the heat index value is expected to reach or exceed 110
degrees (east of the Blue Ridge) or 105 degrees (west of the Blue Ridge) within the next 12 to 24 hours.
An Excessive Heat Warning may be issued for lower criteria if it is early in the season or during a multi-
day heat wave.

e A Heat Advisory is issued when the heat index value is expected to reach 105 to 109 degrees (east of
the Blue Ridge) or 100 to 104 degrees (west of the Blue Ridge) within the next 12 to 24 hours. A Heat
Advisory may be issued for lower criteria if it is early in the season or during a multi-day heat wave.

Previous Occurrences

Based on data from the National Center for Environmental Information (NCEI), there have been 44 incidents of
extreme heat between 1996 and 2021. Frederick County typically experiences one to two extreme heat events
each year. Some of the more recent occurrences are described below. Events before 2016 are included in
Appendix C.

e Inthe summer of 2016, NWS issued Frederick County three heat advisories, and one excessive heat
warning on August 14, 2016. There were no reported injuries or deaths as a result of the extreme heat
events.

e July 1-4, 2018, three heat advisories were issued in Frederick County. Another heat advisory was issued
on September 4, 2018. There were no reported injuries or deaths as a result of the extreme heat events
in the County in 2018.

e InJuly 2019, NWS issued a total of 8 excessive heat warnings, watches, and advisories in Frederick
County, MD. On July 17, 2019, the Frederick County Division of Emergency Management released an
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extreme heat warning to citizens. A total of six heat-related deaths were reported in the State of
Maryland in July 2019, one of which occurred in Frederick County involving a citizen over 65 years old.
e Three heat advisories were issued between July 19-22, 2020 in Frederick County. No heat related
injuries were reported in Frederick County.
e OnJuly 6,2021, the National Weather Service issued a heat advisory and air quality alert in 8 counties
within Maryland, including Frederick County. Heat indices ranged from 100 to 105 degrees, indicating
dangerous heat conditions.

Probability and Severity of Future Occurrences

According to the Maryland Climate and Health Profile report,°® extreme temperatures are on the rise. Climate
models show that the frequency of extreme heat events is projected to rise in Maryland across all counties and
jurisdictions by 2040. Extreme heat events in the summer months more than doubled in the State of Maryland in
the decades between the 1980s-2000s compared to the 60s and 70s.

An increase in extreme heat events are projected to cause higher rates of health conditions by 2040 in the State
of Maryland. Potential public health vulnerabilities from extreme heat may include an increased risk of
foodborne illnesses, heart attacks, and severe asthma attacks.

Impact Summary

Primary Impacts

Primary impacts from extreme heat include heat-related health effects such as heat stroke, dehydration, and
dizziness. In extreme cases, these can lead to death. Primary impacts are often harder to attribute to an extreme
heat event because they effect people who are already vulnerable, such as children, the elderly, and those with
pre-existing medical conditions. One way to determine the overall primary impact of extreme heat is to compare
hospital statistics for heat-related illnesses or deaths to standard averages. This can be done to overcome the
issue of extreme heat not being recognized as the underlying cause because other ailments were also present
(and exasperated by the heat).

Secondary Impacts

Secondary impacts from extreme heat are the potential delay of outside work, such as construction, during
intense episodes. Even If work is not halted completely, safe working conditions would require an increase in
breaks and time out of the heat. This would slow overall work. Additionally, higher temperatures increase
electricity consumption due to air conditioning usage, leading to power outages. This would impact homes,
businesses, and general operations throughout the County. If the power outage is extensive or occurs for a long
period of time, a positive feedback loop can start. With the power out, air conditioning becomes unavailable for
most. The lack of air conditioning makes people more vulnerable to the extreme heat, leading to even more
heat-related health issues.

Risk Assessment

Assets Exposed

Primarily, energy infrastructure faces the highest risk from extreme heat due to the increased energy usage. If
peak loads exceed what the system can handle, power outages can occur. This would mean that power

98 University of Maryland School of Public Health’s Maryland Institute for Applied Environmental Health
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infrastructure throughout the County is vulnerable if it is connected to the main grid. Any homes or businesses
that can run on generators or a microgrid would be less exposed to failure/power outages.

Population Exposed

All of Frederick County is vulnerable to extreme heat is some regard. Residents that live in urban and developed
areas with significant heat-absorbing surfaces, such as pavement, and limited vegetative cover, like tree
canopies, are more likely to be affected by extreme heat. Some populations are more vulnerable to the effects
of extreme heat than others, such as people with underlying health conditions, children and infants, and the
elderly.

Vulnerability Summary

Though all of Frederick County is exposed to extreme heat, more developed areas with more heat-absorbing
surfaces are more vulnerable to potential adverse impacts. In particular, City of Frederick may be more
vulnerable to extreme heat events due to its concentration of these types of surfaces and populations. The
potential impacts of extreme heat events, however, are more likely to affect individuals than structures or
property. Populations with underlying health conditions, young children, and the elderly are all more susceptible
to the impacts of extreme heat. However, residents that live in structures with limited air conditions or
ventilation may also be at risk of heat-related illnesses, if an event occurs and lasts for several days.

Reducing Vulnerability
Key areas of focus to reduce vulnerability to extreme heat in the County include:

e Education and awareness campaigns or programs to ensure the symptoms and warning signs of heat-
related illnesses are caught early,

e Utilizing cooling centers to head of heat-related illnesses,

e Strengthening energy infrastructure to prevent power outages during peak loads,

¢ Increasing the usage of microgrids and generators to decrease peak loads on county-wide
infrastructure and prevent widespread power outages, and

e Increasing the heat reflection capacity of urban areas by increasing greenery and decreasing the
number of black surfaces that absorb heat.
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Primary Climate Change Interaction: Extreme Weather

The frequency, severity, and magnitude of the hazards in the following section — winter storms, thunderstorms,
tornados, and tropical cyclones - are all affected by climate change. In Frederick County, average air
temperatures and annual precipitation amounts are both projected to rise in the coming decades. As
temperatures rise, certain atmospheric conditions that are ideal for extreme weather events to form may
become more frequent, while others, like winter storms, may become rarer.

Winter Storm

Hazard Identification

Hazard Description

Winter storms can vary in size and strength and include heavy snowstorms, blizzards, freezing rain, sleet, ice
storms, and blowing and drifting snow conditions. Extremely cold temperatures accompanied by strong winds
can result in wind chills that cause bodily injury, such as frostbite and death. A variety of weather phenomena
and conditions can occur during winter storms. For clarification, the following are National Weather Service-
approved descriptions of winter storm elements:

e Heavy snowfall - the accumulation of six or more inches of snow in a 12-hour period or eight or more
inches in a 24-hour period.

e Blizzard - the occurrence of sustained windspeeds over 35 mph accompanied by heavy snowfall or
large amounts of blowing or drifting snow for more than three hours.

o Freezing drizzle/freezing rain - precipitation that falls as liquid, but freezes on contact with roads, trees,
power lines and other surface structures that are below 32 degrees F, forming a dangerous glaze of ice.

e Ice storm - a type of winter storm characterized by freezing rain which results in a dangerous coating of
ice on trees, power lines, and road surfaces.

e Sleet - solid grains or pellets of ice formed by the freezing of raindrops or the refreezing of largely
melted snowflakes. Sleet does not cling to surfaces.

e Wind chill - a calculated temperature index that describes the combined effect of wind and low air
temperatures on exposed skin.

Maryland’s worst winter storms are nor’easters, which usually occur when an arctic air mass is in place. While
high pressure builds over New England, cold arctic air flows south from the high-pressure area. The dense cold
air is unable to move west over the Appalachian Mountains, so it funnels south down valleys and along the
Coastal Plain. Winds around a nor'easter’s center can become intense. The strong northeast winds that rack the
coast and inland areas give the storm its name. The wind builds large waves that batter the coastline and
sometimes pile water inland, causing major coastal flooding and severe beach erosion. Unlike hurricanes, which
usually pass within one tide cycle, a nor'easter can linger through several tides, each one piling more and more
water on shore and into the bays, dragging more sand away from the beaches.

Location

Winter weather affects the entirety of Frederick County. While the probability of a winter storm occurring is
roughly the same in all parts of the region, the risk of damage will vary depending on infrastructure and
population density. There is a high probability for traffic accidents and traffic jams during heavy snow and light
icing events. Roads may become impassable, inhibiting the ability of emergency equipment to reach trouble
spots and the accessibility of medical and shelter facilities.
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Extent

The severity of a winter storm is often relative to the conditions that the area of focus is accustomed to. There
are some standardized tools that can be used to provide estimates on expected storm impacts, such as the
National Weather Service's Winter Storm Severity Index. The Winter Storm Severity Index shows extent by
communicating how disruptive a storm will be to a community based on the significance of impacts. The
relative conditions of the area are considered, such as population, location, and storm characteristics. It uses
the impact levels shown in Table X.

Table 5.41. Potential Winter Storm Impacts (NOAA Winter Storm Severity Index)

Impact Level Potential Impacts

No Impacts Impacts not expected.

Rarely a direct threat to life and property. Typically

Limited Impacts L . .
results in little inconveniences.

Rarely a direct threat to life and property. Typically

Minor Impacts . . . -
results in an inconvenience to daily life.

Often threatening to life and property, some damage
Moderate Impacts unavoidable. Typically results in disruptions to daily
life.

Extensive property damage likely, lifesaving actions
needed. Will likely result in major disruptions to daily
life.

Extensive and widespread severe property damage,
Extreme Impacts lifesaving actions will be needed. Results in extreme
disruptions to daily life.

Previous Occurrences

There have been seven federal disaster declarations since 1993 related to severe snowfall and winter storms in
Frederick County (Table 5.45). There was a total of 265 winter related events in Frederick County between 1996
and 2021. According to the NCEI, there were 65 major winter storms, 1 major blizzard, 7 heavy snow events, and
7 ice storms. The remaining 184 events were classified as general winter weather events. These events have
resulted in $406,988 of property damages and $208,282 in crop damages.

Table 5.42. Presidentially Declared Disasters for Frederick County Since 199399

Disaster Programs Declared

Incident Type Incident Date
Ul IH IA PA HM
EM-3100 Severe Snowfall & Winter Storm 3/13/1993 v v
DR-1016 Severe Winter Weather & Ice Storm 2/8/1994 v v

99 FEMA Declared Disasters (as of August 2021).
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Programs Declared

Disaster
Nlumber Incident Type Incident Date
IH 1A PA HM
DR-1081 Severe Snowstorm (Blizzard of '96) 1/6/1996 v v
DR-1324 Severe Winter Storm 1/25/2000 v v
EM-3179 Severe Snowstorm 2/14/2003 v v
DR-1910 Severe winter storms and 2/5/2010 v v
snowstorms
DR-4261 Severe winter storms and 1/22/2016 v v
snowstorms
IH=Individual Housing PA=Public Assistance
IA=Individual Assistance HM=Hazard Mitigation

Four federally declared disasters have data related to Public Assistance grants. Table 5.46 lists some of the
statistics for each disaster. There was a total of 96 projects for these 4 declarations. These projects had six
different project types between them: debris removal, protective measures, roads and bridges, public buildings,
public utilities, and recreational or other.

Table 5.43. Declared Disaster Public Assistance Statistics for Frederick County

Disaster Incident Type Incident Date Number of  Total Project Total Federal
Number P Projects Amount Amount
DR-1324 Severe Winter Storm 1/25/2000 14 $449,779 $337,334
DR-1910 SRR WET SBfmS 212 2/5/2010 38 $1373538  $1,030153
snowstorms
EM-3179 Severe Snowstorm 2/14/2003 16 $517,226 $387,919
S int t d
DR-4261 evere winter storms an 1/22/2016 28 $2217175  $1,662,723
snowstorms
Totals: 96 $4,557,717 $3,418,130

Frederick County typically experiences 10 to 11 severe winter events each year, this is up from 6 to 7 events as
reported in the 2016 Hazard Mitigation Plan. Two such events since 2015 are described below. Events before
2015 are included in Appendix C.

e OnJanuary 22 to 23, 2016, coastal low pressure in the Mid-Atlantic paired with high pressure from the
North resulted in blizzard conditions throughout the County. Heavy snowfall was reported in several
communities: New Market reported 35in., Myersville reported 32in., and Thurmont reported 26in. On
March 4, 2016, the event received a Federal Disaster Declaration (referenced in Table 2.2)

e Higher than average amounts of ice were reported between December 16 to 17, 2019, particularly over
the Catoctin Mountains. Sabillasville and Thurmont received 0.45-0.50in. of coverage; Other areas only
received up to 0.1in. of coverage.
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The NCEI database has recorded a total of 265 events that involve, blizzard, cold, frost/freeze, heavy snow, ice
storms, winter storms, and winter weather in Frederick County. Adjusted for inflation, the number of deaths,
injuries, and damages are summarized in Table 5.47.

Table 5.44. NCEI Historical Severe Winter Storm Events in Frederick County since 1996

Hazard Events

Blizzard

Cold/Wind Chill
Extreme Cold/Wind Chill
Frost/Freeze

Heavy Snow

Ice Storm

Winter Storm

Winter Weather

Grand Total

# of
Events

6

46

65

124

265

Deaths Injuries
0 0
0 0
0 0
0 0
0 0
0 0
1 0
0 0
1 0

Probability and Severity of Future Occurrences

Property
Damage
(20219)

$33,614
$0

$0

$0

$0
$74,023
$299,351
$0

$406,988

Crop Damage
(20218)

$0
$0

$0
$184,015
$0
$24,267
$0

$0

$208,282

Total Damage
(20218)

$33,614
$0

$0
$184,015
$0
$98,290
$299,351
$0

$615,270

Based on the NCEI database, Frederick County has a high probability of experiencing severe winter storm
events. NCEI-recorded winter weather events happen about five times a year, winter storms about two to three
every year, an ice storm and a heavy snow event every three years, and some sort of cold/wind chill every one to
two years. This information is summarized in Table 5.48.

Table 5.45. NCEI Probability of Severe Winter Storm Events in Frederick County

Hazard Events

Blizzard

Cold/Wind Chill
Extreme Cold/Wind Chill
Frost/Freeze

Heavy Snow

Ice Storm

Winter Storm

Hazard Risk Assessment

# of Events

65

Annualized Events

0.04

0.36

0.24

1.84

0.28

0.28

2.6
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Hazard Events # of Events Annualized Events
Winter Weather 124 4.96
Frederick County Total 265 10.6

Loss Estimation

Based on historic damages from Frederick County Division of Public Works of $12,098,626, Frederick County
may experience on average $526,027 in winter weather-related costs (road clearing and damages) annually.

As recorded by NCEI, there have been 265 severe winter weather events in the County since 1996, resulting in an
expected annual number of events of 10.6. Based on the NCEI data, Frederick County can expect an average of
around $25,000 in winter related damages every year. NCEI annualized loss is shown in Table 5.49.

Table 5.46. NCEI Annualized Loss from Severe Winter Storm Events in Frederick County

Total Damage Annualized Damage
Hazard Events # of Events Annualized Events (20218) . (20218) e
Blizzard 1 0.04 $33,614 $1,345
Cold/Wind Chill 9 0.36 S0 S0
Extreme Cold/Wind Chill 6 0.24 $0 $0
Frost/Freeze 46 1.84 $184,015 $7,361
Heavy Snow 7 0.28 S0 S0
Ice Storm 7 0.28 $98,290 $3,932
Winter Storm 65 2.6 $299,351 $11,974
Winter Weather 124 4.96 S0 S0
Frederick County Total 265 10.6 $615,270 $24,611
Impact Summary

Primary Impacts

The primary impact of excessive cold is increased risk for frostbite, and potentially death as a result of over-
exposure to extreme cold. If power outages occur and there is a lack of readily available heat sources, these
impacts can become more widespread. People without homes and those that are outside during these freezing
conditions are likely to see the brunt of these impacts without proper shelter beforehand. Transportation delays
and disruptions to power distribution networks can make getting aid to those affected more difficult, which can
further place lives at risk. The impacts of winter storms are usually minimal in terms of property damage and
long-term effects.
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Secondary Impacts

Winter weather has the capacity to immobilize a region, cut communities off from emergency management
personnel, and make travel impossible. When winter weather is paired with freezing rain and ice storms, utilities
including water, gas, and electric can be compromised. These issues put vulnerable communities and
populations, such as the elderly at an increased risk.

Adverse winter weather necessitates an increase in municipal and state workforces to clear roads and
additional emergency management personnel to attend to the community. Clearing of roadways and sidewalks
is usually easier with a drier, more powdery snow which is also less likely to accumulate on power lines and
trees. This type of snow generally occurs in temperatures below freezing, as water content decreases with
temperature.

Severe winter storms have the potential to inhibit normal community services. Government costs for these
events include overtime personnel wages and equipment, or contractors for road clearing. Private-sector losses
are attributed to time lost when employees and customers are unable to travel. Homes and businesses suffer
damage when electric service is interrupted for long periods of time. Secondary effects of extreme/excessive
cold include frozen water pipes in homes and businesses.

Health threats can become severe when frozen precipitation makes roadways and walkways very slippery, when
prolonged power outages occur, and when fuel supplies are jeopardized. Occasionally, buildings may be
damaged when snow loads exceed the design capacity of their roofs or when trees fall due to excessive ice
accumulation on branches. The water content of snow can vary significantly from one storm to another and can
drastically impact the degree to which damage might occur. In snow events that occur at temperatures at or
even above freezing, the water content of the snowfall is generally higher. Higher water content translates into a
heavier, “wet” snowfall that more readily adheres to power lines and trees, increasing the risk of their failure.
Roof collapse is also more of a concern with wetter, heavier snowfall.

Risk Assessment

Assets Exposed

Winter weather affects the entirety of Frederick County. To a large extent, the areas with the greatest risk of
experiencing damage due to winter storms are those with the greatest amount of development and the most
extensive networks of roads (which increases the burden of snow removal). Conversely, the travelers who must
go through less-developed areas face a potentially greater risk due to the lower density of roads, which provides
fewer alternate routes as well as potentially relatively steep topography. Table 5.50 shows the overall exposure,
but in reality, only certain parts of structures are likely to be at any real risk, such as utility infrastructure.

Table 5.47. Winter Weather Exposure Analysis for Frederick County

Jurisdiction Number of Parcels  Value of At-Risk Parcels = Number of Critical Facilities
City of Brunswick 3,159 $596,543,300 5

City of Frederick 24,510 $7,547,665,100 30

Town of Burkittsville 76 $11,657,200 0

Town of Emmitsburg 1,014 $175,612,800 4

Town of Middletown 1,737 $510,711,800 3
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Jurisdiction Number of Parcels  Value of At-Risk Parcels = Number of Critical Facilities
Town of Mount Airy 1,308 $336,452,100 2

Town of Myersville 621 $148,296,600 2

Town of New Market 582 $163,661,700 2

Town of Thurmont 2,559 $465,555,110 6

Town of Walkersville 2,202 $578,212,000 5

Town of Woodsboro 468 $94,704,300 2

Village of Rosemont 134 $18,603,000 0

Unincorporated Areas 61,736 $15,667,766,010 39

Frederick County (All) 100,106 $26,315,441,020 100

Population Exposed

All of Frederick County is vulnerable to winter storms. The number of people affected by winter storms and to
what degree will depend on the type of storm that occurs, as well as its severity and tenure. Residents that live
in remote areas with limited road or transportation access may be temporarily isolated if roads become
impassable due to snow or ice accumulation or extended power outages occur. Socially vulnerable populations
face higher risk, such as the elderly, disabled, and unhoused populations.

Vulnerability Summary

Vulnerability to the effects of winter storms on buildings depends on the age of the building (and the building
codes in effect at the time of construction), type of construction, and condition of the structure (i.e., how well it
has been maintained, materials used, etc.).

The entire county can be impacted by snow, ice and, extreme cold, although there is generally greater snow
accumulation in the north and west due to higher elevations, and more blowing and drifting in the east and
south (Figure 5.23). Severe winter storms result in the loss of utilities, increases in traffic accidents, impassable
roads, and lost income since normal commuting can be hindered. Snow and ice can be extremely hazardous
because visibility is reduced, and surface accumulation reduces traction and strains power lines, roofs, and
other structures. Severe winter storms have been and will continue to be a significant threat to the economic
and social well-being of Frederick County. Disruptions of emergency and other essential services and critical
facilities are the main threats to people and property.
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Figure 5.23. Average Annual Snowfall in Maryland, DC, and Northern Virginia 100

Severe storm activity poses a significant threat to unprotected or exposed lifeline systems. Generally,
commercial power networks are very susceptible to interruption from snow and ice conditions. Other utilities,
including underground pipelines, may be impacted if not protected from exposure. All critical facilities in the
County are vulnerable to the effects of severe winter storms due to the potential disruption of services and
transportation systems as well as possible structure failure due to heavy snow loads.

Approximately 13.2% of the occupied housing units in Frederick County were built prior to 1940, according to the
2020 U.S. Census. A large percentage of structures in the Cities of Frederick and Brunswick and the Towns of
Rosemont and Emmitsburg were built prior to 1940. These may be in well-preserved, older neighborhoods;
however, some of the older structures may not be in a condition to weather these storms due to factors such as
poor building quality or antiquated plumbing, and would require adequate measures to ensure that they are
brought up to code to mitigate damages from severe storms.

Reducing Vulnerability

Some mitigation measures to reduce vulnerability include:

e Stocking adequate quantities of road treatment materials and pre-treating roads expedites and
improves road clearing.

e Public education concerning safe driving and driving only if it is required, and also stocking up on food,
water, batteries, and other supplies will prepare people for storms.

100 NWS Baltimore/Washington
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Thunderstorm

For the purposes of this hazard mitigation plan update, Thunderstorm includes non-hurricanic and non-tornadic
wind, lightning, and hail. Wind associated with hurricanes, wind associated with tornados, flooding, and winter
storm are evaluated in their own sections.

Hazard Identification

Hazard Description

A thunderstorm is a convective rain or snow shower accompanied by lightning and thunder.'°' The National
Weather Service (NWS) defines a thunderstorm as a localized storm produced by a cumulonimbus cloud and
accompanied by lightning and thunder. Thunderstorms are typically the result of warm, moist air that is pushed
upwards into the atmosphere where it cools and forms into cumulonimbus clouds. As the air continues to cool,
it starts to form water droplets or ice. As these droplets or ice start to fall, they may collide and combine many
times into larger forms before reaching the Earth’s surface. Instability can be caused by surface heating or
upper tropospheric (approximately 50,000 feet) divergence of air (rising air parcels can also result from airflows
over mountainous areas).

Generally, surface-heating “air mass” thunderstorms form on warm season afternoons and are not severe.
Upper tropospheric “dynamically-driven” thunderstorms generally form in association with a cold front or other
regional-scale atmospheric disturbance. These severe storms are associated with the presence of strong winds,
thunder, and lightning. Typical thunderstorms are 15 miles in diameter and last an average of 30 minutes. An
estimated 100,000 thunderstorms occur each year in the United States, with approximately 10% of them
classified as severe. During the warm season, thunderstorms are responsible for most of the rainfall.%? It is
also possible to experience a thunderstorm with no precipitation which can cause wildfires to occur.

Thunderstorms can form in any geographic region and are sometimes the cause of other natural phenomena
such as downburst winds, heavy rain, flash floods, large hailstones, lightning, tornadoes, and waterspouts. While
many thunderstorms produce relatively little damage, stronger "supercell” thunderstorms can produce heavy
winds, hail, significant damaging lightning strikes, and even tornadoes. Such storms have historically caused
significant damage, injury, and even death through the destruction of trees; damage to buildings, vehicles, and
power lines; and direct lightning strikes.

Straight-Line Winds

Extreme wind events occur when there is a large difference in atmospheric pressure over a short distance,
called a pressure gradient. High winds may occur during severe thunderstorms, in mountainous regions (wind
flow down mountains), and in strong weather systems. Wind occurs at all scales, from local breezes lasting a
few minutes to global winds resulting from solar heating of the earth. The larger the pressure gradient over a
cert