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CERTIFICATION OF ANNUAL REVIEW MEETINGS

The Pike County Hazard Mitigation Planning Team has reviewed this Hazard Mitigation Plan (HMP). See Section 7
of this document for further details regarding this certification section. The Pike County Community Planning HMP
Coordinator hereby certifies the review.

DATE OF PUBLIC OUTREACH

YEAR MEETING ADDRESSED?* SIGNATURE
2017

2018

2019

2020

2021

Pike County engaged in a full update of the HMP during 2021-2022.
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2024

2025

2026
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DESCRIPTION OF CHANGE MADE,
MITIGATION ACTION COMPLETED,

OR PUBLIC OUTREACH CHANGE MADE BY | CHANGE MADE BY
PERFORMED (PRINT NAME) (SIGNATURE)

Entire plan re-write and reformatting for the
2022 update

TBD Brian Snyder
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SECTION 1. INTRODUCTION

This section presents background information, describes the purpose, and defines the scope of the 2022 update of
the Pike County Hazard Mitigation Plan (HMP).

1.1 Background

Across the United States, natural and human-caused disasters have led to increasing levels of deaths, injuries,
property damage, and interruptions of business and government services. The time, money, and effort spent to
recover from these disasters exhausts resources, diverting attention from important public programs and private
agendas.

Pike County, Pennsylvania, has experienced a significant number of statewide or County-specific disaster
declarations since 1954. The emergency management community, citizens, elected officials, and other stakeholders
in Pike County recognize the impact of disasters on their community and concluded that proactive efforts need to be
taken to reduce the impact of natural and human-caused hazards.

“Hazard mitigation” describes actions taken to prevent or reduce the long-term risks to life and property caused by a
hazard event. Pre-disaster mitigation actions are taken in advance of a hazard event and are essential to breaking
the typical disaster cycle of damage, reconstruction, and repeated damage. With careful selection, mitigation actions
can be long-term, cost-effective means of reducing the risk of loss.

The Pike County Hazard Mitigation Steering Committee, composed of Pike County and municipal officials, and the
Planning Team, composed of Pike County officials, municipal representatives, emergency responders,
representatives from state and federal agencies and utility companies, has updated this HMP. Through an open-bid
process, Pike County contracted Tetra Tech, Inc. (Tetra Tech), to update the 2017 HMP.

The HMP update is the result of nine months of collaboration between the citizens and officials of the County and
representatives from Tetra Tech to develop a pre-disaster, multi-hazard mitigation plan that will guide the County
toward greater disaster resistance, while respecting the character and needs of the community.

1.2 Purpose

The purpose of this HMP is to minimize the effects that natural, technological, and man-made hazards have on the
people, property, environment, and business operations within Pike County. This document exists to provide the
background information and rationale for the mitigation actions that the Steering Committee, Planning Team and
municipal representatives have chosen to implement across the County.

The document is governed by the Disaster Mitigation Act of 2000 (DMA 2000) and it’'s implementing regulations (Title
44 Code of Federal Regulations [CFR] §201.6, published February 26, 2002). Local jurisdictions must comply with
the DMA 2000 and these regulations to remain eligible for funding and technical assistance from State and federal
hazard mitigation programs.
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1.3 Scope

The implementation actions within this HMP apply to Pike County and any municipalities within the County that adopt
this HMP as their own. However, only those municipalities that have participated in the plan update process may
adopt this plan and will remain eligible for State and federal hazard mitigation funding through the HMP. For the
purpose of this plan, municipal participation was defined as completion and submission of an Evaluation of Identified
Hazards Worksheet, Capability Assessment Survey, and Mitigation Strategy 5-Year Plan Review Worksheet and
attendance by an official municipal representative at a planning or public meeting conducted as part of the planning
process.

1.4 Authority and Reference

This HMP was prepared in accordance with the following regulations and guidance:

= FEMA “Local Mitigation Planning Handbook,” March 2013

= FEMA “Integrating Hazard Mitigation into Local Planning,” March 1, 2013

= FEMA “Plan Integration: Linking Local Planning Efforts,” July 2015

= Local Mitigation Plan Review Guide, October 1, 2011

= DMA 2000 (Public Law 106-390), October 30, 2000

= 44 CFR Parts 201 and 206 (including Feb. 26, 2002, Oct. 1, 2002; Oct. 28, 2003; and Sept. 13, 2004 Interim
Final Rules)

= FEMA “How-To Guide for Using HAZUS-MH for Risk Assessment” (Document No. 433), February 2004

= FEMA Mitigation Planning How-To Series (FEMA 386-1 through 4), 2002
Available on-line at: http://lwww.fema.gov/fima/planhowto.shtm.

= FEMA “Mitigation Ideas: A Resource for Reducing Risk to Natural Hazards,” January 2013

= Commonwealth of Pennsylvania’s All-Hazard Mitigation Planning Standard Operating Guide, 2020

Appendix A contains a full set of references used in updating this HMP.
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SECTION 2. COMMUNITY PROFILE

This section discusses the geography and environment, community facts, population and demographics, land use
and development, and critical facilities in Pike County.

2.1 Geography and Environment

Pike County is located in the far northeast corner of Pennsylvania (see Figure 2-1). The Delaware River serves as
its entire border with New York State to the northeast and with New Jersey to the southeast. Lake Wallenpaupack
and Wayne County make up the northwestern border, while Monroe County is at the southwestern border. With its
547 square miles, the county ranks forty-second out of the sixty-seven Commonwealth counties in terms of land
mass.

Approximately 34.5 percent of Pike County is publicly owned. Included in this figure are close to 91,000 acres owned
by the Commonwealth of Pennsylvania and over 17,000 acres owned by the Federal Government in the Delaware
Water Gap National Recreation Area and a small amount (approximately 9 acres) in the Upper Delaware Scenic and
Recreational River Corridor, all located within Pike County. These Federal properties are located along the Delaware
River and are managed by the U.S. Department of Interior's National Park Service.

The County’s location along the Upper Delaware River Corridor and the location of the Lackawaxen River, a major
Delaware tributary which flows through the northern part of the County in Lackawaxen Township, both play a
significant role in the Pike County’s Hazard Mitigation planning efforts. Additionally, the County’s strategic location
near to the metropolitan centers in nearby New York and New Jersey also impact the human- made and societal
hazards affecting the County.

All of Pike County’s major watersheds are classified as “high quality” or “exceptional value.” Pike County’s
watersheds are depicted in Figure 2-2.

2.2 Community Facts

Pike County formed in 1814 when it separated from Wayne County. The County was named for Zebulon Montgomery
Pike, who discovered Pike's Peak. He also was a General killed in the war of 1812. By the Act of April 1, 1836, a
portion of Pike County was cut off to form part of Monroe County; otherwise, its boundaries remain as they were
established by the Act of 1814. At the time it was formed, it included 5 townships. Today it contains 13 municipalities:
Blooming Grove Township, Delaware Township, Dingman Township, Greene Township, Lackawaxen Township,
Lehman Township, Matamoras Borough, Milford Borough, Milford Township, Palmyra Township, Porter Township,
Shohola Township, and Westfall Township. The County Seat is Milford Borough.

The County’s proximity to New York City and location along the Delaware River historically made it an important area
for transportation of commodities and resources, particularly timber and stone. Today, recreation is the main industry
in the County. With its many lakes, rivers, streams, state game and forest lands and the Delaware Water Gap National
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Recreation Area, it is estimated that the population of the county often doubles at times during the months from April
to October. Hunting, fishing, biking, hiking, nature watching, and canoeing are the major recreational attractions to
the area.

The largest recreation resource in Pike County is Lake Wallenpaupack which was created in 1926 when Pennsylvania
Power and Light Company built a hydroelectric plant and dam on the Lackawaxen River. The Delaware River,
Lackawaxen River and the large tracts of public land are also major eco-tourism attractions. Major employers in Pike
County include school districts, government, and retailers.

Figure 2-1. Base Map of Pike County, PA
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Figure 2-2. Major Watersheds in Pike County
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2.3 Population and Demographics

Population and demographic data provide baseline information about residents. Changes in demographics or
population may be used to identify higher-risk populations. Maintaining up-to-date data on demographics will allow
Pike County to better assess magnitudes of hazards and develop more specific mitigation plans. According to the
2010 U.S. Census, Pike County had a population of 57,369, which represented a 23.9 percent increase from the
2000 U.S. Census population of 46,302. According to the 2015-2019 American Community Survey, Pike County had
a population of 55,453 which represented a 3.3 percent decrease from the population in 2010. According to the 2020
U.S. Census population, Pike County had a total population of 58,535, a 2.0 percent increase from the 2010 Census.
Table 2-1 presents the population statistics for Pike County based on the 2000 and 2010 U.S. Census, and 2015-
2019 ACS estimates (the most current available) data. It should be noted that the 2020 U.S. Census data was not
available at the time this section was developed. Therefore, the figures were created using the 2015-2019 ACS
estimates. Table 2-2 provides details regarding demographics for Pike County.

Table 2-1. Pike County Population Statistics

Population Change

2015-2019 ACS 2010-2020
Jurisdiction 2000 Census 2010 Census Estimates 2020 Census* (%)
Blooming Grove (Twp) 3,621 4,819 4,645 5,415 12.4%
Delaware (Twp) 6,319 7,396 7,063 7,453 0.8%
Dingman (Twp) 8,788 11,926 11,619 12,490 4.7%
Greene (Twp) 3,149 3,956 3,825 3,452 -12.7%
Lackawaxen (Twp) 4,154 4,994 5,020 5,072 1.6%
Lehman (Twp) 7,515 10,663 10,183 10,843 1.7%
Matamoras (Boro) 2,312 2,469 2,336 2,362 -4.3%
Milford (Boro) 1,104 1,021 1,172 1,103 8.0%
Milford (Twp) 1,292 1,530 1,329 1,523 -0.5%
Palmyra (Twp) 3,145 3,312 3,215 3,206 -3.2%
Porter (Twp) 385 485 400 550 13.4%
Shohola (Twp) 2,088 2,475 2,133 2,528 2.1%
Westfall (Twp) 2,430 2,323 2,513 2,537 9.2%
Pike County 46,302 57,369 55,453 58,535 2.0%

Source: (U.S. Census Bureau 2001), (U.S. Census Bureau 2003), U.S. Census Bureau 2020
*2020 U.S. Census was not available during the planning process.

Table 2-2. Demographics

Demographics 2000 Census 2010 Census 2015-2019 ACS Est. 2020 Census
Total Population 46,302 57,369 55,453 58,535
Male 23,197 28,686 28,148 N/A
Female 23,105 28,683 27,305 N/A
Median age (years) 35.7 43.7 48.2 N/A
Under 5 years 3,241 2,823 1,894 N/A
18 years and over 33,523 44,011 45421 N/A
65 years and over 5,001
Household population 17,433
Group quarters population 392
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Source: U.S. Census Bureau 2021, General Population and Housing Characteristics, Pike County
Note:  The 2020 Census data was not available during the planning process; therefore, the table does not include all 2020 Census
statistics.

As shown in the tables above, Pike County’s 2010 Census population was 57,369 and in 2019 was 55,453. Based
on the 2010 data, the population density of Pike County is 105.3 persons per square mile, which is considerably lower
than the Pennsylvania statewide average of 284 persons per square mile (U.S. Census 2010). Most of the
municipalities in Pike County have population densities above the statewide average. However, many municipalities
in the county have low population density. Dispersing information, instructions, and resources during a disaster
response effort to residents in low-density areas is more difficult than in more densely populated areas because
individuals are not centralized.

While low-density areas may provide challenges to disseminating hazard mitigation information, a low population
density also means that hazards will not affect as many people. For example, diseases may not spread as quickly
because citizens are in contact with less people. Similarly, fires are less likely to spread to other structures because
of the large distances between them. The magnitude of an event is typically smaller in a less-populated area because
each event affects fewer people and properties.

The Disaster Mitigation Act of 2000 (DMA 2000) requires that HMPs consider socially vulnerable populations. These
populations can be more susceptible to hazard events based on several factors, including their physical and financial
ability to react to or respond during a hazard and the location and construction quality of their housing. For the
purposes of this study, vulnerable populations shall include (1) the elderly and younger populations (persons aged
65 and over; persons aged 5 and younger) and (2) those living in low-income households.

Approximately 21.9 percent of the county’s total population is aged 65 and older (U.S. Census, 2019). Older residents
may have access and functional needs. For example, many may be unable to drive; therefore, special evacuation
plans may be necessary. They may also have hearing or vision impairments that could make receiving emergency
instructions difficult. Additionally, 3.4 percent of the county’s total population is under the age of 5 years (U.S. Census
2019). Both older and younger populations have higher risks for contracting certain diseases. The county’s combined
population under 5 years of age and over 65 years represent approximately 25.3 percent of its total population.

Figure 2-4 and Figure 2-5 illustrate the distribution of these populations for Pike County.
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Figure 2-3. Pike County 2019 Population Distribution
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Figure 2-4. Pike County 2019 Population Over 65 Years
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Figure 2-5. Pike County 2019 Population Under 5 Years
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Only 493 people in Pike County live in group quarters. The term “group quarters” refers to people living in communal
settings, which can include inmates in a prison, students in a dorm, or elderly or mentally disabled individuals living
in group care homes. Residents living in group quarters are often special needs populations. It is important to ensure
that each group quarter facility has its own emergency plan to account for the unique needs of its residents during a
hazard event.

Table 2-3 provides population estimates and projections for each municipality in Pike County and for the county as a
whole. The population of the entire county is estimated to be 54,257 by the year 2040, which represents a net
population decrease of 3,112 people (5.4 percent) in a 30-year period. It should be noted that changes in population
or demographics may be used to identify higher-risk populations. Maintaining up-to-date data on demographics will
allow Pike County to better assess magnitudes of hazards and develop more specific mitigation plans and strategies.

Table 2-3. Pike County Population Projections by Municipality

Projected
Population Population
2015-2019 Change Change
ACS 2010-2019 2030 2040 2010-2040
Jurisdiction 2010 Census SSYEIES (%) Projection Projection (%)
Blooming Grove (Twp) 4,819 4,645 -3.6%
Delaware (Twp) 7,396 7,063 -4.5%
Dingman (Twp) 11,926 11,619 -2.6%
Greene (Twp) 3,956 3,825 -3.3%
Lackawaxen (Twp) 4,994 5,020 0.5%
Lehman (Twp) 10,663 10,183 -4.5%
Matamoras (Boro) 2,469 2,336 -5.4%
Milford (Boro) 1,021 1,172 1.5%
Milford (Twp) 1,530 1,329 -13.1%
Palmyra (Twp) 3,312 3,215 -2.9%
Porter (Twp) 485 400 -17.5%
Shohola (Twp) 2,475 2,133 -13.8%
Westfall (Twp) 2,323 2,513 8.2% - - -
Pike County 57,369 55,453 -3.3% 55,783 54,257 -5.4%

Source: The Center for Rural Pennsylvania, 2014; U.S. Census 2019
Note:  Population projections at the municipal level were not available for Pike County.

According to the 2015-2019 American Community Survey, 11.2 percent of the county’s population speaks a language
other than English, with 2.2 percent of the population speaking English less than “very well.” While currently a low
percentage, future hazard mitigation strategies should consider addressing language barriers to ensure that all
residents can receive emergency instructions. Table 2-4 summarizes race and ethnicity population information for
Pike County.
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Table 2-4. Race and Ethnicity
% of % of

Race and Ethnicity Population 2019 ACS Population
One race 56,160 97.9% 54,123 97.6%
White 50,856 88.6% 49,074 88.5%
Black or African American 3,322 5.8% 3,526 6.4%
American Indian and Alaska Native 176 .31% 58 0.1%
Asian 597 1.0% 661 1.2%
Native Hawaiian and Other Pacific Islander 16 .03% 38 0.1%
Some other race 1,193 2.1% 766 1.4%
Two or more races 1,209 2.1% 1,330 2.4%
Foreign born 3,594 6.3% 4,549 8.2%
Speak a language other than English 5,392 9.4% 6,206 11.6%
Hispanic or Latino 5,173 9.0% 6,052 10.9%

Source: U.S. Census Bureau 2010, General Population and Housing Characteristics, Pike County; U.S. Census Bureau 2019; U.S. Census
Bureau 2020

Pike County contains 38,940 housing units (U.S. Census 2019). These properties may be vulnerable to various
natural hazards, particularly those located in defined hazard areas. Damage to residential properties is not only costly
to repair or rebuild but devastating to the displaced residents.

According to the U.S. Census, approximately 40.2 percent of the county’s residential properties are vacant. Most
vacancies are from units available for rent. Vacant buildings are particularly vulnerable to arson and criminal activity.
Because vacant properties are not inhabited year-round or may not be adequately maintained, many are structurally
deficient and at risk of collapse.

Approximately 16.8 percent of the county’s population live in rented homes. Because renters are more transient than
homeowners, communicating with renters may be more difficult than communicating with homeowners. Similarly,
communications with tourists would be harder during an emergency event. Communication strategies should be
developed to ensure that these populations receive proper notifications. Table 2-5 summarizes characteristics of the
residential properties in Pike County.

Table 2-5. Housing Characteristics

Housing Characteristics 2015-2019 ACS
Total housing units 38,940
Owner-occupied housing units 18,411
Renter-occupied housing units 3,708
Vacant housing units 16,821

Average household size 2.59

Housing units with a mortgage 11,777
Housing units (owned) without a mortgage 6,634

Source: U.S. Census Bureau 2019

In 2019 (the most current data available), the median household income in the County was $65,928, which was higher
than the Commonwealth of Pennsylvania’s estimated median household income ($61,744). The County’s 201
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estimated per capita income of $34,589 was higher than the Commonwealth’s 2019 estimated per capita income of
$34,352. Approximately 9.5 percent of residents in Pike County were below poverty level in 2019. Emergency
responders may have difficulty connecting with individuals within this economic bracket for several reasons, including
less access to the Internet within these communities. Additionally, some low-income families and individuals may not
own vehicles, and therefore could be a more vulnerable population during an evacuation. Table 2-6 summarizes
economic characteristics of Pike County’s population and population distribution of residents with incomes below the
poverty level.

Table 2-6. Economic Characteristics

Economic Characteristics 2019 Data

\ Median household income in 2019 $65,928
\ Median family income in 2019 $80,167
\ Per capita income in 2019 $34,589
\ Below poverty level 9.5%
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Figure 2-6. Pike County Population Below the Poverty Level
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2.4 Land Use and Development

Pike County’s existing land use patterns are greatly influenced and shaped by surrounding natural features such as
mountains, valleys, and waterways. These features have largely determined locations of transportation corridors and
development activities.

Over 95 percent of Pike County’s land cover is undeveloped with almost 89 percent of this total devoted to forest and
agricultural land uses (Figure 2-7). In addition, approximately 10 percent of the County is made up of water and
wetlands.

Transportation systems within Pike County include highway and rail facilities. The County’s highway system is formed
around approximately 35 miles of Interstate Route 84. This road runs east to west across the center of the County.
Access to -84 is limited to six interchanges.

The County has become a commuter-shed for metropolitan New York and New Jersey via |-84, Routes 206 and 15,
I-80, and mass transit which provide acceptable yet long commutes (Pike County Office of Community Planning,
2006). Most of the County’s state routes are in need of repair and/or maintenance and were not designed to handle
the increase in traffic volume being generated by the expanded population.
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Figure 2-7. Pike County Land Use and Land Cover
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2.5 Data Sources and Limitations

The County Profile section of this HMP was developed with information from the following sources:

Pike County Comprehensive Plan (Pike County 2006)

Pennsylvania Department of Environmental Protection Population Projections Report (PA DEP n.d.)

U.S. Census Bureau. 2010

U.S. Census Bureau. 2019. 2015-2019 American Community Survey 5-Year Estimates Pike County.

U.S. Census Bureau. 2021. 2020 DEC Redistricting Data

Pike County Planning Division. 2021.

United States Department of Agriculture. 2020. 2017 Census of Agriculture: Pike County, Pennsylvania
County Profile.

Data sources used to develop the HMP, in general, are listed in Section 1.4 and Appendix A. Data sources used to
perform geographic information system (GIS) analysis for the risk assessment are listed in Section 4.1. These sources
were key in understanding the current demographic makeup of the communities as well as in framing the foundation
of the HMP. The sources listed provided the underlying context of the HMP and allowed the Planning Team to
understand critical vulnerabilities in the county. Throughout the course of the planning process, the Steering
Committee continually sought additional data sources to augment the information included in the HMP. The Steering
Committee made multiple requests for existing jurisdictional documents (e.g., jurisdictional hazard mitigation plans
and other relevant information). Despite multiple requests for municipal documents, the response was somewhat
limited.
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SECTION 3. PLANNING PROCESS

A successful planning process builds partnerships and brings together members representing government agencies,
the public, and other stakeholders to reach consensus on ways the community will prepare for and respond to those
hazards most likely to occur. Applying a comprehensive and transparent process adds validity to the Hazard Mitigation
Plan (HMP). Participants involved in the HMP planning process gained better understanding of problems and issues
and helped devise solutions and actions for the community, resulting in a revised set of common community values
and widespread support for directing financial, technical, and human resources to agreed-upon actions.

The planning process was an integral part of updating the Pike County HMP. This section describes the planning
process used to update the HMP with participation from all 13 of the county’s municipalities. This section also
describes the Hazard Mitigation Steering Committee, Planning Team, meetings and documentation, public and
stakeholder participation, multi-jurisdictional planning, and existing planning mechanisms implemented during the
HMP update process. Additional details about the process of updating each section of this HMP appear at the
beginning of those sections.

3.1 Update Process and Participation Summary

In accordance with the Disaster Mitigation Act of 2000 (DMA 2000) requirements, this plan documents the following
topics:

= Planning process

= Hazard identification

= Risk assessment

= Mitigation strategy: goals, actions, and projects

= Formal adoption by the participating jurisdictions

= Pennsylvania Emergency Management Agency (PEMA) and Federal Emergency Management Agency
(FEMA) approval

The 2020 PEMA Hazard Mitigation Plan Standard Operating Guide (2020 SOG) lays out the standard planning
process in Pennsylvania to create and update HMPs (including this HMP), and is cited in Appendix A, under
Authorities and References. Hazard vulnerabilities and the risk assessment are described in Section 4 (Risk
Assessment), and the mitigation strategy is described in Section 5 (Mitigation Strategy) of this HMP.

Public participation and planning meetings served as the main forum for gathering information to update the HMP.
The Steering Committee and Planning Team were afforded access to information in relevant and approved plans,
policies, and procedures for Pike County. Opportunities for public participation included public meetings, distribution
of information at municipal meetings, and chances to review and comment on the draft HMP update. To develop all
sections of the HMP, the Planning Team used meetings, e-mail correspondence, and teleconferences to solicit input
from county, municipal, and other stakeholders, including members of the general public. Most information received
for this update came from Pike County, its municipalities, and the Steering Committee. Through this planning process,
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the county established a comprehensive approach to reduce the effects of hazards on the county and its
municipalities.

3.2 The Planning Team

Recognizing the need to manage risk within the county, and to meet the requirements of the DMA 2000, the Pike
County Community Planning Office led the update to the 2017 HMP. Mr. Brian Snyder, Community Planner,
developed a Steering Committee to provide guidance and direction to the planning effort and to ensure the resulting
document will be embraced both politically and by the constituency within the planning area. Mr. Snyder served as
chair of the Steering Committee and the lead planner and point of contact for the planning process. The Steering
Committee was composed of the following individuals:

= Mike Mrozinski, Director, Pike County Community Planning Office

= Brian Snyder, Community Planner, Pike County Community Planning Office
= Tim Knapp, Director, Pike County Emergency Management Agency

= Michele Long, Executive Director, Pike County Conservation District

= Krista Gromalski, Director, Pike County Communications Office

= Fred Suljic, Pike County Planning Commission

= Kate Long, Hazard Mitigation Planner, Tetra Tech

= Heather Apgar, CFM, Project Manager, Tetra Tech

The Steering Committee was charged with the following tasks:

= Providing guidance and overseeing the planning process on behalf of the general planning partnership
(Planning Team).
= Attending and participating in meetings.
= Assisting with the development and completion of certain planning elements, including:
e Reviewing and updating the hazards of concern
e Developing a public and stakeholder outreach program
e Assuring the data and information used in the plan update process is best available
e Reviewing and updating the hazard mitigation planning goals and objectives
¢ Identifying and screening of appropriate mitigation strategies and activities
e Reviewing and updating plan maintenance procedures
= Reviewing and commenting on plan documents prior to submission to PEMA and FEMA.

A Planning Team was assembled to represent each of the municipalities participating in the HMP update as well as
invited stakeholders and members of the Steering Committee. The following organizations were invited to participate
on the Planning Team:
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Table 3-1. Pike County Planning Team

Pike County Jurisdictions

Blooming Grove Township Delaware Township Dingman Township Greene Township Lackawaxen Township
Lehman Township Matamoras Borough Milford Borough Milford Township Palmyra Township
Porter Township Shohola Township Westfall Township
Delaware Valley School East Stroudsburg School Penn State Cooperative Pocono Environmental Wallenpaupack Area
District District Extension Education Center School District

Hospitals and Health Care

Carbon-Monroe-Pike
Mental Health and
Developmental Services

American Red Cross
Northeastern PA Chapter

Police Departments

Pike County Sheriff's Office
Utilities Agencies
) Orange & Rockland Pennsylvania Power & Pike Co Light & Lake Wallenpaupack
SRR IR Utilities Light Power/Corning Gas Watershed District

Milford Water Authority

UGl Westfall Sewer Authority

Neighboring Jurisdictions
Monroe County, PA Orange County, NY Sullivan County, NY Sussex County, NJ Warren County, NJ
Wayne County, PA

Government Stakeholders

National Park Service - National Park Serwcg - PA DCNR Foresiy - PA DEP Northeast
Delaware Water Gap Upper Delaware Scenic & PA DCNR o ' . )
: . : . Delaware District Office Regional Office
National Recreation Area Recreational River
PA House of PA House of
PA Game Commission Representatives 139th Representatives 189th PA Senate 20th District PEMA Eastern Area Office
District District
PEMA PennDOT District 4-4 LI e Pike County Transportation
Development Authority P
Other Stakeholders
Pocono Mountain Vacation = Twin and Walker Creeks . Pike County Chamber of
Upper Delaware Council
Bureau Conservancy Commerce

For a complete list of individual invitees, participants, attendance at meetings, completion of worksheets, or
submission of comments, please refer to Appendices C through E.

The Planning Team acknowledged that important steps in developing a comprehensive HMP were identifying hazards
that specifically affect Pike County, and assessing their likelihood of occurrence, along with potential damage to the
people, property, and environment of the county. The Planning Team chose to focus on an all-hazards approach
rather than narrow the focus to natural disasters only.

As the contract consultant, Tetra Tech guided the Steering Committee and Planning Team through the HMP update
planning process. More specifically, Tetra Tech was tasked with:

Assisting with the organization of a Steering Committee and Planning Team

Assisting with the development and implementation of a public and stakeholder outreach program
Collecting data

Facilitating and recording attendance at meetings
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Assisting with the review, update, and ranking of the hazards of concern, hazard profiling, and risk
assessment

= Assisting with the review and update of mitigation planning goals and objectives

= Assisting with the review of progress of past mitigation strategy

= Assisting with the screening of mitigation actions and the identification of appropriate actions
= Assisting with the prioritization of mitigation actions

= Authoring of the draft and final HMP documents

3.3 Meetings and Documentation

Tetra Tech assisted the county in drafting planning documents, preparing meeting materials, and facilitating meetings.
The Steering Committee reviewed documentation, provided validation, and acted as an advocate for the HMP update.

Table 3-2 lists dates and descriptions of meetings held by the Pike County Steering Committee and Planning Team
as part of the process of updating the Pike County HMP.

Table 3-2. Public and Planning Meetings

Date Description of Meeting

June 2, 2021

June 24, 2021

July 1, 2021

August 1, 2021

September 8, 2021

October 1, 2021

November 10, 2021

January 19, 2022
June 1, 2022

Kickoff meeting with Community Planning Office

Kickoff meeting with Steering Team member, including a 5-year plan review and plan update
process, evaluation of identified hazards, capability assessment, and mitigation strategy
review. The Steering Team members identified problem areas and issues throughout the
county for each hazard.

Initial Planning Team Meeting to update the risk assessment, update the capabilities
assessment, update the mitigation strategy, update other sections of the HMP

Bi-weekly check-in meeting. Discussion of municipal worksheet due dates; status of data
collection; identification of hazards of concern; survey updates; and the current work plan.
Direct outreach discussions with municipalities to garner as much participation in the planning
process as possible

Supervisors Meeting — Community Planning Office presented information about the HMP to the
municipal supervisors in Pike County

Risk Assessment review meeting to present the risk assessments of hazards and hand out the
mitigation actions, municipality risk factor analysis worksheets for the municipalities to
complete

Mitigation Strategy Workshop to review mitigation goals, objectives, actions, and current plan
status with the Planning Team.

Plan Draft Review Meeting to collect comments on the completed draft

HMP adoption by County Commissioners

The Steering Committee followed up each meeting with meeting notes that documented all agenda topics, decisions,
and action items identified. The meeting minutes were posted to the project website. Documentation from all meetings

is located in Appendix C.
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Pike County residents were informed of the planning process through various sources, including newspaper-
announced public notices and announcements on the Pike County HMP project website
(https://www.pikecountypahmp.com/ ).

The Risk Assessment Review Meeting and the Draft Review Meeting were advertised as public meetings. Any
subsequent supporting documentation provided by county residents will be included in Appendix E (Public and
Stakeholder Participation).

3.4 Public and Stakeholder Participation

To maximize the effectiveness of the HMP, the Steering Team fostered continual public and stakeholder engagement.
Input was encouraged and collected through a variety of methods. Five worksheets/surveys— the Hazard/Risk
Identification Survey, Risk Factor Analysis Survey, Capabilities Assessment Survey, NFIP Survey, and Mitigation
Strategy 5-Year Plan Review Worksheet (Mitigation Review Worksheet)—were given to representatives from each
municipality in Pike County. 14 jurisdictions (the county and 13 municipalities) provided information so that their input
could be reviewed and incorporated into the updated HMP.

The following entities with vested interest in development of the updated HMP were given the opportunity to
participate in the planning process by attending a Planning Team or public meeting or by offering comments on the
project website: local, state, and federal agencies; neighboring jurisdictions (Monroe and Wayne County, PA; Orange,
Sullivan County, NY; Sussex and Warren County, NJ); community leaders; educators; healthcare facilities; and other
relevant private and nonprofit groups. Invitations to participate in meetings were sent to those stakeholders. Appendix
E includes a copy of the Planning Team meeting invitation list and sample copies of invitation letters sent. Meeting
invitations were also sent to all municipalities, including elected officials and emergency management coordinators.
Additionally, direct outreach by phone or one-on-one meetings was conducted with municipalities who were unable
to attend other meetings or who had questions about worksheets, participation requirements, the planning process,
or mitigation project selection. All 13 municipalities in Pike County had representatives attending at least one meeting.

Through public notices published in the local newspapers, the groups listed in Section 3.2 and the general public
were invited to visit the project website, review the draft County HMP update, and send comments to Community
Planning. Copies of the public notices and other forms of public and stakeholder outreach are presented in Appendix
E.

Throughout the course of the entire planning process, the following stakeholder organizations participated:

= DCNR Bureau of Forestry - Delaware Forest = National Park Service
District = QOrange County, NY OEM
= FEMA Region 3 = Qrange County, NY Department of Planning
= Lake Wallenpaupack Watershed = PA State Senator Baker's Representative
Management District = PEMA
= Monroe County, PA Office of Emergency = Penn State Extension
Management = Pocono Mountains Visitors Bureau
= Monroe County, PA Planning Department Sullivan County, NY Department of Plannin
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= Sussex County, NJ Division of Planning and = Wayne County, PA EMA

Economic Development = Wayne County, PA Planning Department
= Upper Delaware Council
Table 3-3 in Section 3.5 of this HMP shows the overall municipal participation in the planning process.

3.5 Multi-Jurisdictional Planning

Pike County took a multi-jurisdictional approach to preparing the HMP so that the HMP would apply to the county and
all participating municipalities. The county was able to provide resources (e.g., data, geographic information system
[GIS], etc.) to which the municipalities might not have had access. However, Pike County depended on municipal
buy-in because the municipalities have the legal authority to enforce compliance with land use planning and
development directives. Pike County undertook an intensive effort to involve all 13 municipalities in the update
process.

Each municipality was given the opportunity to participate in this process. Municipal officials and representatives were
invited to attend Planning Team and public meetings; were provided worksheets to update the hazards of concern,
capabilities, and mitigation strategy; and were asked to review and prioritize the mitigation actions. Municipal
participation culminated in the formal adoption of the HMP; copies of municipal adoption resolutions are in Appendix
F. Table 3-3 indicates the ways each municipality participated in the planning process. In some cases, a municipality
was unable to attend a Planning Team meeting; therefore, an individual follow-up meeting with each municipality was
held by Pike County Steering Committee representatives to cover the meeting material and provide municipal support
on the topics presented.
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Table 3-3. Participation Matrix

Planning
Team Municipal Risk Mitigation HMP Draft Municipal
Kickoff Support Assessment Strategy REVE Hazard Capability Mitigation 2022 Plan
Meeting Meeting Meeting Workshop Meeting Indiv. Evaluation | Assessment Strategy Adoption
Jurisdiction (7/1/2021) (9/8/2021) (11/10/2021) (2/29/22) (6/1/22) Contact Survey Survey Survey NFIP Survey Date
Pike County X X X X X X X X - X TBD
Blooming Grove Township - - X X X X X X X TBD
Delaware Township X - - X X X X X X X TBD
Dingman Township X X X X X X X TBD
Greene Township = X X - X TBD
Lackawaxen Township X X X X X X X TBD
Lehman Township X X X X X X X X X TBD
Matamoras Borough - - - - X X X X X X TBD
Milford Borough = - X - X X X X X X TBD
Milford Township X X X X X X X X X TBD
Palmyra Township X X - - X X X X X X TBD
Porter Township - - X - X X X X X X TBD
Shohola Township - X X X X X - TBD
Westfall Township X X X X X X TBD
Notes:

Indiv. = Individual
RF = Municipal Risk Factor worksheet
TBD = To be determined after plan is granted “approvable pending adoption” status by FEMA Region III.
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SECTION 4. RISK ASSESSMENT

4.1 Update Process Summary

In accordance with the Federal Emergency Management Agency (FEMA) Local Mitigation Planning Handbook, risk is the
potential for damage, loss, or other impacts created by the interaction of natural hazards with community assets. Pike County’s
risk assessment is organized into the following sections:

e Section 4.2 outlines the hazard identification process for both natural and human-caused hazards of concern
for further profiling and evaluation.

e Section 4.3 profiles the hazards of concern (location and extent, range of magnitude, past occurrence, and
future occurrence) and assesses vulnerability.

e Section 4.4 summarizes the risk assessment methodology, ranking results, potential losses, and future
development and vulnerability.

The Steering Committee and Planning Team evaluated the 2017 Hazard Mitigation Plan (HMP) hazards of concern
by examining the historic events that have taken place in the county since the last plan update and reviewing the
Commonwealth’s Hazard Mitigation Plan. In addition, the Steering Committee and Planning Team completed the risk
assessment worksheet (Hazard Identification and Risk Evaluation Worksheet). The worksheet listed hazards profiled
in the 2017 HMP and requested that participants identify whether the frequency of occurrence, magnitude of impact,
and/or geographic extent of each hazard increased, decreased, or did not change since the preparation of the 2017
HMP. The worksheet also provided the opportunity to assess hazards not profiled in the HMP to determine if those
hazards should be included as part of the update. Responses from the worksheets were reviewed by the Steering
Committee to identify a list of hazards to profile in the 2022 HMP, including three additional hazards of concern. The
new hazards of concern are cyber terrorism, invasive species, and opioid addiction response. Each hazard profile
also includes an additional subsection that discusses the effect of climate change on vulnerability. Refer to copies of
the completed worksheets in Appendix H.

RISK ASSESSMENT
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SECTION 4. RISK ASSESSMENT

4.2 Hazard Identification

4.2.1 Disaster Declarations

In reviewing and updating Pike County’s hazards of concern, the Steering Committee and Planning Team reviewed
additional information and historical records from a wide range of sources. The following section discusses the
Presidential Disaster and Emergency Declarations, Gubernatorial Disaster Declarations or Proclamations, and Small
Business Administration Disaster Declarations that have affected Pike County.

Presidential Disaster and Emergency Declarations are issued when it has been determined that state and local
governments need assistance in responding to a disaster event. Since 1955, declarations have been issued for
various hazard events, including hurricanes or tropical storms, severe winter storms, and flooding. A unique
Presidential Emergency Declaration, Emergency Declaration 3235, was issued in September 2005. Through this
declaration, President George W. Bush declared a state of emergency existed for the Commonwealth of Pennsylvania
and ordered federal aid to supplement Commonwealth and local response efforts to help people evacuate from their
homes due to Hurricane Katrina. A summary of declarations affecting the county is provided in the tables below.

Table 4.2-1 lists Presidential Disaster and Emergency Declarations issued between 1965 through 2021 that have
affected Pike County. Additional declarations can be found on the Federal Emergency Management Agency (FEMA)
website at: https://www.fema.gov/disasters.

Table 4.2-1. Presidential Disaster and Emergency Declarations affecting Pike County

Declaration Number | Date Event

DR-4506 March 2020 Covid-19 Pandemic

EM-3441 March 2020 Covid-19

DR-4099 January 2013 Hurricane Sandy

EM-3356 October 2012 Hurricane Sandy

DR-4025 September 2011 Hurricane Irene

EM-3339 August 2011 Hurricane Irene

DR-1649 June 2006 Severe Storms, Flooding, and Mudslides
EM-3235 September 2005 Hurricane Katrina Evacuation

DR-1587 April 2005 Severe Storms and Flooding

DR-1557 September 2004 Tropical Depression Ivan

DR-1219 June 1998 Severe Storms, Tornadoes, and Flooding
DR-1093 January 1996 Flooding

DR-1085 January 1996 Blizzard

EM-3105 March 1993 Blizzard

HAZARD IDENTIFICATION
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DR-340
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Date Event

June 1972 Tropical Storm Agnes
August 1969 Severe Storms, Flooding
August 1965 Water Shortage

In addition to these Presidential Disaster and Emergency Declarations, 58 events warranted Gubernatorial Disaster
Declarations or Proclamations. Table 4.2-2 lists Gubernatorial Disaster Declarations or Proclamations that have been
issued for Pike County between 1958 and 2021, according to PEMA (PEMA 2021).

Date

Table 4.2-2. Gubernatorial Disaster Declarations or Proclamations affecting Pike County

Event

August 2021
August 2021
May 2021

May 2021

May 2021

April 2021
February 2021
February 2021
February 2021
December 2020
November 2020
November 2020
August 2020
August 2020
June 2020

May 2020

May 2020
March 2020
February 2020
December 2019
September 2019
June 2019
March 2019
January 2019
December 2018
September 2018
August 2018
June 2018

April 2018

HAZARD IDENTIFICATION

Proclamation of Disaster Emergency — Hurricane Ida
Amendment to Proclamation of Disaster Emergency — Opioid Crisis
Amendment to Proclamation of Disaster Emergency — Coronavirus (COVID-19)
Proclamation Terminating the Disaster Emergency — Civil Disturbance
Amendment to Proclamation of Disaster Emergency — Opioid Crisis
Proclamation of Disaster Emergency — Civil Disturbance

Amendment to Proclamation of Disaster Emergency — Coronavirus (COVID-19)
Amendment to Proclamation of Disaster Emergency — Opioid Crisis
Proclamation of Disaster Emergency — Winter Weather

Proclamation of Disaster Emergency — Winter Weather

Amendment to Proclamation of Disaster Emergency — Coronavirus (COVID-19)
Amendment to Proclamation of Disaster Emergency — Opioid Crisis
Amendment to Proclamation of Disaster Emergency — Coronavirus (COVID-19)
Amendment to Proclamation of Disaster Emergency — Opioid Crisis
Amendment to Proclamation of Disaster Emergency — Coronavirus (COVID-19)
Proclamation of Disaster Emergency

Amendment to Proclamation of Disaster Emergency — Opioid Crisis
Proclamation of Disaster Emergency — Coronavirus (COVID-19)

Amendment to Proclamation of Disaster Emergency — Opioid Crisis
Amendment to Opioid Crisis Emergency Proclamation

Amendment to Opioid Crisis Emergency Proclamation

Amendment to Opioid Crisis Emergency Proclamation

Amendment to Opioid Crisis Emergency Proclamation

Proclamation of Disaster Emergency for Severe Winter Event

Amendment to Opioid Crisis Emergency Proclamation

Amendment to the Opioid Crisis Emergency Proclamation

Proclamation of Disaster Emergency for Severe Weather Event

Amendment to Opioid Crisis Emergency Proclamation
Amendment to Opioid Crisis Emergency Proclamation




Date
January 2018

March 2017
March 2017
January 2016
August 2015
January 2015
February 2014
January 2014
June 2013
May 2013
October 2012
April 2012
August 2011
January 2011
February 2010
April 2007
February 2007
February 2007
April 2007
September 2006
September 2005
February 2002
July 1999
February 1978
January 1978
February 1974
February 1972
January 1966
February 1958

Source: Pike County HMP 2017, PEMA 2021
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Event
Opioid Crisis Emergency Proclamation

Proclamation of Emergency — Severe Winter Storm

Proclamation of Emergency — Severe Winter Storm

Proclamation of Emergency — Severe Winter Storm

Proclamation of Emergency — Severe Storms

Proclamation of Disaster Emergency — Severe Winter Storms
Proclamation of Disaster — Severe Winter Storms

Proclamation of Disaster Emergency — Extreme Weather, Utility Interruption
Proclamation of Emergency — High Winds, Thunderstorms, Heavy Rain, Tornado, Flooding
Proclamation of Emergency — Dauphin Bridge Fire

Proclamation of Emergency — Hurricane Sandy

Proclamation of Emergency — Spring Winter Storms

Proclamation of Emergency - Severe Storms and Flooding (Lee/Irene)
Proclamation of Emergency - Severe Winter Storm

Proclamation of Emergency - Severe Winter Storm

Severe Storm

Proclamation of Emergency - Severe Winter Storm

Proclamation of Emergency - Regulations

Proclamation of Emergency — Severe Winter Storm

Proclamation of Emergency - Tropical Depression Ernesto
Proclamation of Emergency - Hurricane Katrina

Drought and Water Shortage

Drought

Blizzard

Heavy Snow

Truckers’ Strike

Heavy Snow

Heavy Snow

Heavy Snow

Pike County has also received Small Business Administration Disaster Assistance for a number of disaster events.
A Small Business Administration Disaster Declaration qualifies communities for access to affordable, timely, and
accessible financial assistance. Table 4.2-3 lists Small Business Administration Disaster Declarations issued for
Pike County between 1981 and 2021 (SBA 2021).

Table 4.2-3. Small Business Administration Disaster Declarations affecting Pike County

Date Event

September 2021

April, 2007

HAZARD IDENTIFICATION

Remnants of Hurricane Ida
Severe Storms and Flooding
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DEE Event
~July, 1991 Drought
\ February, 1981 Flash Flood (Matamoras)

Source: Pike County HMP 2017, SBA 2021

4.2.2 Summary of Hazards

As part of the plan update process, the Steering Committee and Planning Team reviewed the hazards of concern
detailed in the 2017 version of the plan as well as those identified in the State HMP. They also considered the history
of hazard events occurring in Pike County as well as events occurring after the completion of the 2017 version of the
plan. This review of historical events included an evaluation of all emergency and disaster declarations in the
Commonwealth, with a focus on those in which Pike County was designated for federal assistance.

Further, all jurisdictions participating in the plan update process were provided a Hazard Identification/ Evaluation of
Risk worksheet to help identify the hazards—natural and non-natural—that each community believed posed
significant risk to Pike County, including any that may not have been considered in either the 2017 version of the plan
or the State HMP. Completed worksheets submitted by the municipalities are included in Appendix G. Following
review of the 2017 hazards list and completion of the Hazard Identification/Evaluation of Risk worksheet, additional
hazards were considered in need of a risk assessment. The Steering Committee and Planning Team decided to keep
all 2017 hazards of concern except Lightning, while adding a new chapter called Severe Weather.

Based on all available information and input from the municipalities, the Steering Committee and Planning Team
selected the following natural and non-natural hazards for consideration in this plan:

Natural Hazards Non-Natural Hazards
e Disease Outbreak e Dam Failure
e Drought e Drowning
e Earthquake e Environmental Hazards
e Extreme Temperature e Nuclear Incidents
e Flood e Terrorism
e (Geologic Hazards (landslide, sinkholes) e Transportation Accidents
e Hurricane, Tropical Storm, Nor'easter e Structural Fire and Explosion
e Invasive Species e Utility Interruption

e Radon Exposure

e Severe Weather

e Tornado and Windstorm
e Wildfire

e Winter Storm

These hazards have been profiled individually in Section 4.3 of this plan.

HAZARD IDENTIFICATION
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4.3.1 Disease Outbreak and Pandemic

4.3.1.1 Profile

Pandemics are large-scale disease outbreaks, defined by how the disease spreads, not by how many fatalities are
associated with it. A pandemic outbreak has several recognizable characteristics, including rapid, large-scale
(potentially global) spread; overloaded healthcare systems; inadequate medical supplies; medical supply shortages;
and a disrupted economy and society (Flu.gov 2015). Pandemics typically result from infectious diseases. An
infectious disease, as defined by the World Health Organization (WHO), is caused by pathogenic organisms (e.g.,
bacteria, viruses, fungus, or parasites) that spread from one person to another, whether through direct or indirect
contact. Zoonotic disease, a type of infectious disease, occurs when animals transmit a disease to humans (WHO
2015). Although any infectious disease can reach pandemic levels, influenza (flu) has the greatest likelihood of
causing the next pandemic.

Of particular concern to Pike County are arthropod-borne viruses (arboviruses), which are viruses that are maintained
in nature through biological transmission between susceptible hosts (mammals) and blood-feeding arthropods
(mosquitos and ticks). More than 100 arboviruses can cause disease in humans; over 30 have been identified as
human pathogens in the western hemisphere (New Jersey Department of Health and Senior Services 2008). Pike
County has been impacted by various past and present infestations including: high population of mosquitoes
(mosquito-borne diseases), American Dog ticks and Blacklegged ticks (tick-borne diseases).

Mosquito-borne diseases are diseases that are spread through the bite of an infected female mosquito. Diseases of
concern to Pike County include West Nile Virus. More recently, there has been an outbreak of Zika virus in the United
States which is another mosquito-borne disease and a concern for the Commonwealth. Additionally, tick-borne
diseases are bacterial or viral illnesses that spread to humans through infected ticks. Ticks become infected by
microorganisms when feeding on small, infected mammals (mice and voles). People who spend a lot of time outdoors
have a greater risk of being bitten by an infected tick and becoming infected themselves. It is possible to be infected
with more than one tick-borne disease at a time. Tick-borne diseases, including Lyme disease, are a major concern
to Pike County and the Commonwealth.

In addition to arboviruses, Pike County has been impacted by influenza outbreaks and the coronavirus pandemic in
the past five years. Most recently, Pike County has been monitoring the Ebola virus, measles and Zika; however,
there have been no cases in the County. For the purpose of this HMP update, the following diseases will be discussed
in further detail: mosquito-borne (West Nile Virus), tick-borne (Lyme), influenza, coronavirus, measles, Ebola, and
Zika.

West Nile Virus

West Nile Virus (WNV) encephalitis is a mosquito-borne viral disease, which can cause an inflammation of the brain.
WNYV is commonly found in Africa, West Asia, the Middle East and Europe. For the first time in North America, WNV
was confirmed in New York City during the summer and fall of 1999. WNV was first found in Pennsylvania in 2000.
Since 2004, a continent-wide WNV epidemic flare up in the summer and continues into the fall as infected mosquitos
spread the virus from birds to horses, humans and other animals (Health, West Nile Virus Fact Sheet 2022).

4.3.1: DISEASE OUTBREAK AND PANDEMIC
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Tick-Borne Diseases

Ticks can be infected with bacteria, viruses, or parasites. Ticks can transmit numerous diseases, including Lyme
disease, Anaplasmosis, Babesiosis, Ehrlichiosis, Spotted Fever Rickettsiosis, and Powassan Virus. One of the more
common tick-borne diseases in the Northeast is Lyme disease. Lyme disease is an illness caused by infection with
the bacterium Borrelia burgdorferi, which is carried by infected ticks. Symptoms include fever, fatigue, headache,
muscle aches, joint pain, a bull’'s eye rash may appear, and other symptoms that can be mistaken for viral infections,
such as influenza or infectious mononucleosis. Pennsylvania has led the nation in confirmed cases of Lyme disease
for three straight years and for the first-time deer ticks have been found in each of Pennsylvania’s 67 counties. In
2019, Pike County had the following recorded cases of tick-borne disease:

= Lyme disease — 89 cases

= Babesiosis - 6 cases

= Anaplasmosis — 17 cases

= Ehrlichiosis - less than 5 cases

= Spotted Fever Rickettsiosis — less than 5 cases (Health, 2019 Lyme and Other Tickborne Disease
Surveillance Report 2021).

Influenza

The risk of a global influenza pandemic has increased over the last several years. This disease is capable of claiming
thousands of lives and adversely affecting critical infrastructure and key resources. An influenza pandemic has the
ability to reduce the health, safety, and welfare of the essential services workforce; immobilize core infrastructure;
and induce fiscal instability.

An influenza pandemic is a global outbreak of a new influenza A virus. Pandemics happen when new (novel) influenza
Aviruses emerge which are able to infect people easily and spread from person to person in an efficient and sustained
way (CDC, Influenza (Flu) 2017). The most recent pandemic occurred in 2009 and was caused by an influenza A
(HIN1) virus. It is estimated to have caused between 100,000 and 400,000 deaths globally in the first year alone
(Organization 2022).

At the national level, the CDC'’s Influenza Division has a long history of supporting the WHO and its global network of
National Influenza Centers (NIC). With limited resources, most international assistance provided in the early years
was through hands-on laboratory training of in-country staff, the annual provision of WHO reagent kits (produced and
distributed by CDC), and technical consultations for vaccine strain selections. The Influenza Division also conducts
epidemiologic research including vaccine studies and serologic assays and provides international outbreak
investigation assistance (CDC, Influenza Division 2020).

Coronavirus

Coronaviruses are a large family of viruses, some causing illness in people and others circulating among animals,
including camels, cats and bats. The 2019 novel coronavirus (COVID-19) is a new virus that causes respiratory iliness
in people and can spread from person-to-person. This virus was first identified during an investigation into an outbreak
in Wuhan, China. Human coronaviruses spread through the air by coughing or sneezing, through close personal
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contact, by touching an object or surface with the virus on it, and occasionally through fecal contamination (PADOH
2020).

COVID-19 rapidly spread into a global pandemic by spring of 2020. Older people, and those with underlying medical
problems like cardiovascular disease, diabetes, chronic respiratory disease, and cancer are more likely to develop
serious illness (WHO 2021). With the virus being relatively new, information regarding transmission and symptoms
of the virus is still new. The COVID-19 virus spreads primarily through droplets of saliva or discharge from the nose
when an infected person coughs or sneezes. Reported illnesses have ranged from mild symptoms to severe illness
and death. Reported symptoms include difficulty breathing and shortness of breath, fever or chills, cough, fatigue,
muscle or body aches, loss of smell or taste, sore throat, congestion, and nausea or vomiting. Emergency symptoms
that require immediate medical attention include trouble breathing, persistent pain or pressure in the chest, confusion
or inability to wake or stay awake, and bluish lips or face. Symptoms may appear 2-14 days after exposure to the
virus (based on the incubation period of MERS-CoV viruses) (CDC, COVID-19 2021). On December 11, 2020, the
FDA issued the first emergency use authorization (EUA) for the Pfizer-BioNTech COVID-19 vaccine and on
December 18, 2020 the FDA issued an EUA for the Moderna COVID-19 vaccine (HHS 2022).

The first two cases recorded in Pennsylvania occurred on March 6, 2020 and Governor Wolf signed a Disaster
Declaration to ensure the state had the resources and authority to plan the process of containment and mitigation in
Pennsylvania. On March 12, 2020, due to the rising cases across the State, closures in several counties began and
continued throughout as cases grew. By March 19, 2020, Governor Wolf ordered all non-life-sustaining businesses
to close across the commonwealth to help stop the spread of the virus and by April 1, 2020, stay-at-home orders
were issued statewide (Pennsylvania 2020). As of March 2022, all COVID-19 restrictions in Pennsylvania have been
suspended and over 22 million COVID-19 vaccine doses have been administered (CDC, COVID Data Tracker 2022).

Measles

Measles is caused by a virus and is normally passed through direct contact and through the air. The virus infects the
mucous membranes and then spreads throughout the body. It is highly contagious and considered a very serious
disease. In 1980, before widespread vaccination, measles caused an estimated 2.6 million deaths each year. It still
remains as one of the leading causes of death among young children. In 2013, approximately 145,700 people died,
worldwide, from measles, with a majority of deaths being children under age 5 (WHO 2015).

More recently, in 2015, 178 people from 24 states and Washington D.C. were reported to have measles, with one
measles-related death. In recent years, the number of cases of measles has been on the rise as more parents elect
not to vaccinate their children. Most of these cases were part of a large, ongoing outbreak linked to an amusement
park in California.

Ebola

Ebola, previously known as Ebola hemorrhagic fever, is a rare and deadly disease caused by infection with one of
the Ebola virus strains. According to the CDC, the 2014 Ebola epidemic is the largest in history affecting multiple
countries in West Africa. Two imported cases, including one death, and two locally-acquired cases in healthcare
workers have been reported in the United States. The CDC and partners are taking precautions to prevent the further
spread of Ebola in the United States (CDC 2016).
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Zika Virus

Zika virus is a generally mild illness that is spread primarily through the bite of an infected mosquito. Zika virus can
spread through sexual contact from a partner who has been infected with Zika virus. Although less common, Zika
virus can also be spread from a mother to baby during pregnancy or during the time of birth or through blood
transfusion (Pennsylvania Department of Health 2016).

The current outbreak began in May 2015 in Brazil which led to reports of a neurological disease called Guillain-Barré
syndrome and pregnant women giving birth to babies with birth defects such as microcephaly. The outbreak has
spread to numerous countries and areas, prompting the Centers for Disease Control and Prevention (CDC) to issue
travel notices to regions where the Zika virus transmission is ongoing. In response to the emerging disease,
Pennsylvania has created a Zika Response Plan (Pennsylvania Department of Health 2016).

4.3.1.2 Location and Extent

Pandemic events cover a wide geographic area and can affect large populations; this can include multiple countries
or continents. Size and extent of an infected population depends on how easily the iliness is spread, mode of
transmission, and amount of contact between infected and uninfected individuals. Locations with higher density
populations are more susceptible to pandemic outbreaks, as the disease can be transmitted more easily, with the
exception of TBD’s. Additionally, vulnerable populations, especially the young and the elderly (who have weaker
immune systems), are at greater risk for both contracting a disease and suffering fatal or severe consequences. The
Flu most frequently spreads through the air or by touch; when an infected person coughs, infected droplets go into
the air or onto their hands, facilitating transmission of the disease to other people (WHO 2015).

When a pandemic or disease outbreak occurs, WHO and other public health institutions begin tracking the disease
outbreak, treatment, and more. Ebola was a significant pandemic concern for American public health officials in 2014;
however, the disease has primarily remained in Africa to date. Should a pandemic take hold in the United States, the
Centers for Disease Control and Prevention (CDC) and the National Institutes of Health (NIH) would be actively
involved in managing the outbreak and treatment of the disease.

Influenza viruses with the potential to reach pandemic levels include the avian influenza A (H5N1) and avian influenza
H7N9 (CDC 2015). Several years ago, the swine influenza (H1IN1) was of particular concern. HLN1 was first detected
in people in the United States in April 2009. On June 11, 2009, WHO signaled that a pandemic of 2009 HIN1 flu
was underway (CDC 2009). In Pike County, there have been 8,862 confirmed COVID-19 cases (as of April 5, 2022)
since the start of the pandemic. Of those confirmed cases, there have been 95 reported deaths associated with the
virus. A total of 73,814 vaccinations have been administered to Pike County residents (PADOH, COVID-19 Vaccine
Dashboard 2022).

Although Ebola and Zika are still recognized as global health threats, Pike County is primarily concerned with the
possibility of a pandemic flu outbreak, COVID-19 pandemic, and tick-borne diseases due to the presence of summer
camps and sources of outdoor recreation in the County.

4.3.1.3 Range of Magnitude
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Severity of a pandemic depends on a number of factors, as indicated above. These include aggressiveness of the
disease, ease of transmission, and factors associated with the impacted community (e.g., access to medical care,
demographic data, and population density). Advancements in medical technologies have greatly reduced the number
of deaths caused by influenza. Consequently, global effects of various influenza outbreaks have declined over the
past century. High-risk populations considered more vulnerable to various pandemic diseases are described in the
vulnerability assessment.

During the planning process of this plan update, Pike County was experiencing the COVID-19 pandemic. The United
States saw over 80 million confirmed cases and nearly 1 million deaths as a result of the pandemic.

The CDC and Prevention Community Strategy for Pandemic Influenza Mitigation guidance introduced a Pandemic
Severity Index (PSI), which uses the case fatality ratio as the critical driver for categorizing the severity of a pandemic.
The index is designed to estimate the severity of a pandemic on a population to allow better forecasting of the impact
of a pandemic, and to enable recommendations on the use of mitigation interventions that are matched to the severity
of influenza pandemic. Pandemics are assigned to one of five discrete categories of increasing severity (Category 1
to Category 5) (CDC 2016b). Figure 4.3.1-1 illustrates the five categories of the PSI.

Figure 4.3.1-1. Pandemic Severity Index

Source:  CDC 2016b

WHO described a series of pandemic phases in 1999 and revised these in 2005 and 2009 to provide a global
framework and aid in pandemic preparedness and response planning. In addition to facilitating implementation of
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preparedness recommendations, the phases also help provide greater understanding of when an event is considered

to have reached pandemic levels. The six phases are shown on Figure 4.3.1-2 below and are described as follows:

Phase 1: No viruses circulating among animals have been reported among humans.

Phase 2: An animal influenza virus circulating among domesticated or wild animals has caused known
infection in humans and is now considered a potential pandemic threat.

Phase 3: An animal or human-animal influenza reassortment virus has caused sporadic cases or small
clusters of disease in people but has not resulted in human-to-human transmission sufficient to sustain
community-level outbreaks. Limited human-to-human transmission may occur under some circumstances,
such as close contact between an infected person and an unprotected caregiver.

Phase 4: Verified human-to-human transmission of an animal or human-animal influenza reassortment virus
is able to cause ‘community-level outbreaks.” The ability to cause sustained disease outbreaks in a
community marks a significant upwards shift in the risk of a pandemic. Any country that suspects or has
verified such an event should urgently consult with WHO so that the situation can be jointly assessed and a
decision made by the affected country if implementation of a rapid pandemic containment operation is
warranted. Phase 4 indicates a significant increase in risk of a pandemic but does not necessarily mean that
a pandemic is a forgone conclusion.

Phase 5: There has been human-to-human spread of the virus into at least two countries in one WHO region.
While most countries will not be affected at this stage, the declaration of Phase 5 is a strong signal that a
pandemic is imminent, and that the time to finalize the organization, communication, and implementation of
the planned mitigation measures is short.

Phase 6: The pandemic phase is characterized by community-level outbreaks in at least one other country
in a different WHO region, in addition to the criteria defined in Phase 5. Phase 6 indicates a global pandemic
IS underway.

During the post-peak period, pandemic disease levels in impacted areas will start to see a drop in reported cases
below peak observed levels. The post-peak period often signifies that pandemic activity is decreasing; however, it is
uncertain if additional waves or virus strains will occur and areas will need to be prepared for additional waves.
Previous pandemics have been characterized by waves of activity spread over months (WHO 2022).
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Figure 4.3.1-2. Pandemic Influenza Phases

Source:  WHO 2009

A worst-case scenario would be entry of the United States into a Phase 6-designation of an influenza or other
pandemic, whereby local community outbreaks would occur in Pike County. This would affect most of the population,
causing significant numbers of fatalities and disrupting normal living conditions. The most likely scenario is a seasonal
flu or a Phase 3- or 4-designation. In these cases, a few residents might get sick, but most of the County would not
be directly impacted.

Mosquito-Borne Diseases

Since it was discovered in the western hemisphere, WNV has spread rapidly across North America, affecting
thousands of birds, horses and humans. WNV swept from the New York City region in 1999 to almost all of the
continental U.S., seven Canadian provinces and throughout Mexico and parts of the Caribbean by 2004 (USGS
2016). The CDC has a surveillance program for WNV. Data is collected on a weekly basis and reported for five
categories: wild birds, sentinel chicken flocks, human cases, veterinary cases and mosquito surveillance (CDC 2011).
For Zika virus, the CDC is tracking the spread of the virus in the United States and around the world.

Tick-Borne Diseases

Ticks can transmit numerous diseases, including Lyme disease, Anaplasmosis, Babesiosis, Ehrlichiosis, Spotted
Fever Rickettsiosis, and Powassan Virus.

= Lyme disease - Typical symptoms include fever, headache, fatigue, and a characteristic skin rash called
erythema migraines. If left untreated, infection can spread to joints, the heart, and the nervous
system. Patients with Lyme disease are frequently misdiagnosed with chronic fatigue syndrome,
fibromyalgia, multiple sclerosis, and various psychiatric illnesses, including depression. Misdiagnosis with
these other diseases may delay the correct diagnosis and treatment as the underlying infection progresses
unchecked (PADOH, Lyme Disease 2022).
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Anaplasmosis — early signs and symptoms are usually mild or moderate and may include fever, chills, severe

headache, muscle aches, nausea, vomiting, diarrhea, and loss of appetite (PADOH, Anaplasmosis Fact

Sheet 2021).

= Babesiosis — some people have no symptoms while others develop flu-like symptoms. This includes fever,
chills, sweats, headache, body ache, loss of appetite, nausea, or fatigue. When Babesia parasites infect and
destroy red blood cells, anemia, jaundice, and dark urine can develop (PADOH, Babesiosis Fact Sheet 2021).

= Ehrlichiosis - symptoms are generally nonspecific and can range from very mild to very severe illness.
Symptoms may include fever, headache, muscle ache, fatigue, nausea, vomiting, diarrhea, confusion, and
conjunctivitis. Rash occurs in up to 60 percent of children but is less common in adults. Older or
immunocompromised individuals are likely to suffer a more serious illness (PADOH, Ehrlichiosis Fact Sheet
2021).

= Spotted Fever Rickettsiosis — the first sign is generally a dark scab (eschar) at the site of the tick bite. Several
days after the eschar appears, other signs and symptoms can develop. This includes fever, headache, rash,
and muscle aches (CDC, Other Spotted Fever Group Rickettsioses 2019).

= Powassan Virus — many people infected with Powassan do not have symptoms. For people with symptoms,

the time from tick bit to feeling sick ranges from one week to one month. Initial symptoms can include fever,

headache, vomiting, and weakness. Symptoms of severe disease include confusion, loss of coordination,

difficulty speaking, and seizures (CDC, Powassan Virus 2021).

Influenza, Coronavirus, Measles and Ebola

The exact size and extent of an infected population depends on how easily the illness will spread, the mode of
transmission, and the amount of contact between infected and uninfected individuals. The transmission rates of
pandemic ilinesses are often higher in more densely populated areas. The Ebola virus is spread to others through
direct contact; it is not spread through the air like influenza.

Pandemic flu should not be confused with seasonal flu. Seasonal flu is a less severe concern because of its regularity
of occurrence and predictability. The following Table 4.3.1-1 lists key differences between pandemic and seasonal

flus.
Table 4.3.1-1. Seasonal Flu vs Pandemic Flu
Rarely happens (three times in 20t century). Happens annually and usually peaks in January or February.
People have little or no immunity because they have no previous Usually some immunity built up from previous exposure.
exposure to the virus.
Healthy people may be at increased risk for serious complications. Usually only people at high risk, not healthy adults, are at risk of serious
complications.
Healthcare providers and hospitals may be overwhelmed. Healthcare providers and hospitals can usually meet public and patient
needs.
Vaccine probably would not be available in the early stages of a Vaccine available for annual flu season.
pandemic.
Effective antivirals may be in limited supply Adequate supplies of antivirals are usually available.
Number of deaths could be high (U.S. death toll during the 1918 Seasonal flu-associated deaths in the U.S. over 30 years ending in 2007
pandemic was approximately 675,000). have ranged from about 3,000 per season to about 49,000 per season.
Symptoms may be more severe Symptoms include fever, cough, runny nose, and muscle pain.
May cause major impact on the public, such as widespread travel Usually causes minor impact on the general public; some schools may
restrictions and school or business closings. close, and sick people are encouraged to stay home.
Potential for severe impact on domestic and world economy. Manageable impact on domestic and world economy.
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Source: Flu.gov 2015

4.3.1.4 Past Occurrence

The following section provides information regarding past occurrences of pandemic events.

West Nile Virus

West Nile Virus arrived in the United States in 1999 and was first detected in Pike County in 2000 when mosquito
pools, dead birds and/or horses tested positive for the virus. Since then, the number of positive counties in
Pennsylvania, human cases, and West Nile deaths has fluctuated with the temperature and precipitation each year.
Table 4.3.1-2 illustrates the virus’s overall cases, human cases, and mortality from 2016-2020. In Pike County, there
have been birds and mosquitoes that have tested positive for the virus, however there have been no positive human
cases and therefore no human deaths.

Table 4.3.1-2. Previous West Nile Virus occurrences in Pike County from 2016 — 2020

Year Number of Positive Cases Positive Human Cases Human Deaths
2016 0 0 0
2017 0 0 0
2018 1 0 0
2019 0 0 0
2020 0 0 0

Source:  PA West Nile Control Project 2020

Tick-Borne Diseases

Pennsylvania has led the nation in confirmed cases of Lyme disease for three straight years and for the first time deer
ticks have been found in each of Pennsylvania’s 67 counties. Table 4.3.1-3 shows the number of reported cases of
Lyme disease in Pike County from 2015 to 2019. Data for 2020 was not available at time of publication.

Table 4.3.1-3. Previous Lyme Disease Occurrences in Pike County from 2015-2019

Year Number of Reported Cases
2015 82
2016 114
2017 92
2018 59
2019 89

Source:  (Health, 2019 Lyme and Other Tickborne Disease Surveillance Report 2021)

Influenza

The United States Department of Health and Human Services estimates that influenza pandemics have occurred for
at least 300 years at unpredictable intervals. There have been several pandemic influenza outbreaks over the past
100 years. A list of events worldwide is shown in Table 4.3.1-4.
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Table 4.3.1-4. List of previous significant outbreaks of influenza over the past century

Pandemic Name/Subtype Worldwide Deaths (Approximate)
‘ 1918-1920 Spanish Flu / HIN1 50 million
‘ 1957-1958 Asian Flu / H2N2 1.5-2 million
‘ 1968-1969 Hong Kong Flu / H3N2 1 million
‘ 2009-2010 Swine Flu /2009 HIN1 18,036

Source:  Global Security 2009

Deaths occurred in the United States as a result of the Spanish Flu, Asian flu, and Hong Kong Flu outbreaks. The
Spanish Flu claimed 500,000 lives in the United States, and there were 350,000 cases in Pennsylvania — 150,000
were in Philadelphia alone. Most deaths resulting from the Asian flu occurred between September 1957 and March
1958; there were about 70,000 deaths in the United States and approximately 15 percent of the population of
Pennsylvania was affected. The first cases of the Hong Kong Flu in the U.S. were detected in September 1968 with
deaths peaking between December 1968 and January 1969 (Global Security 2009). More recently, 43 cases of 2009
H1N1 have been confirmed in Pike County resulting in 1 death.

Epidemiologists and public health officials consistently track the rate of influenza or influenza-like-illnesses (ILI) to
monitor potential pandemic threats. This also allows them to provide annual data on ILI seasonal outbreaks. Figure
4.3.1-5 below shows the biweekly national number of cases of ILI from the 2010-2011 season through the 2019-2020
season, distinguishing each type of ILI by a unique color.

Table 4.3.1-5. Est. Range of Annual U.S. Flu Burden (2010-2011 through 2019-2020 Flu Seasons)

The Pennsylvania Department of Health maintains an influenza surveillance data archive that provides summaries
for each influenza season, dating back to 2005/2006. Table 4.3.1-6 shows the number of reported cases of influenza
in Pike County from 2015 to 2020.
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Table 4.3.1-6. Reported Influenza Cases in Pike County, 2015 — 2020

Year Number of Reported Cases

2015 103
2016 207
2017 174
2018 232
2019 388
2020 Unavailable

Source:  Pennsylvania Department of Health 2021

COVID-19 Pandemic

Since the onset of the pandemic, multiple variants of the virus emerged and become dominant in many countries
since 2021, Alpha, Beta, Gamma, Delta, and Omicron being the most virulent. As of April 5, 2022, Pike County has
8,872 confirmed cases since the start of the pandemic, and 95 deaths (PADOH, COVID-19 Vaccine Dashboard
2022).

Table 4.3.1-7. Daily Rate of COVID-19 Cases in Pike County, PA

4.3.1.5 Future Occurrence

It is difficult to predict when the next disease outhreak will occur and how severe it will be because viruses are
always changing. The United States and other countries are constantly preparing to respond to pandemics. The
Department of Health and Human Services and others are developing supplies of vaccines and medicines. In
addition, the United States has been working with the WHO and other countries to strengthen detection of disease
and response to outbreaks. Preparedness efforts are ongoing via the Pennsylvania Department of Health, and
local health departments to empower local health departments and their community partners to promote local
readiness, foster community resilience and to ensure comprehensive, coordinated, and effective responses.

In Pike County, the probability for a future disease outbreak event is dependent on several factors. One factor that
influences the spread of disease is population density. Populations that live close to one another are more likely
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to spread diseases. As population density increases in the County, so too will the probability of a disease outbreak
event occurring. When there is a significant change in a circulating strain of a virus, more of the population is
susceptible and the strain has the ability to rapidly spread from person to person (Management 2019).

As for mosquito-borne and tick-borne diseases, as long as mosquitoes and ticks are found in Pike County, the risk
of contracting WNV, Lyme disease, or other diseases carried by these insects exists. Instances of WNV have
been generally decreasing throughout the northeast United States due to planning and eradication efforts.
However, some scientists anticipate an increase in WNV and other mosquito-borne diseases due to changing
climate conditions creating suitable habitats for mosquitoes (CDC, West Nile Virus in the United States 2013).
Disease-carrying ticks will continue to inhabit Pike County and the threat of Lyme disease and other tick-borne
diseases will continue. Similar to mosquitoes, there are eradication efforts in place to control the tick population
and new methods of control are being developed (Steere, Coburn and Glickstein 2004). Therefore, based on all
available information and available data regarding mosquito and tick populations, it is anticipated that mosquito-
and tick-borne diseases will continue to be a threat to Pike County.

The future occurrence of disease outbreak in Pike County can be considered possible as defined by the Risk Factor
Methodology probability criteria (see Table 4.4-5).

4.3.1.6 Vulnerability Assessment

To understand risk, a community must evaluate the assets that are exposed or vulnerable in the identified hazard
area. This section discusses the potential impact of the disease outbreak hazard on Pike County in the following
subsections:

= Overview of vulnerability

= Data and methodology used for the evaluation

= Impacts on: (1) life, health, and safety of residents; (2) general building stock; (3) critical facilities;
(4) economy; and (5) environment

= Future changes that may impact vulnerability

= Change of vulnerability since the 2017 HMP

While some information was available during the 2022 update of the HMP, Pike County will revisit the overall impacts
of the COVID-19 pandemic during the plan maintenance cycle.

Impact on Life, Health, and Safety

Depending on the characteristics of the disease or virus, certain population groups can be at higher risk of infection
than others. About 60 percent of hospitalizations related to seasonal flu and 90 percent of flu-related deaths occur
among people 65 and older. However, during the HIN1 pandemic, 90 percent of hospitalizations and 87 percent of
H1N1-related deaths occurred in people younger than 65. As with seasonal flu, people with underlying health
conditions face a much higher probability of contracting HIN1. Schools, convalescent centers, and other institutions
are highly conducive to faster transmission of pandemic diseases (CDC 2010).

4.3.1-7 shows the demographic change in children and the elderly from 2000 through 2019 in Pike County. Pike
County has seen a significant population increase in individuals over 65 years of age, but a decrease in individuals
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under 5 years of age. Therefore, Pike County is slightly vulnerable to both seasonal influenza and pandemic influenza,
such as the HIN1 pandemic.

Table 4.3.1-8. Demographic Trends for Vulnerable Populations

Vulnerable Population 2010 Census 2019 Census Estimate 2000 to 2019 Change
Under 5 years 2,823 1,894 -929
65 years and over 9,303 12,152 2,849

Source: U.S. Census Bureau 2021

Impact on General Building Stock and Critical Facilities

No structures are anticipated to be directly impacted by a pandemic or infectious disease. However, structures,
especially critical facilities, could be damaged due to the lack of maintenance personnel due to the personnel being
sick. This is especially true of critical facilities and businesses with processes (e.g., chemical reactions) that occur
continuously.

Impact on the Economy

The impact disease outbreaks have on the economy and estimated dollar losses are difficult to measure and quantify.
Costs associated with the activities and programs implemented to conduct surveillance and address pandemic have
not been quantified in available documentation. Instead, activities and programs implemented by the County to
address this hazard are described below, all of which could impact the local economy.

The COVID-19 outbreak in 2020-2021 resulted in significant negative impacts to economic activity in the County,
Commonwealth, and country due to the identified need to enforce social distancing and quarantine conditions until
the disease spread was lessened. During the height of the COVID outbreak, all non-essential businesses were forced
to close. The virus outbreak has also had a deleterious impact on government finances due to tax delinquency and
user fees loss. Decreased revenues can lead to service cuts and prevent the county and community from procuring
necessary supplies to weather the outbreak. Though the full-scale of the economic fallout is yet to be quantified, the
economic impact from the pandemic was clearly felt in Pike County.

Smaller-scale disease outbreaks can also cause negative economic impacts, though the extent of impact is variable.

Impact on the Environment

A pandemic and infectious disease has no direct impact on the environment. However, pandemics and infectious
disease can have the following cascading impacts to the environment (not an exhaustive list):

e Pollution of land and waterways/waterbodies due to prophylactic supplies (e.g., masks) being improperly
disposed of (e.g., littered).

¢ Environmental contamination due to waste being improperly disposed of or treated, due to lack of personnel
to carry out proper disposal procedures.

e Environmental contamination due to runaway chemical reactions causing releases of hazardous materials
from facilities (see Impact on General Building Stock and Critical Facilities).
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e A lack of environmental regulators due to them being sick can reduce the effectiveness of environmental
programs or requirements, having a detrimental impact on the environment.

Future Changes That May Impact Vulnerability

Understanding future changes that impact vulnerability in the County can assist in planning for future development
and ensuring that appropriate mitigation, planning, and preparedness measures are in place. The County considered
the following factors to examine potential conditions that may affect hazard vulnerability:

= Potential or projected development.
= Projected changes in population.
= Other identified conditions as relevant and appropriate, including the impacts of climate change.

Projected Development and Changes in Population

As the population increases, so too does the possibility for spreading an infectious disease. This is exacerbated by
future growth causing higher density in populated areas.

Climate Change

The relationship between climate change and increase in infectious diseases is difficult to predict with certainty;
however, there may be linkages between the two. Changes in the environment may create a more livable habitat for
vectors carrying disease as suggested by the Centers for Disease Control and Prevention (CDC n.d.). Localized
changes in climate and human interaction may also be a factor in the spread of disease.

The relationship between climate change and infectious diseases is somewhat controversial. The notion that rising
temperatures will increase the number of mosquitoes that can transmit malaria among humans (rather than just shift
their range) has been the subject of debate over the past decade. Some believe that climate change may affect the
spread of disease, while others are not convinced. However, many researchers point out that climate is not the only
force at work in increasing the spread of infectious diseases into the future. Other factors, such as expanded rapid
travel and evolution of resistance to medical treatments, are already changing the ways pathogens infect people,
plants, and animals. As climate change accelerates, it is likely to work synergistically with many of these factors,
especially in populations increasingly subject to massive migration and malnutrition (Harmon 2010).

Change of Vulnerability Since the 2017 Hazard Mitigation Plan

Overall, the County’s vulnerability has not changed since the 2017 HMP; therefore, the entire County will continue to
be exposed and vulnerable to the disease outbreak hazard.
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4.3 Hazard Profiles

4.3.2 Drought

This section provides a profile and vulnerability assessment of the drought hazard in Pike County. Drought is a period
characterized by long durations of below normal precipitation. Drought conditions occur in virtually all climatic zones,
yet characteristics of drought vary significantly from one region to another, relative to normal precipitation within
respective regions. Drought can affect agriculture, water supply, aquatic ecology, wildlife, and plant life. Drought is a
temporary irregularity in typical weather patterns and differs from aridity, which reflects low rainfall within a specific
region and is a permanent feature of the climate of that area.

Drought can be defined or grouped in four categories:

= Meteorological drought is a measure of departure of precipitation from normal, defined solely by reference to
relative degree of dryness. Because of climatic differences, dryness considered a drought at one location of
the country may not be considered drought at another location.

= Agricultural drought links various characteristics of meteorological (or hydrological) drought to agricultural
impacts, focusing on precipitation shortages, differences between actual and potential evapotranspiration,
soil water deficits, reduced groundwater or reservoir levels, and other parameters. Agricultural drought occurs
when not enough water is available for a particular crop to grow at a particular time. Agricultural drought is
defined in terms of soil moisture deficiencies relative to water demands of plant life, primarily crops.

= Hydrological drought is associated with below normal surface or subsurface water supply resulting from
periods of precipitation shortfalls (including snowfall). Hydrological drought is related to effects of precipitation
shortfalls on stream flows and water levels in reservoirs, lakes, and groundwater.

= Socioeconomic drought is associated with supply and demand of an economic good, with elements of
meteorological, hydrological, and agricultural drought. This differs from the aforementioned types of drought
because its occurrence depends on supply and demand to identify or classify droughts. Supplies of many
economic goods such as water, silage, food grains, fish, and hydroelectric power depend on weather.
Socioeconomic drought occurs when demand for an economic good exceeds supply as a result of a weather-
related shortfall in water supply (National Drought Mitigation Center [NDMC] 2012).

Drought can affect many sectors of an economy and can reach beyond an area undergoing physical drought. Because
water is essential for producing goods and providing services, drought can reduce crop yield, increase fire hazard,
lower water levels, and damage wildlife and fish habitat. Further consequences of these impacts include reductions
in crop Yyields, rangeland, and forest productivity that may lower incomes of farmers and agribusinesses; increased
prices of food and timber; increased unemployment; reduction in tax revenues as expenditures decline; increased
crime, foreclosures, and migration; and exhausted disaster relief funds. The many impacts of drought can be
categorized as economic, environmental, or social.

Scientists at this time do not know how to predict drought more than one month in advance for most locations.
Predicting drought depends on the ability to forecast precipitation and temperature. Anomalies of precipitation and
temperature may last from several months to several decades. How long they last depends on interactions betwee
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the atmosphere and the oceans, soil moisture and land surface processes, topography, internal dynamics, and
accumulated influence of weather systems on the global scale (NDMC Date Unknown).

4.3.2.1 Location and Extent

Droughts are regional in scope and may affect the entirety of Pike County rather than only individual municipalities
within the County. Droughts may also concurrently affect counties near Pike County, or even the entire State.
Generally, areas along waterways will indicate drought conditions later than areas away from waterways.

Climate divisions are regions within a state that are climatically homogenous. The National Oceanic and Atmospheric
Administration (NOAA) has divided the United States into 359 climate divisions. The boundaries of these divisions
typically coincide with county boundaries, except in the western United States where they are based largely on
drainage basins (Climate Prediction Center [CPC] 2005).

According to NOAA, Pennsylvania includes 10 climate divisions: Pocono Mountains, East Central Mountains,
Southeastern Piedmont, Lower Susquehanna, Middle Susquehanna, Upper Susquehanna, Central Mountains, South
Central Mountains, Southwest Plateau, and Northwest Plateau Climate Division (National Climatic Data Center
[NCDC] 2015). Figure 4.3.2-1 shows the climate divisions throughout the United States, and Figure 4.3.2-2 shows
the climate divisions of Pennsylvania. Pike County is within the Pocono Mountains climate division.

Figure 4.3.2-1. Climate Divisions in the United States

U.S. Climatological Divisions

Source:  NOAA NCEI 2012
Notes:  Climate division names vary from state to state. The climate divisions for Pennsylvania are:
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1 =Pocono Mountains; 2 = East Central Mountains; 3 = Southeastern Piedmont; 4 = Lower Susquehanna; 5 = Middle Susquehanna; 6 = Upper
Susquehanna; 7 = Central Mountains; 8 = South Central Mountains; 9 = Southwest Plateau; 10 = Northwest Plateau

Figure 4.3.2-2. Climate Divisions of Pennsylvania
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Note (1): The climate divisions for Pennsylvania are:
1 = Pocono Mountains; 2 = East Central Mountains; 3 = Southeastern Piedmont; 4 = Lower Susquehanna; 5 = Middle Susquehanna; 6 = Upper
Susquehanna; 7 = Central Mountains; 8 = South Central Mountains; 9 = Southwest Plateau; 10 = Northwest Plateau

Note (2): The blue circle indicates the location of Pike County.

Particularly at locations where citizens rely on wells for drinking water, water supplies are vulnerable to effects of
drought and thus can impact the severity of a drought. Residents depending on well water can more easily handle
short-term droughts without major inconveniences than can populations that rely on surface water. However, longer-
term droughts inhibit groundwater aquifers from recharging and can thus extend the problems of well owners for an
indeterminate amount of time—Pike County residents who depend on private domestic wells have this greater “hidden
vulnerability” to droughts.

According to the Pennsylvania Groundwater Information System (PaGWIS) there are 8,509 domestic private wells in
Pike County. PaGWIS is maintained by Pennsylvania Department of Conservation and Natural Resources (DCNR)
and relies on voluntary submissions of well record data by well drillers; as a result, it is not a complete database of
all domestic wells in the County. It is, however, the most complete dataset of domestic wells available. Refer to the
Vulnerability Assessment for further discussion. According to the PADEP Drinking Water Reporting System, there
are 237 drinking water systems that serve over 87,000 people in Pike County. The primary source of water for these
systems in groundwater (PADEP 2022).
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In addition to domestic wells in the County, residents may also receive their water from municipal water providers.
According to the U.S. Environmental Protection Agency (EPA), there are 38 community water systems in Pike County.
These systems provide water year-round to over 41,000 people. Public water systems in the County procure their
water from groundwater. Additionally, there are 214 non-transient or transient non-community water systems that
provide water to over 51,000 people. Non-transient, non-community water systems provide water to the same people,
but not year round (e.g. schools that have their own water system). Transient, non-community water systems do not
consistently provide water to the same people (e.g. rest stops, campgrounds, gas stations). These systems all receive
water from groundwater sources. Table 4.3.2-1 below provides information regarding the community water systems
located within Pike County, as identified by the U.S. EPA.

Table 4.3.2-1. Community Water Systems in Pike County

Water System Name Population Served Primary Water Source Type

Al's Acres (Palymra Township) N/A N/A
Al-Wa-Da (Palymra Township) N/A N/A
Ann & Howell Development (Palymra Township) N/A N/A
Aqua PA Fawn Lake Forest 6,533 Groundwater
Aqua PA Tafton Wilson Hill 80 Groundwater
Agua PA Tanglewood Lakes 1,321 Groundwater
Aqua PA Woodledge Village 58 Groundwater
Claude Seeley Dev. (Palmyra Township) N/A N/A
Colony Cove (Palmyra Township) N/A N/A
Coutts Bros. Dev. (Palmyra Township) N/A N/A
Crescent Lake North Comm Assoc 80 Groundwater
Deerhaven White Beauty View Es 53 Groundwater
Earl Unger Dev. (Palmyra Township) N/A N/A
East Cove Woods (Shohola) N/A N/A
The Escape (Palymra-Greene) N/A N/A
Evergreen Park (Shohola) N/A N/A
Grampas Woods Estates 45 Groundwater
Happy Hollow 89 Groundwater
Hemlock Farms (Main) 8,321 Groundwater
Hitching Post Assoc 90 Groundwater
Killiam Tract 39 Groundwater
Lake Wallenpaupack Estates POA 204 Groundwater
Laurel Lane Development Assoc 179 Groundwater
Laurel Woods Mobile Home Park 70 Groundwater
Milford Senior Care 110 Groundwater
Milford Water Authority 2,420 Groundwater under influence of surface water
Moon Valley Falls 120 Groundwater
Muni Auth Of Boro Of Matamoras 2,900 Groundwater
Oak Manor Estates 46 Groundwater
Pawc All Seasons System 100 Groundwater
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Pawc Marcel Lakes 845 Groundwater
Pawc Milford Landing 468 Groundwater
Pawc Pocono Mtn Lake Forest 180 Groundwater
Pawc Saw Creek Estates 6,833 Groundwater
Pawc Wild Acres 2,943 Groundwater
Pike County Correctional Facil 376 Groundwater
Pine Ridge System 2,450 Groundwater
Poc Mtn Lake Est Sect 1e 140 Groundwater
Pocono Mtn Lake Estates Sect5a 150 Groundwater
Pocono Ranch Lands Sect 4 225 Groundwater
Rustic Acres Mhp 73 Groundwater
Tamiment Resort 1,200 Groundwater
Tanglewood Ski Aqua PA 690 Groundwater
The Escape 1,100 Groundwater
Tranquility Falls 121 Groundwater
Twin Lakes Utilities Inc 300 Groundwater
Wheatfield Village 35 Groundwater
White Sand Springs 40 Groundwater

Source:  U.S. EPA 2016; Pike County Office of Community Planning 2010
N/A Not available

4.3.2.2 Range of Magnitude

Effects of droughts vary depending on their severity, timing, duration, and location. Some droughts may exert their
greatest impact on agriculture, while others may have stronger effects on water supply or recreational activities.
Droughts can adversely affect the following significantly:

= Public water supplies for human consumption

= Rural water supplies for livestock consumption and agricultural operations
= Water quality

= Natural soil water or irrigation water for agriculture

= Water for forests and for fighting forest fires

= Water for navigation and recreation.

Pennsylvania Department of Environmental Protection (PADEP) and Pennsylvania Emergency Management Agency
(PEMA) manage water supply droughts in Pennsylvania according to the following four conditions of drought defined
in the Commonwealth of Pennsylvania 2013 Standard Hazard Mitigation Plan (PA HMP):

= Drought Watch: A period to alert government agencies, public water suppliers, water users, and the public
regarding potential for future drought-related problems. The focus is on increased monitoring, awareness,
and preparation for response in the event that conditions worsen. A request for voluntary water conservation
is issued. The objective of voluntary water conservation measures during a drought watch is to reduce water
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use by 5 percent within the affected areas. Because of varying conditions, individual water suppliers or
municipalities may ask for more stringent conservation actions.

Drought Warning: This is a drought stage involving a coordinated response to imminent drought conditions
and potential water supply shortages through concerted voluntary conservation measures to avoid or reduce
shortages, relieve stressed sources, develop new sources, and, if possible, forestall need to impose
mandatory water use restrictions. The objective of voluntary water conservation measures during a drought
warning is to reduce overall water use by 10 to 15 percent within the affected areas. Because of varying
conditions, individual water suppliers or municipalities may ask for more stringent conservation actions.

Drought Emergency: During this drought stage, water management entities marshal all available resources
to respond to actual emergency conditions, avoid depletion of water sources, ensure at least minimum water
supplies to protect public health and safety, support essential and high-priority water uses, and avoid
unnecessary economic dislocations. If deemed necessary and if ordered by the Governor during this stage,
imposition of mandatory restrictions on nonessential water usage could occur as provided for in 4 Pa. Code
Chapter 119. Objectives of water use restrictions (mandatory or voluntary) and other conservation measures
during a drought emergency are to reduce consumptive water use within the affected areas by 15 percent,
and to reduce total use to the extent necessary to preserve public water system supplies, avoid or mitigate
local or area shortages, and ensure equitable sharing of limited supplies.

Local Water Rationing: This fourth condition of drought is not defined as a drought stage. Local municipalities
may, with the approval of the Pennsylvania Emergency Management Council, implement local water rationing
to share a rapidly dwindling or severely depleted water supply within designated water supply service areas.
These individual water rationing plans, authorized through provisions of 4 Pa. Code Chapter 120, require
specific limits on individual water consumption to achieve significant reductions in use. Under both mandatory
restrictions imposed by the Commonwealth and local water rationing practices, procedures are specified for
granting variances in consideration of individual hardships and economic dislocations (PEMA 2013).

Pennsylvania uses five parameters to assess drought conditions: precipitation deficits, stream flows, reservoir
storage levels, groundwater levels, and a measure of soil moisture. These are described in detail below.

4.3.2: DROUGHT

Precipitation Deficits: As rainfall provides the basis for both groundwater and surface water resources,
precipitation deficits are the earliest indicators of a potential drought. The National Weather Service (NWS)
records “normal” monthly precipitation data for each county in Pennsylvania. These figures are generated
from long-term monthly and decennial averages of precipitation, and are updated at the end of each decade
based on the most recent 30 years. Monthly totals less than normal values represent precipitation deficits,
which are then converted to percentages of the normal values. Table 4.3.2-2 lists the drought conditions
(defined in the PA HMP and noted above) that are indicated by various precipitation deficit percentages
(PEMA 2013).

Table 4.3.2-2. Precipitation Deficit Drought Indicators for Pennsylvania

Duration of Deficit Drought Watch Drought Warning Drought Emergency

Accumulation (deficit as percent of (deficit as percent of (deficit as percent of
months normal precipitation normal precipitation normal ipitati
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Duration of Deficit Drought Watch Drought Warning Drought Emergency
Accumulation (deficit as percent of (deficit as percent of (deficit as percent of
months normal ipitati normal precipitation normal precipitation
8 17.5 275 375
9 16.5 26.5 36.5
10 15 25 35
11 15 25 35
12 15 25 35

Source: PEMA 2013

Stream Flows: Stream flows, which typically lag up to 2 months behind precipitation normals in signaling a
drought, offer the second earliest indication of drought conditions. PADEP uses 73 U.S. Geological Survey
(USGS)-maintained stream gauges throughout the State as its drought monitoring network, computing 30-
day average stream flow values for each stream gauge based on the entire period of record for each gauge.
For example, the Tonoloway Creek gauge near Needmore has data records as far back as October 1965
from which the long-term, 30-day average, or normal, flows are now determined. Drought status is determined
from stream flows based on exceedances rather than percentages. The various stages of drought watch,
warning, and emergency conditions are indicated, respectively, by 75-, 90-, and 95-percent exceedances of
30-day average flows (PEMA 2013). Detailed descriptions of these data collection methods appear in the PA
HMP.

Reservoir Storage Levels: Water level storage in several large public water supply reservoirs is another
indicator that PADEP uses for drought monitoring. Depending on total quantity of storage and length of the
refill period for the various reservoirs, PADEP uses varying percentages of storage drawdown to indicate the
three drought stages for each reservoir (PEMA 2013).

Groundwater Levels: Groundwater levels can be an indicator of a developing drought, although low readings
may lag up to 3 months behind drought-indicative precipitation readings. This lag occurs because storage of
nearly 80 trillion gallons of groundwater throughout the Commonwealth disguises precipitation deficits before
significant lack of groundwater recharge becomes noticeable (PEMA 2013).

USGS also maintains groundwater monitoring wells in each county throughout the Commonwealth.
Groundwater measurements taken from these wells at exceedances of 75, 90, and 95 percent are used to
indicate drought watch, warning, and emergency statuses, respectively. Within the USGS well network, the
30-day average depth-to-groundwater readings are analyzed in relation to long-term, 30-day averages based
on the period of record for each county well (PEMA 2013).

Soil Moisture: NOAA’s Palmer Drought Severity Index (PDSI) provides soil moisture information for
evaluating the scope, severity, and frequency of prolonged periods of abnormally dry or wet weather. The
tool is frequently used to indicate availability of irrigation water supplies, reservoir levels, range conditions,
amount of stock water, and forest fire potential. Although notably ineffective for monitoring short-term drought,
the PDSI is effective for determining long-term droughts, and as such is most frequently used to delineate
disaster areas (CPC 2005).

Table 4.3.2-3 lists PDSI classifications. The PDSI uses 0 to reflect normal status, and negative numbers indicate
droughts. For example, 0 is no drought, -2 is moderate drought, and -4 is extreme drought. Positive numbers signify
excess precipitation (NDMC 2013).
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Table 4.3.2-3. Palmer Drought Severity Index (PDSI) Classifications

Extremely wet 4.0 or more None
Very wet 3.0t03.99 None
Moderately wet 2.0102.99 None
Slightly wet 1.0t01.99 None
Incipient wet spell 0.51t00.99 None
Near normal 0.49t0-0.49 None
Incipient dry spell -0.5t0-0.99 None
Mild drought -1.0t0-1.99 None
Moderate drought -2.0t0-2.99 Watch
Severe drought -3.0t0-3.99 Warning
Extreme drought -4.0 or less Emergency

Source: NDMC 2013; PEMA 2013

Availability and management of water supply are discussed in the 2009 Pennsylvania State Water Plan, a joint effort
by the Statewide Water Resources Committee and PADEP. In 2009, the PADEP Secretary approved an updated
State Water Plan to guide management of the State’s water resources over a 15-year planning horizon. As a
functional planning tool for all Pennsylvania municipalities, counties, and regional planning partnerships, the State
Water Plan profiles drought and resource constraints, and encourages implementation of new technology and
application of policies to facilitate reduced water uses and resource demands at critical peak times. The Plan provides
inventories of water availability, as well as an assessment of current and future water use demands and trends. It
also offers strategies for improving management of water resources and waterway corridors that aim to reduce
damages from extreme drought and flooding conditions. An update of the plan is currently underway (PADEP 2021).

4.3.2.3 Past Occurrence

Historical information has been drawn from many sources to recount previous occurrences and losses associated
with drought events throughout Pennsylvania and Pike County. Because so many sources were reviewed for the
purpose of developing this plan, loss and impact information pertaining to many events could vary depending on the
source. Therefore, accuracy of cited monetary values is based only on the available information identified during
research for this plan.

According to the National Centers for Environmental Information (NCEI) Storm Events Database, Pike County
underwent three drought events between January 1, 1950 and June 30, 2020. Overall, these events led to $200,000
in crop damages (NCEI 2021).

Since November 1980, PADEP indicated that Pike County has undergone 18 drought-watch declarations, 16 drought-
warning declarations, and 13 drought-emergency declaration between November 1980 and February 2021 (PADEP
2021). Additionally, according to the Cornell Northeast Regional Climate Center (NRCC), Pike County is located
within the Pocono Mountains Climate Division, which has experienced seven drought periods of two or more months
within severe or extreme drought (NRCC 2021).

According to FEMA, between 1954 and 2021, Pennsylvania underwent one drought-related disaster (DR) or
emergency (EM) classified as one or a combination of the following disaster types: drought or water shortage.
Because these disaster types generally cover a wide region of the Commonwealth, this single disaster impacted
many counties. However, not all counties were included in the disaster declaration. FEMA, PEMA, and other sourc
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indicate that Pike County was included in the major disaster declaration (DR-206) as a result of a drought-related
event (FEMA 2021).

Based on all sources researched, drought events between 1963 and 2021 that have affected Pike County are
identified in Table 4.3.2-4. Please note that not all sources have been identified or researched, and therefore Table
4.3.2-4 may not include all events that have occurred throughout the County.

Table 4.3.2-4. Pike County Declared Drought Status from 1963 to 2021

FEMA
Declaration
Number

County
(if Designated
applicable ?

Date Event Type Losses / Impacts / PDSI Value Source(s

October - Drought N/A N/A Three month duration of severe to extreme drought NRCC
December conditions in the Pocono Mountains Climate Division, which
1963 includes Pike County. Lowest PDSI for the Climate Division
was -3.64 recorded in October 1963.
August 1964 — Water DR-206 Yes Twenty-one month duration of severe to extreme drought FEMA, NRCC
April 1966 Shortage / conditions in the Pocono Mountains Climate Division, which
Drought includes Pike County. Lowest PDSI for the Climate Division
was -5.47 recorded in July 1965.
June — Drought N/A N/A Six month duration of severe to extreme drought conditions NRCC
November in the Pocono Mountains Climate Division, which includes
1966 Pike County. Lowest PDSI for the Climate Division was -4.29
recorded in August 1966.
January - Drought N/A N/A Two month duration of severe to extreme drought conditions NRCC
February 1967 in the Pocono Mountains Climate Division, which includes
Pike County. Lowest PDSI for the Climate Division was -3.95
recorded in February 1967.
1977 Drought N/A N/A The Matamoras Municipal Water Authority was forced to drill Pike County
several new wells when their original artesian wells began to HMP 2012
dry up. For several weeks, water was pumped across the
Delaware River Bridge from Port Jervis, New York into the
Matamoras system.
November 18, Drought N/A N/A According to the NRCC, there was a two month duration of PADEP, NRCC
1980 — April 20, = Emergency severe to extreme drought conditions in the Pocono
1982 Mountains Climate Division, which includes Pike County,
from December 1980 to January 1981. Lowest PDSI for the
Climate Division during this time frame was -3.95 recorded in
January 1981.
November 10, Drought N/A N/A No impacts and/or losses identified for this event. PADEP
1982 - Warning
February 8,
1983
February 8, Drought N/A N/A No impacts and/or losses identified for this event. PADEP
1983 — March Warning
28,1983
January 23, Drought N/A N/A No impacts and/or losses identified for this event. PADEP
1985 — April 26, Warning
1985
April 26, 1985 - Drought N/A N/A No impacts and/or losses identified for this event. PADEP
December 19, Emergency
1985
July 7, 1988 - Drought N/A N/A No impacts and/or losses identified for this event. PADEP, Pike
August 24, Watch County HMP
1988 2012
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Date
August 24,
1988 -
December 12,
1988

June 28, 1991 -

July 24, 1991

July 24, 1991 -
August 16,
1991
August 16,
1991 -
September 13,
1991
September 13,
1991 - October
21,1991
October 21,
1991 - January
16, 1992
January 17,
1992 - April 20,
1992
April 20, 1992 -
June 23, 1992

September 1,
1995 -
September 20,
1995
September 20,
1995 -
November 8,
1995
November 8,
1995 -
December 18,
1995
August 1997

December 3,
1998 -
December 8,
1998
December 8,
1998 -
December 14,
1998
December 14,
1998 -
December 16,
1998

Event Type
Drought
Watch

Drought
Watch

Drought
Emergency

Drought
Emergency
Drought

Emergency

Drought
Emergency

Drought
Emergency

Drought
Warning

Drought
Warning

Drought
Emergency

Drought
Warning

Drought

Drought
Watch

Drought
Watch

Drought
Warning
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FEMA
Declaration
Number
(if
applicable
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

County
Designated
?

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Losses / Impacts / PDSI Value
No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

Lowest PDSI for the Pocono Mountains Climate Division was
-3.64 recorded in September 1995.

Lowest PDSI for the Pocono Mountains Climate Division was
-3.64 recorded in September 1995.

No impacts and/or losses identified for this event.

The impacted counties had approximately $1.4 million in crop
damage. Pike County had approximately $200,000 in crop
damage as a result of this drought event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

Pike County, PA | 2022 Hazard Mitigation Plan Update

4.3.2-10

Source(s
PADEP, Pike
County HMP

2012

PADEP, Pike
County HMP
2012
PADEP, Pike
County HMP
2012
PADEP, Pike
County HMP
2012

PADEP, Pike
County HMP
2012
PADEP, Pike
County HMP
2012
PADEP, Pike
County HMP
2012
PADEP, Pike
County HMP
2012
PADEP,
NRCC, Pike
County HMP
2012
PADEP,
NRCC, Pike
County HMP
2012
PADEP, Pike
County HMP
2012

NCEI

PADEP, Pike
County HMP
2012

PADEP, Pike
County HMP
2012

PADEP, Pike
County HMP
2012




Date
December 16,
1998 - January

15, 1999
January 15,
1999 - March
15, 1999
March 15, 1999
- June 10, 1999

June 10, 1999 -
June 18, 1999

June 18, 1999 -
July 20, 1999

July 20, 1999 -
September
30,1999

July 1999

September 30,
1999 -
December 16,
1999
December 16,
1999 - Feb
25,2000
Feb 25, 2000 -
May 5, 2000

August 24,
2001 -
November 6,
2001
November 6,
2001 -
December 5,
2001
December 5,
2001 - Feb 12,
2002
Feb 12, 2002 -
May 13, 2002

September 5,
2002 -
November 7,
2002
April 11, 2006 -
June 30, 2006

Event Type
Drought
Warning

Drought
Warning

Drought
Watch

Drought
Warning

Drought
Warning

Drought
Emergency

Drought

Drought
Watch

Drought
Watch

Drought
Watch

Drought
Watch

Drought
Watch

Drought
Warning

Drought
Emergency

Drought
Watch

Drought
Watch
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FEMA
Declaration
Number
(if
applicable
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

County
Designated
?

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Losses / Impacts / PDSI Value
No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

The lowest PDSI for the Pocono Mountains Climate Division

was -3.65 recorded in August 1999.

Governor Tom Ridge — Governor's Proclamation, Individual
Assistance, Hazard Mitigation Grant Program — Amended to

include all 67 counties for an agricultural disaster.
No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.
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Source(s
PADEP, Pike
County HMP

2012
PADEP, Pike
County HMP

2012
PADEP, Pike
County HMP

2012
PADEP, Pike
County HMP

2012
PADEP, Pike
County HMP

2012

PADEP,

NRCC, Pike
County HMP

2012

PEMA

PADEP, Pike
County HMP
2012

PADEP, Pike
County HMP
2012
PADEP, Pike
County HMP
2012
PADEP, Pike
County HMP
2012

PADEP, Pike
County HMP
2012

PADEP, Pike
County HMP
2012
PADEP, Pike
County HMP
2012
PADEP, Pike
County HMP
2012

PADEP, Pike
County HMP
2012




County
Designated
?

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

FEMA
Declaration
Number
i
Date Event Type | applicable
August 8, 2007 Drought N/A
- September 5, Watch
2007
September 16, Drought N/A
2010 - Warning
November 10,
2010
June 28, 2012 Drought N/A
— November 8,
2012
2014 Drought N/A
March 24, 2015 Drought N/A
—June 17, Watch
2015
June 17, 2015 Drought N/A
—July 10, 2015 Watch
April - Drought N/A
September
2015
November Drought N/A
2016 Warning/Wat
ch
December Drought N/A
2016 - Watch
February 2017
Sources:
FEMA Federal Emergency Management Agency
N/A Not applicable
NCEI National Centers for Environmental Information
NRCC Northeast Regional Climate Center
PADEP  Pennsylvania Department of Environmental Protection
PDSI Palmer Drought Severity Index
PEMA Pennsylvania Emergency Management Agency
USDA U.S. Department of Agriculture

4.3.2.4 Future Occurrence

Losses / Impacts / PDSI Value
No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

The combined effects of drought, high winds, hail, excessive
heat, excessive rain, flash flooding, Hurricane sandy,
snowstorms, and Nor'Easters, led to the USDA disaster
declaration (S3487) for Pike County.

Drought conditions led to a USDA disaster declaration
(S3759) for Pike County.

No impacts and/or losses identified for this event.

No impacts and/or losses identified for this event.

Excessive heat and drought led to a USDA disaster
declaration (S3930) for Pike County.

The PADEP declared a drought watch for Pike County on
November 9t and the county is still under a drought watch as
of November 231, The PADEP encourages those under a
drought watch to reduce their nonessential water use by 5%.
No impacts and/or losses identified for this event.

FEMA 2021; NCEI 2021; NRCC 2016; Pike County HMP 2018; PADEP 2021; USDA 2021
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Source(s
PADEP, Pike
County HMP

2012
PADEP, Pike
County HMP

2012

USDA

USDA

PADEP

PADEP

USDA

PADEP

PADEP

Based on the monthly Palmer Drought Severity Index, as computed by the National Centers for Environmental
Information, the Pocono Mountains Climate Division (includes Pike County) was in extreme drought for 1.2 percent
of the time and in severe drought for 3.4 percent of the time (based on data from January 1895 to November 2016).
As presented in the 2013 Pennsylvania State Hazard Mitigation Plan, between 1895 and 1995, Pike County was in
severe or extreme drought for less than 5 percent of the time period (see Figure 4.3.2-3). This is equivalent to a PDSI
value less than or equal to -3.
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Figure 4.3.2-3. Palmer Drought Severity Index for Pennsylvania (1895 to 1995)

Source:  PEMA 2013
Note: The blue circle indicates the approximate location of Pike County

It is estimated that Pike County will continue to experience direct and indirect impacts of drought and its impacts on
occasion, with secondary effects causing potential disruption or damage to agricultural activities and creating
shortages in water supply within communities

The future occurrence of drought in Pike County can be considered highly likely as defined by the Risk Factor
Methodology probability criteria (see Table 4.4-5). Due to the increasing demand for water by the increasing
population base and the growing tourist population, droughts will continue to be a problem.

4.3.2.5 Vulnerability Assessment

To understand risk, a community must evaluate assets exposed and vulnerable within the identified hazard area. For
the drought hazard, all of Pike County has been identified as the hazard area. Therefore, all assets (population,
structures, critical facilities, and lifelines) described in the County Profile (Section 2) are potentially vulnerable to a
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drought. This section evaluates and estimates potential impacts of the drought hazard on Pike County in the following
subsections:

= Overview of vulnerability

= Data and methodology used for the evaluation

= Impacts on: (1) life, health, and safety of residents; (2) general building stock; (3) critical facilities;
(4) economy; and (5) environment

= Future changes that may impact vulnerability

= Change of vulnerability since the 2017 HMP

Overview of Vulnerability

Pike County is vulnerable to drought. Assets at particular risk include any open land or structures along the
wildland/urban interface (WUI) that could become vulnerable to the wildfire hazard caused by extended periods of
low rain and high heat, usually associated with drought. In addition, water supply resources could be impacted by
extended periods of low rain. Finally, vulnerable populations could be particularly susceptible to the drought hazard
and cascading impacts because of age, health conditions, and limited ability to mobilize to shelter, cooling, and
medical resources.

Data and Methodology

At the time this HMP was updated, insufficient data were available to model long-term potential impacts of a drought
on Pike County. Over time, additional data will be collected to allow better analysis of this hazard. Preliminary
assessments based on available data are provided below.

Impact on Life, Health, and Safety

Drought conditions can cause a shortage of water available for human consumption and can reduce local firefighting
capabilities. Social impacts of a drought include mental and physical stress, public safety threats (increased threat
from forest/grass fires), health threats, conflicts among water users, reduced quality of life, and inequities in
distribution of impacts and disaster relief. The infirm, young, and elderly are particularly susceptible to drought and
extreme temperatures, sometimes associated with drought conditions, due to their age, health conditions, and limited
ability to mobilize to shelters, cooling, and medical resources. Impacts on the economy and environment may have
social implications as well (New York State Disaster Preparedness Commission [NYSDPC] 2011). For the purposes
of this HMP, the entire population of the County is considered vulnerable to drought events.

All of Pike County’s water supply is provided by groundwater, either through private wells, municipal water authorities
or community water systems. There are two municipal water supply districts in Pike County (US Census GID, 2007).
These districts serve residents in Matamoras and Milford Boroughs. Future droughts will quickly affect those systems
relying on surface supplies while those on wells should be able to handle short-term droughts without any major
problem. However, longer-term droughts which inhibit recharging of groundwater aquifers will extend the problems
for water suppliers and well owners for an undetermined length of time. With a limited number of exceptions, few of
the water systems in the County provide large storage capacity. Many of the small water systems operate with limited
funds and little money is being invested for any improvements. As the county’s population grows, more water is being
removed from the aquifer. Unless significant improvements to the infrastructure are made to improve stg
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capability, many suppliers could find it increasingly difficult to meet the demands over extended periods of below
normal precipitation when the aquifer is not being adequately recharged.

Pike County residents that use private domestic wells are also vulnerable to droughts because their wells can dry up.
There are 8,509 of these domestic wells in Pike County, with at least one in every municipality. Table 4.3.2-5 shows
the number of domestic wells per municipality as collected by the Pennsylvania Groundwater Information System
(PaGWIS). According to this dataset, residents in Dingman Township are the most vulnerable to the water supply
issues related to droughts because of the high amount of wells that are reported there. It is important to note,
however, that the well data collected by PaGWIS relies on voluntary submissions of well record data by well drillers;
therefore, it is not a complete database of all domestic wells in the County.

Table 4.3.2-5. Number of Reported Domestic Wells in Pike County

Number of Reported Domestic Number of Reported Domestic
Municipality Wells Municipality ENS
103

Blooming Grove Township Milford Borough
Delaware Township 1,026 Milford Township 212
Dingman Township 2,832 Palmyra Township 369
Greene Township 1,009 Porter Township 180
Lackawaxen Township 563 Shohola Township 521
Lehman Township 1,063 Westfall Township 307
Matamoras Borough 19 Unidentified Municipality 72
TOTAL 8,509
Source:  PaGWIS, 2021
N/A Information for this municipality was not reported

Impact on General Building Stock and Critical Facilities

A drought is not expected to directly affect any structures, and all are expected to be operational during a drought
event. However, droughts contribute to conditions conducive to wildfires. Risk to life and property is greatest in
regions where forested areas adjoin urbanized areas (high-density residential, commercial, and industrial), also
known as the Wildland-Urban Interface (WUI). Therefore, all assets in and adjacent to the WUI zone—including
population, structures, critical facilities, lifelines, and businesses—are considered vulnerable to wildfire.

Impact on the Economy

A prolonged drought can exert serious direct and indirect economic impacts on a community or across the County.
A summary of impacts on the economy is presented in Table 4.3.2-6.

Table 4.3.2-6. Impacts on the Economy

Losses to Losses to Losses of
Agricultural Producers Livestock Producers Timber Production

\ Annual and perennial crop losses Reduced productivity of rangeland Wildland fires
\ Damage to crop quality Reduced milk production Tree disease
‘ Income loss for farmers due to reduced crop Forced reduction of foundation stock Insect infestation
yields
‘ Reduced productivity of cropland (wind erosion, High cost/unavailability of water for livestock Impaired productivity of forest land

long-term loss of organic matter, etc.)
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Insect infestation

Plant disease
Wildlife damage to crops

Increased irrigation costs

Cost of new or supplemental water resource
development (wells, dams, pipelines)
Losses of Fishery Production
Damage to fish habitat
Loss of fish and other aguatic organisms due to
decreased flows
Losses to Recreation and Tourism Industry
Loss to manufacturers and sellers of
recreational equipment
Losses related to curtailed activities: hunting
and fishing, bird watching, boating, etc.

Source: NYSDPC 2011

Cost of new or supplemental water resource
development (wells, dams, pipelines)
High cost/unavailability of feed for livestock
Increased feed transportation costs

High livestock mortality rates

Disruption of reproduction cycles (delayed
breeding, more miscarriages)
Decreased stock weights
Increased predation
Grass fires

Energy-related Effects
Increased energy demand and reduced supply
because of drought-related power curtailments
Costs to energy industry and consumers
associated with substituting more expensive
fuels (oil) for hydroelectric power
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Losses to Losses to Losses of
Agricultural Producers Livestock Producers Timber Production

Direct loss of trees, especially young ones

Losses to Transportation Industry
Loss from impaired navigability of streams,
rivers, and canals
Decline in food production/disrupted
food supply
Increase in food prices

Increased importation of food (higher costs)
Losses to Water Suppliers
Revenue shortfalls and/or windfall profits

Cost of water transport or transfer
Cost of new or supplemental water
resource development

Note: Dark blue cell boxes indicate a new category of economic loss; all losses immediately underneath that category pertain to that loss type.

Loss estimates are based on lost agricultural revenues statewide. Table 4.3.2-7 below enumerates the County’s
farmland acreage exposure to the drought hazard, as well as the annual market value of all agricultural products sold,
as documented in the 2017 USDA Census of Agriculture. If the County would lose its agricultural yield due to drought,
total losses could amount to almost $900,000. Table 4.3.2-8 details potential losses associated with County livestock
by providing livestock totals for the County and their associated market value. Livestock, poultry, and associated
products have a potential loss value of nearly $446,000 (USDA 2017).

Table 4.3.2-7. Estimated County Losses Relating to Agricultural Production

Impacted Farmland Acreage Market Value Of All Agricultural Products
\ 24,700 $892,000

Source: USDA 2017

Table 4.3.2-8. Estimated County Losses Relating to Agricultural Production

Livestock and Poultr Inventor
\ Cattle and Calves $74,000
\ Hogs and Pigs D
\ Sheep, Goats, Wool, Mohair, Milk $22,000
\ Poultry and Egg $27,000
Source: USDA 2017
Note: Market value of livestock and poultry is provided only by total value and not available by category.

(D) — Amount omitted from report

Market Value Of All Livestock, Poultry, and Their

Products
$446,000

According to the USDA, Pike County has experienced $0 in crop loss insurance payments on claims caused by

drought events since 1948.
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Impact on the Environment

As summarized in the PA HMP, environmental impacts of drought include:

e Hydrologic effects — lower water levels in reservoirs, lakes, and ponds; reduced streamflow; loss of wetlands;
estuarine impacts; groundwater depletion and land subsidence; effects on water quality such as increases in
salt concentration and water temperature

e Damage to animal species — lack of feed and drinking water; disease; loss of biodiversity; migration or
concentration; and reduction and degradation of fish and wildlife habitat

e Damage to plant communities — loss of biodiversity; loss of trees from urban landscapes and wooded
conservation areas

e Increased number and severity of fires

e Reduced soil quality

e Air quality effects — dust and pollutants

e Loss of quality in landscape through loss in plants and plant diversity

e Increase in nitrate levels, which can negatively affect health of pregnant women and children (PEMA 2013).

Future Changes That May Impact Vulnerability

Understanding future changes that impact vulnerability in the County can assist in planning for future development
and ensuring that appropriate mitigation, planning, and preparedness measures are in place. The County considered
the following factors to examine potential conditions that may affect hazard vulnerability:

= Potential or projected development.
= Projected changes in population.
= Other identified conditions as relevant and appropriate, including the impacts of climate change.

Projected Development and Changes in Population

Areas targeted for potential future growth and development within the next 5 to 10 years have been identified across
the County (further discussed in Section 2.4 of this HMP). Exposure of any new development and new residents to
the drought hazard is anticipated. Any increase in population will lead to an increase in the demand for drinking
water.

Climate Change

Climate is defined not just as average temperature and precipitation but also by type, frequency, and intensity of
weather events. Both globally and at the local level, climate change can alter prevalence and severity of weather
extremes such as droughts. While predicting changes in drought events under a changing climate is difficult,
understanding vulnerabilities to potential changes is a critical part of estimating effects of future climate change on
human health, society, and the environment (U.S. Environmental Protection Agency [EPA] 2014).

The PADEP was directed by the Climate Change Act (Act 70 of 2008) to initiate a study of potential impacts of global
climate change on the Commonwealth. The June 2009 Pennsylvania Climate Impact Assessment and October 2013
Pennsylvania Climate Impact Assessment Updates’ main findings indicate that Pennsylvania is very likely to under

4.3.2: DROUGHT



Pike County, PA | 2022 Hazard Mitigation Plan Update
4.3.2-18

increased temperatures in the 21st century. Increases in temperature will likely lead to increased evapotranspiration,
and thus an increase in soil-moisture-related droughts throughout late spring and early fall. Pennsylvania’s
precipitation climate is projected to become more extreme in the future, with longer dry periods and greater intensity
of precipitation (although the number of severe storms may in fact decrease). Most models project an increase in the
maximum number of consecutive dry days in a year, a drought indicator (Shortle et al. 2009, 2013).

Future improvements in modeling smaller-scale climatic processes can be expected and will lead to improved
understanding of how the changing climate will alter temperature, precipitation, storm frequency, and intensity in
Pennsylvania. Understanding this information can help provide better indications of future drought events (Shortle et
al. 2009).

Change of Vulnerability Since the 2017 Hazard Mitigation Plan

Overall, the County’s vulnerability has not changed since the 2017 HMP; therefore, the entire County will continue to
be exposed and vulnerable to the drought hazard.
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4.3 Hazard Profiles

4.3.3 Drowning

Drowning is death from suffocation, typically associated with swimming, fishing, boating or bridge accidents, or
suicide. Every day, about ten people die from unintentional drowning. Of these, two are children aged 14 or younger.
Drowning ranks fifth among the leading causes of unintentional injury death in the United States. From 2005-2014,
there were an average of 3,536 fatal unintentional drownings (non-boating related) annually in the United States —
about 10 deaths per day. An additional 332 people died each year from drowning in boating-related incidents.
Drowning rates are particularly high for children ages 1-14. The Centers for Disease Control and Prevention (CDC)
estimates that drowning is the second leading cause of injury death (after motor vehicle crashes) among children
ages 1-14. (CDC 2021).

Drowning accidents can be categorized as unintentional, suicide, homicide, or undetermined depending on the
circumstances (PA DOH 2004). Unintentional drowning can be a significant hazard in communities with numerous
water bodies (e.g. ponds, lakes, rivers, etc.) and extensive outdoor recreational activity. In addition, drowning
accidents can occur in swimming pools at private residences as above ground pools such as “kiddie pools” and
inflatable pools become more popular.

4.3.3.1 Location and Extent

Drowning can be a significant hazard in communities with numerous bodies of water (ponds, lakes, rivers, etc.) and
extensive outdoor recreational activity. Pike County has been and continues to grow in popularity as a tourist
destination. Water related recreational opportunities such as fishing, boating, and swimming are popular among
visitors. Some of the most popular tourist destinations in Pike County are the Delaware Water Gap National
Recreation Area waterfalls, Lake Wallenpaupack in Greene and Palmyra Townships, Pecks Pond in Porter Township,
two lakes at Promised Land State Park in Greene Township, and the Delaware River specifically in the Delaware
Water Gap National Recreational Area. In addition to natural bodies of water, swimming pools are another location
where drownings occur. Many swimming pools are located at residences and at hotels, resorts, and residential
communities located throughout Pike County.

One of the most popular tourist destinations in the County is Lake Wallenpaupack where drownings have historically
taken place. The Palmyra Township Beach is the only public beach on Lake Wallenpaupack; however, there are
numerous other private properties surrounding the lake.

Drownings also have occurred in the Delaware River, where the danger stems from swift currents, deep holes, and
sudden drop offs. Milford Beach is a popular swimming location along the Delaware River and contains a federal
boat launch in addition to its sand beach.

4.3.3.2 Range of Magnitude

By definition, drowning generally results in death. However, nonfatal drownings can cause brain damage that may
result in long-term disabilities including memory problems, learning disabilities, and loss of basic nervous system
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functions. In a typical year, counties in Pennsylvania can range from having 0 to 100 drowning incidents depending
on factors such as the physical environment (access to water bodies) and a combination of social and cultural issues
(wanting to learn how to swim and interest in recreational water-related activities).

Drowning is ranked fifth for the leading cause by unintentional injury in Pennsylvania. Between 1990 and 2019, 2,983
drowning deaths were reported in Pennsylvania. Across the state, 34-percent of residents who died from drowning
were under the age of 24 (PA DOH 2021).

A worst-case scenario for drowning occurred in July of 2009 when a man drowned when boating with family and
friends in Lake Wallenpaupack. Numerous rescue teams from Pennsylvania, New York, and New Jersey, including
the FBI, state police, state Fish & Boat Commission and area volunteer response teams assisted in the search for
the body (News Eagle 2009). It took a week to recover the body from the water because of cold water temperatures
and the nature of the bottom of the lake. It was the second drowning in Lake Wallenpaupack that month.

4.3.3.3 Past Occurrence

There is no official federal, state, or county reporting system for drownings; however, the Pennsylvania Department
of Health has a report of drowning deaths that occurred in Pike County between 1999 and 2019. Table 4.3.3-1 lists
the number of deaths from drowning and submersion in the county. The data does not include information about the
water bodies where the drownings occurred.

Table 4.3.3-1. Incidents of drowning and submersion that have occurred in Pike County

Number of Deaths

1999 0
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
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4.3.3: DROWNING




Pike County, PA | 2022 Hazard Mitigation Plan Update
4.3.3-3

2021 2
TOTAL: | 22

Source:  PA DOH Enterprise Data Dissemination Informatics Exchange (EDDIE) 2021; Pike County Emergency Management 2022

According to the National Park Service, between 1980 and 2008 there have been 56 deaths due to drowning in the
Upper Delaware River, which stretches from Wayne County to Milford. Twenty-nine of those that drowned were
swimming or wading and the average age was 28. The National Park Service report does not include the specific
locations in the Upper Delaware River where the drownings occurred (Pike County HMP 2012). Between June and
July 2021, seven people drowned in the Delaware River. Six of the deaths occurred in the river between Sullivan and
Orange counties in New York and Pike County, PA (Pike County Courier 2021).

Available details regarding drowning incidents that occurred in Pike County are discussed below:

= February 2006 — A boater went missing on the Delaware River in Westfall Township; a search was conducted,
and the body was recovered.

= April 2008 — A search was conducted on the Delaware River in Lehman Township for two boaters. The report
is inconclusive as to the status of the boaters.

= May 2009 - A man’s body was discovered near a dock in Lake Wallenpaupack.

= July 2009 - A mother of two wandered away from a beached boat and died of an accidental drowning in Lake
Wallenpaupack.

= September 2009 - A Florida man drowned in Lake Wallenpaupack near the Seeley’s Landing area.
= May 31, 2010 - A 31-year-old man drowned while trying to swim across the Delaware River at Milford Beach.
= July 2016 — A man drowned in Westcolang Lake in Lackawaxen Township

4.3.3.4 Future Occurrence

It is impossible to predict when and where drowning may occur; however, given past occurrences of drownings in
Pike County the majority have occurred in Lake Wallenpaupack or the Delaware River. During the warm summer
months, as activities such as swimming, boating and fishing increase, and as such, so does the likelihood of drowning.

For the 2022 HMP update, the most up-to-date data was collected to calculate the probability of future occurrence of
drowning events for Pike County. Information from the 2017 County HMP, the Pennsylvania Department of Health’s
Enterprise Data Dissemination Informatics Exchange (EDDIE) system and internet searches were used to identify
the number of drowning events that occurred between 2001 and 2021. Using these sources ensures the most
accurate probability estimates possible. The table below shows these statistics, as well as the annual average
number of events and the estimate percent chance of an incident occurring in a given year. Based on these statistics,
there is an estimated 100-percent chance of a drowning occurring in any given year in Pike County.

Table 4.3.2-5. Probability of Future Drowning Events

Number of Occurrences Between 1999 and Percent Chance of occurrence in
Hazard Type 2021 any given year

Drowning 22
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Sources:  Pike County HMP 2017; EDDIE 2021; Pike County Emergency Management 2022

Based on past occurrence and the popularity of Pike County as a tourist destination for water-related recreation, the
future occurrence of drowning in Pike County can be considered highly likely as defined by the Risk Factor
Methodology probability criteria (see Table 4.4-1).

4.3.3.5 Vulnerability Assessment

To understand risk, a community must evaluate assets exposed and vulnerable within the identified hazard area. For
the drowning hazard, waterbodies of Pike County have been identified as the hazard area. This section evaluates
and estimates potential impacts of the drowning hazard in Pike County in the following subsections:

= QOverview of vulnerability

= Data and methodology used for the evaluation

= Impacts on: (1) life, health, and safety of residents; (2) general building stock; (3) critical facilities;
(4) economy; and (5) environment

= Future changes that may impact vulnerability

= Change of vulnerability since the 2017 HMP

Overview of Vulnerability

As tourism continues to increase in Pike County and number of visitors grows, drowning is likely to continue without
mitigation actions in place. Municipalities that border Lake Wallenpaupack and the Delaware River are more
vulnerable to drownings as their residents have easiest access to the water bodies. However, residents from other
municipalities and from outside the County also frequent these natural assets.

Data and Methodology

At the time of this plan update, insufficient data were available to model long-term potential impacts of drowning
events in Pike County. Over time, additional data will be collected to allow better analysis of this hazard. Preliminary
assessments based on available data are provided below.

Impact on Life, Health, and Safety

In 2009, the rules for the Upper Delaware River, from Hancock, NY to Sparrowbush, NY (slightly upstream of Milford
Beach) were changed to make wearing life jackets mandatory for people of all ages when river gage heights at
Barryville or Callicoon surpass six feet. This may reduce risk of drowning hazards in the upper river valley Pike
County municipalities that border the Delaware River, however, Milford Beach is situated below the area covered by
those rules.

According to the Pennsylvania Fish & Boat Commission, all children 12 years of age and younger on all
Commonwealth waters must wear a personal floatation device (PFD or life jacket) while underway on any boat 20-
feet in length or less and on all canoes and kayaks. All boats must have a U.S. Coast Guard approved wearable
PFD on board for each person. In addition, anyone towed behind a boat (regardless of age and activity), all personal
watercraft operators and passengers, and sailboarders (wind surfers) must wear a life jacket. Further, in addition to
PFDs, boats 16 feet and over must have a throwable device on board (excluding canoes and kayaks) (PA FBC 2021).
In 2012, the Pennsylvania Fish & Boat Commission mandated that a person shall wear a U.S. Coast Guard-approv
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PFD during cold weather months (November 1st through April 30t) while underway or at anchor on boats less than
16 feet in length or any canoe or kayak to increase chance of survival in cold water (PA FBC 2021).

Impact on General Building Stock and Critical Facilities

Drowning events are a threat to life and do not have an impact on the general building stock. Drownings may result
in an increase in the responses of critical facilities for first responders, slightly reducing critical services.

Impact on the Economy

Drowning events may result in a decrease in tourism of locations that are focused on swimming and aquatic
recreation.

Impact on the Environment

Drowning events are not expected to have any impact on the environment.

Future Changes That May Impact Vulnerability

Understanding future changes that impact vulnerability in the County can assist in planning for future development
and ensuring that appropriate mitigation, planning, and preparedness measures are in place. The County considered
the following factors to examine potential conditions that may affect hazard vulnerability:

= Potential or projected development.
= Projected changes in population.
= Other identified conditions as relevant and appropriate, including the impacts of climate change.

Projected Development

Areas targeted for potential future growth and development within the next 5 to 10 years have been identified across
the county in Section 2 (County Profile). Increases in population, particularly in areas recreationally serviced by
waterbodies, may result in an increase in drowning events.

Projected Changes in Population

The population of the entire county is estimated to be 54,257 by the year 2040, which represents a net population
decrease of 3,112 people (5.4 percent) in a 30-year period. It should be noted that changes in population or
demographics may be used to identify higher-risk populations. Maintaining up-to-date data on demographics will allow
Pike County to better assess magnitudes of hazards and develop more specific mitigation plans and strategies.

Climate Change

Climate is defined not simply as average temperature and precipitation but also by type, frequency, and intensity of
weather events. Both globally and at the local level, climate change can alter prevalence and severity of weather
extremes. While predicting changes in drowning events under a changing climate is difficult, understanding
vulnerabilities to potential changes is a critical part of estimating effects of future climate change on human health,
society, and the environment (U.S. Environmental Protection Agency [EPA] 2006).
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Warming temperatures may increase the summer tourism season. An increase in air temperatures may increase the
frequency of swimming and therefore the likelihood of drowning events.

Change of Vulnerability Since the 2017 Hazard Mitigation Plan

Overall, the County’s vulnerability has not changed since the 2017 HMP; therefore, the entire County will continue to
be exposed and vulnerable to the drowning hazard.
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4.3 Hazard Profiles

4.3.4 Earthquake

An earthquake is sudden movement of the Earth’s surface caused by release of stress accumulated within or along
the edge of the Earth’s tectonic plates, a volcanic eruption, or a manmade explosion (Shedlock and Pakiser 1997).
Most earthquakes occur at the boundaries where the Earth’s tectonic plates meet (faults); less than 10 percent of
earthquakes occur within plate interiors. As plates continue to move and plate boundaries change geologically over
time, weakened boundary regions become part of the interiors of the plates. These zones of weakness within the
continents can cause earthquakes, which are a response to stresses that originate at the edges of the plate or in the
deeper crust (Shedlock and Pakiser 1997).

According to the U.S. Geological Survey (USGS) Earthquake Hazards Program, an earthquake hazard is any
disruption associated with an earthquake that may affect residents’ normal activities. This category includes surface
faulting, ground motion (shaking), landslides, liquefaction, tectonic deformation, tsunamis, and seiches. Each of these
terms is defined below:

= Surface faulting: Displacement that reaches the Earth's surface during a slip along a fault. Commonly occurs
with shallow earthquakes—those with an epicenter of less than 20 kilometers (km).

= Ground motion (shaking): Movement of the earth's surface from earthquakes or explosions. Ground motion
or shaking is produced by waves generated by a sudden slip on a fault or sudden pressure at the explosive
source, and that travel through the Earth and along its surface.

= Landslide: Movement of surface material down a slope.

= Liquefaction: A process by which water-saturated sediment temporarily loses strength and acts as a fluid,
like the wet sand near the water at the beach. Earthquake shaking can cause this effect.

= Tectonic Deformation: Change in the original shape of a material caused by stress and strain.

= Tsunami: A seawave of local or distant origin that results from large-scale seafloor displacements associated
with large earthquakes, major sub-marine slides, or exploding volcanic islands.

= Seiche: Sloshing of a closed body of water, such as a lake or bay, from earthquake shaking (USGS 2012).

Ground shaking is the primary cause of earthquake damage to man-made structures. Damage can be increased
when soft soils amplify ground shaking. Soils influence damage in different ways. Soft soils can amplify the motion
of earthquake waves, producing greater ground shaking and increasing stresses on built structures on the land
surface. Loose, wet, sandy soils also can cause damage when they lose strength and flow as a fluid when shaken,
causing foundations and underground structures to shift and break (Stanford 2003).

The National Earthquake Hazard Reduction Program (NEHRP) developed five soil classifications (A to E)
distinguished by soil shear-wave velocity that alters severity of an earthquake; each classification is listed in Table
4.3.4-1. Class A soils—hard rock—reduce ground motion from an earthquake, and Class E soils—soft soils—amplify
and magnify ground shaking and increase building damage and losses.

4.3.4: EARTHQUAKE




Pike County, PA | 2022 Hazard Mitigation Plan Update
4.3.4-2

Table 4.3.4-1. NEHRP Soil Classifications

A Hard rock

B Rock

C Very dense soil and soft rock
D Stiff soils

E Soft soils

Source: Federal Emergency Management Agency (FEMA) 2013

The following sections discuss location and extent, range of magnitude, previous occurrence, future occurrence, and
vulnerability assessment associated with the earthquake hazard in Pike County.

4.3.4.1 Location and Extent

Focal depth and geographic position of the epicenter of an earthquake commonly determine its location. Focal depth
of an earthquake is the depth from the Earth’s surface to the region where an earthquake’s energy originates (the
focus or hypocenter). The epicenter of an earthquake is the point on the Earth’s surface directly above the
hypocenter. Earthquakes usually occur without warning, and their effects can be felt in areas at great distances from
the epicenter.

According to the Pennsylvania Bureau of Topographic and Geologic Survey, events that occur in the Commonwealth
involve very small impact areas (less than 100 km in diameter). The most seismically active region in the
Commonwealth is in southeastern Pennsylvania in the area of Lancaster County (Pennsylvania Emergency
Management Agency [PEMA] 2013). Areas of Pennsylvania, including Pike County, may be subject to the effects of
earthquakes with epicenters outside the Commonwealth.

Pennsylvania has three earthquake hazard area zones: very slight, slight, and moderate (shown on Figure 4.3.4-1)
(PEMA 2013). Pike County is within the “moderate zone”.
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Figure 4.3.4-1. Pennsylvania Earthquake Hazard Zones

Source:  PEMA 2013
Note: Pike County is within the blue oval on the map.

The Lamont-Doherty Cooperative Seismographic Network (LCSN) monitors earthquakes that occur primarily in the
northeastern United States. Goals of the project are to compile a complete earthquake catalog for this region, assess
earthquake hazards, and study causes of earthquakes in the region. LCSN operates 40 seismographic stations in
the following seven states: Connecticut, Delaware, Maryland, New Jersey, New York, Pennsylvania, and Vermont.
Figure 4.3.4-2 shows locations of seismographic stations in eastern Pennsylvania. The figure shows one station,
Lehigh University station, is the closest station to Pike County. There is a station located in Basking Ridge, NJ as
well. The network is composed of broadband and short-period seismographic stations (LCSN 2014).

4.3.4: EARTHQUAKE




Pike County, PA | 2022 Hazard Mitigation Plan Update

Figure 4.3.4-2. Lamont-Doherty Seismic Stations Locations in Eastern Pennsylvania
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Source:  LCSN 2014
Note: Pike County is within the oval on the map.

4.3.4-4

In addition to the Lamont-Doherty Seismic Stations, USGS operates a global network of seismic stations to monitor
seismic activity. While no seismic stations are within Pike County, nearby stations are in State College, Pennsylvania.

Figure 4.3.4-3 shows their locations.
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Figure 4.3.4-3. USGS Seismic Stations

Source: USGS 2016
Note: Seismic station locations are indicated by green triangles, and Pike County is within the black oval.

The USGS provides the website Did You Feel It? (http://earthquake.usgs.gov/earthquakes/dyfi/) for citizens to report
earthquake experiences and to share information regarding the earthquake and its effects. The website is intended
to gather citizens’ experiences during an earthquake and incorporate the information into detailed maps for illustrating
shaking intensity and damage assessments (USGS 2021).

Earthquakes above a magnitude 5.0 can cause damage near their epicenters, and larger-magnitude earthquakes
can cause damage over larger, wider areas. Earthquakes in Pennsylvania appear to be centered in the southeastern
portion and northwestern corner of the Commonwealth.

4.3.4.2 Range of Magnitude

Seismic waves are vibrations from earthquakes that travel through the Earth and are recorded on instruments called
seismographs. The magnitude or extent of an earthquake is a given value of the earthquake size, or amplitude of
the seismic waves, as measured by a seismograph. The Richter magnitude scale (Richter scale) was developed in
1932 as a mathematical device to compare sizes of earthquakes. The Richter scale is the most widely known scale
that measures magnitude of earthquakes. It has no upper limit and is not used to express damage. An earthquake
in a densely populated area that results in many deaths and considerable damage may have the same magnitude
and shock in a remote area that did not undergo any damage. Table 4.3.4-2 lists Richter scale magnitudes and
corresponding earthquake effects associated with each magnitude. Based on historical data of earthquakes with a
recorded intensity, little damage is expected from earthquake events. However, since the worst earthquake r
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in Pennsylvania was a magnitude 5.2, a worst case scenario for this hazard would be if an earthquake of similar
magnitude occurred in Pike County or near the border in an adjacent county, causing mild damage in populated
areas.

Table 4.3.4-2. Richter Scale Magnitudes

Richter Magnitude Earthquake Effects

2.5 or less Usually not felt, but can be recorded by seismograph
25t05.4 Often felt, but causes only minor damage
5.5t06.0 Slight damage to buildings and other structures
6.1t06.9 May cause a lot of damage in very populated areas
7.0t07.9 Major earthquake; serious damage

8.0 or greater Great earthquake; can destroy communities near the epicenter

Source: PEMA 2013

The intensity of an earthquake is based on observed effects of ground shaking on people, buildings, and natural
features, and varies with location. The Modified Mercalli Intensity (MMI) scale expresses the intensity of an
earthquake and is a subjective measure that describes the strength of a shock felt at a particular location. The MMI
scale expresses intensity of an earthquake’s effects in a given locality according to a scale from | to XIl. Descriptions
of MMI scales appear in Table 4.3.4-3. Earthquakes that occur in Pennsylvania originate deep within the Earth’s
crust, and not on an active fault. No injury or severe damage from earthquake events has been reported in Pike
County.

Table 4.3.4-3. Modified Mercalli Intensity Scale with Associated Impacts

Corresponding
Richter Scale
Scale Intensity Description Of Effects Magnitude

Instrumental Detected only on seismographs

Il Feeble Some people feel it <4.2
Il Slight Felt by people resting; feels like a truck rumbling by

v Moderate Felt by people walking

V Slightly Strong Sleepers awake; church bells ring <4.8
VI Strong Trees sway; suspended objects swing; objects fall off shelves <5.4
VI Very Strong Mild alarm; walls crack; plaster falls <6.1
Vi Destructive Moving cars uncontrollablg; masonry fractures; poorly constructed

buildings are damaged <6.9

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

Ground cracks profusely; many buildings are destroyed,; liquefaction and
landslides are widespread
Most buildings and bridges collapse; roads, railways, pipes, and cables are <81
destroyed; general triggering of other hazards occurs '

Xl Catastrophic Total destruction; trees fall; ground rises and falls in waves >8.1
Source: PEMA 2013

X Disastrous <7.3

Xl Very Disastrous

Seismic hazards are often expressed in terms of Peak Ground Acceleration (PGA) and Spectral Acceleration (SA).
USGS defines PGA and SA as the following: “PGA is what is experienced by a particle on the ground. Spectral
Acceleration (SA) is approximately what is experienced by a building, as modeled by a particle mass on a massle
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vertical rod having the same natural period of vibration as the building” (USGS 2012). Both PGA and SA can be
measured in g (the acceleration caused by gravity) or expressed as a percent acceleration force of gravity (percent
g). For example, at 100 percent g PGA (equivalent to 1.0 g) during an earthquake (an extremely strong ground
motion), objects accelerate sideways at the same rate as when they drop from a ceiling. At 10 percent g PGA, ground
acceleration is 10 percent that of gravity (New Jersey Office of Emergency Management [NJOEM] 2011). PGA and
SA hazard maps provide insight into location-specific vulnerabilities (New York State Disaster Preparedness
Commission [NYSDPC] 2011).

PGA is a common earthquake measurement that indicates three factors: (1) geographic area affected, (2) probability
of an earthquake at each level of severity, and (3) strength of ground movement (severity) expressed in percent g.
In other words, PGA expresses the severity of an earthquake and is a measure of how hard the earth shakes (or
accelerates) in a given geographic area (NYSDPC 2011). Damage levels from an earthquake vary with intensity of
ground shaking and with seismic capacity of structures, as noted in Table 4.3.4-4.

Table 4.3.4-4. Damage Levels Experienced in Earthquakes

Ground Motion
Percentage Explanation of Damages

1-2% g Motions are widely felt by people; hanging plants and lamps swing strongly, but damage levels, if any,
are usually very low.
Below 10% g Usually causes only slight damage, except in unusually vulnerable facilities.
10-20% g May cause minor-to-moderate damage in well-designed buildings, with higher levels of damage in

poorly designed buildings. At this level of ground shaking, only unusually poor buildings would be
subiject to potential collapse.

20-50% g May cause significant damage in some modern buildings and very high levels of damage (including
collapse) in poorly designed buildings.
250% g May causes higher levels of damage in many buildings, even those designed to resist seismic forces.
Source:  NJOEM 2019
Note: %g Peak Ground Acceleration

National maps of earthquake shaking hazards have been produced since 1948. These maps provide information
essential for creating and updating seismic design requirements for building codes, insurance rate structures,
earthquake loss studies, retrofit priorities, and land use planning applied in the United States. Scientists frequently
revise these maps to reflect new information and knowledge. Buildings, bridges, highways, and utilities built to meet
modern seismic design requirements are typically able to withstand earthquakes better, with less damage and
disruption. After thoroughly reviewing the studies, professional organizations of engineers update seismic-risk maps
and seismic design requirements specified in building codes (Brown and others 2001).

To analyze the earthquake hazard in Pike County, a probabilistic assessment was conducted for the 100-, 500- and
2,500-year mean return periods (MRP) in Hazards U.S. - Multi-Hazard (HAZUS-MH) 3.0. A HAZUS analysis
evaluates statistical likelihood that a specific event will occur and the consequences of that event. A 100-year MRP
event is an earthquake with a 1-percent chance that the mapped ground motion levels (PGA) will be exceeded in any
given year. A 500-year MRP event is an earthquake with a 0.2-percent chance that the mapped ground motion levels
(PGA) will be exceeded in any given year. A 2,500-year MRP event (the worst-case scenario) is an earthquake with
0.04-percent chance that the mapped PGA will be exceeded in any given year.
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Figures 4.3.4-4 through 4.3.4-6 illustrate the geographic distribution of PGA (percent g) across Pike County for each
event. Potential losses estimated by HAZUS-MH for the MRP and the associated PGA are discussed in the
Vulnerability Assessment section (Section 4.3.4.5) of this profile.

Figure 4.3.4-4. Peak Ground Acceleration Modified Mercalli Scale in Pike County for a 100-Year MRP Earthquake
Event

Source:  HAZUS-MH 3.1
Note: The peak ground acceleration for the 100-year MRP is 1.5-1.6%g.
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Figure 4.3.4-5. Peak Ground Acceleration Modified Mercalli Scale in Pike County for a 500-Year MRP Earthquake
Event

Source:  HAZUS-MH 3.1
Note: The peak ground acceleration for the 500-year MRP is 4.6-5.4%g.
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Figure 4.3.4-6. Peak Ground Acceleration Modified Mercalli Scale in Pike County for a 2,500-Year MRP
Earthquake Event

Source:  HAZUS-MH 3.1
Note: The peak ground acceleration for the 2,500-year MRP is 12.3-16.6%g.
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4.3.4.3 Past Occurrence

The historical record of earthquakes goes back approximately 200 years. In Pennsylvania, about 48 earthquakes
have caused light damage since the Colonial period. Nearly half of these events had out-of-state epicenters (PEMA
2018, USGS 2014). Figure 4.3.4-7 is a map of earthquake epicenters in Pennsylvania from 1973 to 2017. No
earthquakes had an epicenter in Pike County and no damages were reported in Pike County.

Figure 4.3.4-7. Earthquake Epicenters in Pennsylvania

Source: PEMA 2018
Note: Pike County is within the red circle.

According to the USGS, there have been no earthquake epicenters recorded in Pike County between 1724 and
August 30, 2021. Recorded epicenters closest to Pike County were a 3.0 magnitude earthquake on April 27, 1974
in Luzerne County; and 1.0 on March 18, 2002, 1.3 on February 21, 2006, and 2.4 on February 16, 2006 in Sussex
County, New Jersey (USGS 2021). PEMA’s Pennsylvania Disaster History list includes no significant earthquake
events in Pennsylvania, and no Federal Emergency Management Agency (FEMA) major disaster (DR) / emergency
declarations (EM) have occurred for significant earthquake events in Pennsylvania (FEMA 2021). Additionally,
according to the USGS “Did You Feel It”, Pike County residents reported having felt the recent earthquakes that
occurred in Sussex County (USGS 2021).

Historically, large earthquakes in eastern North America have occurred in three regions: (1) Mississippi Valley near
the Town of New Madrid, Missouri; (2) St. Lawrence Valley region of Quebec, Canada; and (3) Charleston, South
Carolina. In February 1925, one of the region’s largest earthquakes on record occurred (magnitude near 7.0) with its
epicenter in a region of Quebec. If a similar-magnitude earthquake would occur in the western part of the Quebec
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region, some moderate damage might be expected in one or more counties of Pennsylvania’s northern tier. An
earthquake with an estimated magnitude of about 7.5 occurred on August 31, 1886, in Charleston, South Carolina.
The earthquake was felt in most of Pennsylvania. Since then, an earthquake with a magnitude of 5.8 occurred in
Louisa County, Virginia; it was felt throughout Pennsylvania, causing evacuations, minor damage, and emergency
infrastructure inspections (PEMA 2013).

Other earthquakes have occurred in east coast areas, including eastern Massachusetts, southeastern New York, and
northern New Jersey. Moderate earthquakes occurred in southeastern New York and northern New Jersey and were
felt in eastern Pennsylvania. If an earthquake of magnitude 6.0 or greater would occur in that area, damage would
likely result in easternmost counties of Pennsylvania, including Pike County.

4.3.4.4 Future Occurrence

Earthquakes cannot be predicted and may occur any time of the day or year. Major earthquakes are infrequent in
the State and County and may occur only once every few hundred years or longer, but the consequences of major
earthquakes may potentially be very high. Based on the historic record, the future probability of damaging
earthquakes impacting Pike County is low.

According to the USGS earthquake catalog, between 1950 and 2021, there have been no earthquakes with epicenters
in Pike County. Earthquakes have occurred outside of Pike County but it is unknown as to whether or not those
events had direct or indirect impacts on County assets. Based on available historical data, future occurrences of
earthquake events can be considered unlikely as defined by the Risk Factor Methodology probability criteria (refer to
Section 4.4 of this plan).

4.3.4.5 Vulnerability Assessment

To understand risk, a community must evaluate which assets are exposed or vulnerable in the identified hazard area.
The entire County has been identified as exposed to the earthquake hazard. Therefore, all assets in Pike County
(population, structures, critical facilities, and lifelines) described in the County Profile (Section 2), are vulnerable. The
following section provides an evaluation and estimation of the potential impact of the earthquake hazard on Pike
County, including the following:

e Overview of vulnerability

e Data and methodology used for the evaluation

e Impacton: (1) life, safety, and health of residents; (2) general building stock; (3) critical facilities; (4) economy;
(5) environment; and (6) future growth and development

e Effect of climate change on vulnerability

e Further data collections that will assist understanding of this hazard over time.

Overview of Vulnerability

Earthquakes usually occur without warning and can be felt in areas at great distance from their point of origin. Extent
of damage depends on density of population, as well as building and infrastructure construction in the area shaken
by the quake. Some areas may be more vulnerable than others based on soil type, age of buildings, and building
codes in place. Compounding potential for damage is that, historically, Building Officials Code Administration (BOCA)
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in the northeastern United States was developed to address local concerns including heavy snow loads and wind;
seismic requirements for design criteria are not as stringent compared to the West Coast's reliance on the more
seismically-focused Uniform Building Code. Thus, a smaller earthquake in the northeastern United States can cause
more structural damage than it would in the western part of the United States.

The entire population and general building stock inventory of the County are at risk for damage or loss from impacts
of an earthquake. Potential losses associated with earth shaking were calculated for Pike County for the 100-, 500-
, and 2,500-year MRP events. A summary of the data used and methodology applied for this assessment appears
below, followed by impacts on population, existing structures, critical facilities, and the economy within Pike County.

Data and Methodology

A probabilistic assessment was conducted for the 100-, 500-, and 2,500-year MRP in HAZUS-MH 3.1 to analyze the
earthquake hazard and provide a range of loss estimates for Pike County. The probabilistic method uses historical
earthquake information from historical earthquakes and inferred faults, locations, and magnitudes, and computes
probable ground-shaking levels that may be experienced during a recurrence period by Census tract. According to
the New York City Area Consortium for Earthquake Loss Mitigation (NYCEM), probabilistic estimates are best for
urban planning, land use, zoning, and seismic building code regulations (NYCEM 2003). The default assumption is
a magnitude-7.0 earthquake for all return periods.

In addition to the probabilistic scenarios cited, an annualized loss run was conducted in HAZUS 3.1 to estimate
annualized general building stock dollar losses within Pike County. The annualized loss methodology combines
estimated losses associated with ground shaking for each return period, which are based on values from the USGS
seismic probabilistic curves. Annualized losses are useful for mitigation planning because they provide a baseline
that can be used to compare (1) the risk of one hazard across multiple jurisdictions, and (2) the degree of risk of all
hazards for each participating jurisdiction.

As noted in the HAZUS-MH Earthquake User Manual, “Uncertainties are inherent in any loss estimation methodology.
They arise in part from incomplete scientific knowledge concerning earthquakes and their effects upon buildings and
facilities. They also result from the approximations and simplifications that are necessary for comprehensive
analyses. Incomplete or inaccurate inventories of the built environment, demographics, and economic parameters
add to the uncertainty. These factors can result in a range of uncertainty in loss estimates produced by the HAZUS
Earthquake Model, possibly at best a factor of 2 or more.” However, HAZUS potential loss estimates are acceptable
for the purposes of this Hazard Mitigation Plan (HMP).

The occupancy classes available in HAZUS-MH 3.1 were condensed into the following categories to facilitate the
analysis and presentation of results: residential, commercial, industrial, agricultural, religious, government, and
educational. Residential loss estimates address both multi-family and single-family dwellings. Impacts on critical
facilities and utilities were also evaluated.

HAZUS-MH 3.1 generates results at the Census-tract level. Boundaries of the U.S. Census tracts are not always
coincident with municipal boundaries in Pike County. Results in subsequent tables are presented for the U.S. Census
tracts, with the associated municipalities listed for each tract. Figure 4.3.4-8 below shows spatial relationships
between U.S. Census tracts and municipal boundaries.
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Figure 4.3.4-8. HAZUS-MH Census Tracts in Pike County

Source: HAZUS-MH 3.1
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Impact on Life, Health, and Safety

Overall, the entire population of Pike County is exposed to the earthquake hazard event. According to the 2020 U.S.
Census, Pike County had a population of 58,535 people. The impact of earthquakes on life, health, and safety
depends on the severity of the event. Risks to public safety and loss of life from an earthquake in Pike County are
minimal, with higher risk occurring in buildings as a result of damage to the structure, or people walking below building
ornamentation and chimneys that may be shaken loose and fall as a result of the quake.

Populations considered most vulnerable are located in the built environment, particularly near unreinforced masonry
construction. In addition, the vulnerable population includes the elderly (persons over the age of 65) and individuals
living below the Census poverty threshold. These socially vulnerable populations are most susceptible, based on a
number of factors including their physical and financial ability to react or respond during a hazard, and locations and
construction quality of their housing.

Residents may be displaced or require temporary to long-term sheltering as a result of the event. The number of
people requiring shelter is generally less than the number displaced, as some displaced persons use hotels or stay
with family or friends after a disaster event. HAZUS-MH 3.0 does not estimate any displaced persons or population
that may require short-term sheltering as a result of the 100-year event. Table 4.3.4-5 summarizes the estimated
sheltering needs for Pike County.

Table 4.3.4-5. Summary of Estimated Sheltering Needs for Pike County

Scenario Displaced Households Persons Seeking
Short-Term Shelter
500-Year Earthquake 4 2

2,500-Year Earthquake 39 22
Source: HAZUS-MH 3.1

Structural building damage correlates strongly to the number of injuries and casualties from an earthquake event
(NYCEM 2003). Furthermore, different sectors of the community would be exposed to the hazard depending on time
of day of occurrence. For example, HAZUS considers that maximum residential occupancy occurs at 2:00 a.m.;
educational, commercial, and industrial sectors maximum occupancy at 2:00 p.m.; and peak commute time at
5:00 p.m. Whether affected directly or indirectly, the entire population would have to deal with consequences of
earthquakes to some degree. Business interruption could prevent people from working, road closures could isolate
populations, and loss of functions of utilities could affect populations that suffered no direct damage from an event.
HAZUS-MH 3.1 estimates no injuries or casualties in Pike County as a result of a 100-year MRP event. Table 4.3.4-
6 summarizes estimated number of injuries, hospitalizations, and casualties as a result of the 500-year MRP event.
Table 4.3.4-7 summarizes estimated number of injuries, hospitalizations, and casualties as a result of the 2,500-year
MRP event.

Table 4.3.4-6. Estimated Number of Injuries, Hospitalizations, and Casualties from the 500-Year MRP Earthquake
Event

Level of Severity 2:00 p.m. 5:00 p.m.

Injuries 4 3 3
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Time of Day
Level of Severity 2:00 p.m. 5:00 p.m.
1 0 0

Casualties 0

Hospitalization

Source: HAZUS-MH 3.1

Table 4.3.4-7. Estimated Number of Injuries, Hospitalizations, and Casualties from the 2,500-Year MRP Earthquake
Event

Time of Day
Level of Severity 2:00 p.m. 5:00 p.m.
28 24 20

Hospitalization 6 4 3
Casualties 1 1 1

Injuries

Source: HAZUS-MH 3.1

Impact on General Building Stock and Critical Facilities

After consideration of the population exposed to the earthquake hazard, an evaluation of value of general building
stock exposed to and damaged by the 100-, 500- and 2,500-year MRP earthquake events occurred. In addition,
annualized losses were calculated by use of HAZUS-MH 3.1. The entire study area’s general building stock is
considered at risk and exposed to this hazard.

The HAZUS-MH 3.1 model estimates value of exposed building stock and loss (in terms of damage to exposed stock).
The County Profile section of this HMP (Section 2) presents statistics on replacement values of general building stock
(structure and contents).

A probabilistic model was run to estimate annualized dollar losses within Pike County by application of HAZUS-MH
3.1. Annualized losses are useful for mitigation planning because they provide a baseline that can be used to
compare (1) risk of one hazard across multiple jurisdictions, and (2) degree of risk of all hazards within each
participating jurisdiction. Notably, annualized loss does not predict losses in any particular year. Estimated
earthquake annualized losses are approximately $130K per year (building and contents) within the County.

According to NYCEM, where earthquake risks and mitigation were evaluated in the New York, New Jersey, and
Connecticut region, most damage and loss caused by an earthquake would directly or indirectly result from ground
shaking (NYCEM 2003). NYCEM found a strong correlation between PGA and damage a building might undergo.
The HAZUS-MH model is based on the best available earthquake science and aligns with these statements. HAZUS-
MH 3.0 methodology and model were used to analyze the earthquake hazard for the general building stock within
Pike County. Figure 4.3.4-6 through Figure 4.3.4-8 earlier in this profile illustrate the geographic distribution of PGA
(g) across the County for the 100-, 500-, and 2,500-year MRP events.

In addition, according to NYCEM (NYCEM 2003), a building’s construction determines how well it can withstand the
force of an earthquake. The NYCEM report indicates that un-reinforced masonry buildings are most at risk during an
earthquake because the walls are prone to collapse outward, whereas steel and wood buildings absorb more of the
earthquake’s energy. Additional attributes that affect a building’s capability to withstand an earthquake’s force include
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its age, number of stories, and quality of construction. HAZUS-MH considers building construction and age of
buildings in its analysis. Default building ages and building types already incorporated into the inventory were used
because the default general building stock was used for this HAZUS-MH analysis.

Potential building damage was evaluated by HAZUS-MH 3.1 across the following damage categories: none, slight,
moderate, extensive, and complete. Table 4.3.4-8 provides definitions of these categories of damage for a light
wood-framed building; definitions for other building types are included in the HAZUS-MH technical manual
documentation. General building stock damage for these damage categories by occupancy class on a countywide
basis is summarized for the 500- and 2,500-year events in Table 4.3.4-9.

Table 4.3.4-8. Example of Structural Damage State Definitions for a Light Wood-Framed Building

Categor

Slight Small plaster or gypsum-board cracks at corners of door and window openings and wall-ceiling intersections;
small cracks in masonry chimneys and masonry veneer.
Moderate Large plaster or gypsum-board cracks at corners of door and window openings; small diagonal cracks across

shear wall panels exhibited by small cracks in stucco and gypsum wall panels; large cracks in brick chimneys;
toppling of tall masonry chimneys.
Extensive Large diagonal cracks across shear wall panels or large cracks at plywood joints; permanent lateral movement
of floors and roof; toppling of most brick chimneys; cracks in foundations; splitting of wood sill plates or
slippage of structure over foundations; partial collapse of room-over-garage or other soft-story configurations.
Complete Structure may have large permanent lateral displacement, may collapse, or be in imminent danger of collapse
because of the crippled wall failure or the failure of the lateral load resisting system; some structures may slip
and fall off the foundations; large foundation cracks.

Source: FEMA 2012

Table 4.3.4-9. Estimated Buildings Damaged by General Occupancy for 500-year and 2,500-year MRP Earthquake
Events

Average Damage State

500-Year MRP 2,500-Year MRP
Categor S iodese B
Residential 35,993 958 306 4 31,380 3,968 1,608 301
(93.7%) | (2.5%) (<1% (< 1%) (<1%) (81.7%) (10.3%)  (4.2%) (<1%) (< 1%)
Commercial 707 24 8 1 0 571 101 56 11 1
(1.8%) @ (<1%) (<1%) (<1%) (0%) (15%)  (<1%) (<1%) (<1%) (<1%)
Industrial 202 6 2 0 0 163 28 17 8 0
(<1%)  (<1%) (<1%) (0%) (0%) (<1%) (<1%) (<1%) (<1%) (0%)
Education, Government, 160 5 1 0 0 132 21 12 2 0
Religious, and (<1%)  (<1%) (<1%) (0%) (0%) (<1%) (<1%) (<1%) (<1%) (0%)
Agricultural

Source: HAZUS-MH 3.1

HAZUS-MH 3.1 estimates no damage to Pike County’s general building stock as a result of a 100-year MRP event.
Table 4.3.4-10 summarizes estimated building value (buildings and contents) for annualized loss, 500-, and 2,500-
year MRP earthquake events. Damage loss estimates include structural and non-structural damage to buildings
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and loss of contents. Table 4.3.4-11 summarizes estimated value (buildings and contents) damaged by 500-, and
2,500-year MRP earthquake events.
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Table 4.3.4-10. Estimated Building Value (Building and Contents) Damaged by the Annualized, 500-, and 2,500-Year MRP Earthquake Events

Percent of Total Building
Estimated Total Damages* and Contents
Total Replacement Cost Value

ildi Annualized Loss 500-Year 2,500-Year Annualized Loss 500-Year 2,500-Year

Blooming Grove Township $1,160,095,000 $9,943 $940,204 $8,262,952 <1% <1% <1%
Delaware Township $1,496,677,000 $16,099 $1,391,456 $14,114,607 <1% <1% <1%
Dingman Township $1,983,140,000 $20,685 $1,816,568 $17,810,638 <1% <1% <1%
Greene Township-Porter Township $1,345,239,000 $11,812 $1,080,585 $9,774,890 <1% <1% <1%
Lackawaxen Township $1,231,620,000 $10,119 $987,409 $8,149,543 <1% <1% <1%
Lehman Township $1,992,003,000 $21,862 $1,843,282 $19,560,495 <1% <1% <1%
Matamoras Borough $377,318,000 $4,401 $367,013 $3,855,277 <1% <1% 1.0%
Milford Borough $413,430,000 $5,214 $386,500 $4,469,173 <1% <1% 1.1%
Milford Township $672,467,000 $7,431 $587,203 $6,353,488 <1% <1% <1%
Palmyra Township $1,244,033,000 $9,753 $946,874 $7,888,975 <1% <1% <1%
Shohola Township $759,299,000 $7,544 $671,580 $6,297,048 <1% <1% <1%
Westfall Township $383,781,000 $4,707 $379,989 $4,026,964 <1% <1% 1.0%
Pike County (Total) $13,059,102,000 $129,570 $11,398,663 $110,564,051 <1% <1% <1%

Source: HAZUS-MH 3.1

Notes:

Total amount is sum of damages for all occupancy classes (residential, commercial, industrial, agricultural, educational, religious, and government).
As stated at the beginning of the vulnerability analysis, HAZUS-MH 3.1 generates results at the Census-tract level. Boundaries of Census tracts are not always coincident with municipal boundaries in Pike County. Results
in the table are for Census tracts, with associated municipalities listed for each tract. See Figure 4.3.4-9 for a visual breakdown of Census tracts.
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Blooming Grove Township

Total Improved Value
Building and Contents

$1,160,095,000
$1,496,677,000
$1,983,140,000
$1,345,239,000
$1,231,620,000
$1,992,003,000
$377,318,000
$413,430,000
$672,467,000
$1,244,033,000
$759,299,000
$383,781,000

$13,059,102,000
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Estimated Residential

500-Year
$922,639

$1,262,246
$1,664,635
$1,011,947
$968,772
$1,730,691
$292,721
$131,795
$443,418
$925,187
$599,961
$286,457

$10,240,470

Damage

$8,069,267
$12,551,230
$15,990,275
$9,011,052
$7,956,673
$18,119,467
$2,966,815
$1,391,758
$4,675,451
$7,662,456
$5,483,587
$2,915,012

$96,793,041
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Table 4.3.4-11. Estimated Value (Building and Contents) Damaged by the 500- and 2,500-Year MRP Earthquake Events

Estimated Commercial
Damage
2,500-Year 500-Year 2,500-Year

$14,089
$82,373
$87,237
$47,530
$12,857
$60,192
$55,288
$191,391
$110,440
$15,136
$36,691
$81,343

$794,566

County. Results in the table are for Census tracts, with associated municipalities listed for each tract. See Figure 4.3.4-9 for a visual breakdown of Census tracts.
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$151,778
$994,134
$1,018,970
$525,055
$130,234
$766,878
$656,757
$2,316,248
$1,286,744
$157,062
$410,009
$962,760

$9,376,628

As stated at the beginning of the vulnerability analysis, HAZUS-MH 3.1 generates results at the Census-tract level. Boundaries of Census tracts are not always coincident with municipal boundaries in Pike
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An estimated $11 million in damages would occur to buildings in the County during a 500-year earthquake event.
This takes into account structural damage, non-structural damage, and loss of contents, representing less than 1
percent of total replacement value for general building stock in Pike County (total replacement value within the County
would exceed $13 billion.) For the 2,500-year earthquake event, HAZUS-MH estimates more than $110 million in
damages (<1 percent of the building stock). Residential and commercial buildings would undergo most damage from
earthquake events. Earthquakes can cause secondary hazard events such as fires. According to the HAZUS-MH
earthquake model, no fires are anticipated as a result of the 100-, 500-, or 2,500-year MRP events.

After consideration of general building stock exposed to and damaged by each earthquake event, critical facilities
were evaluated. All critical facilities (essential facilities, transportation systems, lifeline utility systems, high-potential
loss facilities, and user-defined facilities) in Pike County are considered exposed and vulnerable to the earthquake
hazard. The Critical Facilities subsection of this HMP in Section 2 (County Profile) discusses the inventory of critical
facilities in Pike County.

HAZUS-MH 3.1 estimates the probability that critical facilities may sustain damage as a result of the 100-, 500-, and
2,500-year MRP earthquake events. Additionally, HAZUS-MH estimates percent functionality of each facility days
after the event. Table 4.3.4-12 (500-year MRP earthquake event) and Table 4.3.4-13 (2,500-year MRP earthquake
event) list percent probabilities that critical facilities and utilities would sustain damages within the damage categories
(column headings), and list percent functionalities after different numbers of days following those events (column
headings). During and following a 100-Year MRP event, HAZUS-MH 3.1 estimates nearly 100% functionality of
emergency facilities (police, fire, Emergency Medical Services [EMS], and medical facilities), schools, utilities, and
specific facilities identified by Pike County as critical. Therefore, impact on critical facilities by a 100-year event would
not be significant.

Table 4.3.4-12. Estimated Damage to and Loss of Functionality of Critical Facilities and Utilities in Pike County for
the 500-Year MRP Earthquake Event

Name Percent Probability of Sustaining Damage Percent Functionality
Sight Complete Day 30 Day %0

Critical Facilities

Medical 100 0 0 0 0 100 100 100 100

Police 99-100 <1 <1 0 0 99-100 100 100 100

Fire 99-100 <1 <1 0 0 99-100 100 100 100

EOC 99.7- <1 <1 0 0 100 100 100 100

School 9358 <1 <1 0 0 99 100 100 100
Utilities

Wastewater 100 0 0 0 0 100 100 100 100

Source: HAZUS-MH 3.1
Notes: EOC  Emergency Operations Center
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Table 4.3.4-13. Estimated Damage to and Loss of Functionality of Critical Facilities and Utilities in Pike County for
the 2,500-Year MRP Earthquake Event

- Percent Probability of Sustaining Damage Percent Functionalit
Name Slight

Critical Facilities

Medical 88 8 3 <1 <1 88 96 100 100
Police 67-83 11-18 511 0-3 <1 67-83 85-94 96-99 98-99
Fire 67-83 11-18 5-11 0-3 <1 67-83 84-94 96-99 98-99
EOC 79-82 1213 6-7 0-1 <1 79-82 92-93 99 99
School 67-73 15-18 9-11 2-3 <1 67-73 84-88 96-97 98
Utilities
Wastewater 47-64 29-39 6-13 0-1 <1 61-74 98-99 99-100 100

Source: HAZUS-MH 3.1
Notes: EOC  Emergency Operations Center

Impact on Economy

Earthquakes also impact the economy, causing loss of business function, damage to inventory, relocation costs,
wage loss, and rental loss during repair or replacement of buildings. A HAZUS-MH analysis estimated total economic
loss associated with each earthquake scenario, including building- and lifeline-related losses (such as transportation
and utility losses) based on available inventory (facility or geographic information system [GIS] point data only). Direct
building losses are estimated costs to repair or replace damages to buildings. These losses are reported in the
Impact on General Building Stock section presented earlier. Lifeline-related losses include costs of direct repair to
transportation and utility systems, and are reported in terms of probability of reaching or exceeding a specified level
of damage caused by a given level of ground motion. Additionally, economic loss includes business interruption
losses associated with inability to operate a business as a result of damage sustained during the earthquake, as well
as temporary living expenses for those displaced. These losses are discussed below.

Significantly, for a 500-year event, HAZUS-MH 3.1 estimates that the County would incur approximately $3.8 million
in income losses (wage, rental, relocation, and capital-related losses) in addition to structural, non-structural, and
content building stock losses ($11.41 million). For a 2,500-year event, HAZUS-MH estimates that the County would
incur approximately $25 million in income losses, and approximately $111 million in structural, non-structural and
content building stock losses.

The HAZUS-MH analysis did not take into account damage to roadway segments. However, these features
assumedly would undergo damage as a result of ground failure, and an earthquake event thus would interrupt regional
transportation and distribution of materials. According to HAZUS-MH Earthquake User Manual, losses to the
community resulting from damages to lifelines could be much greater than costs of repair (FEMA 2012).

Earthquake events can significantly damage road bridges; this is important because they often provide the only
access to certain neighborhoods. Because softer soils can generally follow floodplain boundaries, bridges that cross
watercourses should be considered vulnerable. A key factor in degree of vulnerability is age of a facility, which helps
indicate the standards the facility was built to achieve.
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HAZUS-MH Earthquake User's Manual also estimates volume of debris that may be generated as a result of an
earthquake event to enable the study region to prepare and rapidly and efficiently manage debris removal and
disposal. Debris estimates are divided into two categories: (1) reinforced concrete and steel that require special
equipment to break up before transport, and (2) brick, wood, and other debris that can be loaded directly onto trucks
with bulldozers (FEMA 2012).

No debris would be generated as a result of a 100-year earthquake event. HAZUS-MH 3.1 estimates generation of
more than 8,500 tons of debris by a 500-year MRP event, and nearly 50,000 tons by a 2,500-year MRP event. Table
4.3.4-14 summaries estimated debris generated by 500- and 2,500-year MRP earthquake events.

Table 4.3.4-14. Estimated Debris Generated by 500- and 2,500-year MRP Earthquake Events

500-Year 2,500-Year
Brick/Wood Concrete/ Steel Brick/Wood Concrete/ Steel
Municipalit tons tons tons tons

Blooming Grove Township 672 126 3,193 893
Delaware Township 867 174 4,399 1,422
Dingman Township 1,081 221 5,433 1,770
Greene Township-Porter Township 706 142 3,437 1,068
Lackawaxen Township 738 137 3,391 929
Lehman Township 1,201 243 6,224 2,049
Matamoras Borough 220 52 1,109 456
Milford Borough 190 66 986 668
Milford Township 262 87 1,326 819
Palmyra Township 651 122 3,029 833
Shohola Township 429 89 2,102 703
Westfall Township 242 62 1,255 575
Pike County (Total) 7,259 1,522 35,885 12,186

Source: HAZUS-MH 3.1

Notes: As stated at the beginning of the vulnerability analysis, HAZUS-MH 3.1 generates results at the Census-tract level. Boundaries of Census tracts are not always
coincident with municipal boundaries in Pike County. Results in the table are for Census tracts, with associated municipalities listed for each tract. See Figure 4.3.4-9 for a
visual breakdown of Census tracts

Impact on the Environment

Earthquakes can lead to numerous, widespread, and devastating environmental impacts. These impacts may include
but are not limited to:

Induced flooding or landslides

Poor water quality

Damage to vegetation

Breakage in sewage or toxic material containments.

Secondary impacts can include train derailments, roadway damages, spillage of hazardous materials (HazMat), dam
failure, and utility interruption.

Future Growth and Development

As discussed in Section 2.4 of this HMP, areas targeted for future growth and development have been identified
across the County. Human exposure and vulnerability to earthquake impacts in newly developed areas are
anticipated to be similar to those current within the County. Current building codes require seismic provisions that
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should render new construction less vulnerable to seismic impacts than older, existing construction that may have
been built to lower construction standards.

Effect of Climate Change on Vulnerability

Impacts of global climate change on earthquake probability are unknown. Some scientists say that melting glaciers
could induce tectonic activity. As ice melts and water runs off, tremendous amounts of weight are shifted on the
Earth’s crust. As newly freed crust returns to its original, pre-glacier shape, it could cause seismic plates to slip and
stimulate volcanic activity according to research into prehistoric earthquakes and volcanic activity. National
Aeronautics and Space Administration (NASA) and USGS scientists found that retreating glaciers in southern Alaska
might be opening the way for future earthquakes (NASA 2004).

Secondary impacts of earthquakes could be magnified by climate change. Soils saturated by repetitive storms could
undergo liquefaction during seismic activity as a result of the increased saturation. Dams storing increased volumes
of water as a result of changes in the hydrograph could fail during seismic events. No current models are available to
estimate these impacts.
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4.3 Hazard Profiles

4.3.5 Environmental Hazards

For the purposes of this HMP update, the environmental hazards section primarily focuses on hazardous material
release and pollution, fire from oil and gas well drilling, and the acidic drainage from the exposure of pyritic rock in
Pike County. Hazardous material releases can occur at facilities or along transportation routes. These releases can
result in injury or death and contaminate air, water and soils. Activities associated with oil and gas well drilling can
cause fire and pollute streams and drinking water. New to this HMP update is stream and groundwater contamination
from exposing pyritic rock during road construction and/or other developments resulting in acidic drainage into the
environment. Another concern is the application of salt and brine to roads to de-ice during winter months which can
also potentially lead to groundwater contamination. This section provides a profile and vulnerability assessment of
the environmental hazards in Pike County.

Hazardous Materials Release

Hazardous materials fall into several categories, such as flammable and combustible materials, compressed gases,
explosive and blasting agents, radioactive materials, oxidizing materials, poisons, and corrosive liquids. Hazardous
materials incidents are generally unintentional and associated with transportation accidents or accidents at fixed
facilities such as spills. However, hazardous materials can be released as a criminal or terrorist act. Any release can
result in injury and death and may contaminate air, water and/or soils.

Product release into the local environment can be generated from a fixed facility or at any location along a route of
travel, and may be the result of carelessness, technical failure, external incidents, or an intentional act against the
facility or container. Volatility of products stored or transported, along with potential impact on a local community,
may increase the risk of intentional acts against a facility or transport vehicle. Release of certain products considered
HazMat can immediately and adversely impact the general population, ranging from inconvenience of evacuations to
personal injury and even death. Moreover, any release can compromise the local environment through contamination
of soil, groundwater, or local flora and fauna. Although explosions are often associated with environmental hazards
(resulting from loss of containment of HazMat), explosions are profiled under Section 4.3.17 — Structural Fire and
Explosion in this HMP update.

Oil and Gas Wells

Marcellus Shale-related activities consist of the extraction of natural gas from the Marcellus Shale formation via
horizontal drilling and a process known as “hydraulic fracturing” that pumps water, mixed with sand and potentially
hazardous chemicals, into the shale formation under high pressure to fracture the shale around the well, allowing
natural gas to flow freely. Upon completion of the hydraulic fracturing process, the used water, often referred to as
“frac fluid,” must be treated to remove chemicals and minerals (Pennsylvania Department of Environmental Protection
[PADEP] 2016). Active drilling has not yet commenced in Pike County; however, extensive drilling is currently being
conducted as near as 30 miles west of Pike County in the Susquehanna River Basin. Fracking has been banned in
the Delaware River Basin by the Delaware River Basin Commission (DRBC) in areas that drain to special-protection
waters, an area which includes Pike County (NPR 2021).
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The Utica Shale underlies a significant portion of Pennsylvania as well and is also a source of natural gas. In the
subsurface, Utica Shale is located a few thousand feet below the Marcellus Shale. The Utica Shale is currently
receiving a lot of attention because it is yielding large amounts of natural gas, natural gas liquids and crude oil to
wells drilled in eastern Ohio and western Pennsylvania (King from Geology.com). According to PA DCNR, there is
one well in Pike County penetrating the Utica Shale formation or deeper (PA DCNR 2016).

Pike County has three conventional wells; two are active dry hole wells and one is a plugged dry hole well (PADEP
2016). Dry hole wells are completed wells that are not productive of oil and/or gas. Plugged wells are non-productive
wells that have been filled with cement (PADEP 2014). Marcellus Shale drilling may increase the potential for
environmental issues within Pennsylvania. Drilling and pipelines could affect water quality and quantity, during both
hydraulic fracturing and wastewater treatment phases of the drilling process (Extension 2012). All oil and gas
exploration and drilling in the State is regulated under all or part of the state oil and gas laws, the Clean Streams Law,
the Dam Safety and Encroachments Act, the Solid Waste Management Act, the Water Resources Planning Act, and
the Worker and Community Right to Know Act. The Delaware River Basin Commission also regulates oil and gas
(unconventional gas drilling) within the Delaware River Basin. PADEP is responsible for reviewing and issuing drilling
permits, inspecting drilling operations, and responding to complaints about water quality problems. PADEP
inspectors conduct routine and unannounced inspections of drilling sites and wells statewide (PADEP 2016).

Pyrite

Pyrite, or iron sulfide, also known as ‘fools gold’ is one of the most common sulfide minerals. Because of its high
sulfur content, when exposed to the atmosphere or water, pyrite forms sulfuric acid. These acidic conditions inhibit
plant growth at the surface and if water infiltrates into the pyrite-laden rock, the resulting oxidation can acidify the
water enabling it to dissolve metals in adjacent rocks such as copper, zinc, aluminum, manganese, and silver. The
occurrence of acid drainage depends on numerous factors, including rock type, mineralogy, geochemistry, geologic
structure (e.g., fractures, joints, and faults), changing the water table, surface and sub-surface hydrology, extent of
geologic weathering, and depositional environments. If the drainage is uncontrolled, the acidic and metal-bearing
water can drain into and contaminate streams and/or migrate into the groundwater (Hudson et. al, 1999 from AGI;
and PADCNR 2016).

4.3.5.2 Location and Extent
Hazardous Materials Release

Facilities that use, manufacture, or store hazardous materials in Pennsylvania must comply with both Title Il of the
Federal Superfund Amendments and Reauthorization Act (SARA), also known as the Emergency Planning and
Community Right-to-Know Act (EPCRA), and the Commonwealth's reporting requirements under the Hazardous
Materials Emergency Planning and Response Act (1990-165), as amended. The community right-to-know reporting
requirements keep communities abreast of the presence and release of chemicals at individual facilities. EPCRA was
designed to ensure that state and local communities are prepared to respond to potential chemical accidents through
Local Emergency Planning Committees (LEPCs). LEPCs are charged with developing emergency response plans
for SARA Title 1l facilities; these plans cover the location and extent of hazardous materials, establish evacuation
plans, response procedures, methods to reduce the magnitude of a materials release, and establish methods and
schedules for training and exercises.
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Because SARA Title Il facilities are covered under their own unique planning process and are continually evaluated
through the LEPC, this HMP will focus on the Environmental Protection Agency (EPA)-identified hazardous materials
sites. This dataset, publicly available at https://www3.epa.gov/enviro/, includes a number of materials facilities. Using
this dataset will help to provide a more complete picture of the risk of hazardous materials releases in the County.

Pike County has 63 EPA-regulated facilities located throughout the county. Several of these facilities are located in
close proximity to population centers that could be affected should a major accident or spill occur (EPA 2016). In
addition to the EPA-regulated facilities, there are two natural gas transmission lines [Columbia Gas and Tennessee
Gas (Kinder Morgan)] that cross the County and pose a threat of hazardous material release (PHMSA 2016).

The U.S. Department of Transportation (DOT) categorizes HazMat into the following nine classes based on chemical
characteristics posing risk:

Class 1. Explosives

Class 2: Gases

Class 3: Flammable liquids

Class 4: Flammable solids

Class 5: Oxidizers and organic pesticides
Class 6: Poisons and etiologic materials
Class 7: Radioactive materials

Class 8: Corrosives

Class 9: Miscellaneous.

Pike County has a few highly traveled highways and a railway network that pose a risk for hazardous material
incidents. These networks transport hazardous material daily, on Interstate 84, US Route 6, US Route 209, PA 402,
and PA 739. These major roads pass through the more populous areas. Similarly, rail lines pass through residential
areas and near Matamoras Borough where larger numbers of people could be vulnerable should a serious accident
occur in these places. These major transportation routes are shown in Figure 4.3.5-1.
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Figure 4.3.5-1. Major Transportation Routes Used to Transport Hazardous Materials in Pike County

Source: Pike County 2016
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Based on past occurrences, hazardous material releases within Pike County have been accidental and have not been
considered terrorist or criminal acts. While past occurrences have not been deemed intentional, an intentional release
of any of these products in large quantity would pose a threat to the local population, economy, and environment
resulting in lost revenue, injuries, and deaths.

Oil and Gas Wells

Since 2005, natural gas exploration activities in the Marcellus Shale Formation have increased significantly in the
Commonwealth of Pennsylvania. According to maps produced by PADEP, in 2008, 195 Marcellus Shale wells were
drilled; two years later, in 2010, 1,386 Marcellus Shale wells had been drilled. This number has decreased recently.
Between 2014 and 2015, a total of 2,159 wells were drilled in Pennsylvania; however, none are located in Pike County
(PennState University 2015). Most drilling has occurred in the northern-central and southwestern portions of the
State, with highest numbers of 2015 Marcellus Shale drilling permits issued in Bradford, Susquehanna, Greene, and
Washington Counties.

Figure 4.3.5-2 shows the extent of the Marcellus Shale Formation. Pike County lies completely within the shale
formation, so it may be vulnerable to shale drilling in the future. Additionally, there are active and abandoned oil/gas
wells in three of the 13 municipalities in Pike County, though none are Marcellus Shale wells. Two of the existing
wells are active dry hole wells and one is a plugged dry hole well. Figure 4.3.5-3 shows the location of these wells.

Figure 4.3.5-4 illustrates the approximate extent of Utica Shale in Pennsylvania. This map shows that Utica Shale
Formation occurs in Pike County’s subsurface or outcrop formations (PADCNR 2011). As noted, there is no known
Utica-Shale formation drilling in Pike County.

Pyrite

The presence of sulfide-bearing rock formations and isolated occurrences of sulfide deposits in Pennsylvania
depends on a wide variety of factors including the rock’s depositional and structural history, its mineralogy and
geochemistry, and present surface and subsurface hydrologic and geochemical environment. As noted, most cases
of acidic drainage in Pennsylvania involves iron sulfide minerals, such as pyrite, and its exposure to air to create iron
oxides and acidic water. Coal-bearing rocks of Pennsylvania are a source of acidic drainage.

Figure 4.3.5-5 illustrates geologic units containing potentially significant acid-producing sulfide minerals. Pike County
is not identified on this map as containing these geologic units (Pennsylvania Geological Survey 2005).

However, construction activities have uncovered pyrite in borings in Pike County (Pocono Record 2017). According
to the Pennsylvania Geological Survey, the only reliable way to anticipate acidic drainage is by conducting site-
specific assessments. Pre-site investigation data is often available from previous studies, including college theses,
consultant reports, geologic survey reports, aerial photographs, existing geophysical surveys, and the like. There is,
however, no substitute for site specific information including interviews with local residents, geologic logs of borings,
analysis of site geochemistry (water and rock), and other sources of information.
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Figure 4.3.5-2. Map of Marcellus Shale Formation in Pennsylvania

Source: PA DEP 2011
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Figure 4.3.5-3. Oil and Gas Well Locations in Pike County

Source: PADEP 2011
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Figure 4.3.5-4. Approximate Extent of Utica Shale in Pennsylvania

Source: PADCNR, 2011
Note: The black circle marks the location of Pike County.
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Figure 4.3.5-5. Geologic Units Containing Potentially Significant Acid-Producing Sulfide Minerals

Source: Pennsylvania Geological Survey, 2005
Note: The black circle marks the location of Pike County.
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4.3.5.3 Range of Magnitude

Environmental hazard incidents within Pike County could range from minor petroleum spills to large, facility-based
incidents that could lead to loss of life and property, and damage to the environment and the economy. Severity of
an incident varies with type of material released and distances and related response times for emergency response
teams. Areas within closest proximity to the releases are generally at greatest risk, yet depending on the agent, a
release can travel great distances or persist over a long time (e.g., nuclear radiation), resulting in far-reaching effects
on people and the environment.

Hazardous Materials Release

A hazardous material release, accidental or intentional, can be exacerbated or mitigated by specific circumstances
surrounding the event. Exacerbating conditions are characteristics that can enhance or magnify effects of a hazard.
Mitigating conditions, on the other hand, are characteristics of the target and its physical environment that can reduce
effects of a hazard. These conditions include:

e Weather conditions — affect how the hazard develops.
e Micro-meteorological effects of buildings and terrain — alter dispersion of materials.
e Shielding in the form of sheltering-in-place — protects people and property from harmful effects.

e Non-compliance with applicable codes (e.g., fire and building codes) and maintenance failures (e.g., fire
protection and containment features) — can substantially increase damage to a facility and to surrounding
buildings.

e Geographic location of hazardous material site — if occurring within a Special Flood Hazard Area (SFHA), a
materials release could cause larger-scale water contamination during a flood incident, or a flood incident
could compromise production and storage of hazardous chemicals. Stormwaters and floodwaters can also
move toxic chemicals swiftly across great distances.

e The application of salt or brine to de-ice roads.

At the lower end of the range of magnitude, a small amount of hazardous materials released in a remote area can
trigger an evacuation of the area around the spill and a cleanup effort. The worst case scenario for a hazardous
material release occurred in January 1995 when 1,000 gallons of diesel fuel was spilled after a Conrail freight train
derailed near Parkers Glen in Shohola Township (PEIRS 2002-2009).

Oil and Gas Wells and Pipelines

QOil and gas well drilling and oil and gas-containing pipelines can exert a variety of effects on the environment.
Abandoned oil and gas wells not properly plugged can contaminate groundwater and consequently drinking water
wells. Surface waters and soil are sometimes polluted by brine (a salty wastewater product of oil and gas well drilling),
by oil spills at a drilling site, or by a pipeline breach. These events can spoil public drinking water supplies and
significantly harm vegetation and aquatic animals.

In order to extract natural gas, hydraulic fracking must be implemented along with drilling wells. Wells are drilled first
and then are cased in to protect groundwater from natural gas or other substances. Next, to fracture the shale around
the well, the drillers pump the fracking water, which is a mix of water, sand and chemicals, into the well to force natural
gas extraction. Natural gas well fires occur when natural gas is ignited at a well site. Often, these fires erupt dug
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drilling when a spark from machinery or equipment ignites the gas. The initial explosion and resulting flames can
seriously injure or kill individuals in the immediate area. These fires are often difficult to extinguish due to the intensity
of the flame and abundance of the fuel source.

Although there are no active Utica or Marcellus Shale gas wells in the County, there are two other active wells. A
possible worst-case scenario for oil and gas well incidents in Pike County would be if one of these wells in the County
were to experience a blowout. This would potentially cause an explosion and could lead to contamination of water
supplies for nearby well-dependent populations.

4.3.5.4 Past Occurrence
Hazardous Materials Release

With some exceptions, the majority of hazardous material release incidents over the years has involved petroleum
product spills along the highways or has involved the railroad. Most of these are the result of collisions or derailments
and have a limited impact on people and the environment. The number and quantity of hazardous materials being
produced, stored and transported continue to increase each year in Pennsylvania. Reporting requirements from the
State changed in 2007, allowing State agencies to categorize incidents as something other than “Hazardous
Materials.” For instance, a vehicle collision resulting in a spill of petroleum products (e.g., gasoline, motor oil) may
be reported as a vehicle accident instead of a HazMat release. In the case of an explosion, the explosive event may
not be the primary incident. Rather, the incident may be based on events that led up to an explosion.

Table 4.3.5-1 provides a description of hazardous material events that occurred in Pike County from 1978 to 2021.
Most of the incidences happened during transit, but a few occurred at fixed sites.

Table 4.3.5-1. Previous Hazardous Materials Incidents in Pike County

Date Location ‘ Material Involved Type of Incident/Details

Conrail freight train derailed north of Mill Rift; one derailed tank car
containing acetaldehyde began leaking and required the evacuation of

January 1978 et T i) ACEILETTS several residences along the Delaware River in both Pennsylvania and
New York.
A Yellow freight tractor-trailer jack-knifed on icy Route 84 west of the
December 1990 Milford Township Carbon bisulfate Milford exit. One tandem trailer, carrying twelve 55-gallon drums of Carbon

hisulfate overturned spilling cargo. Emergency officials closed portions of
Route 84 for up to 12 hours to allow for safe clean up
The odor of natural gas forced the evacuation of 54 patients at the former
February 1992 Milford Township Natural Gas Milford Head Trauma center (Facility has since closed and is now the
location of Belle-Reve).
One lane of Route 84 westbound near the Milford exit was closed for a

November 1993 Milford Township Non-toxic period of time, while emergency officials investigated a material leaking
substance . . L .
from a tractor-trailer. Material was later identified as a non-toxic substance
A chlorine gas leak occurred at Matamoras Municipal Water Authority Well
August 1994 Westfall Township Chlorine gas #5 in Westfall Township. One individual was taken to the hospital for
treatment.
The lead locomotive of a Conrail freight train derailed in Shohola Township
January 1995 Shohola Township Diesel fuel in the area near Parkers Glen. The derailment resulted in the unit, turning

on its side, releasing close to 1000 gallons of diesel fuel
A tractor-trailer parked at the Route 390 exit of Route 84 was reported to
August 1999 Palmyra Township Various substances be leaking something. Trailer was carrying a mixed load of hazardous
waste material. TEEM Environmental responded and cleaned up two
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December 1999

February 13, 2002
May 5, 2002

May 21, 2002

June 26, 2002
July 20, 2002

November 28, 2002
January 14, 2003
February 20, 2003

April 3, 2003

May 22, 2003

October 1, 2003

November 6, 2003

December 19, 2003

June 2, 2004

Jul 13, 2004

January 12, 2005

February 14, 2005

May 23, 2005

May 25, 2005

May 27, 2005

June 2, 2005

June 3, 2005

December 28, 2005

Location

Dingman Township

Porter Township

Delaware Township
Dingman Township

Porter Township

Delaware Township

Matamoras Borough

Delaware Township

Blooming Grove
Township
Milford Borough

Greene Township

Blooming Grove
Township

Delaware Township

Milford Township

Dingman Township

Westfall Township

Milford Township

Dingman Township

Matamoras Borough
Palmyra Township

Palmyra Township

Blooming Grove
Township

Palmyra Township

Westfall Township
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Material Involved

Flammable solution

Unknown

Unknown
Diesel fuel

Unknown

Pesticide

Gasoline
Gasoline
Kerosene

Dye tear gas

Diesel fuel

Diesel fuel

Gasoline

Diesel fuel

Diesel fuel

Diesel fuel

Diesel fuel

Diesel fuel

Natural Gas

Heating oil

Unknown

Diesel fuel

Diesel fuel

Diesel fuel
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Type of Incident/Details

leaking drums — one a flammable material, the other a non-toxic polymer,
similar to glue
A tractor-trailer accident along Route 84 in Dingman Township resulted in
at least twelve 400-Ib containers of a highly flammable solution to leak.
TEEM Environmental provided clean up.

Unknown

Storage tank leaking due to heat expansion

Diesel fuel spill; cleanup was carried out by PennDOT and My Place
Towing

Unknown
Pesticide spill during spraying of repellent
Motor vehicle accident occurred resulting in 40 gallons of gasoline spilling
on the ground at a gas station
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways
A residential storage tank leaked about 75 gallons of kerosene; cleanup by
a private contractor
Dye tear gas packs detonated in the Wayne Bank; building was vented
after emergency units responded; no injuries reported
Motor vehicle accident occurred on Interstate 84 involving a tractor trailer;
the saddle tank on the trailer ruptured, spilling about 120 gallons of diesel
fuel; cleanup by a private contractor, and no injuries reported
A multi-vehicle accident took place on interstate 84 involving a tractor
trailer; the saddle tank ruptured on the trailer and approximately 100
gallons of diesel fuel spilled. cleanup by a private contractor, and no
injuries reported
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways
An unknown source leaked 70 gallons of diesel fuel onto gravel; some fuel
spilled into a drain leading to a local stream that is part of the Milford Water
Authority watershed protection area; cleanup provided by TEEM
Environmental
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by PennDOT
A diesel fuel tank was punctured, spilling 70 gallons of fuel onto a roadway;
cleanup provided by local emergency units
On Interstate 84, the saddle tank of a tractor-trailer ruptured, spilling about
125 gallons of diesel fuel; cleanup by a private contractor, and no injuries
reported
Unknown quantity of diesel fuel spilled onto ground from an overturned
tractor-trailer; cleanup provided by a private contractor
Maintenance crew ruptured a gas line, releasing natural gas; leak was
secured by the local gas company without incident; no injuries reported
A delivery truck spilled an unknown amount of heating oil onto the ground;
Lake Wallenpaupack may have received some of the spill; cleanup
provided by a private contractor
A chemical spilled from a tractor-trailer at a rest stop on Interstate 84; no
injuries reported
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by local emergency
units
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by a private contractor
Accident involving a tractor-trailer occurred on Interstate 84; the saddle
tank ruptured on the trailer, and an unknown amount of diesel fuel spilled
onto the roadway; cleanup coordinated by emergency crews




January 5, 2006

February 14, 2006

March 2, 2006

April 25, 2006

June 8, 2006
June 12, 2006

June 14, 2006

August 2, 2006

September 21, 2006

October 1, 2006

November 15, 2006

December 9, 2006

February 2, 2007

May 14, 2007

May 31, 2007

June 4, 2007

July 27, 2007

August 4, 2007

August 11, 2007

September 7, 2007

October 19, 2007

December 11, 2007

Location

Westfall Township

Blooming Grove
Township

Blooming Grove
Township
Matamoros Borough

Palmyra Township
Dingman Township

Matamoros Borough

Lehman Township

Blooming Grove
Township

Dingman Township

Greene Township

Lehman Township

Dingman Township

Matamoras Borough

Lehman Township

Blooming Grove
Township

Westfall Township

Blooming Grove
Township

Greene Township

Blooming Grove
Township
Dingman Township

Blooming Grove
Township
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Material Involved

Caustic soda

Diesel fuel

Diesel fuel

Natural Gas

Diesel fuel
Asphalt

Gasoline

Diesel fuel

Diesel fuel

Diesel fuel

Diesel fuel

Diesel fuel
Liquid oxygen
Natural gas
Propane

X-ray development
acid

Hydraulic Oil

Gasoline

Diesel fuel

Diesel fuel

Diesel fuel

Diesel fuel
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Type of Incident/Details

Water system was inadvertently contaminated with caustic soda; a
teacher, student and the principal of the Delaware Valley School District,
Middle School received minor burn injuries; DEP is monitoring the situation
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by local emergency
units
A tractor-trailer was jackknifed and about 250 gallons of diesel fuel were
spilled; cleanup provided by Lords Valley Towing
A gas line was ruptured at a construction site causing a release of natural
gas; the local gas company secured the release without incident
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by local emergency

units

Asphalt Spill; Clean up by Datom Products

Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by local emergency
units
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by local emergency
units
A fuel tank on a tractor-trailer was punctured by road debris, spilling an
indeterminate amount of diesel fuel on a berm; cleanup was provided by a
private contractor and no injuries were reported
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by local emergency
units
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by local emergency
units
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by local emergency
units
A truck transporting liquid oxygen started to leak; emergency units secured
the leak
A main gas line was ruptured at a construction site and caused a natural
gas release; Orange and Rockland Gas Company secured the release
without incident
Propane release occurred; the release was secured by local emergency
units and no injuries were reported
A van transporting x-ray development acid was reported to be on fire;
cleanup was organized by emergency units and no injuries were reported
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by local emergency
units
A vehicle accident on the McConnell Spillway resulted in an unknown
amount of gasoline spilling; cleanup coordinated by emergency units and
no injuries were reported
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by local emergency
units
Less than 55 gallons of petroleum product spilled; limited impact on
environment, soils or waterways; cleanup provided by local emergency
units
A tractor-trailer spilled approximately 70 gallons of diesel fuel; cleanup
coordinated by emergency units
A saddle tank ruptured on a tractor-trailer spilling an unknown quantity of
diesel fuel onto a roadway; cleanup was coordinated by emergency units




May 23, 2008
August 3, 2008

August 11, 2008

November 5, 2008

April 28, 2009

September 17, 2011

April 14, 2014

November 5, 2015

July 7, 2015
July 22, 2015

January 12, 2016
March 26, 2016
April 26, 2016
June 3, 2016

June 5, 2016
July 22, 2016
September 25, 2016
October 4, 2017
June 22, 2017

Source:

Oil and Gas Wells

Location

Delaware Township
Westfall Township

Palmyra Township

Dingman Township

Palmyra Township

Blooming Grove
Township

Milford Township

Palmyra Township

Westfall Township
Delaware Township

Greene Township

Palmyra

Blooming Grove
Township
Blooming Grove
Township

Palmyra Township
Delaware Township
Greene Township

Lackawaxen Township

Lackawaxen Township

Material Involved
Gypsy Moth spray
Gasoline

Gasoline

Natural gas

Toxic/Infectious
Substance

Diesel Fuel
Diesel Fuel

Combustible Liquid
Spill

Gasoline Release
Gasoline

Diesel Fuel
Gasoline
Gasoline

Diesel Fuel

Gasoline

Gasoline
Gasoline

Gas Leak

Carbon Monoxide
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Type of Incident/Details

After Gypsy Moth spraying occurred, tank washout activities caused an
undetermined amount of spray to be released into the Wild Acres Lake
Gasoline spilled but had a limited impact on environment, soils or
waterways; cleanup provided by local emergency units
A vehicle was driven into a pond and resulted in spilling unknown
quantities of gasoline and oil; cleanup coordinated by the State Police
A Columbia Gas Company transmission line exploded, causing a natural
gas release and for Interstate 84 to close; Columbia Gas Company
secured the release without incident
A leak of an unknown chemical substance occurred at a rest stop on
Interstate 84; local fire units responded and cleanup was coordinated by

TEEM Environmental

80 gallons of diesel fuel was cleaned up in Blooming Grove Township

40 gallons of diesel fuel was cleaned up at an exit along 1-84 in Milford
Township
While delivering chemical into an above ground storage tank, the hose
ruptured and discharged between 23 and 30 gallons. The product went on
to the stone and soil and then under the storage tank.

20 gallons of gasoline was cleaned up in Westfall Township
40 gallons of gasoline was cleaned up in Delaware Township
150 gallons of diesel fuel was cleaned up in Greene Township on 1-84 as a
result of a vehicle accident
Gasoline was dumped in a storm drain; 5 gallons of gasoline was cleaned
up

15 gallons of gasoline was cleaned up

65 gallons of diesel fuel was cleaned up

A spill at a gas station led to a clean-up of 15 gallons of gasoline at the
Promised Land Truck Stop in Palmyra Township

40 gallons of gasoline was cleaned up
A fuel spill at a gas station led to the clean-up of 10 gallons of fuel

A construction crew ruptured a 24-inch gas line.

14 people were taken to a hospital to be checked after carbon monoxide
filled the home they were staying in.

2012 Pike County HMP; 2017 Pike County HMP; PHSMA 2016; North American Hazmat Situations and Deployments Map 2021; Pike County 2016

Environmental incidents including water contamination and fire spurring from oil and gas well drilling have occurred
numerous times in Pennsylvania over the past century. Being that there is very little oil and gas well drilling in Pike
County and no Marcellus shale drilling, there have been no past occurrences of oil and gas well accidents in Pike
County. However, there have been many natural gas incidents occurring in nearby counties as gas companies rush
to develop the natural gas deposits from Marcellus Shale. In April 2011, a large spill occurred in Bradford County
during fracking operations, and seven families were asked to evacuate their homes. An unknown amount of
contaminated fluids spilled from the well, and reportedly contaminated a local creek that runs into the Susquehanna
River. In Clearfield County in 2010, high gas pressure during the fracking process caused a rupture that discharged
polluted water and explosive gas for sixteen hours. Though the drilling took place in a remote area at least a mile
from any homes and no one was injured, it was still a major accident where the drilling process went out of control
(Pike County HMP 2012).
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Pyrite

Pyrite was found in borings collected for the reconstruction of SR 2001 (Milford Road) in Lehman Township in Pike
County. The Route 2001 road improvement project was temporarily put on hold because of pyrite’s discovery and
debate resulted as to where to dispose of the rock (Pocono Record 2016). As of January 2017, PennDOT has applied
for a permit from PA DEP to treat the rock at two road sites in Lehman Township; the proposal also includes a
groundwater monitoring plan. The permit is still in technical review (Pocono Record 2017).

4.3.5.5 Future Occurrence

Because of the wide scope of definition of environmental hazards, ranging from a small spill to a large release of a
highly volatile or toxic hazardous materials, incidents can and will happen at any time. Additionally, the County is
home to 63 EPA-regulated facilities. Although these facilities follow applicable safety and health regulations and best
practices, proximities of the facilities to population centers is a concern for the county. Additionally, hazardous
materials are transported along the highways and railroads in the county, making transportation accidents involving
hazardous materials a concern for the county as well.

As for oil and gas well incidents, it is difficult to predict when and where these hazards will arise. Stringent monitoring
through the PADEP will reduce the likelihood of potential impacts to the community and environment. Incidents
involving oil and gas wells are expected to remain relatively low; however, it may increase if development of Marcellus
Shale progresses in Pike County. Pike County started a Marcellus Shale Task Force in October 2010 which will help
the county begin to plan for future impacts of Marcellus Shale on the region.

While hazardous materials incidents in Pike County have occurred in the past, they are generally considered difficult
to predict. Smaller incidents, such as fuel spills, will affect the county many times each year, most likely during refilling
of home heating oil tanks, and may not be reported. Although the county does not anticipate severe releases on any
regular basis, possibility of this should not be discounted. Based on Risk Factor Methodology Probability Criteria, the
future occurrence of drought in Pike County can be considered highly likely as defined by the Risk Factor Methodology
probability criteria (see Table 4.4-5).

4.3.5.6 Vulnerability Assessment

Facilities that produce, use, or ship HazMat within the Commonwealth of Pennsylvania are required to comply with
regulations set forth within the federal SARA and the Emergency Planning and Community Right to Know Act
(EPCRA), and the Commonwealth of Pennsylvania reporting requirements under the Hazardous Materials
Emergency Planning and Response Act (Act 165). According to the 2019 State HMP, Pike County does not have
any SARA Title IIl facilities (Pennsylvania State HMP 2019).

As stated above, Pike County has a few highly traveled highways and a railway network that pose a risk for hazardous
material incidents. These networks transport hazardous material daily, on Interstate 84, US Route 6, US Route 209,
PA 402, and PA 739. These major roads pass through the more populous areas. Similarly, rail lines pass through
residential areas and near Matamoras Borough where larger numbers of people could be vulnerable should a serious
accident occur in these places.
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To determine potential impact on Pike County, a 0.25-mile buffer was placed around the identified major roadways,
as well as a 0.5-mile radius around each SARA Type I facility to define the hazard area. Populations and features
of the built environment within this area may be directly or indirectly affected by an environmental hazard. The hazard
area was overlaid upon the 2010 U.S. Census population data in Geographic Information System (GIS) (U.S. Census
2010). U.S. Census blocks are not consistent with these boundaries; blocks with their centroids within the hazard
area were determined to be affected. A qualitative discussion is included regarding oil and gas wells in Pike County.
It should be noted that at the time of the vulnerability assessment, the 2020 U.S. Census data was not available.
Therefore, the 2010 U.S. Census and the 2019 American Community Survey (ACS) population estimates were used
for this plan update.

To understand risk, a community must evaluate what assets are exposed and vulnerable to the identified hazard. For
environmental hazards, all of Pike County is exposed to the hazard. Therefore, all assets in the county (population,
structures, critical facilities and lifelines), as described in the County Profile (Section 2), are exposed and potentially
vulnerable to the release of hazardous substances. The following text evaluates and estimates the potential impact
of the hazardous substances hazard on the county including:

= Impact on: (1) life, health and safety of residents, (2) general building stock, (3) critical facilities, (4) economy,
and (5) future growth and development

= Effect of climate change on vulnerability

= Further data collections that will assist understanding this hazard over time

Impact on Life, Health, and Safety

Environmental hazards most significantly impact the residential population in Pike County. The majority of incidents
reported in the County were related to (1) petroleum spills, which may be the result of motor vehicle incidents; and
(2) other chemical releases and spills. Table 4.3.5-3 lists estimated Pike County populations vulnerable to
environmental hazard areas.

Table 4.3.5-2. Estimated Pike County Populations Vulnerable to Environmental Hazard Areas

Population
Population within
within ¥ mile vulnerability
Total of major Percent radii of SARA Percent
Municipality Population (LT EWS Population Facility Population

Blooming Grove Township 4,819 297 6.2% 0 0%
Delaware Township 7,396 471 6.4% 0 0%
Dingman Township 11,926 402 3.4% 394 3.3%
Greene Township 3,956 756 19.1% 0 0%
Lackawaxen Township 4,994 648 13.0% 0 0%
Lehman Township 10,663 0 0.0% 0 0%
Matamoras Borough 2,469 1,904 77.1% 0 0%

Milford Borough 1,021 1,003 98.2% 0 0%

Milford Township 1,530
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Population
Population within
within ¥4 mile vulnerability
Total of major Percent radii of SARA Percent
Municipality Population roadways Population Facility Population

Palmyra Township 3,312 38.1% 0 0%
Porter Township 485 6 1.2% 0 0%
Shohola Township 2,475 216 8.7% 0 0%
Westfall Township 2,323 1,003 43.2% 0 0%
Pike County (Total) 57,369 8,761 15.3% 573 <1%

Source:  U.S. Census 2010; Pike County 2015; EPA 2017

Notes: At the time of the vulnerability assessment, the 2020 U.S. Census data was not available. Therefore, the 2010 U.S. Census and the 2019 American Community
Survey (ACS) population estimates were used for this plan update.

% Percent

SARA  Superfund Amendments and Reauthorization Act

Impacts on General Building Stock

Potential losses to the general building stock caused by a hazardous substance’s incident are difficult to quantify.
The degree of damages to the general building stock depends on the scale of the incident. Potential losses may
include inaccessibility, loss of service, contamination, and/or potential structural and content losses if an explosion
occurs. The closure of waterways, railroads, airports, and highways because of a hazardous substance incident has
the potential to impact the ability to deliver goods and services efficiently. Potential impacts may have local, regional,
or statewide effects depending on the magnitude of the event and level of service disruptions.

Economic losses from environmental hazards and explosion incidents range from non-recordable to those exceeding
millions of dollars. Impacts on the local economy from a single incident are almost impossible to measure because
of complexities of predicting losses of work, revenue, and future business.

There are approximately 35 miles of Interstate Route 84 that crosses east to west across the County from the
Delaware River at the Matamoras - Westfall border to the Wayne County border at Greene Township. This road is a
major route from the New England states west. It is a vulnerable corridor for hazardous waste accidents as many
materials, including high level radioactive waste are transported through the corridor. Other potential sources of
hazardous materials include two natural gas transmission lines that cross the County, each with a compressor station,
and several fuel dispensing facilities with large bulk tanks containing either fuel oil, diesel fuel, kerosene, or propane.

Regarding railroad transport of hazardous materials, Norfolk Southern took over operation of approximately 26 miles
of its Southern Tier Route along the Delaware River from Conrail in 1999. A January 2001 listing of the top 50
commodities showed that approximately 6,000 carloads of hazardous materials were transported along this line in
the previous 12 months - liquefied petroleum amounted to 1,900 car loads. In January 2005, Norfolk Southern leased
this line to the Central New York Railroad, which is owned by the New York, Susquehanna and Western Railroad.
This railroad has plans to improve the track conditions with hope of increasing traffic. It appears that more trains may
now be using the line than have used it for many years thus making populations that live along the lines vulnerable
to hazardous material accidents.
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Jurisdictions that are home to EPA-identified hazardous material facilities should be considered vulnerable to releases
from these fixed facilities. Westfall Township has the most hazardous materials facilities with two, followed by
Delaware Township and Milford Township which each host one facility. Lackawaxen, Palmyra, Shohola, Blooming
Grove, Greene, Porter, Lehman, and Delaware townships have much lower relative vulnerability to fixed hazardous
materials incidents because they have no hazardous material facilities although communities that border a site would
be vulnerable (Pike County HMP 2012).

According to the EPA Envirofacts database, Pike County does not have any TRI, TSCA or Superfund sites (EPA
2016). Jurisdictions without fixed hazardous materials facilities in general do not have vulnerable structures or critical
facilities. However, it is important to note that even if a jurisdiction houses no hazardous materials sites, it may be
vulnerable to a release event occurring in an adjacent municipality.

Transportation of hazardous materials also increases risk of hazardous material releases to those jurisdictions
through which carriers pass. Transportation carriers must have response plans in place to address accidents,
otherwise the local emergency response team will step in to secure and restore the area. Quick response minimizes
the volume and concentration of hazardous materials that disperse through air, water and soil.

There are two natural gas transmission pipelines that bisect the County. They are displayed in figure 4.3.19-1. Breaks
in the pipelines could result in hazardous material releases as well as explosions and utility interruptions.
Municipalities most vulnerable to pipeline accidents include Westfall, Milford, Dingman, Delaware, Lehman, Shohola,
and Lackawaxen Township.

Impacts on Critical Facilities

Potential losses of critical facilities caused by a HazMat incident are difficult to quantify. Potential losses may include
inaccessibility, loss of service, contamination, and/or potential structural and content losses if an explosion occurs.

Although there are only two oil or gas wells in Pike County, all 13 communities in Pike County are vulnerable on some
level, directly or indirectly, to environmental hazards resulting from oil and gas well and pipeline activity. Surface
waters closest to well sites are most vulnerable to damage and oil and gas industry workers are most likely to be
affected by gas well fires.

In addition, well drilling and operation poses a threat to groundwater resources. One of the greatest fears of residents
in Marcellus Shale counties is that groundwater will become contaminated as a result of developing the natural gas
deposits. Groundwater is currently the sole source of drinking water in Pike County according to a watershed
specialist from the Pike County Conservation District and the majority of Pike County residents obtain their
groundwater from wells drilled into bedrock (Kane 2009). Private water supplies such as domestic drinking water
wells in the vicinity of oil and gas wells are at risk of contamination from brine and other pollutants including methane
which can pose a fire hazard. Ideally vulnerability of private drinking well owners would be established by comparing
distance of drinking water wells to known oil and gas well locations but this data is not available at this time. Private
drinking water is largely unregulated and information on these wells is submitted to the Pennsylvania Topographic
and Geologic Survey by water well drillers. Therefore, the existing data is largely incomplete and/or inaccurate
(PaGWIS). Table 4.3.5-4 shows the number of oil wells, gas wells, and domestic drinking water wells by jurisdiction.

4.3.5: ENVIRONMENTAL HAZARDS




Pike County, PA | 2022 Hazard Mitigation Plan Update
4.3.5-19

Table 4.3.5-3. Number of oil wells, gas wells and domestic drinking water wells by jurisdiction

Oil and Gas Wells Domestic Drinking Water

Municipality Active ‘ Abandoned Inactive Wells

Blooming Grove Township 0 0 0 1 233
Delaware Township 0 0 0 0 1,026
Dingman Township 0 0 0 0 2,832
Greene Township 1 0 0 0 1,009
Lackawaxen Township 0 0 0 0 563
Lehman Township 0 0 0 0 1,063
Matamoras Borough 0 0 0 0 19
Milford Borough 0 0 0 0 103
Milford Township 0 0 0 0 212
Palmyra Township 0 0 0 0 369
Porter Township 0 0 0 0 180
Shohola Township 1 0 0 0 521
Westfall Township 0 0 0 0 307
Unidentified Municipality B . . B 75
Pike County (TOTAL) 2 0 0 1 8,509

Source: PAGWIS, PADEP
Note: 87 domestic wells did not have an associated municipality in the attribute table.

Impact on the Economy

If a significant HazMat incident occurs, not only would life, safety, and building stock be at risk, but the economy of
Pike County would also be affected. A significant incident within an urban area may force businesses to close for an
extended period of time because of contamination or because of direct damage caused by an explosion. Exact
impacts on the economy are difficult to predict, given the uncertainty of the size and scope of potential incidents.

HazMat incidents can lead to closures of major transportation routes in Pike County. Closures of waterways, railroads,
airports, and highways as a result of these incidents can hinder delivery of goods and services. Potential impacts
may be local, regional, or statewide depending on the magnitude of the event and the extent of disruptions to services.
In 2019, the United States experienced nearly $1 hillion of damages in HazMat transportation incidents (PHMSA
2019).

Impact on the Environment

As discussed above, environmental hazards and explosion incidents discussed above can profoundly affect the
surrounding environment. Contamination of soil, and surface water and groundwater supplies, can result in many
direct impacts on surrounding populations and ecosystems. Local flora and fauna within hazard areas are also at
risk. The application of salt to de-ice roads may impact groundwater and contaminate potable drinking water sources
near major highway corridors and state highway routes in the County.

Cascading Impacts to Other Hazards
Hazardous substance events can cause utility failure. If a spill or other release occurred, water quality and supply
could stop or drastically decrease while the facility restored service. HazMat events can also occur alo
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transportation networks. In 2019, the United States experienced over 250 incidents of derailments and accidents from
HazMat spills (PHMSA 2019). While HazMat transportation along railroads has traditionally been reliable, a HazMat
spill along any transportation network could result in disruption and accidents (Barkan, C. Kawprasert A. 2008).

Future Growth and Development

As discussed in Section 2.4, areas targeted for future growth and development have been identified across Pike
County. Any areas of growth could be impacted by environmental hazards if within identified hazard areas
discussed throughout Section 4.3 of this HMP.

Estimated population projections provided by the Center of Rural Pennsylvania indicate that Pike County’s population
will continue to decrease into 2040, decreasing the total population to approximately 54,257 persons (The Center of
Rural Pennsylvania 2014). The 2010 Census for Pike County reported a total population of 57,369 and an estimated
2019 population of 55,453. This is approximately at 3.3-percent decrease. However, the population increased to
58,535 (5.6-percent increase) according to the 2020 Census. It is anticipated that the County’s population will
decrease over the years, exposing more residents to HazMat exposure areas.

Climate Change

Environmental hazard incidents are human-caused hazard; however, as noted, their release may be the result from
natural hazard events. Climate change may potentially increase the frequency and magnitude of flood and severe
weather events which may lead to an increased release of hazardous materials at both fixed sites and in-transit.

Additional Data and Next Steps

Overall, Pike County remains vulnerable to hazardous material release events. As the oil and gas industry continues
to grow, the County may become more vulnerable to any impacts from the industry.
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4.3 Hazard Profiles

4.3.6 Extreme Temperatures

This section provides a profile and vulnerability assessment of the extreme temperature hazard in Pike County.
Extreme temperature includes both heat and cold events, which can have a significant impact to human health,
commercial/agricultural businesses and primary and secondary effects on infrastructure (e.g., burst pipes and power
failure). What constitutes “extreme cold” or “extreme heat” can vary across different areas of the country, based on
what the population is accustomed to.

Extreme cold events are when temperatures drop well below normal in an area. In regions relatively unaccustomed
to winter weather, near freezing temperatures are considered “extreme cold.” Extreme cold temperatures are
generally characterized in temperate zones by the ambient air temperature dropping to approximately 0°F or below
(CDC 2007). Extremely cold temperatures often accompany a winter storm, which can cause power failures and icy
roads. Although staying indoors as much as possible can help reduce the risk of car crashes and falls on the ice,
individuals may also face indoor hazards. Many homes will be too cold—either due to a power failure or because the
heating system is not adequate for the weather. The use of space heaters and fireplaces to keep warm increases the
risk of household fires and carbon monoxide poisoning (CDC 2007).

Extreme heat is defined as temperatures which hover 10 degrees or more above the average high temperature for a
region and that last for several weeks (CDC 2016). A heat wave is defined as a period of abnormally and
uncomfortably hot and unusually humid weather. Typically, a heat wave lasts two or more days (NWS 2009). There
is no universal definition of a heat wave because the term is relative to the usual weather in a particular area. The
term heat wave is applied both to routine weather variations and to extraordinary spells of heat which may occur only
once a century (Meehl 2004).

Urbanized areas and urbanization create an exacerbated type of risk during an extreme heat event, compared to
rural and suburban areas. As defined by the U.S. Census, urban areas are classified as all territory, population, and
housing units located within urbanized areas and urban clusters. The term urbanized area denotes an urban area of
50,000 or more people. Urban areas under 50,000 people are called urban clusters. The U.S. Census delineates
urbanized area and urban cluster boundaries to encompass densely settled territory, which generally consists of:

e A cluster of one or more block groups or census blocks each of which has a population density of at least
1,000 people per square mile.

e Surrounding block groups and census blocks each of which has a population density of at least 500 people
per square mile.

e Less densely settled blocks that form enclaves or indentations or are used to connect discontiguous areas
with qualifying densities (U.S. Census Bureau 2010).

As these urban areas develop and change, so does the landscape. Buildings, roads, and other infrastructure replace
open land and vegetation. Surfaces that were once permeable and moist are now impermeable and dry. Th
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changes cause urban areas to become warmer than the surrounding areas. This forms an ‘island’ of higher
temperatures (EPA 2019).

The term ‘heat island’ describes built up areas that are hotter than nearby rural areas. The annual mean air
temperature of a city with more than one million people can be between 1.8 °F and 5.4°F warmer than its surrounding
areas. In the evening, the difference in air temperatures can be as high as 22°F. Heat islands occur on the surface
and in the atmosphere. On a hot, sunny day, the sun can heat dry, exposed urban surfaces to temperatures 50°F to
90°F hotter than the air. Heat islands can affect communities by increasing peak energy demand during the summer,
air conditioning costs, air pollution and greenhouse gas emissions, heat-related illness and death, and water quality
degradation (EPA 2019).

4.3.6.1 Location and Extent
Location

Pike County is susceptible to extreme temperatures in the summer and winter seasons and they can occur anywhere
in the County. Average minimum temperatures in Pike County ranged from 34°F to 38°F (Figure 4.3.6-1) and average
maximum temperatures range from 55°F to 61°F (Figure 4.3.6-2) (PEMA 2013).

Figure 4.3.6-1. Excessive Cold and Wind Chill Warnings (2005-2017)
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Figure 4.3.6-2. Heatwave Warnings (2005-2017)

Extreme Heat

NOAA's heat alert procedures are based mainly on Heat Index values. The Heat Index is given in degrees Fahrenheit.
The Heat Index is a measure of how hot it really feels when relative humidity is factored in with the actual air
temperature. To find the Heat Index temperature, the temperature and relative humidity need to be known. Once
both values are known, the Heat Index will be the corresponding number with both values (Figure 4.3.6-3). The Heat
Index indicates the temperature the body feels. It is important to know that the Heat Index values are devised for
shady, light wind conditions. Exposure to full sunshine can increase heat index values by up to 15°F. Strong winds,
particularly with very hot dry air, can also be extremely hazardous (NWS 2013).
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Figure 4.3.6-3. NWS Heat Index Chart
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Extreme Cold
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The extent (severity or magnitude) of extreme cold temperatures are generally measured through the Wind Chill
Temperature (WCT) Index. Wind Chill Temperature is the temperature that people and animals feel when outside
and it is based on the rate of heat loss from exposed skin by the effects of wind and cold. As the wind increases, the
body is cooled at a faster rate causing the skin’s temperature to drop (NWS Date Unknown).

On November 1, 2001, the NWS implemented a new WCT Index. It was designed to more accurately calculate how
cold air feels on human skin. The table below shows the new WCT Index. The WCT Index includes a frostbite
indicator, showing points where temperature, wind speed, and exposure time will produce frostbite to humans. Figure
4.3.6-4 shows three shaded areas of frostbite danger. Each shaded area shows how long a person can be exposed
before frostbite develops (NWS Date Unknown).
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Figure 4.3.6-4. NWS Wind Chill Index
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4.3.6.2 Range of Magnitude

Extreme temperatures can cause a range of impacts to communities that include health impacts, transportation,
agriculture, and energy.

Meteorologists can accurately forecast extreme temperature event development and the severity of the associated
conditions with several days lead time. These forecasts provide an opportunity for public health and other officials to
notify vulnerable populations. For heat events, the NWS issues excessive heat outlooks when the potential exists for
an excessive heat event in the next three to seven days. Watches are issued when conditions are favorable for an
excessive heat event in the next 24 to 72 hours. Excessive heat warning/advisories are issued when an excessive
heat event is expected in the next 36 hours (NWS 2021). Winter temperatures may fall to extreme cold readings with
no wind occurring. Currently, the only way to headline very cold temperatures is with the use of the NWS-designated
Wind Chill Advisory or Warning products. When actual temperatures reach Wind Chill Warning criteria with little to no
wind, extreme cold warnings may be issued (NWS 2021).

Cold temperatures can be dangerous to humans and animals exposed to the cold. Without heat and shelter, cold
temperatures can lead to hypothermia, frostbite, and even death. As stated above, cold temperatures are typically
measured through the Wind Chill Temperature index. The values represent what the temperature actually feels like
to humans and animals under cold, windy conditions. The effect of cold temperatures will vary by individual (CDC
2007).
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Extremely high temperatures cause heat stress which can be divided into four categories (Figure 4.3.6-5). Each
category is defined by apparent temperature which is associated with a heat index value that captures the combined
effects of dry air temperature and relative humidity on humans and animals. Major human risks for these
temperatures include heat cramps, heat syncope, heat exhaustion, heatstroke, and death. Although the figure below
serves as a guide for various danger categories, the impacts of high temperatures will vary from person to person
based on age, health and other factors. The elderly and very young are most vulnerable to health-related impacts of
extreme temperatures (PEMA 2013).

Figure 4.3.6-5. Adverse Effects of Prolonged Exposures to Heat on Individuals

Sunstroke, muscle cramps, and/or heat exhaustions possible with
prolonged exposure and/or physical activity.

Extreme Caution 90 °F — 105 °F

Caution 80 °F—90 °F | Fatigue possible with prolonged exposure and/or physical activity.

Source: NWS 2009

4.3.6.3 Past Occurrence

Many sources provided historical information regarding previous occurrences and losses associated with extreme
temperature events throughout Pike County. With so many sources reviewed for the purpose of this HMP, loss and
impact information for many events could vary depending on the source. Therefore, the accuracy of monetary figures
discussed is based only on the available information identified during research for this HMP.

Based on the Midwestern Regional Climate Center (MRCC) data, Table 4.3.6-1 presents the extreme cold (minimum)
and hot (maximum) temperature records for the weather stations located in Pike County between 1895 and 2021.

Table 4.3.6-1. MRCC Temperature Extremes

Average | Average | Highest

Maximum | Minimum Max Lowest Minimum
Station Name (°F) (°F) (°F) (°F)
Hawley 1 E 59 35 100 8/26/1948 -31 January 21, 1994
Source:  MRCC 2021
Note: There may be some potential problems with the data collected at the stations. The values of the all-time records for stations with brief histories are limited in

accuracy and could vary from nearby stations with longer records. Although the data sets have been through quality control, there is still a need for more
resources to quality control extremes. The record sets are for single stations in the cooperative observer network and are limited to the time of operation of each
station under one coop number. The records for a place may need to be constructed from several individual station histories. Some of the data may vary from
NWS records due to NWS using multiple stations and additional sources like record books (MRCC, Date Unknown).

Between 1954 and 2021, Pennsylvania has not been included in major disaster (DR) or emergency (EM) declarations
as a result of extreme temperatures (FEMA 2021). Agriculture-related disaster declarations are quite common. One-
half to two-thirds of the counties in the U.S. have been designated as disaster areas in each of the past several years.
The USDA Secretary of Agriculture is authorized to designate counties as disaster areas to make emergency loans
to producers suffering losses in those counties and in counties that are contiguous to a designated county. Between
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2012 and 2021, Pennsylvania has been included in 49 USDA declarations related to extreme temperatures. Pike
County has been included in eight of these declarations.

= 53249 (2012) - frosts and freezes

= S3251 (2012) - frosts, freezes, high winds, and hail

= S3427 (2012) - drought, excessive heat

= 53487 June - November 2012 - The combined effects of drought, high winds (derecho), hail, excessive heat,
excessive rain, flash flooding, Hurricane Sandy, snowstorm, and Nor'easter

= S3696 December 2013-April 2014 - Freeze

= S3759 (2014) - freeze

= S3930 April-September 2015 — Excessive heat and drought

= 54748 (2020) - frost and freeze

Table 4.3.6-2 discusses extreme temperature events that occurred in Pike County. Between 1996 and 2021, Pike
County has experienced 10 extreme temperature events (NOAA-NCEI 2021). However, details for all events were
not readily available. As stated above, many sources were researched for historical information regarding extreme
temperature events; however, the table below may not include all extreme temperature events that have impacted
Pike County.

Table 4.3.6-2. Extreme Temperature Events in Pike County, 1996 to 2021

Date(s) of Event Event Type Description
A very cold air mass moved into central New York State and northeastern
October 4, 1996 Cold/Wind Chill Pennsylvania. Widespread freeze conditions were observed. In Pike County, the

Hawley weather station recorded a low of 25°F on October 4th,
An arctic air mass moved into northeast Pennsylvania and lasted for two days. Air
temperatures dropped to near zero over much of the region. During the day,
readings only reached single digits and lower teens. At night, temperatures ranged
Cold/Wind Chill from -5°F to -15°F. In addition to the cold temperatures, strong winds impacted the
area as well. Wind chills of -35° to -55°F were common over the northern tier of the
Commonwealth. In Pike County, the Hawley weather station recorded a low of 6°F
on the 17,
A widespread freeze occurred across central New York State and northeastern
September 28-  Extreme Cold/Wind ~ Pennsylvania. Temperatures below 30 degrees were observed. In Pike County, at
29, 2000 Chill the Hawley weather station, temperature lows of 28°F and 34°F were recorded for
those dates.
The first nine days of August included a significant heat wave. Locations in northeast
Pennsylvania reported temperatures in the upper 90s to lower 100s. Numerous high
temperature records were set during this time. The heat wave peaked on the 9th
when many locations saw temperatures above 100°F.

January 17,
1997

August 1-10, Heat

2001 In Pike County, between August 7t and 9, temperatures were in the low to mid 90s.
At the Hawley NWS weather station, temperatures ranged from 92°F to 94°F, with
the highest temperature recorded on August 9t At the Matamoras weather station,

temperatures during this time period ranged from 93°F to 99°F, with the highest
temperature recorded on August 10t

4.3.6: EXTREME TEMPERATURES




Pike County, PA | 2022 Hazard Mitigation Plan Update
4.3.6-8

Date(s) of Event Event Type Description
Cold temperatures moved into northeast Pennsylvania bringing cold temperatures of
January 10, Cold/Wind Chil below zero to most locations. In Pike County, at the Hawley weather station, the
2004 maximum temperature for the 10t was 6°F and the minimum temperature was -8°F.
The County had approximately $5,000 in property damage from this event.
Cold temperatures and winds of 15 to 25 mph impacted northeastern Pennsylvania.
The combination of the cold and wind produced wind chill values of -15°F to -35°F.
Many schools were closed due to the temperatures. The temperatures also caused
January 15-16, Cold/Wind Chil problems with cars and busses. Some residences and businesses had damage from
2004 frozen pipes. In Pike County, the maximum temperatures for these two days ranged
from 7°F to 9°F and the minimum temperatures ranged from -3°F to -6°F (recorded
at the Hawley weather station). Damages in the county were approximately $10,000

from this event.
December 14, Cold/Wind Chil Arctic cold air caused morning temperatures to be below zero, with most between -
2005 5°F and -10°F. Temperatures in Pike County ranged from 0°F to -11°F.

Central New York and Northeast Pennsylvania experienced one of the warmest
Januarys on record since reliable records have been kept. January 2006 was the
warmest January on record in Syracuse, New York. The average monthly
temperature recorded at Hancock Field was 33.4 degrees, breaking the old record of
33.2 degrees set in 1990. There was also a lack of snow for the month, with only 12.1
January 1, 2006 Heat inches recorded. This was the third lowest on record. Meanwhile, January was the
second warmest on record in Binghamton, NY. The average temperature of 30.8
degrees fell short of the 31.5 degree record set in 1990. Wilkes-Barre Scranton
International Airport recorded the second warmest January on record with an average
temperature of 34.9 degrees. The warmest January on record remains 35.2 degrees
in 1990.
For three days, high temperatures across parts of northeastern Pennsylvania rose
July 21-23, 2011 Excessive Heat above the 90s. In Pike County, temperatures across the county reached well into the
90s. At the Hawley weather station, temperatures ranged from 87°F to 95°F.
A period of record warm temperatures was experienced across northeast
Pennsylvania from March 17th to the 23rd as the jet stream was pushed farther north
than is typical for this time of year and persistent southerly flow developed over an
unusually large area of the United States. Temperatures across northeast
Pennsylvania reached well into the 70s during this stretch, with some typically
warmer valley locations near or just above 80 degrees. The climate station at the
March 17, 2012 Heat airport in Avoca broke the record for the warmest March on record, with the mean
temperature nearly 12 degrees above normal.

Temperatures across northeast Pennsylvania were anomalously warm for the month,
with the warmest stretch occurring from the 17th to the 23rd when temperatures
reached well into the 70s, with readings as high as the lower 80s in typically warmer
valley locations.

Sources:  NOAA NCEI 2021; NWS 2021; FEMA 2021
Note: The NOAA-NCEI database used to develop this table did not report any extreme temperature events in Pike County from 2012 to 2021.
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4.3.6.4 Future Occurrence

Extreme temperature events occur each year throughout Pike County. It is estimated that the county will continue to
experience temperature extremes annually that may induce secondary hazards such as potential snow, hail, ice or
windstorms, thunderstorms, drought, human health impacts, utility failures, and transportation accidents.

For the 2022 HMP update, the most up-to-date data was collected to calculate the probability of future occurrence of
extreme temperature events for Pike County. Information from NOAA-NCEI storm events database were used to
identify the number of extreme temperature events that occurred between 1996 and 2021. Using these sources
ensures the most accurate probability estimates possible. The table below shows these statistics, as well as the
annual average number of events and the estimate percent chance of an incident occurring in a given year. Based
on these statistics, there is an estimated 38.46-percent chance of an extreme temperature event occurring in any
given year in Pike County.

Table 4.3.6-3. Probability of Future Extreme Temperature Events

Number of Occurrences Between Percent chance of occurrence in any given

Hazard Type 1996 and 2021 year

Extreme Temperature 10 38.46%
Sources:  NOAA-NCEI 2021

The future occurrence of extreme temperature in Pike County can be considered likely as defined by the Risk Factor
Methodology probability criteria (see Table 4.4-5).

4.3.6.5 Vulnerability Assessment

All of Pike County is vulnerable to extreme temperature events. The following subsections discuss Pike County’s
vulnerability, in a qualitative nature, to the severe winter weather hazard.

Impact on Life, Health, and Safety

Extreme temperature events have potential health impacts including injury and death. According to the Centers for
Disease Control and Prevention, populations most at risk to extreme cold and heat events include the following: 1) the
elderly, who are less able to withstand temperatures extremes due to their age, health conditions and limited mobility to
access shelters; 2) infants and children up to four years of age; 3) individuals who are physically ill (e.g., heart disease
or high blood pressure), 4) low-income persons that cannot afford proper heating and cooling; and 5) the general public
who may overexert during work or exercise during extreme heat events or experience hypothermia during extreme cold
events (CDC 2007).

Meteorologists can accurately forecast extreme heat event development and the severity of the associated conditions
with several days of lead time. These forecasts provide an opportunity for public health and other officials to notify
vulnerable populations, implement short-term emergency response actions and focus on surveillance and relief efforts
on those at greatest risk. Adhering to extreme temperature warnings can significantly reduce the risk of temperature-
related deaths.
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Impact on General Building Stock

All of the building stock in the County is exposed to the extreme temperature hazard. Refer to Section 2 which
summarizes the building inventory in Pike County. Extreme heat generally does not impact buildings. Losses may
be associated with the overheating of heating, ventilation, and air conditioning (HVAC) systems. Extreme cold
temperature events can damage buildings through freezing/bursting pipes and freeze/thaw cycles. Additionally,
manufactured homes (mobile homes) and antiquated or poorly constructed facilities may have inadequate capabilities
to withstand extreme temperatures.

Impact on Critical Facilities

All critical facilities in the County are exposed to the extreme temperature hazard. Impacts to critical facilities are the
same as described for general building stock. Additionally, it is essential that critical facilities remain operational
during natural hazard events. Extreme heat events can sometimes cause short periods of utility failures, commonly
referred to as “brown-outs”, due to increased usage from air conditioners, appliances, etc. Similarly, heavy snowfall
and ice storms, associated with extreme cold temperature events, can cause power interruption as well. Backup
power is recommended for critical facilities and infrastructure.

Impact on the Economy

Extreme temperature events also have impacts on the economy, including loss of business function and damage/loss
of inventory. Business-owners may be faced with increased financial burdens due to unexpected repairs caused to
the building (e.g., pipes bursting), higher than normal utility bills or business interruption due to power failure (i.e.,
loss of electricity, telecommunications).

The agricultural industry is most at risk in terms of economic impact and damage due to extreme temperature events.
Extreme heat events can result in drought and dry conditions and directly impact livestock and crop production. Based
on the 2017 Census of Agriculture, there were 53 farms in Pike County, with a total of 24,700 acres of land in farms.
The average farm size was 466 acres. Pike County’s farms had a total market value of products sold of over
$892,000, averaging $16,830 per farm (USDA 2017).

An extreme heat event could result in drought conditions and have a serious impact on a community. During an
extreme temperature event, there may be an increased demand for water and electricity which may lead to shortages
and a higher cost for these resources.

Impact on the Environment

Extreme temperature events can also impact the environment. For example, freezing and warming weather patterns
create changes in natural processes. An excess amount of snowfall and earlier warming periods may affect natural
processes such as flow within water resources (USGS nd). Likewise, rain-on-snow events also exacerbate runoff
rates with warming winter weather.

Extreme heat events can have particularly negative impacts on aquatic systems, contributing to fish kills, aquatic
plant die offs, and increased likelihood of harmful algal blooms.
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Future Growth and Development

Areas targeted for potential future growth and development within the next 5 years have been identified across Pike
County. Refer to Section 2.4 of this HMP. Any areas of growth could be potentially impacted by the extreme
temperature hazard because the entire County is exposed and potentially vulnerable.

Estimated population projections provided by the Center of Rural Pennsylvania indicate that Pike County’s population
will continue to decrease into 2040, decreasing the total population to approximately 54,257 persons (The Center of
Rural Pennsylvania 2014). This is approximately a 5.4 percent decrease from the County’s 2010 population. Any
increase in population will increase the amount of the population vulnerable to extreme temperatures.

Climate Change

Climate is defined not just as average temperature and precipitation, but also by type, frequency, and intensity of
weather events. Both globally and at the local level, climate change potentially can alter prevalence and severity of
weather extremes such as winter storms. While predicting changes in winter storm events under a changing climate
is difficult, understanding vulnerabilities to potential changes is a critical part of estimating future climate change
impacts on human health, society, and the environment.

The climate of Pennsylvania has changed in several ways. Over the past 100 years, annual average temperatures
have been rising across the Commonwealth. Future improvements in modeling smaller-scale climatic processes can
be expected and will lead to improved understanding of ways in which changing climate will alter temperature,
precipitation, and storm events in Pennsylvania (Shortle et al. 2009).

As the climate warms, extreme cold events might decrease in frequency, while extreme heat events might increase
in frequency; the shift in temperatures could also result in hotter extreme heat events. With increased temperatures,
vulnerable populations could face increased vulnerability to extreme heat and its associated illnesses, such as
heatstroke and cardiovascular and kidney disease. Additionally, as temperatures rise, more buildings, facilities, and
infrastructure systems may exceed their ability to cope with the heat.

Additional Data and Next Steps

Overall, the County’s exposure and vulnerability have not changed, and the entire County will continue to be exposed
and vulnerable to extreme temperature events.
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4.3 Hazard Profiles

4.3.7 Flood

This section provides a profile and vulnerability assessment of the flood hazard in Pike County. Floods are one of the
most common natural hazards in the United States and are the most prevalent type of natural disaster occurring in
Pennsylvania. Over 94 percent of the State’s municipalities have been designated as flood-prone areas. Both
seasonal and flash floods have been causes of millions of dollars in annual property damages, loss of lives, and
disruption of economic activities (Pennsylvania Emergency Management Agency [PEMA] 2013).

The Federal Emergency Management Agency’s (FEMA) definition of flooding 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 the
overflow of inland or tidal waters or the rapid accumulation of runoff of surface waters from any source”
(FloodSmart.gov 2015).

Most floods fall into three categories: riverine, coastal, and shallow (FEMA 2015). Other types of floods may include
ice-jam floods, flash floods, stormwater floods, alluvial fan floods, dam failure floods, and floods associated with local
drainage or high groundwater (as indicated in the previous flood definition). For the purpose of this Plan and as
deemed appropriate by the Planning Team, riverine, flash, ice-jam, dam failure, and stormwater flooding are the main
flood types of concern for Pike County. These types of floods are further discussed below.

Riverine Floods

Riverine floods are the most common flood type and occur along a channel. Channels are defined features on the
ground that carry water through and out of a watershed. They may be called rivers, creeks, streams, or ditches. When
a channel receives too much water, the excess water flows over its banks and inundates low-lying areas. These
floods usually occur after heavy rains, heavy thunderstorms, or snowmelt, and can be slow or fast-rising, and
generally develop over a period of hours to days (FEMA 2015, lllinois Association for Floodplain and Stormwater
Management 2006).

Flash Floods

According to the National Weather Service (NWS), flash floods are a rapid and extreme flow of high water into a
normally dry area, or a rapid water level rise in a stream or creek above a predetermined flood level, beginning within
6 hours of the causative event (e.g., intense rainfall, dam failure, or ice jam) (NWS 2011).

Flash floods can occur very quickly and with very little warning. This type of flood can be deadly because it produces
rapid rises in water levels and has devastating flow velocities. Urban areas are more susceptible to flash floods
because a high percentage of the surface area is impervious (Pennsylvania Emergency Management Agency [PEMA]
2013). Time elapsed before flash flooding occurs may vary in different parts of the country. Ongoing flooding can
intensify to flash flooding where intense rainfall results in a rapid surge of rising flood waters (NWS 2011). A flash
flood can have a dangerous wall of roaring water that carries rocks, mud, and other debris, and can sweep away
most things in its path. Flash floods usually result from intense storms dropping large amounts of rain within a brief
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period with little or no warning and can reach their peak within only a few minutes. They normally occur in the summer
during the thunderstorm season. The most severe flooding conditions usually occur when direct rainfall is augmented
by snowmelt. If the soil is saturated or frozen, stream flow may increase because of inability of the soil to absorb
additional precipitation (FEMA 2008).

[ce-Jam Floods

An ice jam is an accumulation of ice that acts as a natural dam and restricts flow of a body of water. Ice jams occur
when warm temperatures and heavy rains cause rapid snow melt. The melting snow, combined with the heavy rain,
causes frozen rivers to swell. The rising water breaks the ice layers into large chunks, which float downstream and
often pile up near narrow passages and obstructions (bridges and dams). Ice jams may build up to a thickness great
enough to raise the water level and cause flooding (Northeast States Emergency Consortium [NESEC] Date
Unknown, U.S. Army Corps of Engineers [USACE] 2002).

Ice jams are of two different types: freeze-up and breakup. Freeze-up jams occur in the early to mid-winter when
floating ice may slow or stop due to a change in water slope as it reaches an obstruction to movement. Breakup jams
occur during periods of thaw, generally in late winter and early spring. The ice cover breakup is usually associated
with a rapid increase in runoff and corresponding river discharge caused by a heavy rainfall, snowmelt, or warmer
temperatures (USACE 2002).

Dam Failure Floods

A dam is an artificial barrier that can impound water, wastewater, or any liquid-borne material for the purpose of
storage or control of water (FEMA 2010). Dams are man-made structures built across a stream or river that impound
water and reduce flow downstream (FEMA 2004). They are built for purposes of power production, agriculture, water
supply, recreation, and flood protection. Dam failure is any malfunction or abnormality outside of the design that
adversely affects a dam’s primary function of impounding water (FERC 2011). Dams can fail for one or a combination
of the following reasons:

e Overtopping caused by floods that exceed capacity of the dam (inadequate spillway capacity)
¢ Prolonged periods of rainfall and flooding

e Deliberate acts of sabotage (terrorism)

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

¢ Piping and internal erosion of soil in embankment dams

e Inadequate or negligent operation, maintenance, and upkeep

e Failure of upstream dams on the same waterway

e Earthquake (liquefaction/landslides) (FEMA 2010).

Flooding can occur when a dam fails or breaks, producing effects similar to flash floods. Areas most susceptible to
effects of floods are low-lying areas near water or downstream from a dam (FERC 2011).
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Stormwater Floods

Stormwater flooding described below is due to local drainage issues and high groundwater levels. Locally, heavy
precipitation may produce flooding in areas other than delineated floodplains or along recognizable channels. If local
conditions cannot accommaodate intense precipitation through a combination of infiltration and surface runoff, water
may accumulate and cause flooding problems. During winter and spring, frozen ground and snow accumulations may
contribute to inadequate drainage and localized ponding. Flooding issues of this nature generally occur in areas with
flat gradients and generally increase with urbanization which speeds the accumulation of floodwaters because of
impervious areas. Shallow street flooding can occur unless channels have been improved to account for increased
flows (FEMA 1997).

High groundwater levels can be a concern and cause problems even where there is no surface flooding. While
stormwater flooding can cause damage to structures and foundations, basements in particular are susceptible to high
groundwater levels. Seasonally high groundwater is common in many areas, while elsewhere high groundwater
occurs only after a long period of above-average precipitation (FEMA 1997).

Heavy rainfall that overwhelms a developed area’s stormwater infrastructure causing flooding is commonly referred
to as urban flooding. Urban flooding can be worsened by aging and inadequate infrastructure and over development
of land. The growing number of extreme rainfall events that produce intense precipitation are resulting in increased
urban flooding (Center for Disaster Resilience 2016). While riverine and coastal flooding is mapped and studied by
FEMA, urban flooding is not.

NOAA defines urban flooding as the flooding of streets, underpasses, low lying areas, or storm drains. (NOAA 2009).
Urban drainage flooding is caused by increased water runoff due to urban development and inadequate drainage
systems. Drainage systems are designed to remove surface water from developed areas as quickly as possible to
prevent localized flooding on streets and other urban areas. The systems make use of a closed conveyance system
that channels water away from an urban area to surrounding streams. This bypasses the natural processes of water
filtration through the ground, containment, and evaporation of excess water. Because drainage systems reduce the
amount of time the surface water takes to reach surrounding streams, flooding in those streams can occur more
quickly and reach greater depths than prior to development in that area (Harris 2008).

4.3.8.2 Location and Extent

Flooding in Pennsylvania is typically associated with abnormally high and intense rainfall amounts. It can also be
caused by sudden snowmelt, landslides, or dam failures. In Pennsylvania, flooding usually occurs in the summer;
however, flooding has occurred during the winter months as well.

Floodplains are found in lowland areas adjacent to rivers, streams, creeks, lakes, or other bodies of water that become
inundated during a flood. The size of a floodplain depends on the recurrence interval of a given flood. A 1-percent
annual chance floodplain is smaller than the floodplain associated with a flood that has a 0.2-percent annual chance
of occurring (PEMA 2013). Floodplain maps of each Pike County jurisdiction are available at the end of this profile.
These maps show locations of both the 1-percent chance annual floodplain and the 0.2-percent chance annual
floodplain.

4.3.7: FLOOD




Pike County, PA | 2022 Hazard Mitigation Plan Update
4.3.7-4.3.7-4

Pike County’s biggest flooding threat remains along the Delaware River corridor and portions of the Lackawaxen
River. Other major creeks within the County include the East Branch Wallenpaupack, Shohola, Billings, and Blooming
Grove Creek. Lake Wallenpaupack also comprises a portion of the County’s western border and is prone to flooding.
It was also noted that Broadhead Road in Lehman Township is prone to flooding.

Most municipalities in Pike County have flood-prone areas because they are located along streams, creeks, or lakes.
In addition, community development of the floodplain has resulted in frequent flooding. For inland areas, excess
water from snowmelt or rainfall accumulates and overflows onto stream banks and adjacent floodplains.

Table 4.3.7-1 lists total land areas within the 1-percent and 0.2-percent annual chance flood zones calculated via a
spatial analysis referencing the 2000 Digital Flood Insurance Rate Map (DFIRM).

Table 4.3.7-1. Total Land Areas in the 1-Percent and 0.2-Percent Annual Chance Flood Zones (Acres)

0.2% Flood Event Hazard
1% Flood Event Hazard Area Area

NFIP-Participating Total Area Area

Municipality Community (acres) % of Total (acres) % of Total
Blooming Grove Township Yes 49,458 1,986 4.02% 1,986 4.02%
Delaware Township Yes 29,210 1,230 4.21% 1,230 4.21%
Dingman Township Yes 38,493 2,892 7.51% 2,996 7.78%
Greene Township Yes 39,581 2,305 5.82% 2,305 5.82%
Lackawaxen Township Yes 51,955 1,641 3.16% 1,641 3.16%
Lehman Township Yes 32,205 1,975 6.13% 1,975 6.13%
Matamoras Borough Yes 509 125 24.56% 419 82.32%
Milford Borough Yes 321 58 18.07% 61 19.00%
Milford Township Yes 7,931 157 1.98% 163 2.06%
Palmyra Township Yes 25,249 3,385 13.41% 3,385 13.41%
Porter Township Yes 38,699 5,185 13.40% 5,185 13.40%
Shohola Township Yes 30,101 928 3.08% 946 3.14%
Westfall Township Yes 19,302 924 4.79% 1,237 6.41%
Pike County (Total) - 363,014 22,791 6.28% 23,529 6.48%

Source: FEMA 2000
Note: Areas listed include areas of inland waterways

In accordance with the 1978 Pennsylvania Stormwater Management Act (Act 167), counties are required to prepare
stormwater management plans on a watershed-by-watershed basis that provide for improved management of
stormwater impacts associated with development of land. In 2010, Pike County developed and implemented Phase
| of the Act 167 County Wide Plan Stormwater Management Plan. This phase of the Plan includes the Scope of
Study—establishing procedures for use in preparing the Plan. These procedures are determined by an overall survey
of:

e Specific watershed characteristics and hydrologic conditions
e Stormwater-related problems and significant obstructions
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e Alternative measures for control
e Goals, objectives, solution strategies, and estimated costs for Phase 2 of the Plan.

Pike County’s draft Stormwater Management Plan is dated July 2010. Figure 4.3.7-1 shows PADEP-designated
watersheds with critical facilities in Pike County.

The 2000 FEMA Flood Insurance Study (FIS) for Pike County also documents the major flooding problems in the
County, including areas along the Delaware River that flood at any point during the year (FEMA FIS 2000).
Additionally, there are several floodprone areas in the Sawkill Creek Watershed area and Delaware Township. The
Sawkill Creek Watershed is located in the eastern portion of Pike County and is contained within five municipalities:
Dingman Township, Milford Borough, Milford Township, Shohola Township, and Westfall Township. The Sawkill
Creek drains a watershed area of approximately 25 square miles and includes the following primary tributaries:
Savantine Creek, Pinchot Brook, Dimmick Meadow Brook, Vantine Brook, and Sloat Brook. Areas of flooding were
identified in the Sawkill Creek Watershed Act 167 Stormwater Management Plan. Township Road 428 (Schoccoppe
Road) in Milford Township floods during heavy rains. Pinchot Brook floods onto the roadway. aThe roads serving
this area were constructed on severe slopes which has led to erosion and flooding problems where the primary
subdivision road intersects State Route 2011.

In the 1994 Act 167 Lackawaxen River Watershed Stormwater Management Plan for Wayne, Pike and Lacakawana
Counties, the following areas of Pike County were identified as locations of flooding problems:

e State Route 4004 in Blooming Grove Township
e Kimbles Road (T 367) along Decker Creek and adjacent wetland
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Figure 4.3.7-1. PADEP-Designated Watersheds with Critical Facilities
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FEMA Regulatory Flood Zones

According to FEMA, flood hazard areas are defined as areas on a map shown to be inundated by a flood of a given
magnitude. These areas are determined by use of statistical analyses of records of river flow, storm tides, and rainfall;
information obtained through consultation with the community; floodplain topographic surveys; and hydrologic and
hydraulic analyses. Flood hazard areas are delineated on FEMA’s Flood Insurance Rate Maps (FIRM), which are
official maps of a community on which the Federal Insurance and Mitigation Administration has delineated both
Special Flood Hazard Areas (SFHA) and the risk premium zones applicable to the community. These maps identify
SFHASs, location of a specific property in relation to the SFHA, the base flood elevation (BFE) (1-percent annual
chance) at a specific site, the magnitude of a flood hazard within a specific area, undeveloped coastal barriers where
flood insurance is not available, and regulatory floodways and floodplain boundaries (1-percent and 0.2-percent
annual chance floodplain boundaries) (FEMA 2003, 2005, 2008). Pike County’s FIRMs can be accessed online via
the FEMA Flood Map Service Center (https://msc.fema.gov/portal).

The land area covered by floodwaters of the base flood is the SFHA on a FIRM. It is the area where the National
Flood Insurance Program’s (NFIP) floodplain management regulations must be enforced, and the area where
mandatory purchase of flood insurance applies. This regulatory boundary is a convenient tool for assessing
vulnerability and risk in flood-prone communities because many communities have maps showing the extent of the
base flood and likely depths that will occur.

The 1-percent annual chance flood is referred to as the base flood. As defined by NFIP, the BFE on a FIRM is the
elevation of a base flood event, or a flood which has a 1-percent chance of occurring in any given year. The BFE
describes the exact elevation of the water that will result from a given discharge level, which is one of the most
important factors used in estimating potential damage within a given area. A structure within a 1-percent annual
chance floodplain has a 26-percent chance of undergoing flood damage during the term of a 30-year mortgage. The
1-percent annual chance flood is a regulatory standard used by federal agencies and most states to administer
floodplain management programs. The 1-percent annual chance flood is used by NFIP as the basis for insurance
requirements nationwide. FIRMs also depict 0.2-percent annual chance flood designations (FEMA 2003). Figure
4.3.7-2 depicts the SFHA, the base flood elevation, the flood fringe, and the floodway areas of a floodplain for the 1-
percent annual chance flood.
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Figure 4.3.7-2. Floodplain lllustration

Source: PEMA 2013

The SFHA serves as the primary regulatory boundary used by FEMA and Pennsylvania. Digitized Flood Insurance
Rate Maps (DFIRM), FIRMs, and other flood hazard information can be referenced to identify the expected spatial
extent of flooding from a 1-percent annual chance event and 0.2-percent annual chance event.

At the time this Plan was written, the 2000 DFIRMs were considered the best available, and were used for the risk
analysis. Figure 4.3.7-3 illustrates NFIP flood zones in Pike County. Maps of each municipality’s flood zones are
shown at the end of this profile.
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Figure 4.3.7-3. NFIP Floodplains in Pike County

Source: FEMA 2000
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While the FIRMs provide a creditable source to document extent and location of the flood hazard, accuracy of data
reflected on these maps has limitations. Notably, FIRMs are based on existing hydrological conditions at the time of
map preparation. FIRMs are not set up to account for possible changes in hydrology over time.

Flood Insurance Study

In addition to FIRM and DFIRMs, FEMA also provides Flood Insurance Studies (FIS) of entire counties and individual
jurisdictions. These studies aid in administration of the National Flood Insurance Act of 1968 and the Flood Disaster
Protection Act of 1973. They are narrative reports of countywide flood hazards, including descriptions of flood areas
studied and engineered methods used, principal flood problems, flood protection measures, and graphic profiles of
flood sources (FEMA 2008). The countywide FIS for Pike County was last completed in 2000, at the same time as
the DFIRM revisions.

Dam Failure

Dam failures cause serious downstream flooding either because of partial or complete dam collapse. Failures are
usually associated with intense rainfall and prolonged flood conditions, however, dam breaks may occur during dry
periods as a result of progressive erosion of an embankment. The greatest threat from a dam break is to areas
immediately downstream.

There are many sources that track the number and classification of dams in Pike County. According to the
Pennsylvania Department of Environmental Protection (PA DEP), there are 147 dams in Pike County, 50 of which
are classified as high hazard dams (category 1 and 2). The PA DEP defines a high hazard dam as “any dam so
located as to endanger populated areas downstream by its failure” [Def. added May 16, 1985, P.L.32, No. 15]. A
spatial dataset maintained by Pike County indicates there are 45 high hazard dams in the County.

In addition to the dams located within the County, there are dams located outside of Pike County which have the
potential to inflict loss or hardship upon municipalities within the County. One is the dam at the Swinging Bridge
Reservoir along the Mongaup River in Sullivan County, New York. A failure of this dam would release a large volume
of water into the Mongaup River which drains to the Delaware River and would impact many Pike County communities
that border the river. In addition, the New York City reservoirs along the Delaware River and the Neversink River in
New York also pose a significant threat should a major failure occur (Pike County HMP 2012).

High hazard dams receive two inspections each year — once by a professional engineer on behalf of the owner and
once by a DEP inspector (PA DEP 2016). High hazard dams are required to have an Emergency Action Plan (EAP)
in place which should be reviewed at a minimum of every two years. While not available for all dams, downstream
inundation maps can be obtained from the DEP for some of the high hazard dams.

[ce-Jam Hazard Areas

Ice jams are common in northeastern United States, and the Commonwealth of Pennsylvania is not an exception.
The Ice Jam Database, maintained by the Ice Engineering Group at the USACE Cold Regions Research and
Engineering Laboratory (CRREL), currently consists of over 19,000 records from across the United States. According
to the USACE-CRREL, Pike County underwent or may have been impacted by four historical ice jam incidents
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between 1784 and 2021 (USACE 2021). Ice Jams have formed along Delaware River and Shohola Creek. Historical
events are further mentioned in the “Previous Occurrences” section of this hazard profile.

Flood Problem Areas

For this plan update, the County and municipalities identified areas known to flood, particularly those associated with
stormwater flooding which does not traditionally have mapping as flood issues can quickly arise and also be
addressed and solved through mitigation to prevent future flooding issues. Potential flood related problems identified
include erosion, excessive runoff, flooded roadways, and sedimentation. Figure 4.3.7-4 illustrates these areas
throughout the County.

Figure 4.3.7-4. Flood Problem Areas in Pike County
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4.3.8.3 Range of Magnitude

Both localized and widespread floods are considered hazards when people and property are affected. Injuries and
deaths can occur when people are swept away by flood currents, or bacteria and disease are spread by moving or
stagnant floodwaters. Most property damage results from inundation by sediment-filled water. A large amount of
rainfall over a short period of time can result in flash floods. Small amounts of rain can cause flooding in areas with
frozen soil or saturated soils from a previous event, or if the rain is concentrated in areas with impervious surfaces
(PEMA 2013).

Several factors determine severity of floods, including intensity and duration, topography, ground cover, and rate of
snowmelt. Water runoff is greater in areas with steep slopes and little or no vegetative ground cover. Many areas in
Pennsylvania have relatively steep slopes that promote quick surface water runoff. Most storms track from west to
east; however, some originate in the Great Lakes or the Atlantic Ocean (PEMA 2013).

Rainfall in Pennsylvania is about average for the eastern United States. Amounts of precipitation can be divided into
the following six categories:

= Very light rain — precipitation rate of <0.01 inch per hour

= Light rain — precipitation rate between 0.01 inch and 0.04 inch per hour

= Moderate rain — precipitation rate between 0.04 inch and 0.16 inch per hour

= Heavy rain — precipitation rate between 0.16 inch and 0.63 inch per hour

= Very heavy rain — precipitation rate between 0.63 inch and 2 inches per hour
= Extreme rain - precipitation rate greater than 2 inches per hour (PEMA 2013).

Severity of a flood depends not only on the amount of water that accumulates within a period of time, but also on the
land's ability to manage this water. One element is the size of rivers and streams in an area; but an equally important
factor is the land's absorbency. When it rains, soil acts as a sponge. When the land is saturated or frozen, infiltration
into the ground slows, and any more water that accumulates must flow as runoff (Harris 2008).

In the case of riverine or flash flooding, once a river reaches flood stage, the flood extent or severity categories used
by NWS include minor flooding, moderate flooding, and major flooding. Each category has a definition based on
property damage and public threat:

= Minor Flooding — minimal or no property damage, but possibly some public threat or inconvenience.

= Moderate Flooding — some inundation of structures and roads near streams. Some evacuations of people and/or
transfer of property to higher elevations are necessary.

= Major Flooding — extensive inundation of structures and roads. Significant evacuations of people and/or transfer
of property to higher elevations are necessary (NWS 2011).

The extent or magnitude of a dam failure event can be measured in terms of the classification of the dam. FEMA has
three classification levels of dams: low, significant, and high. The classification levels build on each other. The hazard
potential classification system should be used with the understanding that the failure of any dam or water-retaining
structure could represent a danger to downstream life and property (FEMA 2004). Each of FEMA’s dam classification
levels is described below:
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e Low hazard potential dams are those where failure or misoperation would result in no probable loss of human
life and low economic or environmental losses. Losses are principally limited to the owner’s property.

e Significant hazard potential dams are those where failure or misoperation would result in no probable loss of
human life but can cause economic loss, environmental damage, disruption of lifeline facilities, or can impact
other concerns. Significant hazard potential classification dams are often located in predominantly rural or
agricultural areas.

e High hazard potential dams are those where failure or misoperation will probably cause loss of human life.

USACE developed the classification system shown in Table 4.3.7-2 for the hazard potential of dam failures. The
USACE hazard rating system is based only on the potential consequences of a dam failure; it does not take into
account the probability of failures.

Table 4.3.7-2. U.S. Army Corps of Engineers Hazard Potential Classification

Hazard Category? Direct Loss of Lifeb Lifeline Lossese® Property Lossesd | Environmental Losses®
: No disruption of Private agricultural
None (rural location, no ) . . o
services (cosmetic or lands, equipment, Minimal incremental
Low permanent structures for . . .
L rapidly repairable and isolated damage
human habitation) I
damage) buildings
_— Rural location, only transient ~ Disruption of essential Major public and Co :
Significant i~ " . - Major mitigation required
or day-use facilities facilities and access private facilities
Certain (one or more)
High extensive residential, Disruption of essential Extensive public  Extensive mitigation cost
commercial, or industrial facilities and access ~ and private facilities = or impossible to mitigate
development
Source:  USACE 2011
Note:
a. Categories are assigned to overall projects, not individual structures at a project.
b. Loss-of-life potential is based on inundation mapping of the area downstream of the project. Analysis of loss-of-life potential should take into account the
population at risk, time of flood wave travel, and warning time.
C. Lifeline losses include indirect threats to life caused by the interruption of lifeline services from project failure or operational disruption; for example, loss of critical
medical facilities or access to them.
d. Property losses include damage to project facilities and downstream property and indirect impact from loss of project services, such as impact from loss of a dam
and navigation pool, or impact from loss of water or power supply.
e. Environmental impact downstream caused by the incremental flood wave produced by the project failure, beyond what would normally be expected for the

magnitude flood event under which the failure occurs.

A worst case scenario for flooding occurred in September 2004, following a very wet August that included some rain
from the remnants of Tropical Storm Bonnie and Tropical Depression Charley. Remnants of Hurricane Frances
dumped an average of 3 inches in the county on September 8th. On September 18th, Tropical Depression Ivan
dumped 4 to 5 inches of rain over an already saturated county causing widespread damage. Rainfall for August and
September averaged over 20 inches across the county. In addition to the damage caused by runoff, many streams
flooded. Rainfall in the headwaters of the Delaware River was such that both the Lackawaxen River and Delaware
River rose above flood stage causing the evacuation of many low lying areas, including portions of Westfall Township,
Matamoras Borough, and Lackawaxen Township. Pike County qualified for both Public Assistance and Individual
Assistance as part of the Presidential Declaration of Major Disaster. Over 300 property owners applied for Individual
Assistance. Many roads remained closed for weeks while repairs were made. Particularly hard hit were Shohola,
Lackawaxen, Palmyra, Greene, Dingman, Delaware and Lehman Townships. Two county-owned bridges — one in
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Shohola Township and one in Lehman Township - sustained major damage. A portion of the Twin Lakes road was
washed away.

4.3.8.4 Past Occurrence

Pike County has along history of flooding events. While flooding is often localized to streets and small neighborhoods,
the County has historically experienced periodic storm events that affect multiple communities over a large area.
Past building practices often resulted in homes being constructed in the FEMA designated floodplains, exacerbating
flooding problems within certain communities.

There are gauges at Barryville (BRYN6) and Matamoras/Port Jervis (MTMP1) which are used to monitor hydrologic
conditions on the Delaware River. The National Weather Service uses flood categories as forecast points which
describe the severity of flood impacts in the river/stream reach. Table 4.3.7-3 summarizes the flood categories in
feet at each of these gauges; and Table 4.3.7-4 summarizes the top historic crests at these locations.

Table 4.3.7-3. Flood Categories at the Barryville (BRYNG) and Matamoras/Port Jervis (MTMP1) Gages

Matamoras/

Barryville Port Jervis
Flood Category Flood Category Definition (in feet) (in feet)

Life-threatening and extensive inundation of structures and roads;

MalphRpdisiane significant evacuations are expected at this stage. 4 &L
Inundation of buildings usually begins at this stage; roads are
Moderate Flood Stage likely to be closed and some areas cut off (evacuations may be 22 20
necessary).
Gage height above which a rise in water surface level begins to
Flood Stage create a hazard to lives, property or commerce; issuance of flood 17 18
warnings is linked to flood stage.
Action Stage Level where the NWS needs to take some type of mitigation 15 16

action in preparation for possible significant hydrologic activity
Source: NWS 2021; NWS 2021

Table 4.3.7-4. Historic Crests at the Barryville (BRYN6G) and Matamoras/Port Jervis (MTMP1) Gages

Feet Date Feet Date

28.97 June 28, 2006 26.60 February 12, 1981
26.40 August 19, 1955 25.50 March 8, 1904
24.80 April 30, 2005 23.91 August 19, 1955
24.09 September 18, 2004 23.10 October 10, 1903
23.19 May 23, 1942 21.47 June 28, 2006
22.18 January 20, 1996 20.52 April 3, 2005
20.90 February 11, 1981 19.52 September 18, 2004
20.07 March 22, 1948 18.50 March 7, 1923
20.06 June 29, 1973 18.37 January 20, 1996
19.28 March 15, 1986

Source: NWS 2017
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According to the National Oceanic and Atmospheric Administration’s National Climatic Data Center (NOAA NCDC)
storm event database, Pike County experienced 23 flood events between January 1, 1950, and August 30, 2021 (the
date range of data availability). Total property damages as a result of these flood events were estimated at
$52,270,000. This total also includes damages to other counties.

Between 1954 and 2021, the Commonwealth of Pennsylvania underwent 33 FEMA-declared, flood-related disaster
declarations (DR) or emergencies classified as one or a combination of the following disaster types: severe storms,
mudslides, flash flooding, tropical storms, tropical depressions, high winds, and rains. Typically, these disasters
covered a wide region of the State; therefore, they may have impacted many counties. However, not all counties were
included in the disaster declarations (FEMA 2021). Pike County was included in nine of the declarations, as listed in
Table 4.3.7-5

Based on all sources researched, known flooding events that have affected Pike County and its municipalities,
resulting in property damages, are listed in Table 4.3.7-5. With flood documentation for the Commonwealth of
Pennsylvania so extensive, not all sources have been identified or researched. Therefore, Table 4.3.7-5 may not
include all events that have occurred throughout the County.
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Table 4.3.7-5. Flooding Events between 1950 and 2020 in Pike County

FEMA
Declaration

Date of Number County

Event Event Type Location (if applicable) Designated? Losses / Impacts

The remnants of Hurricanes Connie and Diane caused flooding in Pike County as
a result of heavy rains. Both storms moved through the area less than one week
apart. After a relatively dry summer, the two storms dumped closed to 20 inches

Remnants of Hurricanes

AL Connie and Diane Lo RiH:Y e of rain over a wide area with some areas receiving more. The results were
devastating, particularly along the Lackawaxen and Delaware Rivers and the
many streams.
Severe Storms and .
August 1969 Flooding Countywide DR-273 Yes N/A
Remnants of Hurricane The remnants of Hurricane Agnes produced very heavy rains across most of
June 1972 Agnes Countywide DR-355 No Pennsylvania including Pike County. There was some minor flooding within the
county.
A series of ice jams along both the Lackawaxen and Delaware. Rivers caused
significant flooding. Significant property damage occurred in Matamoras, Westfall
February Ice Jams Matamoras, N/A N/A and Lackawaxen and Port Jervis, NY. One Matamoras resident lost her life.

1981 Westfall Telephone and natural gas service were lost when lines that crossed the
Delaware River were taken down or ruptured. (A near repeat occurred in 1982).
Residents were eligible for SBA loans to rebuild.

November Elash/Elash Flood Eastern N/A N/A General rainfall totals of 2.50 to 3.50 inches occurred throughout eastern
27,1993 Pennsylvania Pennsylvania with numerous locations receiving 4.00 to 5.00 inches.
September : The worst damage was along the Sawkill Creek. Three households along the
27,1994 Flash/Flash Flood OUNTyMQ ! - creek had to be evacuated in Milford.
January 19, Severe Storms and . i According to the Pennsylvania State Climatologist, the county had $23 million in
1996 Flooding / Flash Flood o PlReieed e damages from this event.
September Serious street flooding was reported in Milford. Also, local law enforcement
P Flash Flood Milford N/A N/A officials had to rescue 500 to 700 people from the agricultural fairgrounds as flood
8, 1996 \
waters rapidly reached a depth of one to two feet.
Severe Storms,
Ll Tornadoes and Countywide DR-1219 Yes N/A
2,1998 X
Flooding
September Elood Countywide N/A N/A Water was seen rushing down hillsides where numerous road washouts were
16, 1999 reported.
July 16, 2000 Urban/Small Stream Countywide N/A N/A Minor flooding was reported in the southern pprt|on of the county due to heavy
Flood thunderstorm rains.
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Date of
Event

June 26,
2002
June 21,

2003

May 12,
2004

August 12,
2004

August 30,
2004

September
8-9, 2004

September
18, 2004

April 2, 2005
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Event Type

Flash Flood

Flash Flood

Flash Flood

Flash Flood

Flash Flood

Severe Storms and
Flooding Associated
with Tropical
Depression Frances

Flash Flood
(Tropical Depression
Ivan)

Severe Storms and
Flooding

Location

Shohola

Milford and
Dingman
Townships
Pecks Pond

Shohola

Milford

Countywide

Countywide

Pike County and
Southern
Wayne County

FEMA

Declaration
Number
(if applicable)

N/A

N/A

N/A

N/A

N/A

DR-1555

DR-1557

DR-1587
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County
Designated?

N/A

N/A

N/A

N/A

N/A

Yes

Yes

Yes

4.3.7-17

Losses / Impacts
Localized heavy thunderstorm rains caused numerous road washouts in Shohola
Township. A state of emergency was declared in the township due to the
washouts and also to trees and wires blocking the roads. According to the
Pennsylvania State Climatologist, the county had $70,000 in damages from this
event.

State route 739 washed out in Dingman Township. Heavy rain fell during the
afternoon into the evening of the 21st. Radar estimated 2 to 3 inches of rain fell.
Rain also fell on the 20th making the ground saturated. According to the
Pennsylvania State Climatologist, the county had $20,000 in damages from this
event.

Pecks Pond, Pike County. Flash flood — 2 to 3 feet of water on Route 402.

Shohola, Pike County. Flash Flood — Numerous road washouts from flash flooding
reported in the towns of Shohola, Lackawaxen, Porter, and Blooming Grove. This
included the settlements of Lords Valley and Pecks Pond. According to the
Pennsylvania State Climatologist, the county had $1 million in damages from this
event.

Heavy rain caused numerous roads to flood just west of Milford. Rainfall amounts
were 1.5 to 3 inches. According to the Pennsylvania State Climatologist, the
county had $5,000 in damages from this event.

N/A

Rainfall amounts were 4 to 7 inches which started on the 16th and continued into
the 18th. This rain was from the remnants of hurricane Ivan. Most creeks and
streams went out of their banks. In addition, the Delaware and Lackawaxen Rivers
had major flooding. About a dozen rescues were performed. Over 100 roads were
closed. The entire village of Newfoundland was evacuated. 6 bridges were closed.
2 businesses were closed. According to the Pennsylvania State Climatologist, the
county had $15 million in damages from this event.

Lackawaxen River at Hawley rose to its flood stage of 11 feet and crested, which
was the fourth highest crest on record. The high crest was partially due to Lake
Wallenpaupack making high releases. This was the second highest flood of record
and the highest in almost 50 years.




Date of
Event

April 3, 2005

October 8,
2005
June 28,
2006
March 11,
2011

August 26-
30, 2011
September
3-October 5,
2011
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FEMA
Declaration
Number County

Event Type Location (if applicable) Designated? Losses / Impacts
Storm from the Ohio Valley brought 2 to 4 inches of rain. Rivers and streams

already had high flows due to rainstorm and snowmelt. Numerous roads, bridges
Flash Flood Countywide DR-1555 Yes and buildings were damaged. All streams and creeks were out of their banks. A

state of emergency was declared in Matamoras. 100 homes were damaged. 15

homes had damage to the foundations and were condemned.

Southeastern Streams and creeks went out of their banks. Many roads were closed. 6 to 10
Flash Flood : N/A N/A . ; o
Pike County inches of rain fell in this area.
. ) Major flooding occurred along the Delaware River from Matamoras, PA and Port
Flood Milford DR-1649 YR Jervis, NY south through the eastern border of Pike County.
Flash Flood Dingmans Ferry N/A N/A Rainfall amounts ranged from 1.5 to 2 inches, with isolated amounts over 3 inches

in Pike County resulting in road flooding throughout the County.
Hurricane Irene and Tropical Storm Lee are two recent storm events that impacted
Pike County resulting in rainfall and flooding. Hurricane Irene made landfall in the
United States on August 27, 2011. It was downgraded to a tropical storm as it
headed north and remnants of it affected Pike County with rainfall on August 28th.
Tropical Storm Lee developed as a tropical disturbance in the Gulf of Mexico and
was a particularly large and slow-moving storm. By the time it reached
Pennsylvania, the storm had lost its tropical characteristics and merged with an
upper level trough positioned over the eastern third of the US. The storm then
stalled over Pennsylvania, bringing rainfall to the region.

While both storm events brought rainfall and flooding to Pike County, neither
Hurricane Irene Countywide DR-4025 Yes Hurricane Irene nor Tropical Storm Lee resulted in flooding and damages that
Tropical Storm Lee DR-4030 No surpassed other major storm events that have impacted Pike County and resulted
in worst case scenarios or record flood levels. According to the Pike County EMA,
the results of the two storms were minor in comparison to other storms that have
affected the County. Hurricane Irene resulted in more of an impact to Pike County
than Tropical Storm Lee. Many homes had flooded basements as a result of sump
pump failure from periods of utility interruption during Irene. There were
approximately 120 structures which were classified as minor, affected, or
inaccessible due to damages resulting from the storm. No homes or businesses
were destroyed or suffered major damage that would render the structures
inhabitable for an extended period of time. In addition, while there was some
damage to municipal roads and some municipal property, no public buildings or
treatment facilities were damages. There were however a few bridges or g
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FEMA
Declaration

Date of Number County

Event Event Type Location (if applicable) Designated? Losses / Impacts

culverts that were damaged by Irene. According to the Pike County EMA, there
were few, if any reports of damage from Tropical Storm Lee. The rainfall was not
as steady as it was with Hurricane Irene. Damages that did occur from Lee were
only additional damage to roads that were already damaged by Hurricane Irene.

August 22, Flash Flood Lackawaxen N/A N/A Flash flood waters rushed into Woodloch Pines Resort near_HawIey. Several
2014 parts of the resort were flooded after heavy rains.

Audust 4 Greentown Rain and embedded thunderstorms moved through Northeast Pennsylvania on
2gOZO ’ Flash Flood Lackawaxer’1 N/A N/A the 4th associated with Tropical Storm Isaias. Widespread rainfall of 3 to 5 inches

occurred across the region. Locally heavy rainfall produced areas of flash flooding.
Sources: NOAA-NCEI 2021; FEMA 2021; Pike County HMP 2012; Pennsylvania State Climatologist 2016

DR Federal Disaster Declaration NOAA National Oceanic Atmospheric Administration
EM Emergency Management N/A Not applicable / not available

EMA Emergency Management Agency SBA Small Business Administration

FEMA Federal Emergency Management Agency us United States

NCEI National Centers for Environmental Information
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Ice jams are a frequent occurrence on the Delaware River near Pike County and on the Lackawaxen River. Based
on review of the CRREL database and recording of several events in news articles, Table 4.3.7-6 lists the ice-jam
events that have occurred in or near the County between 1780 and 2021. Events listed below that occurred outside
of the County were included because they were close enough to the County borders to cause possible flooding
impacts on Pike County. Information regarding losses associated with these reported ice jams was limited.

Table 4.3.7-6. Ice Jam Events in Pike County between 1780 and 2021

City
(Additional
Geographic
Identifier) Water Year
Shohola Sg?::ila Febrltgazré/ 2 1926 1432500 Discharge 800 cfs affected by ice
Delaware February An ice jam was reported on the Delaware River two miles
Bushkill River 51970 1970 Unknown north of Bushkill. The water level rose 10 feet above
' normal, but no flooding had occurred.
Matamoras Delaware January 1, 1981 Unknown A midwinter ice jam was reported at Port Jervis followed
River 1981 by the spring break-up, causing flooding in Matamoras
An ice jam and heavy rain event led to the evacuation of
Delaware 4,000 people. In Matamoras, 44 businesses and 400
Matamoras River, February 15, 1981 Unknown homes were damaged. A woman’s body was found
Lackawaxen 1981 outside her home after she drowned from this event. This
River event also impacted Port Jervis is New York State. The
flooding caused $3.5 million in damages.
. In February of 1988, a 10-mile ice jam was reported on
Dingman’s Ferry to Delaware the Delaware River stretching from Dingmans Ferry to just
Milford River RE T Al = i north of Milford. Backwater flooding occurred just north of
the ice jam.
_ Delaware In January of 1999, an ice jam‘ that formed in New York
Milford River January 1999 1999 - moved down the Delaware River and lodged south of

Milford. It resulted in minor flooding.
Source:  CRREL 2021; New York Times 1981; The Morning Call 1988; The Morning Call 1999
Notes:
Although events were reported for Pike County, information pertaining to every event was not easily ascertainable; therefore, this table may not list all ice jams in the County.
cfs Cubic feet per second
CRREL  Cold Regions Research and Engineering Laboratory
USGS U.S. Geological Survey

4.3.8.5 Future Occurrence

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. The NFIP uses historical records to determine the probability
of occurrence for different extents of flooding. The probability of occurrence is expressed in percentages as the
chance of a flood of a specific extent occurring in any given year.

The NFIP recognizes the 1-percent annual chance flood, also known as the base flood, as the standard for identifying
properties subject to federal flood insurance purchase requirements. A one-percent annual chance flood is a flood
which has a one percent chance of occurring over a given year. The DFIRMs identify areas subject to the 1- and 0.2-
percent-annual-chance flooding. Areas subject to 2- and 10-percent annual chance events are not shown on maps;
however, water surface elevations associated with these events are included in the flood source profiles contained in
the Flood Insurance Study Report. Table 4.3.7-7 shows a range of flood recurrence intervals and associated
probabilities of occurrence.
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Table 4.3.7-7. Recurrence intervals and associated probabilities of occurrence
Flood

Recurrence Interval Chance Of Occurrence In Any Given Year (%)
5 year 20 Extreme
10 year 10 Heavy to extreme
25 year 4 Moderate
50 year 2 Light to moderate
100 year 1 Light
500 year 0.2 Mild

Source:  Pike County HMP 2012

Based on the historic and more recent flood events in Pike County, it is clear that the County has a high probability
of flooding for the future. The fact that the elements required for flooding exist and that major flooding has occurred
throughout the County in the past, whether major or minor, suggests that many people and properties are at risk from
the flood hazard in the future.

For the 2022 HMP update, the most up-to-date data was collected to calculate the probability of future occurrence of
flooding events for Pike County. Information from NOAA-NCEI storm events database, FEMA, Pennsylvania State
Climatologist and the CRREL ice jam database were used to identify the number of flood events that occurred
between 1950 and 2021. Using these sources ensures the most accurate probability estimates possible. The table
below shows these statistics, as well as the annual average number of events and the estimate percent chance of an
incident occurring in a given year. Based on these statistics, there is an estimated 33.33-percent chance of flood
event occurring in any given year in Pike County.

Table 4.3.7-8. Probability of Future Flooding Events

Number of Occurrences Between 1950 Percent chance of occurrence in any given

Hazard Type and 2021 year
Flash Flood 13 18.06%
Flood 5 6.94%

Ice Jam 6 8.33%
Total 24 33.33%

Sources:  NOAA-NCEI 2021; CRREL 2021; Pennsylvania State Climatologist 2016; The Morning Call, 1988; The Morning Call, 1999

Itis estimated that Pike County will continue to experience direct and indirect impacts of flooding events annually that
may induce secondary hazards such as coastal erosion, storm surge in coastal areas, infrastructure deterioration or
failure, utility failures, power outages, water quality and supply concerns, and transportation delays, accidents and
inconveniences. Therefore, the future occurrence of floods in Pike County has been adjusted and characterized as
highly likely, when taking into consideration flash flooding, as defined by the Risk Factor Methodology probability
criteria (see Table 4.4-1).
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4.3.8.6 Vulnerability Assessment

To understand risk, a community must evaluate the assets exposed or vulnerable within the identified hazard area.
For the flood hazard, the 1-percent (100-year) and 0.2-percent (500-year) annual chance flood events are examined.
The following sections evaluate and estimate potential impact of flooding in Pike County, presenting:

e Overview of vulnerability

e Data and methodology used for the evaluation

e Impact on (1) life, health, and safety; (2) general building stock and critical facilities; (4) the economy; (5) the
environment; and (6) future growth and development

e Effects of climate change on vulnerability

Overview of Vulnerability

Flood is a significant concern for Pike County. To assess risk, exposures to the 1-percent and 0.2-percent annual
chance flood events were examined, and potential losses were calculated for the 1- percent annual chance flood
event. The flood hazard exposure and loss estimate analysis is presented below.

Data and Methodology

The 1-percent and 0.2-percent annual chance flood events were examined to evaluate Pike County’s risk from and
vulnerability to the flood hazard. Polygons representing the 1-percent and 0.2-percent annual chance events from the
DFIRM dated October 2000 were used to estimate exposure. Figure 4.3.7-3 shown earlier in this section illustrates
the flood boundaries used for this vulnerability assessment. A 1-percent annual chance flood depth grid was generated
for use in HAZUS-MH 3.1 to estimate potential losses within the County. The DFIRM data from 2000 and elevation
data from the County were used to develop the depth grid.

The version of the HAZUS-MH model applied to conduct Pike County’s vulnerability assessment uses 2010 U.S.
Census demographic data. Pike County’s current spatial data do not support a countywide HAZUS-MH general
building stock update at this time; therefore, the dasymetric census block configuration from HAZUS-MH was used.

To estimate exposure to the building stock, default dasymetric building stock data from HAZUS-MH 3.1 was used for
replacement cost value and number of structures within the hazard area. Data from HAZUS-MH are at the census
block level and are calculated by use of 2014 RS Means valuations.

Impact on Life, Health, and Safety

Impacts of flooding on life, health, and safety depend on several factors including severity of the event and whether
or not adequate warning time is provided to residents. Assumedly, the population living in or near floodplain areas
that could be impacted by a flood would be exposed. However, exposure should not be limited only to those who
reside within a defined hazard zone, but everyone who may be affected by a hazard event (e.g., people are at risk
while traveling in flooded areas, or their access to emergency services is compromised during an event); the degree
of that impact varies and is not strictly measurable.

Cascading impacts may also include exposure to pathogens such as mold. After flood events, excess moisture and
standing water contribute to growth of mold in buildings. Mold may present a health risk to building occupants