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Executive Summary

EXECUTIVE SUMMARY

The 2022 update to the Delaware County Hazard Mitigation Plan (HMP) was prepared in accordance with the
Disaster Mitigation Act of 2000 (DMA 2000). DMA 2000 requires states and local governments to prepare
HMPs to remain eligible to receive pre-disaster mitigation grant funds and funds made available in the wake of
federally declared disasters. Additionally, DMA 2000 effectively improves the disaster planning process by
increasing hazard mitigation planning requirements for hazard events. DMA 2000 requires participating
municipalities to (1) document their hazard mitigation planning process and (2) identify hazards; potential
losses; and mitigation needs, goals, and strategies.

The Delaware County HMP represents the work of citizens, elected and appointed government officials,
business leaders, and volunteer and nonprofit groups to protect community assets, preserve economic viability
of the community, and save lives. DMA 2000 regulations require formal updates and adoptions of local plans
every 5 years, reassessing risks, and updating local strategies to manage and mitigate those risks. To comply,
Delaware County and inclusive jurisdictions actively participated in updating the county HMP. Extensive
outreach efforts by Delaware County’s Department of Emergency Services resulted in participation by 33 of
the county’s 49 municipalities and the Brandywine Conservancy and Museum of Art Special District. Upon
completion and approval of the HMP, participating jurisdictions will continue to address and implement
findings and recommendations of this plan update. This 2022 version is an update of the county HMP, with
the previous HMP developed in 2016.

Table ES-1 identifies jurisdictions that actively participated in the HMP update process.

Table ES-1. Participating Jurisdictions in the 2022 Delaware County HMP Update

Participating Jurisdictions

e Delaware County o Chester Heights o Haverford Township | e Radnor Township o Tinicum Township
Borough

o Aldan Borough

e Chester Township | ¢ Marcus Hook e Ridley Park Borough | e Upland Borough

Borough

o Aston Township

o Clifton Heights

e Marple Township

¢ Ridley Township

e Upper Chichester

Borough Township
o Bethel Township e Concord e Media Borough ¢ Rutledge Borough e Upper Darby
Township Township

e Brookhaven

e Darby Borough

e Middletown

o Springfield Township

e Upper Providence

Borough Township Township
e Chadds Ford e Darby Township e Newtown Township | e Swarthmore Borough | e Yeadon Borough
Township

o Chester City

e Collingdale
Borough

e Eddystone
Borough

e Folcroft Borough

e Prospect Park
Borough

o Lower Chichester
Township

e Thornbury Township

o Nether Providence
Township

e Brandywine
Conservancy and
Museum of Art

Special District
Non-Participating Jurisdictions

e Rose Valley Borough

e Colwyn Borough

e Glenolden

e Millbourne Borough

e Norwood Borough

e Sharon Hill Borough

Borough
e East Lansdowne e Lansdowne e Morton Borough e Parkside Borough e Trainer Borough
Borough Borough

e Edgmont Township
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Executive Summary

During the plan update process, Delaware County and its participating municipalities engaged in the following
planning process steps:

1.

2
3.
4

Identified and prioritized hazards that may affect the county and its municipalities.
Assessed the county’s and each municipalities’ vulnerabilities to these hazards.
Identified mitigation actions that can reduce those vulnerabilities.

Developed a strategy for implementing those actions, including identifying the agency (or agencies)
responsible for each implementation.

Throughout the planning process, the general public was offered an opportunity to comment on the existing
HMP and provide suggestions for the updated version. The county hosted a Planning Team meeting that was
open to the public, during which residents could provide input on the HMP.

The following hazards were identified by the Planning Team as presenting the highest risk to the county and its
municipalities:

Floods, Flash Flood, Ice Jam

Winter Storm

Drought and Water Supply Deficiencies
Environmental Hazards: Hazardous Materials Releases
Utility Interruption

Hailstorm

Extreme Temperature

This HMP also includes hazard profiles for the following hazards (listed in order of risk factor analysis
ranking):

Radon Exposure
Tornado, Windstorm
Pandemic and Infectious Disease

Environmental Hazards: Oil and Natural Gas Pipelines

Lightning

Transportation Accident

Wildfire

Hurricane, Tropical Storm, Nor’easter
Urban Fire and Explosions

Dam Failure

Subsidence, Sinkholes

Terrorism

Landslide
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Executive Summary

e Civil Disturbance
e Earthquake
e Levee Failure

To mitigate the effects of those hazards, the Planning Team identified the following goals for hazard mitigation
over the next 5 years:

1. Goal 1: Prevent injury/death, damage, and other impacts from natural and man-made hazards in
Delaware County.

2. Goal 2: Protect the citizens of Delaware County as well as public and private property from the
impacts of natural and human-caused hazards.

3. Goal 3: Increase public education and awareness of existing and potential hazards in Delaware
County and what people can do to reduce their vulnerability.

4. Goal 4: Improve response and recovery capabilities in Delaware County to protect citizens from
natural and human-caused hazards.

5. Goal 5: Protect and restore existing natural resources.

Objectives and actions to be implemented are discussed in the Mitigation Action Plan in Section 6.2 of this
HMP.

Additionally, Planning Team members will meet annually to evaluate the status of plan implementation and
prepare a summary report of HMP status and any needed updates. The mitigation evaluation will address
changes as new hazard events occur, as the area develops, and as more information becomes available
pertaining to hazards and their impacts. The evaluation will include an assessment of whether the planning
process and actions have been effective, whether development or other issues warrant changes to the HMP or
its priorities, if progress toward the communities’ goals is satisfactory, and whether changes are warranted.
The public is encouraged to give feedback (1) by directly contacting the County Hazard Mitigation Plan
Coordinator, (2) during recurring review meetings, and (3) during the 5-year revision process.

To request information or provide comments regarding this plan, please contact the Delaware County
Department of Emergency Services. Contact information is provided below.

Mailing Address: Hazard Mitigation Plan Coordinator
c/o Delaware County Emergency Services
360 N. Middletown Road
Lima, PA 19063

Contact Name: Larry Bak, Deputy Director, Emergency Management
E-mail Address: BakL(@co.delaware.pa.us
Telephone: (610) 565-8700
Delaware County Hazard Mitigation Plan ES-3
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Certification of Annual Review

CERTIFICATION OF ANNUAL REVIEW

The Delaware County Hazard Mitigation Steering Committee and Planning Team have reviewed this Hazard
Mitigation Plan (HMP). See Section 7 of this document for further details regarding this certification section. The
HMP Coordinator hereby certifies the review.

Public Outreach

Year Date of Meeting Addressed?* Signature

2023
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2026

2027

* Confirm yes here annually and describe on record of changes page.
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Description of Change Made, Mitigation

Action Completed, or Public Outreach Change Made By Change Made By
Performed (Print Name) (Signature)

REMINDER: Please attach all associated meeting agendas, sign-in sheets, handouts, and minutes.
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Section 1: Introduction

SECTION1 INTRODUCTION

This section presents background information, describes the purpose, and defines the scope of the 2022 update
of the Delaware 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 exhaust resources, diverting attention from important public programs and private
efforts.

Delaware County, Pennsylvania, has experienced a significant number of statewide or county-specific disaster
declarations since 1955 (Federal Emergency Management Agency 2020). The emergency management
community, citizens, elected officials, and other stakeholders in Delaware County recognize the impact of
disasters on their community and have concluded that proactive efforts need to be taken to reduce the impact of
natural and human-caused hazards. For that purpose, Delaware County is committed to updating and maintaining
the Delaware County HMP.

“Hazard mitigation” describes actions taken to prevent, reduce, or eliminate the long-term risks to life and
property caused by a disaster (Federal Emergency Management Agency 2020). Pre-disaster mitigation actions
are taken in advance of a hazard event. These actions are a key component to breaking the typical disaster cycle.
Most communities sustain damage from storm events, rebuild the same way, and undergo damage again. With
careful selection, mitigation actions can be long-term, cost-effective measures taken to reduce the risk of loss
(Pennsylvania Emergency Management Agency 2019).

The Delaware County Hazard Mitigation Steering Committee and Planning Team have participated in this HMP
update. The Steering Committee was composed of officials from Delaware County, the Delaware Valley
Regional Planning Commission, municipalities, stakeholder organizations, and commonwealth and federal
agencies. The Planning Team was composed of additional Delaware County officials, municipal representatives,
emergency responders, and representatives from utility companies and commonwealth and federal agencies.
Delaware County contracted Tetra Tech, Inc. (Tetra Tech) to prepare the 2022 HMP update.

The HMP update is the result of several months of collaboration between the county's citizens and officials and
Tetra Tech's representatives 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 Delaware 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 its implementing regulations
(Title 44 Code of Federal Regulations [CFR] §201.6, published February 26, 2002). Local jurisdictions must
comply with DMA 2000 and these regulations to remain eligible for funding and technical assistance from state
and federal hazard mitigation programs.

1.3 SCOPE

The implementation actions outlined within this HMP apply to Delaware County and any municipalities within
the county that adopt this plan. Only those municipalities that have participated in the plan update process may

Delaware County Hazard Mitigation Plan 1-1
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Section 1: Introduction

adopt this plan and will be eligible for state and federal hazard mitigation funding. For the purpose of this plan,
municipal participation was defined as completion and submission of an Evaluation of Identified Hazards
Worksheet, Capability Assessment Survey, National Flood Insurance Program (NFIP) Survey, and/or Mitigation
Strategy 5-Year Plan Review Worksheet, and attendance by an official municipal representative at a planning or
public meeting, or participation in individual outreach 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 online at: http://www.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.

Delaware County Hazard Mitigation Plan 1-2
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Section 2: County Profile

SECTION 2 COUNTY PROFILE

Section 2 of the Delaware County Hazard Mitigation Plan (HMP) discusses the geography and environment,
community facts, population and demographics, and land use and development in Delaware County.

2.1 GEOGRAPHY AND ENVIRONMENT

Delaware County is located in the southeastern portion of Pennsylvania (Figure 2-1) and encompasses
approximately 191 square miles. The county has 49 municipalities and is the oldest settled section of
Pennsylvania. Delaware County is bordered to the northwest by Chester County; to the northeast by Montgomery
County; to the east by Philadelphia County; and to the south by the Delaware River, the State of Delaware, and
the State of New Jersey.

Delaware County is 66 percent urban developed land with bands of development radiating from Philadelphia. It
is the second most densely developed county in the region and the fifth most populous county in the
Commonwealth. The northern and western regions of the county are suburban and, in some instances, rural and
agricultural. The county’s natural and cultural resources are abundant and play a major role in attracting residents
and new industry. The county contains 36 Natural Heritage Areas, 800 acres of agricultural land, and
approximately 29,000 acres of recreational land and open space accounting for 23 percent of its land use. There
are over 20,000 public and private historic and cultural resources (Delaware County Planning Department 2013).

Ridley Creek State Park is located within the county and consists of 2,606 acres of woodlands and meadows.
The John Heinz National Wildlife Refuge includes 200 acres of tidal marsh and is home to a variety of bird
species. These natural resources aid Delaware County in managing stormwater runoff and reduce flood risk
while improving the quality of life for residents. The county’s comprehensive plan prioritizes directing future
growth to existing developed areas to maintain green and open space (Delaware County Planning Department
2013).

2.1.1 Topography and Geology

Delaware County has low to moderate relief, with the highest point being approximately 500 feet and the lowest
point being along the Delaware River. The county is composed of two distinct physiographic regions. Its
southern area along the Delaware River is within the Atlantic Coastal Plain. The area is low, flat, and composed
of poorly drained sand and gravel. The underlying rock is schist. The remainder of the county is in the Piedmont
Plateau and is characterized by rolling uplands, low hills, and well-drained soils. The county mostly consists of
dark crystalline rocks, light crystalline rocks, unconsolidated sediments, and limestone or dolomite
(Pennsylvania Department of Conservation and Natural Resources 2008).

2.1.2 Hydrography and Hydrology

Delaware County has numerous streams and creeks constituting 13 major watersheds draining to the Delaware
River basin. Figure 2-2 displays the watersheds of Delaware County.

The county is bordered by the Delaware River to the south and contains several major watercourses: Brandywine
Creek, Chester Creek, Cobbs Creek, Crum Creek, Darby Creek, Gulph Creek, Hermseprota Creek, Ithan Creek,
Little Darby Creek, Meadowbrook Run, Muckinpattis Creek, Naamans Creek, Naylors Run, Ridley Creek, and
Stoney Creek. In 1931, Crum Creek was dammed to create Springton Reservoir — a drinking water reservoir.

Drainage Basins and Watersheds

A watershed is the area of land that drains into a body of water, such as a river, lake, stream, or bay. It is separated
from other systems by high points in the area, such as hills or slopes. It includes not only the waterway itself but
also the entire land area that drains to it. For example, the watershed of a lake would include not only the streams
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entering the lake but also the land area that drains into those streams and eventually the lake. The county’s
watersheds include Brandywine Creek, Chester Creek, Ridley Creek, Crum Creek, Darby Creek, Gulph Creek,
Mill Creek, Schuylkill River, Cobbs Creek, Stoney Creek, Marcus Hook Creek, Delaware River, and Naamans
Creek. Drainage basins generally refer to large watersheds that encompass the watersheds of many smaller rivers
and streams. Delaware County is within the Delaware River basin.

2.1.3 Climate

Delaware County has a humid continental climate. While the average high temperature in July is 78.8 degrees,
winters average 34.2 degrees (National Oceanic And Atmospheric Administration n.d.). Rainfall distribution
throughout the year is relatively consistent. Typically, the highest annual rainfall occurs in July. However,
thunderstorms or the occasional summer tropical storm or hurricane can dramatically increase rainfall totals for
any given month. On average, the county receives 45 inches of precipitation per year (National Oceanic And
Atmospheric Administration n.d.).

Figure 2-1. Base Map of Delaware County
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Figure 2-2. Watersheds Located Within Delaware County

'\}“’ft

\@
(T\va)
/‘ )

Montgomery.
County.

Chester.
County.

XS
nuﬂuduc Glenu\dan %

F'rospeat
e Foloroft 4
ARakorwedd | (B) 1

v TR

QK/@ ~ valdcr\m
V ~ 7 G,

Emukhﬂ ver i

©
Upiand
(B

\f iy j Eddysmne
A7
e
L’ L g _

(Twn N

New,Jersey.

City of
Philadelphia

USGS Watershed Boundary

mm— |nterstate

D County
D Municipality [] | b
0 Warterbody [ ST

Chester Creek

City of Philadelphia-Schuylkill River
Cobbs Creek

Crum Creek

Darby Creek

East Branch Chester Creelc
Middle Brandywine Creek
Oldmans Creelk-Delaware River
Plymouth Creek-Schuylkill River
Repaupo Creek-Delaware River
Ridley Croek

Upper Brandywine Creek

West Branch Chester Creek
Woodbury Creek-Delaware River

Data Sources:
Delaware County - 2021; PennDOT - 2020 PAMAP - 2007;
Great. Lakes Commission - 2017; Canada GIS - 2020
ESRI - 2002/2021: FEMA - 2017; USGS - 202 1/2022;
{Twep) - Township (€) - City (B) - Borough

2.2 COMMUNITY FACTS

Delaware County was created in 1789 from parts of Chester County. It was named after the Delaware River,
which makes up the southern border of Delaware County (Delaware County n.d.). The county operates under a
home rule charter that was adopted in 1972 (Delaware County n.d.). Delaware County consists of 49
municipalities composed of the following: one city, 27 boroughs, and 21 townships. These municipalities are
listed below.

Aldan Borough e Clifton Heights
Aston Township Borough

Bethel Township ¢ Collingdale Borough
Brookhaven Borough e Colwyn Borough
Chadds Ford e Concord Township
Township e Darby Borough
Chester City e Darby Township
Chester Heights o East Lansdowne
Borough Borough

Chester Township e Eddystone Borough

e Edgmont Township

Folcroft Borough
Glenolden Borough
Haverford Township
Lansdowne Borough
Lower Chichester
Township

Marcus Hook
Borough

Marple Township
Media Borough
Middletown Township
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e Millbourne Borough ¢ Ridley Park Borough e Upland Borough
Morton Borough e Ridley Township e Upper Chichester

e Nether Providence e Rose Valley Borough Township
Township ¢ Rutledge Borough e Upper Darby

e Newtown Township e  Sharon Hill Borough Township

e Norwood Borough e  Springfield Township e Upper Providence

e Parkside Borough e Swarthmore Borough Township

e Prospect Park e  Thornbury Township e  Yeadon Borough.
Borough e Tinicum Township

¢ Radnor Township e Trainer Borough

Media Borough has been the Delaware County seat since 1851, after being relocated from the City of Chester.

The major land uses and economic forces in Delaware County have historically been determined by its proximity
to both Philadelphia and the Delaware River. Since it was first settled in the 1700s, people have been settling in
concentric rings around Philadelphia to be in closer proximity to the trade and culture in the city. In the 20th
century, large businesses and industrial operations began to move into Delaware County because of its proximity
to trade routes along the Delaware River. These companies, including Boeing, Sun Shipbuilding, Ford Motor
Company, Westinghouse Electric Company, Sun and Conoco Phillips Refineries, a portion of the Philadelphia
International Airport, and numerous hospitals and universities led to opportunities for residents moving to the
area (Delaware County n.d.).

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 the county to better assess magnitudes of hazards and develop more specific mitigation plans. According
to the 2020 U.S. Census, Delaware County had a population of 576,830, which represents a 3.2 percent increase
from the 2010 U.S. Census population of 558,979. Table 2-1 presents the population statistics for Delaware
County based on the 2000, 2010, and 2020 U.S. Census. Table 2-2 provides details regarding the demographics
for Delaware County.

Table 2-1. Delaware County Population Statistics

Population
Population Change Population
2000 2010 2020 Change 2000-2020 Density Per
Municipality Census Census Census 2000-2020 (€] Square Mile
Aldan Borough 4,313 4,152 4,244 -69 -1.60% 7,129
Aston Township 16,203 16,592 16,791 588 3.63% 2,872
Bethel Township 6,421 8,791 9,574 3,153 49.10% 1,769
Brookhaven Borough 7,985 8,006 8,300 315 3.94% 4,862
Chadds Ford Township 3,170 3,640 3,972 802 25.30% 455
Chester City 36,854 33,972 32,605 -4,249 -11.53% 5,430
Chester Heights Borough 2,481 2,531 2,897 416 16.77% 1,302
Chester Township 4,604 3,940 4,080 -524 -11.38% 2,870
Clifton Heights Borough 6,779 6,652 6,863 84 1.24% 10,908
Collingdale Borough 8,664 8,786 8,908 244 2.82% 10,266
Colwyn Borough 2,453 2,546 2,474 21 0.86% 9,514
Concord Township 9,933 17,231 18,295 8,362 84.18% 1,341
Darby Borough 10,299 10,687 10,715 416 4.04% 12,758
.n: Delware County Hazard Mitigation Plan 2-4
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Population
Population Change Population
2000 2010 Change 2000-2020 Density Per
Municipality Census Census 2000-2020 (%) Square Mile
Darby Township 9,622 9,264 9,219 -403 -4.19% 6,511
East Lansdowne Borough 2,586 2,668 2,714 128 4.95% 13,163
Eddystone Borough 2,442 2,410 2,459 17 0.70% 1,585
Edgmont Township 3,918 3,987 4,283 365 9.32% 440
Folcroft Borough 6,978 6,606 6,792 -186 -2.67% 4,833
Glenolden Borough 7,476 7,153 7,223 -253 -3.38% 7,411
Haverford Township 48,498 48,491 50,431 1,933 3.99% 5,069
Lansdowne Borough 11,044 10,620 11,107 63 0.57% 9,423
Lower Chichester Township 3,591 3,469 3,425 -166 -4.62% 3,156
Marcus Hook Borough 2,314 2,397 2,454 140 6.05% 1,507
Marple Township 23,737 23,428 24,214 477 2.01% 2,298
Media Borough 5,533 5,327 5,901 368 6.65% 7,744
Middletown Township 16,064 15,807 16,373 309 1.92% 1,217
Millbourne Borough 943 1,159 1,212 269 28.53% 16,721
Morton Borough 2,715 2,669 2,778 63 2.32% 7,755
Nether Providence Township 13,456 13,706 14,525 1,069 7.94% 3,065
Newtown Township 11,700 12,216 15,002 3,302 28.22% 1,489
Norwood Borough 5,985 5,890 5,943 -42 -0.70% 7,300
Parkside Borough 2,267 2,328 2,321 54 2.38% 11,233
Prospect Park Borough 6,594 6,454 6,427 -167 -2.53% 8,678
Radnor Township 30,878 31,531 33,228 2,350 7.61% 2,408
Ridley Park Borough 7,196 7,002 7,186 -10 -0.14% 5,829
Ridley Township 30,791 30,768 31,053 262 0.85% 6,638
Rose Valley Borough 944 913 1,017 73 7.73% 1,387
Rutledge Borough 860 784 782 -78 -9.07% 5,472
Sharon Hill Borough 5,468 5,697 6,014 546 9.99% 7,839
Springfield Township 23,677 24,211 25,070 1,393 5.88% 3,954
Swarthmore Borough 6,170 6,194 6,543 373 6.05% 4,669
Thornbury Township 7,093 8,028 6,904 -189 -2.66% 747
Tinicum Township 4,353 4,091 3,983 -370 -8.50% 436
Trainer Borough 1,901 1,828 1,976 75 3.95% 1,422
Upland Borough 2,977 3,239 3,068 91 3.06% 4,742
Upper Chichester Township 16,842 16,738 16,898 56 0.33% 2,521
Upper Darby Township 81,821 82,795 85,681 3,860 4.72% 10,957
Upper Providence Township 10,509 10,142 10,852 343 3.26% 1,866
Yeadon Borough 11,762 11,443 12,054 292 2.48% 7,534
Delaware County 550,864 558,979 576,830 25,966 4.71% 3,019

Sources: U.S. Census Bureau 2000, 2010, and 2020

As shown in the tables above, Delaware County’s 2020 Census population was 576,830. Based on these data,
the population density of Delaware County is 3,019 persons per square mile, which is considerably higher than
the Pennsylvania statewide average of 284 persons per square mile. Millbourne Borough has the highest
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population density of all the municipalities in the county (16,721 persons per square mile). All the municipalities
in Delaware County have population densities above the statewide average. Higher concentrations of people and
structures can increase vulnerability to natural hazards. The potential for damage and injury in these urban areas
is higher because of the greater concentration of people and property.

High-density areas pose a greater risk because a larger number of people and structures are concentrated in one
area. There is the possibility for diseases to spread quicker in these areas and structural damage is expected
during certain hazard events because of the proximity of buildings. It is likely that the magnitude of an emergency
or disaster will increase in more populous areas. However, having a higher concentration of people in the same
area will provide an opportunity to quickly disseminate information. Additional focus should be provided for
evacuating and sheltering larger populations during emergencies and disasters.

Table 2-2. Demographics for Delaware County

Demographics 2010 2020
Total population 558,979 576,830
Male 266,526 271,636
Female 289,942 292,918

Median age (years) 38.5 39.0
Under 5 years 33,388 33,734
18 years and over 425,141 439,657
65 years and over 79,574 90,402
Total households 206,542 224,417
Group quarters population 23,055 20,846

Source:  U.S. Census Bureau 2010 and 2020, 2005 - 2010 American Community Survey 5-Year Estimates, and 2015 - 2019 American
Community Survey 5-Year Estimates

Vulnerable Populations

The DMA 2000 requires that HMPs consider socially vulnerable populations. These populations can be more
susceptible to hazard events based on a number of factors, including their physical and financial ability to react
or respond to a hazard and the location and construction quality of their housing.

Identifying concentrations of vulnerable populations can assist communities in targeting preparedness, response,
and mitigation actions. Populations with a higher level of vulnerability may be more seriously affected during
the course of an emergency or disaster.

Based upon Table 2-2, it is estimated that 3.6 percent of Delaware County’s population lives 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.

Vulnerable populations have unique needs that should be taken into consideration by public officials to help
ensure the safety of populations with a higher level of risk. For the purposes of this planning process, vulnerable
populations in Delaware County include children, elderly, low-income, the physically or mentally disabled, and
non-English speakers.

Age

Children are considered vulnerable to hazard events because they are dependent on others to safely access
resources during emergencies and may experience increased health risks from hazard exposure. The elderly are
more apt to lack the physical and economic resources necessary to respond to hazard events and are more likely
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to suffer health-related consequences. Those living on their own may have more difficulty evacuating their
homes. The elderly are also more likely to live in senior care and living facilities where emergency preparedness
occurs at the discretion of facility operators.

According to the 2015-2019 American Community Survey 5-Year Estimates, the median age in Delaware
County was 39 years. Approximately 16 percent of the county’s total population is aged 65 and older. 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, 6 percent of the county’s total population is under the age of 5.
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 of age represents approximately 22 percent of its total
population.

Income

The 2015-2019 American Community Survey 5-Year Estimates indicate that median household income in
Delaware County was $74,477 and the poverty rate was 9.9 percent. The U.S. Census Bureau identifies
households with two adults and two children with an annual household income below $27,479 per year as living
in poverty (U.S. Census Bureau 2021).

Physically or Mentally Disabled

Physically or mentally disabled individuals are defined as “Persons with a disability include those who have
physical, sensory, or cognitive impairment that might limit a major life activity” (Centers for Disease Control
and Prevention 2020). These impairments may increase the level of difficulty that individuals may face during
an emergency. Cognitive impairments may reduce an individual’s capacity to receive, process, and respond to
emergency information or warnings. Individuals with a physical or sensory disability may face issues of
mobility, sight, hearing, or reliance on specialized medical equipment. According to the 2015-2019 American
Community Survey 5-Year Estimates, 11.5 percent of residents of Delaware County are living with a disability.

Non-English Speakers

Individuals who are not fluent or do not possess a working proficiency in English are vulnerable because they
may have difficulty understanding information being conveyed to them. Cultural differences can also add
complexity to how information is being conveyed to populations with limited proficiency of English (Centers
for Disease Control and Prevention 2021). According to the 2015-2019 American Community Survey 5-Year
Estimates, 12.3 percent of residents over the age of 5 primarily speak a language other than English at home. Of
the 23,264 individuals who reported to speak English less than “very well”, 32.1 percent speak Spanish, 32.6
percent speak other Indo-European languages, 42.8 percent speak Asian and Pacific Island Languages, and 35.4
percent speak other languages. Future hazard mitigation strategies should consider addressing language barriers
to ensure that all residents can receive emergency instructions. Table 2-3 summarizes race and ethnicity
population information for Delaware County.

Table 2-3. Race and Ethnicity in Delaware County

% of % of
Race and Ethnicity Population Population
One race 548,000 98.0% 546,811 97.2%
White 405,233 72.5% 367,718 65.3%
Black or African American 110,260 19.7% 129,242 23.0%
American Indian and Alaska Native 874 0.2% 1,092 0.2%
Asian 26,277 4.7% 36,457 6.5%
Native Hawaiian and Other Pacific Islander 145 0.0% 153 0.0%
Some other race 5,211 0.9% 12,149 2.2%
.n: Delware County Hazard Mitigation Plan 2-7
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% of % of

Race and Ethnicity Population Population
Two or more races 10,979 2.0% 30,019 5.3%
Foreign born 47,358 8.5% 58,846 10.5%
Speak a language other than English 56,969 10.2% 65,356 11.6%
Hispanic or Latino 16,537 3.0% 26,772 4.8%

Source: U.S. Census Bureau 2010 and 2020. 2015 - 2010 and 2014 - 2019 American Community Survey 5-Year Estimates

Population and Demographic Trends

This section discusses population trends to use as a basis for estimating future changes that could result from the
seasonal character of the population and significantly change the character of the area. Population trends can
provide a basis for making decisions on the type of mitigation approaches to consider and the locations in which
these approaches should be applied. This information can also be used to support planning decisions regarding
future development in vulnerable areas. Various Census Bureau products were used as sources for the population
trends section. The Decennial Census is the official population count taken every 10 years. In addition to the
U.S. Census historic counts, the population projections from the Pennsylvania State Data Center for Rural
Pennsylvania and the Pennsylvania Department of Environmental Protection were utilized to provide insight
into future population trends. Figure 2-3 depicts the county’s population from 1900 — 2040. The county’s
population peaked in 1970 with a record high of 603,456. The Center for Rural Pennsylvania projects that the
population will rapidly increase from 2020 to 2040 with an estimated 12.4 increase over three decades. The
Department for Environmental Protection’s population projections are more conservative, estimating less than a
1 percent increase between 2020 and 2040 accounting for a 2040 population of 571,458.

Figure 2-3 Delaware County Population Change and Projection, 1900 - 2040

Delaware County Population 1900 - 2040
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Source: U.S. Census Bureau, Pennsylvania State Data Center for Rural Pennsylvania 2013, and PA DEP 2013

Population changes at the municipal level are also important to capture to better understand changing populations
within the county and where the concentration of population resides. Table 2-4 provides population changes and
projections in population for each municipality.
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Table 2-4 provides population estimates and projections for each municipality in Delaware County and for the
county as a whole. The Department of Environmental Protection estimates the population of the entire county to
be 571,458 by the year 2040, which represents a net population increase of 19,484 people in a 30-year period. It
is important to note that the population estimates calculated by the Center for Rural Pennsylvania estimate the
2040 population to be much higher at 648,439. As shown in the table below, 47 percent of municipalities in
Delaware County are projected to see an increase in population with three municipalities are projected to increase
population by more than 100 percent. The table also shows that 26 municipalities are projected to see a decrease
in population. 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 Delaware County to better assess
magnitudes of hazards and develop more specific mitigation plans and strategies.

Table 2-4. Delaware County Population Projections by Municipality

. Projected
L DL Population
o 2000 2010 2020 2030 2040 Change p
Municipality L L . Change
Census Census Census Projection Projection Estimate
2000- 2040
2000 - 2040
(%)
Aldan Borough 4313 4,152 4244 3,769 3,575 738 -17.1%
Aston Township 16,203 16,592 16,791 17,969 18,675 2472 15.3%
Bethel Township 6,421 8,791 9,574 12,167 13,836 7415 115.5%
Brookhaven 7,985 8,006 8,300 7,553 7313 672 8.4%
Borough
(Clrastes e 3,170 3,640 3,972 4,239 4,528 1,358 42.8%
Township
Chester City 36,854 33,972 32,605 28,132 25,193 -11,661 31.6%
Clhgsia e ghis 2,481 2,531 2,897 2,760 2,878 397 16.0%
Borough
Chester Township 4,604 3,940 4,080 3,263 2,922 -1,682 -36.5%
Clititom B 6,779 6,652 6,863 6.231 6,015 764 -11.3%
Borough
Collingdale Borough 8,664 8,786 8,908 8,513 8,362 302 3.5%
Colwyn Borough 2,453 2,546 2,474 2,525 2,509 56 2.3%
Concord Township 11,239 17,231 18,295 23,849 27,120 15,881 141.3%
Darby Borough 10,299 10,687 10,715 10,460 10,317 18 0.2%
Darby Township 9,622 9,264 9,219 7,868 7,151 2,471 25.7%
IS e 2,586 2,668 2,714 2,679 2,681 95 3.7%
Borough
Eddystone Borough 2,442 2,410 2,459 2,369 2,349 93 3.8%
Edgmont Township 3918 3,987 4283 5,032 5,580 1,662 42.4%
Folcroft Borough 6,978 6,606 6,792 5,735 5,295 -1,683 24.1%
Glenolden Borough 7476 7,153 7,223 6,947 6,857 -619 8.3%
Haverford Township 49,608 48,491 50,431 46,973 46,234 3,374 6.8%
Lansdowne Borough 11,044 10,620 11,107 9,573 9,044 2,000 -18.1%
Lower Chichester 3,591 3,469 3,425 3,268 3,169 422 -11.8%
Township
e ol 2314 2,397 2,454 2,306 2,253 61 2.6%
Borough
Marple Township 23,737 23,428 24214 23,563 23,653 -84 -0.4%
Media Borough 5,533 5327 5,901 4,737 4,437 -1,096 -19.8%
Middletown 16,064 15,807 16,373 17,082 17,770 1,706 10.6%
Township
Millbourne Borough 943 1,159 1212 1,506 1,677 734 77.8%
2-9
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. Projected
L DL Population
o 2000 2010 2020 2030 2040 Change p
Municipality L L . Change
Census Census Census Projection Projection Estimate
2000- 2040
2000 - 2040
(%)

Morton Borough 2,715 2,669 2,778 2,504 2,419 296 -10.9%
Wist i it mete 13,456 13,706 14,525 14,187 14,427 971 7.2%
Township
Newtown Township 11,700 12,216 15,002 13,099 13,537 1,837 15.7%
Norwood Borough 5,985 5,890 5,943 5,633 5,503 -482 8.1%
Parkside Borough 2,267 2,328 2321 2317 2,308 41 1.8%
LTSI [ 6,594 6,454 6,427 6,150 5,997 -597 -9.1%
Borough
Radnor Township 30,878 31,531 33,228 34,079 35,389 4,511 14.6%
Ridley Park Borough 7,196 7,002 7,186 6,449 6,168 -1,028 -14.3%
Ridley Township 30,791 30,768 31,053 30,432 30,256 535 -1.7%
lmse Vellgy 944 913 1,017 845 811 -133 -14.1%
Borough
Rutledge Borough 860 784 782 708 672 -188 21.9%
Sharon Hill Borough 5,468 5,697 6,014 5,721 5,720 252 4.6%
Springfield 23,677 24211 25,070 2,449 24,544 867 3.7%
Township
SEingis 6,170 6,194 6,543 6,233 6,252 82 1.3%
Borough
Thornbury Township 5,787 8,028 6,904 11,111 12,635 6,848 118.3%
Tinicum Township 4353 4,091 3,983 3,710 3,523 -830 -19.1%
Trainer Borough 1,901 1,828 1,976 1,551 1,409 -492 -25.9%
Upland Borough 2,977 3,239 3,068 3,258 3,253 276 9.3%
Upper Chichester 16,842 16,738 16,898 18,115 18,849 2,007 11.9%
Township
Wigger Deity 81,821 82,795 85,681 84,474 85,305 3,484 43%
Township
Upper Providence 10,509 10,142 10,852 10,346 10,475 34 0.3%
Township
Yeadon Borough 11,762 11,443 12,054 10,887 10,612 -1,150 9.8%
Delaware County 551,974 558,979 562,848 567,327 571,458 19,484 3.5%

Sources: U.S. Census Bureau 2000, 2010, and 2020 and PA DEP 2012

Housing

Delaware County has an estimated 229,208 housing units. 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 is also devastating to the displaced residents.

According to the U.S. Census, approximately 6 percent of the county’s residential properties are vacant; most
vacancies are 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 28.2 percent of the county’s housing units are renter-occupied. 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 Delaware County.
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Table 2-5. Housing Characteristics in Delaware County

Housing Characteristics 2010 2020
Total housing units 222,249 224,417
Owner-occupied housing units 148,298 142,562
Renter-occupied housing units 58,244 64,695
Vacant housing units 16,003 17,160
Median value (dollars) $232,300 $244,400
Housing units with a mortgage 103,926 94,149
Housing units without a mortgage 44,372 48,413

Source: 2005 - 2010 and 2014 - 2019 American Community Survey 5-Year Estimates

In 2019, the median household income in the county was $74,477, which was higher than the Commonwealth
of Pennsylvania’s estimated median household income of $61,744. Approximately 7.1 percent of family incomes
in Delaware County were below the poverty level, and 9.9 percent of its individual incomes were below the
poverty level (American Community Survey 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 more vulnerable during an evacuation. Table 2-6 summarizes economic characteristics of Delaware
County’s population and population distribution of residents with incomes below the poverty level.

Table 2-6. Economic Characteristics in Delaware County

Economic Characteristics 2010 2020
Median household income $61,876 $74,477
Median family income $77,879 $96,632
Per capita income $32,408 $40,026
Families with income below the poverty level 6.9% 7.1%
Individuals with income below the poverty level 9.4% 9.9%

Source: 2005-2010 and 2015-2019 American Community Survey 5-Year Estimates

2.4 LAND USE AND DEVELOPMENT

Over 66 percent of Delaware County is developed with residential, commercial, and industrial land uses. Much
of this developed land consists of single-family detached housing units and parking lots. The Delaware County
2035 Land Use Policy Framework states that 44 percent of the county’s land use is residential, with 39 percent
being single-family detached. Employment drivers, such as civic and institutional, commercial, and industrial
activity, account for 15 percent of land use; 23 percent of land is dedicated to open space and 14 percent is
infrastructure.

Figure 2-4 provides the current land cover map. Transportation facilities within Delaware County include
highway, rail, and a major airport. Delaware County has an extensive network of major highways, including
U.S. Interstates 476 (Blue Route) and 95; U.S. Routes 202, 322, 1, and 13; and PA Routes 252, 352, 452, 291,
3, 320, and 420. In addition to roadways, the county has a number of railroads, including the SEPTA regional
rails, AMTRAK passenger lines, and multiple freight lines. The county also has 13 miles of waterfront along the
Delaware River. The Philadelphia International Airport is in the southeast part of Delaware County.

Future growth for the county is focused on infill development to account for the majority of the county being
developed. Redevelopment will be prioritized around existing infrastructure and identifying opportunities to
create green spaces.
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Figure 2-4. Delaware County Land Use and Land Cover

Montgomery

Chester
County.

Millbourne
B}

City of.
Philadelphia

NLCD 2019 Land Use Land Cover

Agriculture W |nterstate

B Barren Land  —— State @@
- Farest U.S. Route

Delaware, 2 J Ly
ﬁ"‘ “ \ 4 UrbanArea  —— Rail | — T
Dau Sources:
)
‘ o New/Jersey, Water D County Delaware County - 2021; FermDOT - 2010;
USGS - 2011;PAMAP - 2007; Great Lakes
[ warpiana I vetands D Municipality ~ €ommission - 2017, Canada GIS - 2020;

West Virginia o it ESRI - 2002/2021; NLCD Land Use - 2019;
Waterbody  (Tup) -Township (C) - City (B} - Borough

2.5 DATA SOURCES AND LIMITATIONS

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

1. Delaware County 2035

2. Population Projection Report (PA DEP 2012)

3. U.S. Census Bureau, 2000, 2010 and 2020

4. U.S. Census Bureau, “American Factfinder — 2010 American Community Survey Delaware County”
5. U.S. Census Bureau, “American Factfinder — 2019 American Community Survey Delaware County”
6. Delaware County Conservation District

Section 1.4 lists general data sources used to develop the HMP as well as data sources used to perform geographic
information system (GIS) analysis for the risk assessment. These sources were key in understanding the current
demographic makeup of the community and in framing the foundation of the Plan. The sources listed provided
the underlying context of the Plan and allowed the Planning Team to understand critical vulnerabilities in the
county. Throughout the course of the planning process, the Planning Team continually sought additional data
sources to augment the information included in the Plan. The Planning Team made multiple requests for existing
jurisdictional documents (e.g., jurisdictional hazard mitigation plans and other relevant information) and
municipal documents; however, 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
arevised 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 Delaware County HMP. This section describes the
planning process used to update the HMP, with participation from 33 of the county’s 49 municipalities and the
Brandywine Conservancy and Museum of Art, a special district. This section also describes the hazard mitigation
and multi-jurisdictional planning implemented by the Steering Committee and Planning Team in meetings and
documentation with public and stakeholder participation during the HMP update process. Additional details
about the process of updating each section of this HMP appear at the beginnings of each section.

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:

e Planning process

e Hazard identification

e Risk assessment

e  Mitigation strategy: goals, actions, and projects
e Formal adoption by the participating jurisdictions

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

The PEMA All-Hazard Mitigation Planning Standard Operating Guide 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. Section 4 (Risk Assessment) describes hazard vulnerabilities and the risk assessment and
Section 6 (Mitigation Strategy) describes the mitigation strategy for 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 Delaware 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 Delaware County, its municipalities, and
the Steering Committee. Through this planning process, the county established a comprehensive approach to
reduce 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,
Delaware County Emergency Services led the update to the 2016 HMP. Mr. Larry Bak, Deputy Director,
Emergency Management, 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
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planning area. Mr. Bak served as chair of the Steering Committee. Throughout the planning process, Mr. Bak
served as the lead planner and point of contact for the planning process. The Steering Committee was comprised
of the following individuals:

Howard Lazarus, Executive Director, Delaware County

Larry Bak, Deputy Director, Emergency Management, Delaware County Emergency Services
Tim Boyce, Director of Emergency Services, Delaware County Emergency Services

Sean Devlin, Emergency Management Specialist, Delaware County Emergency Services
Sharon Jaye, Interim Director and Sustainability and Resilience Manager, Delaware County Public
Works Department

Denise Long, Office Manager, Delaware County Public Works Department

Ed Magargee, District Manager, Delaware County Conservation District

Sara Senkow, Emergent Threats Analyst, Delaware County Emergency Services

Tom Shaffer, Interim Director and Manager of Transportation Planning, Delaware County Planning
Department

Anne Stauffer, Senior Planner, Delaware County Planning Department

Tom Morgan, Emergency Management Coordinator (EMC), Aston Township

Maryann Furlong, Tax Collector, Borough of Chester Heights

Mark Possenti, Manager, Darby Borough

Steven Poole, Deputy Emergency Management Coordinator (EMC), Haverford Township
Patrick O’Connell, Emergency Management Director, Prospect Park Borough

Steve Norcini, Township Engineer, Radnor Township

Chris Gluck, EMC and Sergeant, Radnor Township

John Pietrafitta, Emergency Management Coordinator (EMC), Springfield Township

Tony Subbio, 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 Steering Committee meetings.
Assisting with the development and completion of certain planning elements, including:
o Reviewing and updating the hazards of concern
Developing a public and stakeholder outreach program
Ensuring the data and information used in the plan update process is best available
Reviewing and updating the hazard mitigation planning goals and objectives
Identifying and screening appropriate mitigation strategies and activities
o Reviewing and updating plan maintenance procedures

@)
©)
©)
@)

Reviewing and commenting on plan documents prior to submittal 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 organizations listed below were invited to
participate on the Planning Team.

Delaware County Jurisdictions

e Delaware County e Aldan Borough e Aston Township o Bethel Township e Brookhaven
Borough
e Chadds Ford Township e Chester City o Chester Heights e Chester Township e Clifton Heights
Borough Borough
e Collingdale Borough e Colwyn Borough e Concord Township e Darby Borough e Darby Township
e East Lansdowne e Eddystone Borough e Edgmont Township e Folcroft Borough e Glenolden Borough
Borough
Delaware County Hazard Mitigation Plan 3-2
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Haverford Township
Media Borough
Newtown Township
Ridley Park Borough
Springfield Township

Upland Borough

Special District

Lansdowne
Borough
Middletown
Township
Norwood Borough

Ridley Township
Swarthmore

Borough
Upper Chichester

Lower Chichester
Township
Millbourne Borough

Parkside Borough

Rose Valley
Borough
Thornbury
Township
Upper Darby

e Marcus Hook
Borough
e Morton Borough

e Prospect Park
Borough
o Rutledge Borough

o Tinicum Township

e Upper Providence

Marple Township

Nether Providence
Township
Radnor Township

Sharon Hill
Borough

Trainer Borough

Yeadon Borough

Townshii Townshii Townshii

e Brandywine Conservancy and Museum of Art

Educational Institutions

Chester Upland School
District

Marple Newtown School

District
Southeast Delco School
District

Cabrini College

Delaware County
Community College:
Upper Darby Center
PSU — Brandywine

Academy Of Notre
Dame De Namur

Blessed Virgin Mary
School

Chi Institute

Collingdale Nazarene
Church

Delaware County
Technical School:
Folcroft Campus
Frederick Douglass
Christian School

Chichester School
District

Penn-Delco School
District
Springfield School
District

Cheyney University
of PA

Eastern University

Swarthmore
College
Agnes Irwin School

Buxmont
Academy/Woodlyn
Center

Child Guidance
Elementary Ed.
Program

Delaware County
Christian School

Drexel Neumann
Academy

George Crothers
Memorial School at
Cades

Garnet Valley
School District

Radnor Township
School District
Upper Darby School
District

Crozer Chester
Medical School

Haverford College

Valley Forge
Military Academy
Archbishop Carroll
High School
Cardinal Foley
School

Christ Memorial
Classical Academy

Delaware County
Intermediate Unit

Easterseals
Southeastern
Pennsylvania
Glen Mills School

e Haverford
Township School
District

e Ridley School
District

e Wallingford-
Swarthmore
School District

e Delaware County
Community
College

e Neumann College

e Villanova
University

e Aston DCIU
Education Center

e Cardinal O'Hara
High School

e Christian
Academy

e Delaware County
Technical High
School: Marple
Campus

e Elwyn Davidson
School

e Grayson School

Interboro School
District

Rose Tree Media
School District
William Penn
School District

Delaware County
Community
College: Southeast
Center
Pennsylvania
Institute of
Technology
Widener University

Benchmark School

Cheder Chabad

Church Of
Atonement Day
School

Delaware County
Technical School:
Aston Campus

Faith Temple
Christian School

Haverford Friends
School

T

Hilltop Preparatory ¢ Holy Child e Holy Cross School e Holy Family o Institute Of Islamic
School Academy Regional Catholic Studies
School
Jack M. Barrack Hebrew e Keep Kindergarten e Lane Montessori e Lansdowne e Lansdowne
Academy School Friends School Montessori School
Life Discovery School o LifeWorks School e Little Lambs e Main Line e Main Line
Kindergarten Christian Classical Academy Montessori
Kindergarten
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Media Children's House

Mother of Providence
Regional Catholic School

Sacred Heart Academy

Saint Bernadette School

Saint Faith Preschool and
Kindergarten

Saint Mark's Christian
School

Springton Lake
Montessori School
The School in Rose

Media Providence
Friends School

Mt. Pleasant
Nursery School

Sacred Heart
School

Saint Cornelius
School

Saint Francis Of
Assisi School

Saint Mary
Magdalen

Ss. Colman-John
Neumann School
Valley Forge

e Melmark School

e Notre Dame De
Lourdes

e Saint Aloysius
Academy

e Saint David's
Episcopal Day
School

e Saint James
Regional Catholic
School

e Saint Pius X School

e SS. Cyril &
Philomena School
e Vision Academy

o Middletown
Montessori School

e Our Lady of
Angels Regional
School

e Saint Anastasia
School

o Saint Dorothy
School

e Saint Katharine Of

Siena

e Saint Thomas The
Apostle School

o Stratford Friends
School

o Walden School

e Monsignor Bonner
and Archbishop
Prendergast High
School

e Pennington Center

e Saint Andrews
School
e Saint Eugene School

e Saint Laurence

e Shiloh Development
Academy

e The Episcopal
Academy

ValleE Militai Academi Charter School

e Community Hospital

o Crozer-Chester
Medical Center

e Delaware County
Memorial Hospital

Delaware County
Memorial Hospital

Mercy-Fitzgerald
Hospital

e Mercy-Fitzgerald ¢ Riddle Memorial o Springfield Hospital e Taylor Hospital

Hospital Hospital at the Healthplex

e Aston Beechwood Fire e Bethel Township e Boeing Fire Brigade e Bon Aire Fire e Boothwyn Fire
Company Hose Company Company Company # 1
o Briarcliffe Fire Company e Brookhaven Fire e Brookline Fire e Broomall Fire e Cardington
Company Company Company Stonehurst Fire
Company
o Chester City Fire e Chester Heights o Clifton Heights Fire e Collingdale Fire e Colwyn Fire
Company Fire Company Company Company # 1 Company # 1
e Concordville Fire e Congoleum Fire e Conoco Phillips Fire e Darby Fire e Darby Township
Association Brigade and Rescue Company # 1 Fire Company
¢ Drexel Hill Fire e East Lansdowne o Eddystone Fire e Edgemont Fire o Essington Fire
Company Fire Company # 1 Company Company Company
e Excelon Fire and Rescue e Felton Fire e Feltonville Fire e Folcroft Fire e Folsom Fire
Company Company Company # 1 Company
¢ Garden City Fire ¢ Glenolden Fire o Goodwill Fire e Green Ridge Fire o Highland Park Fire
Company Company # 1 Company Company Company
e Holmes Fire Company o Lansdowne Fire e Leedom Fire e Lenni Fire e Lennox Park Fire
Company Company Company # 1 Company # 1
o Lester Fire Company e Lima Fire Company e Linwood Fire o Llanerch Fire e Lyondel Chemical
Company Company Fire Brigade
e Manoa Fire Company e Marcus Hook Fire e Media Fire o Middletown Fire e Milbourne Fire
Company Company Company Company
e Milmont Fire Company e Morton Fire e Newtown Square e Norwood Fire e Oakmont Fire
Company Fire Company # 1 Company Company # 1
e Ogden Fire Company o Parkside Fire e Primos/Secane Fire o Prospect Park Fire e Radnor Fire
Company # 1 Company Company Company
e Reliance Hook & Ladder e Ridley Park Fire e Rose Tree Fire e Rutledge Fire e S.M. Vauclain Fire
Company Company Company Company Company
e Sharon Hill Fire e South Media Fire e Springfield Fire e Sun Oil Fire e Swarthmore Fire
Company Company Company Brigade Company
e Trainer Fire Company e Upland Fire e Upper Darby Fire e Viscose Fire e Woodlyn Fire
Company Company # 3 Company Company

Yeadon Fire Company

Delaware County Hazard Mitigation Plan
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Police Departments

e Aldan Borough Police e Aston Township o Bethel Township e Brookhaven Chester City Police
Police Police Borough Police
o Chester Township Police e Clifton Heights e Collingdale e Colwyn Borough Darby Borough
Police Borough Police Police Police
e Darby Township Police e East Lansdowne o Eddystone Police e Folcroft Borough Glenolden Borough
Police Department Police Police
e Haverford Township e Lansdowne o Lower Chichester e Marcus Hook Marple Township
Police Borough Police Police Borough Police Police
e Media Borough Police ¢ Millbourne e Morton Borough o Nether Providence Newtown Township
Borough Police Police Police Police
e Norwood Borough Police e Parkside Borough e Pennsylvania State o Prospect Park Radnor Township
Police Police Police Police
¢ Ridley Park Police ¢ Ridley Township o Sharon Hill o Springfield Swarthmore
Police Borough Police Township Police Borough Police
e Tinicum Township e Trainer Borough e Upland Borough e Upper Chichester Upper Darby
Police Police Police Police Township Police
o Upper Providence Police e Yeadon Borough
Police

Additional Emergency Medical Services (EMS) Agencies

o CKHS EMS o Crozer EMS o EMStar Medical e Event Medical

e Marple Township

Transport Stafting Solutions Ambulance Corps
e Mercy Fitzgerald EMS e National Event e On Time e Premium Care e Riddle Advanced
Services Ambulance, Inc. Medical Transport Life Support Unit
LLC
¢ Ridley Emergency e Springfield o Stat Medical e Tinicum EMS e Villanova
Medical Services, Inc. Ambulance Corps Transport LLC Emergency Medical
Service

Neighboring Jurisdictions

¢ Gloucester County,

o Chester County NJ Office of e Montgomery e Montgomery e New Castle County
Department of Emergency County Planning County Public Emergency
Emergency Services Management Commission Safety Management

o Philadelphia Office of
Emergency Management

Other Stakeholders

e American Red Cross e Delaware Valley o Federal Emergency e Pennsylvania

e Pennsylvania

Regional Planning Management Department of Emergency
Commission Agency Environmental Management
Protection Agency
e Pennsylvania Turnpike o Southeastern o Southeastern
Commission Pennsylvania Pennsylvania
Regional Task Transit Authority
Force

Appendices C, D and E include complete lists of individual invitees and participants, attendance at meetings,
completion of worksheets, and submittal of comments.

The Planning Team acknowledged that important steps in developing a comprehensive HMP included
identifying hazards that specifically affect Delaware 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 to narrow the focus to natural disasters only.
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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

Assisting with the review, update, and ranking of the hazards of concern, and 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 strategies

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 3-1 lists dates and descriptions of meetings held by the Delaware County Steering Committee and Planning
Team as part of the process of updating the Delaware County HMP.

Table 3-1. Public and Planning Meetings

Date Description of Meeting

October 25, 2021 Kickoff meeting with the Steering Committee

Kickoff Meeting with Planning Team members, including 5-year plan review and plan
November 16, 2021 update process, evaluation of identified hazards, capability assessment, and mitigation
strategy review.

Hazard mitigation planning discussed at the Delaware County Local Emergency Planning

DStz 6, A Committee (LEPC) Meeting

Hazard mitigation planning discussed at the 1Q22 Emergency Management Coordinator

March 9, 2022 (EMC) Training

Planning Team Meeting to review the results of the risk assessment. The Planning Team

ity s, 20022 members identified problem areas and issues throughout the County for each hazard.

Hazard mitigation planning discussed at the 2Q22 Emergency Management Coordinator

June 21, 2022 (EMC) Training

Hazard mitigation planning discussed at the Delaware County Local Emergency Planning

June 22, 2022 Committee (LEPC) Meeting

Mitigation Strategy Workshop to review mitigation goals, objectives, actions, and current

June 29, 2022 plan status with the Planning Team.

Direct outreach and teleconference discussions with municipalities, to garner as much

SIS )= T o, AL participation in the planning process as possible.

October 18, 2022 Public HMP Draft Review Meeting to receive comments on the draft HMP.
TBD HMP adoption by County Commissioners.
.": Delaware County Hazard Mitigation Plan 3-6
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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. Appendix C
includes documentation from all meetings.

Delaware County residents were informed of the planning process through various sources, including
newspaper-announced public notices and announcements on the Delaware County HMP project website
(delcopahmp.com). Two individuals submitted comments on the draft HMP through the project website; those
comments are included in Appendix E.

Though an administrative error prevented a public notice from being published to advertise the Risk Assessment
Review Meeting, Delaware County subsequently issued a public notice alerting the whole community of the
availability of the updated risk assessment information and requested feedback. That notice was also issued as a
press release and published on external websites. Delaware County also issued a public notice to advertise the
Draft Review Meeting. Figure 3-1 includes copies of these notices. No members of the general public attended.
Any subsequent supporting documentation provided by county residents will be included in Appendix E (Public
and Stakeholder Participation).

Figure 3-1. Public Notices

Released: August 22, 2022 THE 2022 Delaware County| |
Hazard Mitigation Plan (HM %
update is complete. The Hi

Delaware County and its municipalities are updating the Delaware County Hazard Mitigation Plan (HMP). The HMP is designed to documents the risks faced by
the county and its communi-

make our community more resistant to losses from natural and man-made disasters, and to enable the County and municipalities to ties, an analysis of stakehold-
er capabilities, and a set of

be eligible for federal funding for qualifying mitigation projects. The updated risk assessment is available on the HMP project website. goals, objectives, and actions
o . . i i X . to reduce vulnerability across
https://www.delcopahmp.com/, under the “Explore the Plan” link. A recording of the meeting held to review the results of the risk the county. The draft HMP is

assessment can be found under the “Meetings” link. All interested parties are invited to review and provide comments on the risk ngégbiﬁ%afg:rﬁ'?meig 1

the site ané review the docu-

m_e”ntg postegl_ therel.)‘ Thege
s Services at (61 = X will be ‘a public webinar to
Emergency Services at (610) 565-8700 Follect cammonts megina o
HMP on Tuesday, October
18, 2022, from 6:30-8:00 p.m.
Details about the webinar
can be found on the website
above. Interested parties are
invited to attend the webinar
and provide comments. For
more information, contact
Larry Bak at Delaware Count,
Emergency Services at (610,
565-8700.

DCT: Sept.26. a:1

assessment using the “Questions” form on the website. For more information, please contact Larry Bak at Delaware County

3.4 PUBLIC AND STAKEHOLDER PARTICIPATION

To maximize effectiveness of the HMP, the Planning 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, Municipal Risk Factor Analysis, Capabilities Assessment Survey, NFIP
Survey, and Mitigation Strategy 5-Year Plan Review Worksheet (Mitigation Review Worksheet) —were given
to representatives from each municipality in Delaware County. Of the county’s 49 municipalities, and the
Brandywine Conservancy and Museum of Art special district, 35 jurisdictions (the county, 33 municipalities,
and the special district) 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, completing a stakeholder
survey (no responses were received through the publicly-available stakeholder surveys), or by offering
comments on the project website: local, state, and federal agencies; neighboring jurisdictions (i.e., Chester and
Montgomery Counties and the City of Philadelphia in Pennsylvania; New Castle County in Delaware; and
Gloucester County in New Jersey); 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 municipality
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representatives unable to attend other meetings or who had questions about worksheets, participation
requirements, the planning process, or mitigation project selection. Of the 49 municipalities and the special
district, 30 of these partners had representatives attend at least one meeting; one more of the participating
municipalities provided information through individual contact.

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 Delaware
County Emergency Services. Appendix E includes copies of the public notices and other forms of public and
stakeholder outreach.

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

e Adelphia e Aqua America e Boeing e Braskem
o Chester City Bureau of Fire e Constellation Energy o Crozer Health e Delaware County Local
Emergency Planning
Committee
e Delaware Valley Regional o Eastern Delaware County e Eddystone Police o Energy Transfer
Planning Commission Stormwater Collaborative Department
o Federal Emergency e Hepaco o Iceworks o Lewis
Management Agency
Region 3
o Liberty Electric e Main Line Health e Menzies e MIPC, LLC, a subsidiary
of Monroe Energy
e Monroe Energy e Ogden Fire Company e Pennsylvania Emergency e Radnor Township Police
Management Agency Department
e SKC Hangar o Upper Darby Fire e US Coast Guard
Department

Table 3-2 in Section 3.5 shows overall municipal participation in the planning process.

3.5 MULTI-JURISDICTIONAL PLANNING

Delaware 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 may not have had access. However, Delaware County
depended on municipal buy-in because the municipalities have the legal authority to enforce compliance with
land use planning and development directives. Delaware County undertook an intensive effort to involve all 49
municipalities and the Brandywine Conservancy and Museum of Art special district 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 with 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 formal adoption of the HMP; copies of municipal
adoption resolutions are in Appendix F. Table 3-2 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 Delaware County Steering Committee
representatives to cover the meeting material and provide municipal support on the topics presented.
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Table 3-2. Participation Matrix

Meetings Worksheets
Planning
Team Kick- 1Q22 Risk Mit. HMP Draft Mun.
0)i LEPC EMC Assess. June 2Q22 LEPC Strategy Review Risk Risk Cap. it. 2022 Plan
Meeting Meeting Trng. Meeting EMC Trng. Meeting Work. Meeting Indiv. Assess. Factor Assess. NFIP Adoption

Jurisdiction 11/16/21 12/8/21 3/9/22 6/14/22 6/21/22 6/22/22 6/29/22 10/18/ 22 Contact Survey Form Survey Survey Date
Delaware County X a4 X X X X X X N/A N/A TBD
Aldan Borough X + TBD
Aston Township X a4 X X X TBD
Bethel Township + X X X X X X X TBD
Brookhaven Borough a4 X X X X X TBD
Chadds F ord < " TBD
Township
Chester City X + X X X X X X X TBD
Chester Heights . X X X X X X X TBD
Borough
Chester Township a4 X TBD
Clifton Heights 4 X X TBD
Borough
Collingdale Borough a4 TBD
Colwyn Borough + TBD
Concord Township X a4 X X X X X X X X X X X TBD
Darby Borough + TBD
Darby Township a4 X TBD
East Lansdowne 4 TBD
Borough
Eddystone Borough 4 X X X X X TBD
Edgmont Township + TBD
Folcroft Borough + TBD
Glenolden Borough + TBD
Haverford Township X 4 X X X TBD
Lansdowne Borough + TBD
Lower Chlchester o TBD
Township
Marcus Hook N X < < X TBD
Borough
Marple Township X a4 X X X X X X TBD
Media Borough X + X X TBD
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Meetings Worksheets
Planning
Team Kick- Risk Mit. HMP Draft Mun.
0)i LEPC Assess. June 2Q22 LEPC Strategy Review Risk Risk Cap. it. 2022 Plan
Meeting Meeting Meeting EMC Trng. Meeting Work. Meeting Indiv. Assess. Factor Assess. NFIP Adoption

Jurisdiction 11/16/21 12/8/21 6/14/22 6/21/22 6/22/22 6/29/22 10/18/ 22 Contact Survey Form Survey Survey DE
Mlddletgwn X + X X X X X X X TBD
Township
Millbourne Borough + TBD
Morton Borough a4 TBD
Nether Prowdence " TBD
Township
Newtown Township X 4 X X X X X X X X X TBD
Norwood Borough + TBD
Parkside Borough + TBD
Prospect Park . X X X X X X X TBD
Borough
Radnor Township X a4 X X X X X X X X TBD
Ridley Park Borough + TBD
Ridley Township a4 X TBD
Rose Valley Borough + TBD
Rutledge Borough 4 X X TBD
Sharon Hill Borough + TBD
Sprmgﬁ.eld X 4 X X TBD
Township
Swarthmore Borough + X TBD
Thornbury Township X a4 X X X X X X TBD
Tinicum Township + X TBD
Trainer Borough a4 TBD
Upland Borough X + X X X X X X TBD
Upper Chlchester x " X X x TBD
Township
Upper Darby + x x TBD
Township
Upper P.rov1dence " X TBD
Township
Yeadon Borough + X TBD
Brandywine
Conservancy and * * *
Museum of Art X LS TBD
Special District
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Notes:

EMC = Emergency Management Coordinator

Mun. = Municipal

LEPC = Local Emergency Planning Committee

N/A = Not applicable

TBD = To be determined after plan is approved-pending adoption by FEMA Region III.

* = Though the worksheet was not received, the related information was collected during an interview with officials.
+ = An attendance list for the December 2021 LEPC Meeting was not available.
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SECTION 4 RISK ASSESSMENT

4.1 UPDATE PROCESS AND PARTICIPATION SUMMARY

In accordance with the Federal Emergency Management Agency (FEMA) Local Mitigation Planning Handbook,
risk is defined as the potential for damage, loss, or other impacts created by the interaction of natural hazards
with community assets. Delaware 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 Delaware County 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 2018 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 has
increased, decreased, or not changed since the 2017 HMP was issued. The worksheet also provided participants
with the opportunity to assess hazards not profiled in the 2017 HMP to determine if those hazards should be
included as part of the update. The Steering Committee reviewed responses from the worksheets to identify a
list of hazards to profile in the 2022 HMP, including one additional hazard of concern. The new hazard of concermn
is Environmental Hazards — Gas/Liquid Pipeline. Each hazard profile also includes an additional subsection that
discusses the effect of climate change on vulnerability. Appendix H includes copies of the completed worksheets.
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Section 4.2: Hazard Identification

4.2 HAZARD IDENTIFICATION

4.2.1 Disaster Declarations

In reviewing and updating Delaware 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 Delaware 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. Presidential
Emergency Declaration 3235, issued in September 2005, was unique. Through this declaration, President George
W. Bush declared that 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 because
of Hurricane Katrina.

Table 4.2-1 lists Presidential Disaster and Emergency Declarations issued from 1972 through 2021 that have
affected Delaware 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 Delaware County

Declaration Number Date Event

DR-4618 September 2021 Remnants of Hurricane Ida
DR-4506 March 2020 Covid-19 Pandemic
EM-3441 March 2020 Covid-19

EM-3367 February 2014 Severe Winter Storm
DR-4099 January 2013 Hurricane Sandy
EM-3356 October 2012 Hurricane Sandy
DR-4030 September 2011 Tropical Storm Lee
EM-3340 September 2011 Remnants of Tropical Storm Lee
DR- 4025 September 2011 Hurricane Irene
EM-3339 August 2011 Hurricane Irene
DR-1898 April 2010 Severe Winter Storms and Snowstorms
EM-3235 September 2005 Hurricane Katrina Evacuation
DR-1557 September 2004 Tropical Depression Ivan
DR-1555 September 2004 Severe Storms and Floodi'ng Associated with

Tropical Depression Frances

DR-1538 August 2004 Severe Storms and Flooding
EM-3180 March 2003 Snowstorm

DR-1294 September 1999 Hurricane Floyd
DR-1093 January 1996 Flooding

DR-1085 January 1996 Blizzard

DR-1015 March 1994 Winter Storm, Severe Storm
EM-3105 March 1993 Blizzard

DR-400 July 1973 Severe Storms, Flooding
DR-340 June 1972 Flood (Agnes)

DR-312 September 1971 Floods

DR-206 August 1965 Water Shortage

Source: FEMA 2022
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In addition to the Presidential Disaster and Emergency Declarations listed above, 64 events warranted
Gubernatorial Disaster Declarations or Proclamations. Table 4.2-2 lists Gubernatorial Disaster Declarations or
Proclamations issued for Delaware County between 1958 and 2021, according to PEMA (PEMA 2018, 2022).

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

Date ‘ Event

August 2021 Proclamation of Disaster Emergency — Hurricane Ida
August 2021 Amendment to Proclamation of Disaster Emergency — Opioid Crisis
Amendment to Proclamation of Disaster Emergency — Coronavirus (COVID-19)
May 2021 (Proclamation was terminated by concurrent resolution of the General Assembly on
June 19, 2021.)
May 2021 Amendment to Proclamation of Disaster Emergency — Civil Disturbance
May 2021 Amendment to Proclamation of Disaster Emergency — Opioid Crisis
April 2021 Amendment to Proclamation of Disaster Emergency — Civil Disturbance
February 2021 Amendment to Proclamation of Disaster Emergency — Coronavirus (COVID-19)
February 2021 Amendment to Proclamation of Disaster Emergency — Opioid Crisis
February 2021 Proclamation of Disaster Emergency- Winter Weather
February 2021 Proclamation Terminating the Disaster Emergency- Winter Weather
December 2020 | Proclamation of Disaster Emergency — Winter Weather
November 2020 | Amendment to Proclamation of Disaster Emergency — Coronavirus (COVID-19)
November 2020 | Amendment to Proclamation of Disaster Emergency — Opioid Crisis
August 2020 Amendment to Proclamation of Disaster Emergency — Coronavirus (COVID-19)
August 2020 Amendment to Proclamation of Disaster Emergency — Opioid Crisis
June 2020 Amendment to Proclamation of Disaster Emergency — Coronavirus (COVID-19)
May 2020 Proclamation of Disaster Emergency
May 2020 Amendment to Proclamation of Disaster Emergency — Opioid Crisis
March 2020 Proclamation of Disaster Emergency — Coronavirus (COVID-19)
February 2020 Amendment to Proclamation of Disaster Emergency — Opioid Crisis
December 2019 | Amendment to Opioid Crisis Emergency Proclamation
September 2019 | Amendment to Opioid Crisis Emergency Proclamation
June 2019 Amendment to Opioid Crisis Emergency Proclamation
March 2019 Amendment to Opioid Crisis Emergency Proclamation
January 2019 Proclamation of Disaster Emergency for Severe Winter Event
December 2018 | Amendment to Opioid Crisis Emergency Proclamation
September 2018 | Amendment to the Opioid Crisis Emergency Proclamation
August 2018 Proclamation of Disaster Emergency for Severe Weather Event
June 2018 Amendment to Opioid Crisis Emergency Proclamation
April 2018 Amendment to Opioid Crisis Emergency Proclamation
March 2018 Proclamation of Emergency-- Opioid Crisis, Severe Winter Storms
January 2018 Opioid Crisis Emergency Proclamation
March 2017 Proclamation of Emergency — Severe Winter Storm
March 2017 Proclamation of Emergency — Severe Winter Storm
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Date ‘ Event

January 2016 Proclamation of Emergency — Severe Winter Storm
August 2015 Proclamation of Emergency — Severe Storms
January 2015 Proclamation of Disaster Emergency — Severe Winter Storms
February 2014 Proclamation of Disaster — Severe Winter Storms
February 2014 Severe Ice Storm
January 2014 Proclamation of Disaster Emergency — Extreme Weather, Utility Interruption
June 2013 Proclamation of Emergency — High Winds, Thunderstorms, Heavy Rain, Tornado, Flooding
October 2012 Proclamation of Emergency — Hurricane Sandy
April 2012 Proclamation of Emergency — Spring Winter Storms
August 2011 Proclamation of Emergency - Severe Storms and Flooding (Lee/Irene)
January 2011 Proclamation of Emergency - Severe Winter Storm
February 2010 Proclamation of Emergency - Severe Winter Storm
February 2007 Proclamation of Emergency - Severe Winter Storm
February 2007 Proclamation of Emergency - Regulations
April 2007 Proclamation of Emergency — Severe Winter Storm
September 2006 | Proclamation of Emergency - Tropical Depression Ernesto
September 2005 | Proclamation of Emergency - Hurricane Katrina
February 2002 Drought and Water Shortage
July 1999 Drought
December 1998 | Drought
May 1998 1-95 Highway Disaster
September 1995 | Drought
November 1980 | Drought Emergency
February 1978 Blizzard

January 1978

Heavy Snow

February 1974

Truckers’ Strike

February 1972

Heavy Snow

January 1966

Heavy Snow

February 1958

Heavy Snow

September 1955

Drought

Source: PEMA 2018, PEMA 2022

Delaware County has also received Small Business Administration (SBA) 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 Delaware County between 1989 and 2021 (PEMA 2018; SBA 2021).
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Table 4.2-3. Small Business Administration Disaster Declarations affecting Delaware County

Date ‘ Event
September 2021 Remnants of Hurricane Ida
August 2020 Tropical Storm Isaias
July 2020 Apartment Complex Fire
May 2020 Civil Unrest
April 2020 Freeze and Frost
August 2019 Drought
June 2019 Severe Weather and Flooding
December 2018 Apartment Building Fire
December 2018 Flooding
June 2018 Excessive Rain, Flooding, Hurricane Florence
June 2018 Heat and Drought
April 2014 Severe Winter Storms
January 2009 Fire
September 2008 Fire
August 2008 Fire
November 2007 Fire
April 2007 Severe Storms and Flooding
May 2001 Fire
March 2001 Fire
August 1991 Flash Flood
July 1989 Flood

Source: PEMA 2018, 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 Delaware County HMP as well as those identified in the Commonwealth’s HMP. They
considered the history of hazard events occurring in Delaware County as well as additional events that occurred
after the completion of the 2017 HMP. This review of historical events included an evaluation of all emergency
and disaster declarations in the Commonwealth, with a focus on those in which Delaware County was designated
for federal assistance.

Further, all municipalities 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 Delaware County, including any that may not have been considered in either
the 2017 version of the plan or the Commonwealth’s HMP. Appendix D includes completed worksheets
submitted by the municipalities. Following the 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 retain all 2017 hazards of concern and add the
Environmental Hazard — Gas/Liquid Pipeline hazard of concern.
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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:

Section 4.3 includes individual profiles for these hazards.

Civil Disturbance

Dam Failure

Drought and Water Supply Deficiencies
Earthquake

Environmental Hazards- Hazardous
Materials Release

Environmental Hazards — Oil and Natural
Gas Pipelines

Extreme Temperature

Flood, Flash Flood, Ice Jam
Hailstorm

Hurricane, Tropical Storm, Nor’easter

Landslide

Levee Failure

Lightning

Pandemic and Infectious Disease
Radon Exposure
Subsidence and Sinkholes
Terrorism

Tornado, Windstorm
Transportation Accident
Urban Fire and Explosions
Utility Interruption
Wildfire

Winter Storm
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4.3 HAZARD PROFILES

The following sections profile and assess vulnerability for each hazard of concern. For each hazard, the profile
includes: the hazard description; its location and extent; range of magnitude, past occurrence, future
occurrence, and vulnerability assessment. The vulnerability assessment for each hazard includes: an overview
of vulnerability and data and methodology used; the impact to life, health and safety; impact to general
building stock and critical facilities; impact to the economy; impact to the environment; impact to future
growth and development; and effect of climate change on vulnerability.
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4.3.1 Civil Disturbance

This section provides a profile and vulnerability assessment for the civil disturbance hazard for Delaware
County. According to the Pennsylvania State Hazard Mitigation Plan (PA State HMP), “Civil disturbance is a
broad term that is typically used by law enforcement to describe one or more forms of disturbance caused by a
group of people. Civil disturbances are typically a symptom of and a form of protest against major socio-political
problems.” (PEMA 2019)

Civil disturbance hazards include famine, economic collapse or recession, misinformation, public unrest, mass
hysteria, riot, and strike or labor dispute (PEMA 2019). Civil disturbances can also arise from large celebrations
that become disorderly.

Location

Civil disturbances often are concentrated around areas where crowds may gather, including government
facilities, landmarks, prisons, and universities. They also have a greater chance of occurrence in the more
populated areas of the county. However, these areas also tend to have police forces better equipped and trained
to handle this sort of disturbance (Delaware County Department of Planning 2016).

Magnitude

Civil disturbances can vary in size from small, peaceful gatherings to large groups blocking or impeding access
to buildings or disrupting normal activities. They can range from a peaceful sit-in to a full-scale riot. The duration
of a civil disturbance can vary greatly; however, the majority are relatively short-lived (PEMA 2019).

Past Occurrence

There is no comprehensive list of past civil disturbances in the county. However, the PA State HMP includes a
list of significant civil disturbances across the Commonwealth since the 1700s in Section 4.3.18.3 of the PA
State HMP. While none of the events listed are specific to Delaware County, most are the result of labor disputes
or racial tension.

Probability of Future Occurrence

As previously mentioned, Delaware County does not record a comprehensive list of civil disturbance events;
however, there is the possibility of a civil disturbance event occurring in Delaware County. The location of civil
disturbance events is unpredictable, yet spatial distribution patterns of riots in the past suggest that cities,
universities, sporting events, and where large crowds gather are probable areas for a civil disturbance event to
ensue. Local law enforcement should continue to anticipate these types of events and be prepared to handle a
crowd so that peaceful gatherings do not turn into unruly public disturbances. Overall, the probability of future
civil disturbance events can be considered unlikely, as defined by the Risk Factor Methodology (See Section
4.4).

Vulnerability Assessment

To understand risk, a community must evaluate the assets that are exposed or vulnerable in the area identified.
The following sections discuss the potential impacts of the civil disturbance hazard on Delaware County,
including:

e Overview of vulnerability
e Data and methodology used for the evaluation
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e Impact on (1) life, health, and safety; (2) general building stock; (3) critical facilities; (4) economy; and
(5) future growth and development

e Effects of climate change on vulnerability

o Further data collections that will assist in understanding this hazard over time.

Overview of Vulnerability

The most vulnerable areas for civil disturbance are the higher populated areas of the county. However, these
areas also have well-trained, professional police forces that are capable of addressing the disturbance in the most
appropriate manner to limit harm and disruption.

Impact on Life, Health, and Safety

Civil disturbance events can have great negative impacts on life, health, and safety. In extreme cases of mob
events, crowds have incited violence against law enforcement, residents, and anyone near the event. Violent
actions include striking out physically, destroying property, and setting fires. Crowds can also exhibit nonviolent
behavior, which can involve name-calling, demonstrations, yelling, chanting, singing, and dancing. These events
can impede the functions of a particular area, and their actions can be in direct conflict with authorities.

Impact on General Building Stock

All infrastructure, commercial and industrial businesses, and residential structures within Delaware County are
vulnerable to damage because of civil disturbance, most likely due to vandalism. This vulnerability is increased
for buildings where crowds may gather, including government facilities, landmarks, and universities.

Impact on Critical Facilities

The vulnerability of critical facilities depends on the type and function of each individual entity as well as the
greater geographic context of the facility. As visible symbols of government, government facilities and
monuments are more vulnerable to civil disturbance events, but the vulnerability of each facility may change
based on hot-button issues.

Impact on the Economy

Civil disturbances may impede foot and vehicle traffic, therefore impacting the economy depending on the scale
of the event. They can also cause damage to businesses, therefore resulting in closures, recovery costs, and lost
investments.

Impact on the Environment

The impacts of civil disturbance events are contingent upon numerous factors, including causes, politics, and
method of response. Generally, the impact of civil disturbance events is nominal and short-lived unless acts of
sabotage are performed. There may be minor injuries to first responders or participants from physical
confrontations, and vandalism may cause minimal damage to property, facilities, and infrastructure. Adequate
law enforcement at planned civil disturbance events and around likely target locations like the offices of state
agencies minimizes the chances of a small assembly of individuals turning into a significant disturbance (PEMA
2019).

Future Growth and Development

Areas targeted for potential future growth and development in the next 5 to 10 years have been identified across
Delaware County (further discussed in Section 2.4 of this HMP). Any areas of growth could be potentially
impacted by the civil disturbance hazard because Delaware County is exposed and potentially vulnerable.
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Estimated population projections provided by the Center of Rural Pennsylvania indicates that Delaware County’s
population will continue to increase into 2040, with a total population of approximately 648,439 persons (The
Center of Rural Pennsylvania 2013). As more persons move into susceptible areas, an increased amount of the
population will be vulnerable to the effects of civil disturbance.

There are many factors for the potential of civil disturbance, including economic conditions and political change.
An improving or declining economy can greatly affect and increase or decrease the chance of disturbance as
well as political transitions. We will continue to review the effects of COVID-19 and its impact on the economy
and any correlation to civil disturbance as well as any tensions from the current political climate in future updates.

Effect of Climate Change on Vulnerability

There are no direct impacts of climate change on civil disturbance events. However, climate change is expected
to increase the number of displaced peoples and exacerbate inequalities due to extreme temperatures and weather
events. As economic, social, and political conditions are linked with the number of civil disturbances, it is
expected these types of events will increase in frequency with a changing climate. Furthermore, civil
disobedience has become a popular means of fighting climate change and demanding climate-friendly policies.
With a worsening climate, it is expected these types of events will increase (Kyllonen 2014).

Additional Data and Next Steps

Any additional information regarding localized concerns and past impacts will be collected and analyzed for the
HMP update. These data will be developed to support future revisions to the plan.
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4.3.2 Dam Failure

This section provides a profile and vulnerability assessment of the dam failure hazard in Delaware County. A
dam is an artificial barrier allowing storage of water, wastewater, or liquid-borne materials for many reasons
(flood control, human water supply, irrigation, livestock water supply, energy generation, containment of mine
tailings, recreation, or pollution control). Many dams fulfill a combination of these stated functions (Association
of State Dam Safety Officials 2022).

Man-made dams can be classified according to type of construction material used, methods applied in
construction, slope or cross-section of the dam, how a dam resists forces of water pressure behind it, means used
to control seepage, and occasionally, purpose of the dam. Materials used for construction of dams include earth,
rock, tailings from mining or milling, concrete, masonry, steel, timber, miscellaneous materials (plastic or
rubber), and any combination of these materials (Association of State Dam Safety Officials 2022).

Dams typically fail when spillway capacity is inadequate and excess flow overtops the dam or when internal
erosion (piping) through the dam or foundation occurs. Complete failure occurs if internal erosion or overtopping
results in a complete structural breach, releasing a high-velocity wall of debris-filled water that rushes
downstream, damaging or destroying anything in its path (FEMA 2018).

Dam failures can result from the following:

e Overtopping caused by floods that exceed capacity of the dam
e Deliberate acts of sabotage

e  Structural failure of materials used in dam construction

e Movement or failure of the foundation supporting the dam

e Settling and cracking of concrete or embankment dams

e Piping and internal erosion of soil in embankment dams

e Inadequate maintenance and upkeep (FEMA 2018)

Location and Extent

There are 53 dams located throughout Delaware County, as shown on Figure 4.3.2-1. The vast majority of these
dams pose little risk; however, 8 Hazard Category 1 “high-hazard” dams require EAPs. Table 4.3.2-1 lists dam
classification definitions. Table 4.3.2-2 is a complete list of dams in Delaware County with “high-hazard” dams
listed first.
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Figure 4.3.2-1. Dams in Delaware County
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Table 4.3.2-1. Dam Classification Definitions

Size Category

Impoundment Storage Dam Height
Category (Acre-feet) (Feet)
A Equal to or greater than 50,000 Equal to or greater than 100
B Less than 50,000 but greater than 1,000 Less than 100 but greater than 40
C Equal to or less than 1,000 Equal to or less than 40
Hazard Potential Category
Category Population at Risk Economic Loss
Substantial (Numerous homes or small Excessive, such as extensive residential, commercial, or
businesses or a large business or school) agricultural damage, or substantial public inconvenience
) Few (A small number of homes or small Appreciable, such as limited residential, commercial, or
businesses) agricultural damage or moderate public inconvenience
None expected (no permanent structures for Slgmﬁcant dqmgge to priv s o L rsjpety o -
3 . duration public inconvenience such as damage to storage
human habitation or employment) o . .
facilities or loss of critical stream crossings
4 None expected (no permanent structures for Minimal damage to private or public property and no
human habitation or employment) significant public inconvenience

Source: Commonwealth of Pennsylvania 2011

Table 4.3.2-2. Dams in Delaware County

Dam Name Municipality Stream \ Class Permittee

High-Hazard Dams

Hilloch Chadds ford Tr Harvey Run C-3 Hilloch Homeowners Association
Township

Brinton Lake Thornbury Township gzzthranch (Sl C-1 New Brinton Lake Club

Ridley Park Lake Ridley Park Borough | Little Crum Creek C-1 Borough of Ridley Park

. . Tr West Br Chester Cherry Farm Home Owners

Cherry Farm Basin #1 Thornbury Township Creek C-3 Assoc

Mill Club Radnor Township Little Darby Creek C-3 Mill Dam Club

Westlers I Upper Darby Nl C-1 Commls.swners of Upper Darby
Township Township

. . Upper Providence .

Springton (Geist) Township Crum Creek B-1 Aqua Pennsylvania, Inc.

Crum Creek Sprmgﬁ.eld Crum Creek C-1 Aqua Pennsylvania, Inc.
Township

Other Dams

Broomall Lake Media Borough Tr Ridley Creek C-4 Broomalls Lake Country Club

Swarthmore+A40:E92 Sprmgﬁ.eld Crum Creek C-4 Swarthmore College

College Township

Rockdale Mlddlet(?wn Chester Creek C-4 Tom King
Township

. Middletown . .

Ridley Creek Wtf . Ridley Creek C-4 Aqua Pennsylvania, Inc.
Township

Llewellen Mill Aston Township \Chizsethranch Chgtare C-4 Taobucci Associates

Millbourne Upper Darby Cobbs Creek C-4 Fairmount Park Commission
Township

Concord Mills Concord Township L L C-4 Nicholas Newlin Foundation

Chester Creek

Hanson Lower Thornbury Township | Chester Creek C-4 Elzlrllston Glenn Mills and HMA

Hanson Upper Thornbury Township | Chester Creek C-4 Ela:;ston L

Earles Lake Newtown Township Tr Darby Creek C-4 Kyle & Ashley Wilson
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Dam Name Municipality Stream \ Class Permittee
Earles Lake Newtown Township | Tr Darby Creek C-4 Greenf: (;ountne VAL Qe
Association
Earles Lake Newtown Township Tr Darby Creek C-4 Harvey & Nadine Hensley
Kent Jmes Darby Darby Creek C-4 Mr. and Mrs. Wilischek, Jr.
Township
Victoria Mills Sprmgﬁﬂd Crum Creek C-4 Barrow Partnership
Township
Woodland Yeadon Borough Cobbs Creek C-4 City of Philadelphia
Sycamore Mills Prospect Park Ridley Creek C-4 DCNR
Borough
Thirteenth Ave Lake IFTEETBEE 1 Stony Creek C-4 Borough of Prospect Park
Borough
Folcroft Folcroft Borough Muckinipattis Creek C-4 Pennsylvania Railroad Company
Fetter Radnor Township Tr Gulph Creek C-4 Kenneth Fetter
Digirolomo Aston Township Marcus Hook Creek C-4 Lewis Digirolomo
Sposato Radnor Township Tr Gulph Creek C-4 Richard P. Sposato
Detention Basin Radnor Township Abrahams Run C-4 Invera}'y 'Homeowners
Association
Edgemont County Fair Edgemont Township | Tr Crum Creek C-4 Claude Debotton
Runnymeade Farms Edgemont Township | Tr Crum Creek C-4 Holloway Development
Corporation
RosF: Tree Hunt Detention Upper P.rov1dence Tr Crum Creek C-4 Tl v, i,
Basin #1 Township
Rose Tree Hunt Basin No 2 Upper P.rov1dence Tr Crum Creek C-4 Toll Brothers, Inc.
Township
. Tr West Branch Pulte Home Corporation of The
Maple Lane Farm Concord Township Chester Creek C-4 15 Wil
Painters 'Cr.ossmg Chadds F ord Tr Harvey Run C-4 Pamte.rs Crossmg Condominium
Condominium Township Association
Ravenscliff Duck Pond No. 1 | Radnor Township Julip Run C-4 Radnor Township
Ravenscliff Duck Pond No. 2 | Radnor Township Julip Run C-4 Raven.scl'lff Homeowners
Association
Ravenscliff Duck Pond No. 3 | Radnor Township Julip Run C-4 Raven.scl‘lff LEIETCEEs
Association
Ravenscliff Duck Pond No. 4 | Radnor Township Julip Run C-4 Raven.sc1'1ff Homeowners
Association
Ravenscliff Duck Pond No. 5 | Radnor Township Julip Run C-4 Raven.scl'lff LG
Association
Cherry Farm Basin #2 Thornbury Township Tr West Br Chester C-4 Cherry Farm Home Owners
Creek Assoc
Fenimore Park Radnor Township Gulph Creek C-4 Radnor Township
Crum Creek Upper P.rov1dence Crum Creek C-4 Jack Fetsko
Township
Drexel Lodge Park Pond 1 Newtown Township Preston Run C-4 Newtown Township
Drexel Lodge Park Pond 2 Newtown Township Preston Run C-4 Newtown Township
Greer Park Pond 3 Newtown Township | Foxes Run C-4 Newtown Township
Hole No. 13 Pond Radnor Township Ithan Creek C-4 Radnor Valley Country Club
Muetterties Mlddletgwn Spring Run C-4 Kurt and Ellen Muetterties
Township
Gurvins Pond Upper P'rov1dence Tr Ridley Creek C-4 Phil Gurvin
Township
Overbrook Golf Course Radnor Township Miles Run C-4 Overbrook Golf Course
Delco Angler Water Mlddletgwn Tr Ridley Creek C-4 Delco Angler§ and
Township Conservationists
Llanerch Irrigation Pond Haverford Township | Trib To Naylors Run C-4 Llanerch Golf Course
Source: PADEP 2020
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Range of Magnitude

Extent or magnitude of a dam failure event can be measured in terms of classification of the dam. FEMA has
three classification levels of dam hazard potential: low, significant, and high. The classification levels build on
each other. The hazard potential classification system should be used with the understanding that failure of any
dam or water-retaining structure could represent a danger to downstream life and property (FEMA, FEMA
National Dam Safety Program Overview 2021). Each FEMA classification level of dam hazard potential is
described as follows:

o 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.
o Significant-hazard potential dams are those where failure or misoperation would result in no probable
loss of human life but could cause economic loss, environmental damage, disruption of lifeline facilities,

or impact other concerns. Significant-hazard potential 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.

Table 4.3.2-4 lists USACE-developed classifications of hazard potentials of dam failures, based only on potential
consequences of a dam failure; this classification does not consider probability of failure.

Table 4.3.2-3. U.S. Army Corps of Engineers Hazard Potential Classification

Hazard
Category' Direct Loss of Life? Lifeline Losses® Property Losses* Environmental Losses’
None (rural location, no No disruption of services Private agricultural .. .
. . : Minimal incremental
Low permanent structures for human (cosmetic or rapidly lands, equipment, and
. . . 1 damage
habitation) repairable damage) isolated buildings
. Rural location, only transient or Disruption of essential | Major public and private| Major mitigation
Significant e o e .
day-use facilities facilities and access facilities required
Certain (one or more) extensive . . . . . Extensive mitigation
. . ( . ) . Disruption of essential Extensive public and . g
High residential, commercial, or s . s cost or impossible to
. . facilities and access private facilities .
industrial development mitigate

Categories are assigned to overall projects, not individual structures at a project.

2 Loss-of-life potential is based on inundation mapping of area downstream of the project. Analysis of loss-of-life potential should
consider the population at risk, time of flood wave travel, and warning time.

3 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.

4 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.

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.

Source: USACE 2016
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Regulatory Oversight of Dams

Potential for catastrophic flooding caused by dam failures led to enactment of the National Dam Safety Act
(Public Law 92-367), which has protected Americans from dam failures for 30 years. The National Dam Safety
Program (NDSP) is a partnership among states, federal agencies, and other stakeholders that encourages
individual and community responsibility for dam safety. Under FEMA’s leadership, state assistance funds have
allowed all participating states to improve their programs through increased inspections, emergency action
planning, and purchases of needed equipment. FEMA has also expanded existing and initiated new training
programs. Grant assistance from FEMA provides support for improvement of dam safety programs that regulate
most dams in the United States (FEMA, FEMA National Dam Safety Program Overview 2021).

Pennsylvania Department of Environmental Protection

The Pennsylvania Department of Environmental Protection (PADEP) holds responsibility for dam safety.
Hazard Potential Category 1 dams are those “where its failure could result in significant loss of life, excessive
economic losses, and significant public inconvenience.” Hazard Potential Category 2 dams are those “where its
failure could result in the loss of a few lives, appreciable property damage, and short-duration public
inconvenience.” Owners of dams classified as Hazard Categories 1 or 2 (“high-hazard” dams) are required to
create an Emergency Action Plan (EAP) that describes the dam, the inundation area if the dam were to
catastrophically fail, and procedures for responding to the dam failure (such as notification to the vulnerable
population) (PADEP 2022). Delaware County receives copies of EAPs and inundation maps for high-hazard
dams whose failure could impact local residents.

U.S. Army Corps of Engineers Dam Safety Program

The U.S. Army Corps of Engineers (USACE) is responsible for safety inspections of some federal and non-
federal dams in the United States that meet the size and storage limitations specified in the National Dam Safety
Act. USACE has inventoried dams and has surveyed each state’s and federal agency’s capabilities, practices,
and regulations regarding design, construction, operation, and maintenance of the dams. USACE has also
developed guidelines for inspection and evaluation of dam safety (USACE 2021). The USACE National
Inventory of Dams (NID) provides the most recent dates of inspection of the following Delaware County dams
(USACE, National Inventory of Dams 2022):

Table 4.3.2-4. Delaware County Dams and Inspection Dates

Dam Name Hazard Potential Classification Most Recent Inspection Date
Brinton Lake High 12/18/2019
Broomall Lake Low 6/22/2014
Cherry Farm Basin #1 Significant 1/23/2020
Crum Creek High 11/24/2020
Hilloch Significant 9/18/2018
Mill Club Significant 3/13/2019
Naylors Run High 11/24/2020
Ridley Park Lake High 12/9/2020
Springton (Geist) High 11/19/2020

Source: USACE 2022

Federal Energy Regulatory Commission Dam Safety Program

The Federal Energy Regulatory Commission (FERC) has the largest dam safety program in the United States.
FERC cooperates with a large number of federal and state agencies to ensure and promote dam safety and, more

Delaware County Hazard Mitigation Plan 4.3.2-6
TE| october 2022




Section 4.3.2: Risk Assessment - Dam Failure

recently, homeland security. FERC staff inspect hydroelectric projects on an unscheduled basis to investigate
the following:

e Potential dam safety problems

e Complaints about constructing and operating a project

e Safety concerns related to natural disasters

e Issues concerning compliance with terms and conditions of a license (FERC 2022)

Every 5 years, an independent consulting engineer, approved by FERC, must inspect and evaluate projects with
dams higher than 32.8 feet (10 meters) or with total storage capacity of more than 2,000 acre-feet (FERC 2022).

FERC monitors and evaluates seismic research in geographic areas where seismic activity is a concern. This
information is applied to investigate and analyze structures of hydroelectric projects within these areas. FERC
staff also evaluates effects of potential and actual large floods on safety of dams. FERC staff visit dams and
licensed projects during and after floods, assess extents of damage, and direct any studies or remedial measures
the licensee must undertake. FERC’s Engineering Guidelines for the Evaluation of Hydropower Projects guides
FERC engineering staff and licensees in evaluations of dam safety. The publication is frequently revised to
reflect current information and methodologies (FERC, Guidance Manual for Environmental Report Preparation
2017).

FERC requires licensees to prepare EAPs and conducts training sessions on developing and testing these plans.
The plans outline an early warning system in the event of an actual or potential sudden release of water from a
dam failure. The plans include operational procedures that may be implemented during regulatory measures,
such as reducing reservoir levels and downstream flows, as well as procedures for notifying affected residents
and agencies responsible for emergency management. These plans are frequently updated and tested to ensure
that all applicable parties are informed of the proper procedures in emergencies (FERC, Guidance Manual for
Environmental Report Preparation 2017).

Past Occurrence

Dam failures can occur suddenly, without warning, and may occur during normal operating conditions, referred
to as a “sunny-day” failure. Dam failures can also occur during a large storm event. Significant rainfall can
quickly inundate an area and cause floodwaters to overwhelm a reservoir. If the spillway of the dam cannot
safely pass the resulting flows, water will begin flowing in areas not designed for such flows, and a failure may
occur. For the 2022 HMP update, known dam failure events that have impacted Delaware County between 2016
and 2022 were researched; however, no events were found to have occurred during this time period (NPDP
2018).

Future Occurrence

Likelihood of a dam failure in Delaware County is difficult to predict. Dam failure events are infrequent and
usually coincide with events that cause them, such as earthquakes, landslides, and excessive rainfall and
snowmelt. However, the risk of such an event increases for each dam as the dam’s age increases or frequency of
maintenance decreases. ‘“Residual risk” to dams is risk that remains after implementation of safeguards. Residual
risk to dams is associated with events beyond those that the facility was designed to withstand. However,
probability of any type of dam failure is low in today’s dam safety regulatory and oversight environment.

Based on Risk Factor Methodology Probability Criteria (further defined in Section 4.4), and assuming regular
maintenance and inspections of the dams in Delaware County, dam failures are considered unlikely in the county.
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Vulnerability Assessment

Dam failure events are frequently associated with other natural hazard events such as earthquakes, landslides, or
severe weather, which limits their predictability and compounds the hazard. Dam failure inundation maps and
downstream hazard areas are considered sensitive information and are not made available in the Delaware
County Hazard Mitigation Plan. To assess the county’s risk to dam failure, a qualitative review was
implemented.

Impact on Life, Health, and Safety

The entire population residing within a dam failure inundation zone is considered exposed and vulnerable to an
event. The potential for loss of life is affected by the capacity and number of evacuation routes available to
populations living within these areas. Those most at risk include the economically disadvantaged and the
population over the age of 65. The 2019 American Community Survey population estimates indicate there were
90,402 persons over 65 years old and 54,356 living below the poverty level in Delaware County. These
populations are more at risk during a dam failure event because economically disadvantaged populations are
likely to evaluate their risk and make the decision to evacuate based upon the net economic impact to their
family, while elderly populations are likely to seek or need medical attention. The availability of medical
attention may be limited due to isolation during a flood event and other difficulties in evacuating. There is often
limited warning time for a dam failure event. Populations without adequate warning of the event are highly
vulnerable.

Dam failure can cause persons to become displaced if flooding of structures occurs. Dam failure may mimic
flood events, depending on the size of the dam reservoir and breach. Understanding potential outcomes of
flooding for each dam in Delaware County would require intensive hydraulic modeling.

Other than the population in the dam failure inundation zone, the safety of the first responders on-scene are also
at risk. First responders would be responsible for traffic control and responding to transportation accidents. There
would be a higher-than-normal call volume and demand of first responders during a dam failure. Continuity of
operations including continued delivery of services may be impeded and additional personnel would potentially
be needed due to the lack of fire and police personnel in the county.

Dam failure events are frequently associated with other natural hazard events such as earthquakes, landslides, or
severe weather, which limits their predictability and compounds the hazard. The shaking associated with
earthquakes may weaken the structure of a dam, particularly earthen dams, causing them to fail. Landslides can
directly impact a dam, causing damage or failure. Likewise, landslides of the ground around a dam may weaken
the ground on which the dam exists, causing the potential for the dam structure to fail. Landslides into the water
being impounded by the dam can cause a wave to travel the length of the dam’s impoundment area, ultimately
crashing on the dam itself. Severe weather can result in large quantities of rain upstream of the dam that will
ultimately be impounded by the dam, which could raise water levels behind the dam, resulting in overtopping of
the dam and/or flooding of properties upstream of the dam itself. Populations without adequate warning of the
event are highly vulnerable to this hazard.

Impact on General Building Stock

Buildings located downstream of a dam are at risk to damages should there be a failure. Downstream inundation
areas were not available to quantify any potential losses to structures. Properties located closest to the dam
inundation area have the greatest potential to experience the largest, most destructive surge of water. The overall
impact of flooding damages caused by dam failure will vary depending on the depth of flooding and velocity of
the surge.
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Impact on Critical Facilities

Dam failures may also impact critical facilities and infrastructure located in the downstream inundation zone.
Consequentially, dam failure can cut evacuation routes, limit emergency access, and/or create isolation issues.
Dam failure can cause severe downstream flooding and may transport large volumes of sediment and debris,
depending on the magnitude of the event. Widespread damage to buildings and infrastructure affected by an
event would result in high costs to repair these locations. In addition to physical damage costs, businesses can
be closed while flood waters retreat and utilities are returned to a functioning state. Further, utilities such as
overhead power lines, cable, and phone lines could also be vulnerable. Loss of these utilities could create
additional isolation issues for the inundation areas.

Impact on the Economy

Severe flooding that follows an event like a dam failure can cause extensive structural damage and withhold
essential services. The cost to recover from flood damages after a surge will vary depending on the hazard risk
of each dam. Severe flooding that follows an event like a dam failure can cause extensive damage to public
utilities and disruptions to delivery of services. Loss of power and communications may occur and drinking
water and wastewater treatment facilities can become temporarily out of operation. Debris from surrounding
buildings can accumulate should the dam mimic major flood events, such as the 1 percent annual chance flood
event that is discussed in Section 4.3.8 (Flood, Flash Flood, Ice Jam).

Impact on the Environment

The environment is vulnerable to several risks in the event of a dam failure. Water releases from dams usually
contain very little suspended sediment; this can lead to scouring of riverbeds and banks. The inundation may
introduce foreign elements into local waterways, resulting in destruction of downstream habitat and impacting
many animal and plant species, especially endangered species. The subsequent rush of water downstream can
rapidly increase flow rate and turbidity of streams and rivers in minor dam failures or overwhelm terrestrial
habitat with floodwaters in severe dam failures.

Future Growth and Development

An increase in development and population can increase likelihood of a dam failure incident. Future migration
to larger jurisdictions may also increase the likelihood of an incident. The tables and hazard maps included in
the jurisdictional annexes contain additional information regarding the specific areas of development that would
increase county vulnerability to dam inundation areas.

Estimated population projections provided by the Center of Rural Pennsylvania indicate that Delaware County’s
population will continue to increase into 2040, increasing total population to approximately 648,439 persons
(The Center of Rural Pennsylvania 2013). Persons that move into dam inundation areas are at greater risk to be
impacted if there is a dam failure event.

Effect of Climate Change on Vulnerability

The June 2009 Pennsylvania Climate Impact Assessment indicated that Pennsylvania is very likely to undergo
increased temperatures and precipitation in the 215 century (PADEP 2009). Increased precipitation will occur in
the form of heavy rainfalls, which have the potential to increase the risk to dam failures. Increases in precipitation
may stress the dam wall. Existing dams may not be able to retain and manage increases in water flow from more
frequent, heavy rainfall events. Heavy rainfalls may result in more frequent overtopping of these dams and
flooding of the county’s assets in adjacent inundation areas. However, the probable maximum flood used to
design each dam may be able to accommodate changes in climate.
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Additional Data and Next Steps

Because of the sensitive nature of the dam failure inundation zones, potential losses have not been quantified
and presented in this plan. To estimate potential losses to population, buildings, critical facilities, and
infrastructure, dam inundation areas and depths of flooding may be used to generate depth grids. Hazus may be
used to estimate potential losses for the county and participating municipalities.
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4.3.3 Drought and Water Supply Deficiencies

This section provides a profile and vulnerability assessment of the drought hazard in Delaware County. Drought
is defined as a deficiency of precipitation experienced over an extended period of time (National Drought
Mitigation Center NDMC] 2018). Drought conditions occur in virtually all climatic zones, yet the characteristics
of droughts vary significantly from one region to another, relative to normal precipitation within respective
regions. Droughts can occur any time of year but have the greatest impact to society during the warm summer
months. Drought and water supply deficiencies 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 into four categories:

e 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.

e 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.

e 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.

e Socioeconomic drought is associated with supply and demand of an economic good, with elements of
meteorological, hydrological, and agricultural drought categories. 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 (NDMC 2017).

Drought and water supply deficiencies 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 habitats. Further
consequences include reductions in crop yields, rangeland, and forest productivity that may lower incomes of
farmers and agribusinesses; increase in prices of food and timber; increase in unemployment; reduction of tax
revenues as expenditures decline; increase in crime, foreclosures, and migration; and depletion of disaster relief
funds. The many impacts of drought can be categorized as economic, environmental, or social.

4.3.3.1 Location

Droughts and water supply deficiencies are regional in scope and may affect the entirety of Delaware County
rather than only individual municipalities within the county. Droughts and water supply deficiencies may also
concurrently affect counties near Delaware County or even the entire Commonwealth. Generally, areas along
waterways will reveal drought conditions later than areas away from waterways.

The impact of a drought is generally felt first by the agricultural sector, which is dependent upon precipitation
and groundwater. According to the county’s Comprehensive Plan, Delaware County is not known for its
agricultural lands. Furthermore, locations where citizens rely on surface water for drinking water, water supplies
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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. Delaware County residents who depend
on private domestic wells have this greater “hidden vulnerability” to droughts. According to the United States
Geological Survey (USGS) National Water Information System, the average daily domestic self-supplied
groundwater withdrawals of fresh water in Pennsylvania was 501 million gallons per day (Mgal) to 1 billion
gallons per day in 2015 (USGS n.d.).

Table 4.3.3-1 lists the number of reported domestic wells within each municipality of Delaware County. The
well data were obtained from the Pennsylvania Groundwater Information System (PaGWIS). PaGWIS is
maintained by PA 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 data set of
domestic wells available.

Table 4.3.3-1. Domestic Wells in Delaware County

Number of Number of
Reported Reported
Municipality Domestic Wells Municipality Domestic Wells

Borough of Aldan 1 Borough of Morton 5
Township of Aston 76 Township of Nether Providence 10

Township of Bethel 93 Township of Newtown 117
Borough of Brookhaven 31 Borough of Norwood 4
Chadds Ford 237 Borough of Parkside 1
Chester 89 Borough of Prospect Park 7

Borough of Clifton Heights 3 Township of Radnor 141
Township of Concord 228 Borough of Ridley Park 15
Township of Darby 21 Township of Ridley 61
Borough of East Lansing 14 Borough of Rose Valley 11
Borough of Eddystone 16 Borough of Sharon Hill 4
Township of Edgemont 156 Township of Springfield 22
Borough of Folcroft 3 Borough of Swarthmore 20

Borough of Glenolden 7 Township of Thornbury 337
Township of Haverford 77 Township of Tinicum 13
Borough of Landsdown 7 Borough of Trainer 44
Township of Lower Chichester 22 Township of Upper Chichester 90
Borough of Marcus Hook 42 Township of Upper Darby 61
Township of Marple 86 Township of Upper Providence 50
Borough of Media 17 Borough of Yeadon 13
Township of Middletown 105 Unknown 25

Total 2,382

Source: PA DCNR 2017
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In addition to domestic wells in the county, residents may also receive their water from public water companies;
Aqua Pennsylvania and Chester Water Authority. These companies are interconnected, allowing water to be
redirected as needed throughout the county. The majority of their water is obtained from surface water sources,
with a small amount coming from wells. Additionally, a portion of the water used by these companies come
from sources outside of the county (Delaware County 2016).

Jurisdictions that are designated for agricultural use are particularly vulnerable to drought. As of 2017, 2,385
acres of farmland were recorded in Delaware County. It continues to have a number of farms (61); most are
relatively small, with an average size of 39 acres. Areas designated for agricultural use are illustrated in Figure
2-3 in Section 2.

4.3.3.2 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:

e  Public water supplies for human consumption

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

e Natural soil water or irrigation water for agriculture

e  Water for forests and for fighting forest fires

e  Water for navigation and recreation

PA DEP and Pennsylvania Emergency Management Agency (PEMA) manage water supply droughts according
to the following four conditions of drought, as defined in the Commonwealth of Pennsylvania 2018 Standard
Hazard Mitigation Plan (PA HMP):

e Drought Watch: This is a period to alert government agencies, public water suppliers, water users, and
the public regarding potential for future drought-related problems. Drought watches are invoked when
three or more drought indicators are present for a county or group of counties. 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 use by 5 percent within the affected areas. Because of varying
conditions, individual water suppliers or municipalities may propose more stringent conservation
actions.

e 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 the
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 propose more
stringent conservation actions.

e Drought Emergency: During this drought stage, water management entities assemble 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 upsets. 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
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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 PEMA 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 2019).

Pennsylvania uses five parameters to assess drought conditions: precipitation deficits, stream flows, groundwater
level, soil moisture, and reservoir storage levels. These parameters are detailed below:

Precipitation Deficits: Because rainfall provides the basis for ground surface water resources,
measuring the difference in precipitation from the normal (30-year average) tends to be the earliest
indicator that a drought is possible in an arca. The PA DEP will compare the cumulative
precipitation for varying time periods (minimum of 3 months, maximum of 12 months) each month
against the normal, 30-year average value for each same time period. Any duration that has less
than the normal is considered to have had a deficit, represented by a percentage less than the normal
precipitation. Table 4.3.3-2 shows what the deficit values need to be for each time period in order
to qualify for each drought stage.

Table 4.3.3-2. 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 precipitation)
3 25% 35% 45%
4 20% 30% 40%
5 20% 30% 40%
6 20% 30% 40%
7 18.5% 28.5% 38.5%
8 17.5% 27.5% 37.5%
9 16.5% 26.5% 36.5%
10 15% 25% 35%
11 15% 25% 35%
12 15% 25% 35%

Source: PEMA 2019

Figure 4.3.3-1 presents the average, maximum, and minimum precipitation by month from 1991 to 2020 (the
most current three-decade data available) in Delaware County (NOAA NCDC 2021). Average 30-year annual
precipitation was 46.94 inches.
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Figure 4.3.3-1. 30-Year precipitation (average, minimum, and maximum) in Delaware County
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Stream Flows: The next earliest indicator that a drought is developing is stream flow measurements.
There are 61 USGS stream gages that the DEP currently uses to monitor droughts across the state.
The DEP calculates and maintains 30-day average values for stream flow based on the entire period
of recording for each gage. Compared to precipitation, stream flow measurements lag by about a
month or two when signaling a drought. Drought status is determined from stream flows based on
percentiles, or exceedances, rather than percentages. Exceedances are similar to percentiles; a 75
percent exceedance flow value means that the current 30-day average flow is exceeded in the stream
75 percent of the time; in other words, the 30-day average flow in the stream is less than that value
only 25 percent of the time. Similarly, with a 90 percent exceedance flow value, the 30-day average
flows in the stream would be less than that value only 10 percent of the time, and only 5 percent of
the time for a 95 percent exceedance. For stream flows, the 75, 90, and 95 percent exceedance 30-
day average flows are used as indicators for drought watch, warning, and emergency, respectively.
Groundwater Levels: There is about 80 trillion gallons of groundwater stored in the soil beneath
Pennsylvania. Groundwater levels for each day are used to calculate the average level of the
preceding 30 days. This 30-day value is compared to the values derived from historical records
yielding a percentile indicating how much time the groundwater levels have been below the
historical average levels. The USGS also maintains a network of groundwater monitoring wells,
just recently upgraded to at least one well in each county. Groundwater is used to indicate drought
status in a manner similar to stream flows. Groundwater level exceedances of 75, 90, and 95 percent
are used to indicate watch, warning, and emergency status. In this case, it is the 30-day average
depth to groundwater that is measured and monitored, again in relation to long-term 30-day
averages based on the period of record for each county well.

Soil Moisture: Soil moisture is measured using an algorithm calibrated for relatively homogeneous
regions which measures dryness based on temperature and precipitation in the area, information
which is provided by NOAA. This generates a value called the Palmer Drought Severity Index
(PDSI), which is compiled by the Climate Prediction Center of the National Weather Service on a
weekly basis. Table 4.3.3-3 lists PDSI classifications. The PDSI uses 0 to reflect normal status, and
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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).

Table 4.3.3-3. PDSI Classifications

Severity Category PDSI Value Drought Status
Extremely wet 4.0 or more None
Very wet 3.0t0 3.99 None
Moderately wet 2.0t02.99 None
Slightly wet 1.0to 1.99 None
Incipient wet spell 0.5 t0 0.99 None
Near normal 0.49 to -0.49 None
Incipient dry spell -0.5 t0 -0.99 None
Mild drought -1.0to -1.99 None
Moderate drought -2.0 to -2.99 Watch
Severe drought -3.0to0 -3.99 Warning
Extreme drought -4.0 or less Emergency

Source: NDMC 2013

e Reservoir Storage Levels: Water level storage in several large public water supply reservoirs (especially
three New York City reservoirs in the Upper Delaware River Basin) is the fifth indicator that the PA
DEP uses for drought monitoring. Depending on the total quantity of storage and the length of the refill
period for the various reservoirs, PA DEP uses varying percentages of storage draw-down to indicate
the three drought stages for each of the reservoirs. (PA HMP 2018).

The availability and management of water supply are discussed in the 2009 Pennsylvania State Water Plan
(PADEP 2009b), 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 Pennsylvania’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 use policies to facilitate reduced water uses and resource demands at
critical peak times. The State Water Plan provides inventories of water availability and 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 damage from extreme drought and flooding conditions (PADEP
2009b).

4.3.3.3 Past Occurrence

Historical information has been drawn from many sources regarding previous occurrences and losses associated
with drought events throughout Pennsylvania and Delaware 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 NOAA’s National Centers for Environmental Information storm events database, Delaware County
underwent forty-four drought events between January 1, 1950, and December 1, 2021. No county-wide crop or
property losses were reported because of the droughts; statewide losses would have included damages in other
counties.

Since 1930, the Commonwealth of Pennsylvania has undergone 10 significant droughts. Since 1955, the
Commonwealth has undergone 12 drought events that resulted in a Governor’s proclamation or a Federal
Emergency Management Agency (FEMA)-declared disaster or emergency. In addition to these events, between
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1980 and 2018, PADEP indicated that Delaware County has undergone 17 drought watch declarations, 19
drought warning declarations, and 12 drought emergency declarations (PADEP 2020).

According to FEMA, between 1954 and 2020, 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
(DR-206). The disaster was declared on August 18, 1965, and impacted 13 counties in Pennsylvania, including
Delaware County (FEMA 2022).

Based on all sources researched, drought events between 1980 and 2021 that have affected Delaware County are
identified in Table 4.3.3-4. However, not all sources have been identified or researched, and therefore may not
include all events that have occurred throughout the county.

Table 4.3.3-4. Past Occurrences of Drought Events from 1980 to 2021

FEMA USDA Disaster Losses /
Dates of Declaration Designation County Impacts / PDSI
Event Event Type Number Number Designated? Value
Drought
“horan1ogs | Droush NA NA NA (Easton porion
only)
%’;2262’, 11998855' Bt N/A N/A N/A (]1)32:1:%: ggiﬁii
(]))cetc212 é’l 19 98 S 5_ Drought N/A N/A N/A Drought Watch
Ii?l1g7i 41’918 98 8-8 Drought N/A N/A N/A Drought Watch
%’éczfé,l Toae Bt N/A N/A N/A Drought Watch
J:lll}; 72’ 41’ 9189§;g Drought N/A N/A N/A Drought Watch
A];egc214 2’,119 98 88 8_ Drought N/A N/A N/A Drought Warning
11:442; 31’ 51, 918998; Drought N/A N/A N/A Drought Watch
Jl};lley222§i’ll9 99 91 17 Drought N/A N/A N/A Drought Warning
?E;jg}}?gg; Drought N/A N/A N/A Drought Warning
Jlslzle) t213 ] ’119 99922_ Drought N/A N/A N/A Drought Watch
Sé?;)tt 12’0} 91992; Drought N/A N/A N/A Drought Warning
I\];(;\; ?,8,1 91?9 5_ Drought N/A N/A N/A Drought Warning
J;Il(l)j 71’31’ 919979 ; Drought N/A N/A N/A Drought Watch
kS ;’8,1 o Bt N/A N/A N/A Drought Watch
?;:jé’llg 99 98 8- Drought N/A N/A N/A Drought Watch
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FEMA USDA Disaster Losses /
Dates of Declaration Designation County Impacts / PDSI
Event Event Type Number Number Designated? Value
Dec 9, 1998 - .
Dec 16, 1998 Drought N/A N/A N/A Drought Warning
Dec 16, 1998 - Drought
Mar 15, 1999 Drought NA NA NA Emergency
Dec 3, 1998 —
Dec 14, 1998 Drought N/A N/A N/A Drought Watch
Dec 14, 1998 — '
Mar 15, 1999 Drought N/A N/A N/A Drought Warning
Mar 15, 1999 —
June 10, 1999 Drought N/A N/A N/A Drought Watch
June 10, 1999 — .
July 20, 1999 Drought N/A N/A N/A Drought Warning
July 20, 1999 —
September 30, Drought N/A N/A N/A Drought
Emergency
1999
Sept 30, 1999 —
May 5, 2000 Drought N/A N/A N/A Drought Watch
Aug 24, 2001 —
May 13, 2002 LT N/A N/A N/A Drought Watch
Sept 5, 2002 —
Nov 7, 2002 Drought N/A N/A N/A Drought Watch
Apr 11, 2006 —
June 30, 2006 LT N/A N/A N/A Drought Watch
Aug 8,2007 —
Sept 5, 2007 Drought N/A N/A N/A Drought Watch
Oct 5, 2007 —
Jan 11,2008 Drought N/A N/A N/A Drought Watch
Nov 7, 2008 —
Jan 26, 2009 Drought N/A N/A N/A Drought Watch
Sept 16,2010 —
Nov 10, 2010 Drought N/A N/A N/A Drought Watch
Aug 5,2011 —
Sept 2, 2011 Drought N/A N/A N/A Drought Watch
July 16, 2015 —
September 29, Drought N/A N/A N/A N/A
2015
April 1,2016 —
September 19, Drought N/A N/A N/A N/A
2016
July 16, 2015 — .
September 29, Excessive Heat and NA 3932 s N/A
Drought
2015
April 1,2016 — | Combined effects of
September 19, freeze, excessive NA S4071 Yes N/A
2016 heat, and drought
November 2016
— April 2017 Drought NA N/A N/A (-3.62 PDSI)
June 24, 2018 — Excessive Heat and
July 21,2018 | Drought Conditions N/A 4425 N/A N/A
August 15.
2019 — October Drought N/A S4602 Yes N/A
16,2019

Sources: USDA 2022, NRCC 2021, NOAA NCEI 2022, PADEP 2021
Notes: FEMA-Federal Emergency Management Agency, N/A- Not applicable, PDSI- Palmer Drought Severity Index
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Table 4.3.3-5 lists the crop loss insurance payments on claims in Delaware County caused by drought events
since 2015.

Table 4.3.3-5. Crop Loss Insurance Claims Due to Drought, 2015 to 2021

Crop Year Total Claims

2015 None
2016 $85

2017 None
2018 None
2019 None
2020 None
2021 None

Source: USDA 2022

4.3.3.4 Probability of Future Occurrences

Frequency of droughts is difficult to forecast. Based on data from a 16-year period, the majority of Delaware
County underwent severe or extreme drought conditions less than 7 percent of the time (illustrated on Figure
4.3.3-1). Based on the Risk Factor Methodology probability criteria (described in Section 4.4), future
occurrences of drought events are considered likely.

Figure 4.3.3-2. Percentage of Weeks with Moderate Drought or Greater
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4.3.3.5 Vulnerability Assessment

To understand risk, a community must evaluate assets exposed and vulnerable within the identified hazard area.
For the drought hazard, all of Delaware 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 drought. The following text evaluates and estimates the potential impact of the drought and water
supply deficiency hazard on the county, including:

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

e Effects of climate change on vulnerability

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

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, because of their age; health
conditions; and limited ability to mobilize to shelters, cooling centers, and medical sources. 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 plan, the entire population of the county is considered
vulnerable to drought events.

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 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 4.3.3-6.

Table 4.3.3-6. Impacts on the Economy

Losses to
Agricultural Producers

Annual and perennial crop losses

Losses to
Livestock Producers

Reduced productivity of rangeland

Losses of
Timber Production

Wildland fires

Damage to crop quality

Reduced milk production

Tree disease

Income loss for farmers because of
reduced crop yields

Forced reduction of foundation stock

Insect infestation

Reduced productivity of cropland
(wind erosion, long-term loss of
organic matter, etc.)

High cost/unavailability of water for
livestock

Impaired productivity of forest land

Insect infestation

Cost of new or supplemental water resource

development (wells, dams, pipelines)

Direct loss of trees, especially
young ones

Plant disease

High cost/unavailability of feed for
livestock

Losses to Transportation Industry

Wildlife damage to crops

Increased feed transportation costs

Loss from impaired navigability of
streams, rivers, and canals

.n: Delaware County Hazard Mitigation Plan
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Section 4.3.3: Risk Assessment - Drought and Water Supply Deficiencies

Losses to Losses of
Livestock Producers Timber Production

Losses to
Agricultural Producers

Decline in Food
Increased irrigation costs High livestock mortality rates Production/Disrupted Food
Supply

Cost of new or supplemental water

e el et il s, Disruption of reproduction cycles (delayed

breeding, more miscarriages)

Increase in food prices

pipelines)
0SSes 0 ery Prod 0 Decreased stock weights In.creased importation of food
(higher costs)
Damage to fish habitat Increased predation Losses to Water Suppliers
Loss of fish and other aquatic Revenue shortfalls and/or windfall
X Grass fires
organisms because of decreased flows profits
Losses to Recreation and Tourism
Energy-Related Effects Cost of water transport or transfer

Industry

Increased energy demand and reduced

Loss to manufacturers and sellers of supply because of drought-related power

recreational equipment

Cost of new or supplemental water
resource development

curtailments
Losses related to curtailed activities: Costs to energy industry and consumers
hunting and fishing, bird watching, associated with substituting more expensive
boating, etc. fuels (oil) for hydroelectric power

Source: NYSDPC 2011

Loss estimates are based on lost agricultural revenues throughout Delaware County. Table 4.3.3-7 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 loses its
agricultural yield because of drought, total losses could amount to nearly $9.5 million. Livestock, poultry, and
associated products have a potential loss value of nearly $214,000 (USDA 2017).

Table 4.3.3-7. Estimated County Losses Relating to Agricultural Production

Market Value of All Agricultural

Impacted Farmland Acreage Products
2,385 $9,494,000

Source: USDA 2017

Impact on the Environment

As summarized in the 2018 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; and 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 Reduced stream flow

e Loss of wetlands

e Increased groundwater depletion, land subsidence, and reduced groundwater recharge

e Water quality impacts like salinity, water temperature increases, pH changes, dissolved oxygen, or
turbidity

e Loss of biodiversity (PEMA 2019)

Delaware County Hazard Mitigation Plan 4.3.3-11
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Future Growth and Development

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.

Effect of Climate Change on Vulnerability

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, 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] 2006).

According to the Pennsylvania Climate Impacts Assessment 2015 Update, the likelihood of drought will
decrease by the middle of the 215 century as months with above-normal precipitation increase; however, drying
of surface soil across the coterminous United States in all seasons is still projected because of enhanced
evapotranspiration. Soil moisture at root depth of crops is more useful for estimating agricultural drought.
Resolution constraints and lack of detailed evapotranspiration process representation will lead to lower
confidence in projections with the soil moisture budget being less constrained (Wehner et al. 2017).

Additional Data and Next Steps

The assessment above identifies vulnerable populations and potential structural and economic losses associated
with this hazard of concern. Collection of additional information and actual loss data specific to the plan
participants will further enhance Delaware County’s vulnerability assessment.
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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 man-made 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:

e Surface faulting: Displacement that reaches the Earth's surface during a slip along a fault. This
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 the waves travel through the Earth and along its surface.

e Landslide: Movement of surface material down a slope.

e 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.

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

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

e 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.

1".: Delaware County Hazard Mitigation Plan 4.3.4-1
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Table 4.3.4-1. NEHRP Soil Classifications

Soil Classification Description
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 Delaware County.

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.

Earthquake epicenters in Pennsylvania are not evenly distributed. There is a large concentration in the
southeastern region of the state, specifically in southeastern Pennsylvania and particularly the Lancaster area.
Three earthquake epicenters have been measured in Delaware County. Earthquake events in the Pennsylvania
region, including Delaware County, are mild. When events occur, they impact very small areas less than 100
kilometers in diameter.

Figure 4.3.4-1 shows relative seismic hazard zones in Pennsylvania, as determined by the USGS National
Seismic Hazard Mapping Project. Earthquake hazards are highest in the southeastern region, which includes
Delaware County, and far northwestern region of the Commonwealth. (USGS 2018).

.n: Delaware County Hazard Mitigation Plan 4.3.4-2
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Figure 4.3.4-1. Pennsylvania Earthquake Hazard Zones
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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 two stations, Franklin & Marshall College and Millersville University. The
network is composed of broadband and short-period seismographic stations (LCSN 2012).
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Figure 4.3.4-2. Lamont-Doherty Seismic Stations Locations in Eastern Pennsylvania
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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 Delaware County, a nearby station is found in

State College, Pennsylvania. Figure 4.3.4-3 shows its location.
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Figure 4.3.4-3. USGS Seismic Stations
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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
to illustrate shaking intensity and damage assessments (USGS 2017).

Earthquakes above a magnitude 5.0 can cause damage near their epicenters, and larger-magnitude earthquakes
can cause damage over larger, wider areas. A discussion of previous occurrences of earthquakes in Delaware
County appears in the Previous Occurrence section (Section 4.3.3.3) of this profile.

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 recorded in Pennsylvania was a magnitude 5.2, a worst-case scenario for this hazard would be
if an earthquake of similar magnitude occurred in Delaware County or near the border in an adjacent county,
causing mild damage in populated areas.
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Table 4.3.4-2. Richter Scale Magnitudes

Richter Magnitude | Earthquake Effects
3.5 or less Generally not felt, but recorded
35t054 Often felt, but rarely causes damage
Under 6.0 At most, slight damage to well-designed buildings; can cause major damage to poorly
constructed buildings over small regions

6.11t06.9 Can be destructive up to about 100 kilometers from epicenter
7.0to0 7.9 Major earthquake; can cause serious damage over large areas

8.0 or greater Great earthquake; can cause serious damage in areas several hundred kilometers across

Source: PEMA 2019

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 records intensity of an earthquake’s effects in a given locality according to a scale from I to XII.
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 Delaware County.

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

Corresponding
Richter Scale
Intensity Description Of Effects Magnitude
I Instrumental Detected only on seismographs
11 Feeble Felt only by a few persons at rest, especially on upper floors of buildings.
. Felt quite noticeably indoors, especially on upper floors. Most people do <42
I Slight .. . .
not recognize it as an earthquake (i.e., a truck rumbling).
v Moderate Can be felt by people walking; dishes, windows, and doors are disturbed.
\Y Slightly Strong Sleepers are awoken; unstable objects are overturned. <4.8
VI Strong ;l"lzclelst sway; suspended objects swing; objects fall off shelves; damage is <54
Damage is negligible in buildings of good design and construction, slight
VII Very Strong to moderate in well-built ordinary structures, and considerable in [poorly <6.1
built or badly designed structures; some chimneys are broken.
Damage is slight in specially designed structures; considerable in
Vil Destructive ordinary, substantial buildings. Moving cars become uncontrollable;
masonry fractures, poorly constructed buildings damaged.
- - <6.9
Some houses collapse; ground cracks; pipes break open; damage is
IX Ruinous considerable in specially designed structures; buildings are shifted off
foundations.
Some well-built wooden structures are destroyed; most masonry and
X Disastrous frame structures are destroyed along with foundations. Ground cracks <73
profusely; liquefication and landslides are widespread.
X1 Ve B Most buildings and bridges collapse; roads, railways, pipes, and cables <81
are destroyed.
XII Catastrophic T.otal destructipn; trees .fall% lines of sight and level are distorfed; ground ~8.1
rises and falls in waves; objects are thrown upward into the air.

Source: PEMA 2019

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.
SA is approximately what is experienced by a building, as modeled by a particle mass on a massless vertical rod
having the same natural period of vibration as the building” (USGS 2012). Both PGA and SA can be measured
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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
1-29% Motions are widely felt by people; hanging plants and lamps swing strongly, but damage levels, if any,
°8 are usually very low.
Below 10% g |Usually causes only slight damage, except in unusually vulnerable facilities.

May cause minor-to-moderate damage in well-designed buildings, with higher levels of damage in
10-20% g poorly designed buildings. At this level of ground shaking, only unusually poor buildings would be
subject to potential collapse.

May cause significant damage in some modern buildings and very high levels of damage (including
20-50% g . . ne
collapse) in poorly designed buildings.
>50% g May cause higher levels of damage in many buildings, even those designed to resist seismic forces.

Source: NJOEM 2011
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 than
those designed earlier, 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).

Past Occurrence

The historical record of earthquakes goes back approximately 200 years. In Pennsylvania, about 35 earthquakes
have caused light damage since the Colonial period. Nearly one-half of these damaging events had out of state
epicenters (USGS 2018). Figure 4.3.4-4 is a map of earthquake epicenters in Pennsylvania from 1973 to 2018.

According to USGS, there has been one earthquake epicenter in Delaware County during this time span. On July
5, 1996, a 2.6 magnitude earthquake took place at Glen Mills. No damage was reported in Delaware County.
Two other earthquakes were reported in the county in 1737 and 1763. These quakes were estimated to have
moderate and slight intensity (DCNR 2004; PEMA 2019).
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However, there are earthquakes that have occurred in Delaware County that predate the data shown above.
Delaware County has record of several earthquakes whose effects were felt in the County. On December 8, 1737,
a strong earthquake was felt in New York, Boston, Philadelphia, and New Castle. On November 11 and 14,
1840, earthquakes at Philadelphia were accompanied by an unusual swell on the Delaware River.

A strong shock (V intensity) on May 31, 1884, in Allentown had reports of dishes being thrown from tables. An
earthquake centered in New York City in August of 1884 was felt in 30 towns from Hartford, Connecticut to
West Chester, Pennsylvania. A strong earthquake (VI intensity) was centered in Allentown in May of 1908,
shaking down a few chimneys. The disturbance was felt for 93 miles. The area around Sinking Spring near
Reading experienced minor damage (VI intensity) with plaster falling from walls, dishes, and bottles tumbling
from shelves, and furniture being upset during an event on January 7, 1954. Tremors were felt in the area for a
month afterwards. A moderate earthquake on September 14, 1961, centered in the Lehigh Valley shook buildings
over a broad area and alarmed many residents. Minimal damage was reported (V intensity), but citizens were
upset. A small earthquake on December 10, 1968, with an epicenter in New Jersey, had effects in the Darby
Borough area as well as the City of Philadelphia (V intensity). The shock only measured 2.5 on the Richter scale,
but it was strong enough to shake tollbooths on the Benjamin Franklin and Walt Whitman Bridges and broke
windows in some locations in New Jersey (Delaware County 2016).

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 region, some moderate damage might be expected in one or more counties of Pennsylvania’s
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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. More recently, a magnitude 5.8
earthquake with an epicenter in rural Louisa County, Virginia, was felt throughout Pennsylvania, triggering
evacuations, emergency bridge and tunnel inspections, and minor damage to buildings. This shallow earthquake
occurring along the Spotsylvania Fault was felt as far north as Ontario, Canada, and as far south as Alabama.
(PEMA 2019).

Other earthquakes have occurred in East Coast areas, including eastern Massachusetts, southeastern New Y ork,
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 the easternmost counties of Pennsylvania, including Delaware County.

Future Occurrence

Earthquakes cannot be predicted and could occur any time of the day or year. Major earthquakes are infrequent
in the Commonwealth and in Delaware 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 Delaware County is low.

According to the USGS earthquake catalog, between 1950 and 2021, there has been one earthquake with an
epicenter in Delaware County. Based on available historical data, future occurrences of earthquake events can
be considered possible as defined by the Risk Factor Methodology probability criteria (refer to Section 4.4 of
this plan).

Vulnerability Assessment

A probabilistic assessment was conducted for the 500-year Mean Return Period (MRP) through a Level 2
analysis in Hazus to analyze the earthquake hazard and provide a range of loss estimates. To understand risk, a
community must evaluate what assets are exposed and vulnerable in the identified hazard area. The following
text evaluates and estimates the potential impact of the earthquake hazard on the county, including:

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

e Effects of climate change on vulnerability

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

Impact on Life, Health, and Safety

Overall, the entire population of Delaware County is exposed to the earthquake hazard event. According to the
2020 U.S. Census, Delaware County has a population of 576,830 people. The impact of an earthquake on life,
health, and safety would depend on the severity of the event. First responder safety may be at risk as well
responding to earthquake hazard events. First responders may have difficulty traveling to earthquake incidents
due to limited access to roads. Risks to public safety and loss of life from an earthquake in Delaware 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 earthquake.

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 several factors, including their physical and financial ability to react or respond during a
hazard and locations and construction quality of their housing.
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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. Table 4.3.4-5 summarizes the estimated sheltering needs for
Delaware County.

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

500-Year Mean Return Period Earthquake Event

Jurisdiction
Displaced Households Persons Seeking Short-Term Sheltering

Aldan (B)

Aston (Twp)
Bethel (Twp)
Brookhaven (B)
Chadds Ford (Twp)
Chester City (C)
Chester (Twp)
Chester Heights (B)
Clifton Heights (B)
Collingdale (B)
Colwyn (B)
Concord (Twp)
Darby (B)

Darby (Twp)

East Lansdowne (B)
Eddystone (B)
Edgmont (Twp)
Folcroft (B)
Glenolden (B)
Haverford (Twp)
Lansdowne (B)
Lower Chichester (Twp)
Marcus Hook (B)
Marple (Twp)
Media (B)
Middletown (Twp)
Millbourne (B)
Morton (B)

Nether Providence (Twp)
Newtown (Twp)
Norwood (B)
Parkside (B)
Prospect Park (B)
Radnor (Twp)
Ridley (Twp)
Ridley Park (B)
Rose Valley (B)
Rutledge (B)
Sharon Hill (B)
Springfield (Twp)
Swarthmore (B)
Thornbury (Twp)
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500-Year Mean Return Period Earthquake Event

Jurisdiction
Displaced Households Persons Seeking Short-Term Sheltering

Tinicum (Twp) 1 0
Trainer (B) 0 0
Upland (B) 0 0
Upper Chichester (Twp) 1 1
Upper Darby (Twp) 12 7
Upper Providence (Twp) 1 0
Yeadon (B) 1 1
Brandywine Conservancy and
Museum of Art Special District N/A N/A
Delaware County (Total) 45 28

Source: HAZUS v 5.1
Note: B — Borough; Twp. — Township

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 contend 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. Table 4.3.4-6 summarizes the estimated number of injuries, hospitalizations, and
casualties as a result of the 500-year MRP event.

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

Time of Day

Level of

Severity
Injuries 26 23 20
Hospitalization 3 2 2
Casualties 0 0 0

Source: HAZUS v 5.1

Impact on General Building Stock

For this HMP update, a Hazus probabilistic model was run to estimate annualized dollar losses for Delaware
County. Annualized losses are useful for mitigation planning because they provide a baseline upon which to (1)
compare the risk of one hazard across multiple jurisdictions and (2) compare the degree of risk of all hazards for
each participating jurisdiction. Annualized loss does not, however, predict what losses will occur in any
particular year.

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 model is based on the best available earthquake science and aligns with these statements.
Hazus methodology and model were used to analyze the earthquake hazard for the general building stock within
Delaware County.
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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 unreinforced 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 its age, number of stories, and quality of construction. Hazus 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
analysis.

Potential building damage was evaluated by Hazus the following damage categories: none, slight, moderate,
extensive, and complete. Table 4.3.4-7 provides definitions of these categories of damage for a light wood-
framed building; definitions for other building types are included in the Hazus technical manual documentation.

Table 4.3.4-7. Example of Structural Damage State Definitions for a Light Wood-Framed Building

Damage
Category Description
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.

Large plaster or gypsum-board cracks at corners of door and window openings; small diagonal cracks across
Moderate shear wall panels exhibited by small cracks in stucco and gypsum wall panels; large cracks in brick
chimneys; toppling of tall masonry chimneys.

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.

Extensive

Structure may have large permanent lateral displacement, may collapse, or be in imminent danger of
Complete 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 2015

Table 4.3.4-8 summarizes the damage estimated for the 500-year MRP earthquake event. Damage loss estimates
include structural and non-structural damage to the building and loss of contents. Residential homes have the
greatest number of buildings that would experience complete destruction.

Table 4.3.4-8. Estimated Buildings Damaged by General Occupancy for 500-year MRP Earthquake
Event

Total Earthquake 500-Year
o . Cl Number of Severity of Expected
CEUDANCYRLass Buildings in Damage Building Percent Buildings in Occupancy
Occupancy Count Class
None 175,880 97.5%
Residential Slight 3,354 1.9%
Lehgpromnics (Sngle 180,403 Moderate 1,027 0.6%
and Multi-Family - S
Dwellings) Extensive 134 0.1%
Complete 8 <0.1%
None 10,716 96.8%
- Slight 267 2.4%
Commercia 11,075 Moderate 82 0.7%
Buildings
Extensive 9 0.1%
Complete 0 0.0%
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Total Earthquake 500-Year
o cl Number of Severity of Expected
GO PRIy (CIERE Buildings in Damage Building Percent Buildings in Occupancy

Occupancy Count Class

None 2,860 97.0%

Slight 66 2.2%

Industrial Buildings 2,948 Moderate 20 0.7%
Extensive 2 0.1%

Complete 0 0.0%
None 1,970 97.1%

Goveimment, Slight 44 2.2%

Religion, 0

Agricultural, and 2,030 Moderjdte 14 0.7 OA)
Education Buildings Extensive 2 0.1%
Complete 0 0.0%

Source: Hazus v 5.1, Census 2010
Notes: Census 2010 tract boundaries may not perfectly align with current jurisdictional boundaries. Census 2010 building data

may under or overestimate the number of buildings with expected damages.

Table 4.3.4-9 presents the estimated replacement cost values for buildings damaged by the 500-year MRP
earthquake event. An estimated $71.6 million in damage would occur to buildings in the county during a 500-

year earthquake event.

.“: Delaware County Hazard Mitigation Plan
October 2022
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Table 4.3.4-9. Estimated Building Value Damaged by the Annualized, 500-Year MRP Earthquake Event

Estimated Losses Caused | Estimated Losses Caused by the | Estimated Losses Caused by the | Estimated Losses Caused by the
by the 500-Year Mean 500-Year Mean Return Period 500-Year Mean Return Period 500-Year Mean Return Period

Jurisdiction

Return Period Earthquake Event for Earthquake Event for Earthquake Event for
Earthquake Event Residential Structures Only Commercial Structures Only Industrial Structures Only

Aldan (B) $610,514 $547,340 $34,133 $17,978
Aston (Twp) $1,804,095 $1,460,168 $207,498 $69,481

Bethel (Twp) $1,009,512 $930,767 $57,975 $10,652
Brookhaven (B) $822,056 $687,124 $94,122 $17,379
Chadds Ford (Twp) $468,224 $349,216 $90,364 $20,920
Chester City (C) $3,061,521 $2,210,251 $447,458 $188,805
Chester (Twp) $490,151 $304,181 $92,872 $78,570
Chester Heights (B) $284,442 $219,796 $50,296 $11,352
Clifton Heights (B) $1,282,443 $873,580 $272,510 $82,627
Collingdale (B) $859,851 $631,756 $145,758 $34,569
Colwyn (B) $225,283 $195,015 $21,723 $6,674

Concord (Twp) $1,985,693 $1,513,378 $295,553 $60,015
Darby (B) $1,060,337 $806,310 $180,650 $17,322
Darby (Twp) $1,053,330 $906,678 $107,837 $10,311

East Lansdowne (B) $306,081 $245,523 $28,079 $7,865

Eddystone (B) $328,202 $170,601 $103,695 $43,348
Edgmont (Twp) $403,576 $362,095 $29,673 $5,134

Folcroft (B) $875,931 $589,002 $163,490 $101,041
Glenolden (B) $759,508 $594,415 $125,850 $16,496
Haverford (Twp) $7,449,748 $5,774,352 $1,085,326 $139,559
Lansdowne (B) $1,847,293 $1,533,423 $203,990 $33,597
Lower Chichester (Twp) $247,797 $192,230 $26,898 $13,102
Marcus Hook (B) $285,439 $164,132 $88,333 $21,282
Marple (Twp) $2,660,164 $1,929,190 $535,930 $79,462
Media (B) $747,587 $356,815 $299,688 $23,692
Middletown (Twp) $1,778,548 $1,257,869 $360,389 $42,688
Millbourne (B) $100,125 $64,099 $29,061 $2,926

Morton (B) $277,503 $200,046 $42,420 $20,441

Nether Providence (Twp) $1,376,765 $1,197,267 $112,847 $15,416
Newtown (Twp) $1,448,672 $1,074,575 $282,690 $33,377
Norwood (B) $675,840 $582,446 $52,310 $10,760

.n: Delaware County Hazard Mitigation Plan
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Estimated Losses Caused | Estimated Losses Caused by the | Estimated Losses Caused by the | Estimated Losses Caused by the
by the 500-Year Mean 500-Year Mean Return Period 500-Year Mean Return Period 500-Year Mean Return Period

e G Return Period Earthquake Event for Earthquake Event for Earthquake Event for
Earthquake Event Residential Structures Only Commercial Structures Only Industrial Structures Only

Parkside (B) $213,232 $188,610 $11,488 $4,180
Prospect Park (B) $758,119 $623,063 $95,566 $13,649
Radnor (Twp) $3,374,536 $2,240,660 $858,395 $67,204
Ridley (Twp) $3,649,334 $2,726,090 $542,358 $77,860
Ridley Park (B) $843,329 $683,983 $122,899 $12,291
Rose Valley (B) $234,375 $215,227 $10,464 $3,525
Rutledge (B) $81,234 $72,018 $4,078 $2,483
Sharon Hill (B) $661,601 $452,804 $170,478 $22,338
Springfield (Twp) $3,984,631 $2,926,401 $664,501 $76,911
Swarthmore (B) $980,580 $598,142 $72,231 $24,827
Thornbury (Twp) $784,986 $718,219 $41,340 $11,966
Tinicum (Twp) $1,507,588 $723,075 $463,680 $121,314
Trainer (B) $214,257 $116,277 $39,364 $50,076
Upland (B) $364,369 $239,921 $83,251 $29,883
Upper Chichester (Twp) $1,529,242 $1,133,026 $261,112 $96,774
Upper Darby (Twp) $13,402,539 $10,602,072 $2,109,395 $267,286
Upper Providence (Twp) $976,056 $748,368 $153,787 $19,675
Yeadon (B) $1,458,821 $1,148,533 $153,351 $93,577
Brandywine Conservancy and
Museum of Art Special District N/A N/A N/A N/A
Delaware County (Total) $71,605,064 $54,080,132 $11,527,153 $2,232,659

Source: HAZUS v 5.1

Notes: Total amount is sum of damage for all occupancy classes (residential, commercial, and industrial).

B — Borough; Twp. — Township
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Impact on Critical Facilities

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 Delaware County are considered exposed and vulnerable
to the earthquake hazard. The Critical Facilities subsection of this HMP in Section 4.4 (Hazard Vulnerability
Summary) discusses the inventory of critical facilities in Delaware County. Additionally, first responders may
have limited access to critical facilities due to damaged infrastructure and electrical/utility fires may increase
with disruptions to lines.

Hazus estimates the probability that critical facilities may sustain damage as a result of the 500-year MRP
earthquake event. Additionally, Hazus estimates percent functionality of each facility days after the event. Table
4.3.4-10 (500-year MRP earthquake event) lists percent probabilities that critical facilities and utilities would
sustain damage within the damage categories (column headings), and lists percent functionalities after different
numbers of days following those events (column headings).
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Table 4.3.4-10. Estimated Damage to and Loss of Functionality of Critical Facilities and Utilities in Delaware County for the 500-Year MRP

Earthquake Event

Moderate

Percent Probability of Sustaining Damage

Extensive

Complete

Percent Functionality

Essential Facilities

Medical Facilities | 99.1%-99.8% | 0.2% - 0.8% | <0.1% - 0.2% 0.0% 0.0% 99.0% - 99.8% | 99.8% - 99.9% 99.9% 99.9%
Police Stations 94.8%-982% | 1.4%-3.8% | 0.4%-12% | <0.1%-0.1% 0.0% 94.8% -98.2% | 98.5%-99.5% | 99.8% - 99.9% 99.9%
Fire Stations/EMS | 94.8%-98.3% | 1.3%-3.8% | 0.3%-12% | <0.1%-0.1% 0.0% 94.8% -983% | 98.5%-99.5% | 99.8% -99.9% 99.9%
Schools 94.8%-983% | 1.3%-3.8% | 03%-12% | <0.1%-0.1% 0.0% 94.8%-983% | 98.5%-99.5% | 99.8% -99.9% 99.9%
Utilities

Communication 96.3%-97.6% | 1.7%-2.5% | 0.6% -1.1% <0.1% 0.0% 99.3% - 99.6% 99.9% 99.9% 99.9%
Electric Power 96.1%-98.8% | 0.8%-2.3% | 0.4%-14% | <0.1% -0.2% 0.0% 97.3%-99.1% | 99.8% - 99.9% 99.9% 99.9%
Potable Water 96.1% - 98.6% | 0.8% -23% | 0.5%-1.4% | <0.1%-0.2% 0.0% 97.8%-992% | 99.7%-99.9% | 99.8% - 99.9% 99.9%
Wastewater 96.1%-99.0% | 0.7%-2.3% | 0.4%-14% | <0.1%-0.2% 0.0% 96.9% -99.0% | 99.6%-99.8% | 99.7% - 99.9% 99.9%
Oil 97.5%-98.5% | 0.9% -1.5% | 0.5%-0.9% | <0.1%-0.1% 0.0% 98.6% -99.1% | 99.4% - 99.8% 99.9% 99.9%
Transportation

Highway Bridges | 99.9% - 100.0% 0.0% 0.0% 0.0% 0.0% 99.9% - 100.0% | 99.9% - 100.0% | 99.9% - 100.0% | 99.9% - 100.0%

Source: Hazus v 5.1; Delaware County 2021/2022; HIFLD 2018/2022
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Impact on Economy

Earthquakes also impact the economy, including loss of business function, damage to inventory (buildings,
transportation, and utility systems), relocation costs, wage loss, and rental loss from building repair and
replacement. Hazus estimates building-related economic losses, including income losses (wage, rental,
relocation, and capital-related losses) and capital stock losses (structural, non-structural, content, and inventory
losses). Economic losses estimated by Hazus are summarized in Table 4.3.4-11.

Table 4.3.4-11. Building-Related Economic Losses from the 500-Year MRP Earthquake Event

Mean Return Inventory Relocation Building and Wages Rental Capital-

Period (MRP) Loss Loss Content Losses Losses Losses Related Loss

500-year $133,400 $11,212,200 $71,636,700 $3,591,300 $4,923,900 $2,505,400

Source: HAZUS v5.1

Although the Hazus model did not compute damage estimates for individual roadway segments and railroad
tracks, assumedly these features would undergo damage, resulting in interruptions of regional transportation and
of distribution of materials. Losses to the community that would result from damage to lifelines could exceed
costs of repair (FEMA 2012). Earthquake events can significantly affect road bridges, many of which provide
the only access to certain neighborhoods. Because softer soils generally follow floodplain boundaries, bridges
that cross watercourses should be considered vulnerable. Other key factors in degree of vulnerability include the
age and infrastructure of a facility, which correlate with standards in place at time of construction.

Hazus estimates volume of debris that may be generated as a result of an earthquake event to enable the study
region to prepare for and rapidly and efficiently manage debris removal and disposal. Debris estimates were
divided into two categories: (1) reinforced concrete and steel that require special equipment to break up before
transport can occur, and (2) brick, wood, and other debris that can be loaded directly onto trucks by use of
bulldozers (Hazus Earthquake User’s Manual).

Table 4.3.4-12 summarizes the estimated debris generated by the 500-year MRP event. Hazus estimated the
generation of over 43,000 tons of total debris during the 500-year MRP event. The Township of Upper Darby
would generate the greatest amount of debris at 7,724 tons.

Table 4.3.4-12. Estimated Debris Generated by 500-year MRP Earthquake Event

Estimated Debris Created During the 500-Year Mean Return Period

Jurisdiction Earthquake Event**
Brick/Wood (tons) Concrete/Steel (tons)
Aldan (B) 301 61
Aston (Twp) 895 187
Bethel (Twp) 463 79
Brookhaven (B) 458 89
Chadds Ford (Twp) 230 50
Chester City (C) 1,783 426
Chester (Twp) 258 65
Chester Heights (B) 154 33
Clifton Heights (B) 606 158
Collingdale (B) 500 110
Colwyn (B) 131 25
Delaware County Hazard Mitigation Plan 4.3.4-18
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Estimated Debris Created During the 500-Year Mean Return Period

Jurisdiction Earthquake Event**
Brick/Wood (tons) Concrete/Steel (tons)

Concord (Twp) 956 211
Darby (B) 594 138
Darby (Twp) 583 110
East Lansdowne (B) 162 35
Eddystone (B) 174 49
Edgmont (Twp) 198 36
Folcroft (B) 455 107
Glenolden (B) 421 90
Haverford (Twp) 3,326 723
Lansdowne (B) 880 196
Lower Chichester (Twp) 152 31
Marcus Hook (B) 157 41
Marple (Twp) 1,356 303
Media (B) 394 105
Middletown (Twp) 863 210
Millbourne (B) 55 13
Morton (B) 151 36
Nether Providence (Twp) 656 118
Newtown (Twp) 719 152
Norwood (B) 350 68
Parkside (B) 123 23
Prospect Park (B) 390 86
Radnor (Twp) 1,643 416
Ridley (Twp) 1,883 402
Ridley Park (B) 421 89
Rose Valley (B) 119 21
Rutledge (B) 46 8
Sharon Hill (B) 354 82
Springfield (Twp) 1,796 389
Swarthmore (B) 427 114
Thornbury (Twp) 355 71
Tinicum (Twp) 621 198
Trainer (B) 116 33
Upland (B) 195 47
Upper Chichester (Twp) 847 180
Upper Darby (Twp) 6,289 1,435
Upper Providence (Twp) 507 101
Yeadon (B) 741 171
Brandywine Conservancy and Museum of
Art Special District N/A N/A
Delaware County (Total) 35,253 7,920

Source: HAZUS-v5.1
Notes: B — Borough; Twp. — Township
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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, wastewater, or toxic material containment

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

Future Growth and Development

Human exposure and vulnerability to earthquake impacts in newly developed areas are anticipated to be similar
to those currently within the county. Building codes require seismic provisions that should render new
construction less vulnerable to seismic impacts than older, existing construction that may have been built to
lower construction standards. Any areas of growth could also be impacted by the flood hazard if within
identified hazard areas. The tables and hazard maps included in the jurisdictional annexes contain additional
information regarding the specific areas of development that would increase county vulnerability to dam
inundation areas.

Estimated population projections provided by the Center of Rural Pennsylvania indicates that Delaware County’s
population will continue to increase into 2040, with a total population of approximately 648,439 persons (The
Center of Rural Pennsylvania 2013). As more persons move into earthquake susceptible areas, an increased
amount of the population will be vulnerable to the effects of earthquakes.

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.

Additional Data and Next Steps

Additional data is needed to further refine and enhance the county’s vulnerability assessment, which includes
identifications of unreinforced masonry critical facilities and privately owned buildings (i.e., residences) via
local knowledge and/or pictometry/orthophotos. These buildings may not withstand earthquakes of certain
magnitudes and plans to provide emergency response/recovery efforts for these properties can be established.

Ground shaking is the primary cause of earthquake damage to man-made structures, and soft soils amplify
ground shaking. One contributor to site amplification is velocity at which rock or soil transmits shear waves (S-
waves). The NEHRP developed five soil classifications defined by their shear-wave velocity that alter severity

1".: Delaware County Hazard Mitigation Plan 4.3.4-20
October 2022




Section 4.3.4: Risk Assessment - Earthquake

of an earthquake. These soil classifications range from A to E, whereby A represents hard rock that reduces
ground motions from an earthquake and E represents soft soils that amplify and magnify ground shaking and
increase building damage and losses. When this soil information becomes available, it may be incorporated into
Hazus to further refine the county’s vulnerability assessment.
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4.3.5 Environmental Hazards - Hazardous Materials Releases

This section provides a profile and vulnerability assessment of the environmental hazards — hazardous materials
releases profile for the Delaware County Hazard Mitigation Plan (HMP).

The U.S. Department of Transportation (DOT) categorizes hazardous materials (hazmat) into the following nine

classes based on chemical characteristics producing the risk:
e C(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

Delaware County is home to many manufacturing facilities and industries, including oil refineries located along
the Delaware River. Facilities that use, manufacture, or store hazardous materials in Pennsylvania must comply
with both Title IIT 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.
Delaware County currently has 17 hazardous materials waste Superfund sites that utilize, ship, or house
chemicals considered hazardous, and 7 of those 17 are listed on the National Priorities List for Superfund
Cleanup.

Product release into the local environment can derive from a fixed facility or occur 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 ‘“hazardous materials” can immediately and adversely impact the general population,
ranging from the 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.

4.3.5.1 Location and Extent

Based on past occurrences, hazmat releases within Delaware 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. While permitted, identified hazardous substance
travel routes are not maintained by the county or regional planning entities.

Rail lines that transport hazardous materials are shown in Figure 4.3.5-1. In addition to the major routes of
transportation, each fixed facility identified within Delaware County poses a potential threat to the surrounding
community. The U.S. Environmental Protection Agency (EPA) tracks management of over 650 toxic chemicals
that pose a threat to human health and the environment through the Toxic Release Inventory (TRI). Facilities in
certain industries that use or house these chemicals in amounts exceeding specified levels must submit annual
reports on how each chemical is managed through recycling, energy recovery, treatment, and releases to the
environment. A “release” of a chemical means emission to the air or water, or placement in some type of land
disposal. EPA publishes all TRI data in a publicly accessible database in Envirofacts. In 2018, 20 TRI facilities
in Delaware County reported to EPA (PECA 2020).
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Figure 4.3.5-1. Major Transportation Routes and Railways with Buffer in Delaware County, Pennsylvania
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4.3.5.2 Range of Magnitude

Environmental hazard incidents within Delaware County could range from minor petroleum spills to large
facility-based incidents that could lead to loss of life and damage to property, environment, and economy.
Severity of an incident varies with type of material released and distance and related response time for emergency
response teams. Areas within closest proximity to the releases are generally at the greatest risk; however,
depending on the material, 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.

A hazmat release, whether 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, and mitigating conditions are characteristics of the target and its physical environment that can reduce
the effects of a hazard. These conditions are described below:

e Noncompliance 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 hazmat site — if occurring within a Special Flood Hazard Area (SFHA), a
materials release could cause large-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  Weather conditions — affect how the hazard develops.

Micro-meteorological effects of buildings and terrain — alter dispersion of materials.
o Shielding in the form of sheltering-in-place — protects people and property from harmful effects.

A worst-case scenario for hazardous material release occurred in Delaware County on November 26, 2004, when
the Athos I tanker struck a large, submerged anchor while preparing to dock at a New Jersey refinery on the
opposite side of the Delaware River as Delaware County (NOAA, 2010). The tanker’s bottom was punctured,
and nearly 265,000 gallons of crude oil were discharged into the Delaware River and its tributaries. Delaware
County resources affected by the oil spill included shorelines, aquatic creatures, wildlife, and recreational areas
used by the public.

4.3.5.3 Past Occurrence

The county has undergone hazmat release accidents at facilities and along roadways. The 2016 Delaware County
Hazard Mitigation Plan stated there were 686 hazardous material spill incidents between 2002 and 2009
(Delaware County 2016). Of these incidents, the majority consisted of spills of petroleum products. Table 4.3.5-1
shows hazardous material and nuclear/radiological incidents by municipality that have occurred from 2016—
2021.

Table 4.3.5-1. Hazardous Material Releases in Delaware County, 2016 to 2021

Dates of Event = Event Type Location Losses/Impacts
Officials say multiple people were taken to the hospital after two
October 28, Diesel Spill Chester CSX trains collided head-on in Chester, Pennsylvania. Officials
2016 p say there was a diesel fuel spill that was quickly contained. The
EPA has been notified and hazmat crews are cleaning up the spill.
Five people working at a Pennsylvania energy plant less than two
miles from Claymont were hospitalized after a hydrofluoric acid
January 23, Chemical Leak Marcus Hook chemical leak occurred Wednesday morning. According to Monroe
2019 (B) officials, a hose malfunctioned, during which time hydrocarbon
vapors containing a small amount of hydrofluoric acid were
emitted near a group of contract workers.
October 27 A hazmat team responded a halfway house in Pennsylvania this
2019 > Uranium Darby week after a resident received an order of uranium through the
mail.
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Dates of Event = Event Type Location Losses/Impacts

Upper . . .
May 7, 2020 Hot Tar Spill Providence A truck was carrying appr0x1mately. 6,000 gal'lons of hot tar liquid
(Twp) which spilled into the median following a crash.

Source: Global Incident Maps 2022

4.3.5.4 Future Occurrence

Because of the wide scope of the definition of environmental hazards, ranging from a small spill to a large release
of a highly volatile or toxic hazardous material, incidents can and will happen at any time. Probability of future
occurrence in Delaware County is compounded by the fact that the county is home to 164 SARA facilities.
Although these facilities follow applicable safety and health regulations and best practices, proximity of facilities
to population centers is a concern for the county.

Hazardous materials are also transported via rail and along. Transportation of hazmats on highways involves
tanker trucks or trailers; not surprisingly, trucks are responsible for the greatest number of hazmat incidents. At
several points, these transportation routes cross streams within the watersheds that are part of the county's
domestic water supply.

While hazmat release incidents in Delaware 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
along I-95 or during refilling of home heating oil tanks, and may not be reported. Although the county does not
anticipate severe releases on any regular basis, the possibility of a significant release should not be discounted.
Based on Risk Factor Methodology Probability Criteria, likelihood of future occurrences within Delaware
County remains highly likely.

4.3.5.5 Vulnerability Assessment

To understand risk, a community must evaluate the assets exposed and vulnerable in the identified hazard area.
The following text evaluates and estimates the potential impact of the hazardous materials release hazard on the
county, including:

o Impact on (1) life, health, and safety; (2) general building stock; (3) critical facilities; (4) economy; (5)
environment; and (6) future growth and development

e Effects of climate change on vulnerability

o  Further data collections that will assist in understanding this hazard over time

A spatial analysis was conducted using various lengths of buffer radii around hazardous material facilities and
transportation networks. If a hazardous material incident occurred in or on the facility, pipeline, or transportation
network, these buffers would represent the toxin or radiation release area. For the purposes of the assessment,
an asset (population, structures, critical facilities, and lifelines) is considered exposed and potentially vulnerable
to the hazmat hazard if it is located within these hazardous material buffer areas. The analysis looked at three
different hazardous material buffer areas:

e (.5-mile from a major highway
e 0.5-mile from a rail line
e Unique radius for each SARA Type II facility

Impact on Life, Health, and Safety

Much of the population in Delaware County is exposed to some kind of environmental hazard (Table 4.3.5 2).
Several incidents reported in the county are related to petroleum spills, which may have resulted from motor
vehicle incidents. First responders’ safety may also be at risk during on-scene operations and may have difficulty
traveling to incidents due to limited access to roads. First responder resources may be exhausted during
environmental hazard events due to a lack of personnel and a higher than normal call volume/demand.
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Table 4.3.5-2. Estimated Delaware County Population Vulnerable to Environmental Hazards

Estimated Population Located in the Hazardous Materials Hazard

Areas
Number of Number of Number of
Persons Persons Persons
Located Located Located
Total within 1/2 within 1/2 within

Population Mile of Mile of Selected

(Census Hazardous Hazardous Buffer of
Bureau Materials | Percent | Materials | Percent | Hazardous | Percent

2020 Roadway of Rail of Materials of
Jurisdiction Decennial) Routes Total RO Total SARA Sites | Total
Aldan (B) 4,244 0 0.0% 4,044 95.3% 4,244 100.0%
Aston (Twp) 16,791 7,210 42.9% 841 5.0% 16,791 100.0%
Bethel (Twp) 9,574 8,550 89.3% 0 0.0% 6,523 68.1%
Brookhaven (B) 8,300 5,373 64.7% 0 0.0% 8,043 96.9%
Chadds Ford (Twp) 3,972 2,758 69.4% 0 0.0% 2,891 72.8%
Chester City (C) 32,605 32,603 100.0% 25,066 76.9% 0 0.0%
Chester (Twp) 4,080 2,250 55.1% 2,804 68.7% 4,080 100.0%
Chester Heights (B) 2,897 1,939 66.9% 308 10.6% 1,348 46.5%
Clifton Heights (B) 6,863 0 0.0% 6,197 90.3% 5,836 85.0%
Collingdale (B) 8,908 5,433 61.0% 8,330 93.5% 8,908 100.0%
Colwyn (B) 2,474 262 10.6% 2,474 100.0% 2,366 95.6%
Concord (Twp) 18,295 12,616 69.0% 0 0.0% 10,557 57.7%
Darby (B) 10,715 8,832 82.4% 8,341 77.8% 10,715 100.0%
Darby (Twp) 9,219 278 3.0% 5,273 57.2% 9,219 100.0%
East Lansdowne (B) 2,714 2,306 85.0% 2,224 82.0% 2,714 100.0%
Eddystone (B) 2,459 2,459 100.0% 2,459 100.0% 2,459 100.0%
Edgmont (Twp) 4,283 2,398 56.0% 1 0.0% 1,174 27.4%
Folcroft (B) 6,792 2,467 36.3% 3,253 47.9% 6,792 100.0%
Glenolden (B) 7,223 6,365 88.1% 7,223 100.0% 7,223 100.0%
Haverford (Twp) 50,431 24,839 49.3% 17,504 34.7% 29,655 58.8%
Lansdowne (B) 11,107 35 0.3% 9,382 84.5% 11,107 100.0%
Lower Chichester (Twp) 3,425 3,425 100.0% 3,077 89.8% 3,425 100.0%
Marcus Hook (B) 2,454 2,375 96.8% 2,453 99.9% 2,454 100.0%
Marple (Twp) 24,214 19,568 80.8% 0 0.0% 17,293 71.4%
Media (B) 5,901 4,123 69.9% 4,298 72.8% 5,901 100.0%
Middletown (Twp) 16,373 12,970 79.2% 5,242 32.0% 14,972 91.4%
Millbourne (B) 1,212 1,212 100.0% 1,212 100.0% 1,212 100.0%
Morton (B) 2,778 2,553 91.9% 2,527 91.0% 2,778 100.0%
Nether Providence (Twp) 14,525 11,070 76.2% 5,030 34.6% 6,088 41.9%
Newtown (Twp) 15,002 10,333 68.9% 0 0.0% 12,713 84.7%
Norwood (B) 5,943 5,522 92.9% 3,976 66.9% 5,943 100.0%
Parkside (B) 2,321 2,321 100.0% 0 0.0% 2,321 100.0%
Prospect Park (B) 6,427 6,427 100.0% 5,237 81.5% 6,427 100.0%
Radnor (Twp) 33,228 23,881 71.9% 19,746 59.4% 26,955 81.1%
Ridley (Twp) 31,053 18,904 60.9% 20,437 65.8% 28,823 92.8%
Ridley Park (B) 7,186 6,008 83.6% 7,186 100.0% 7,186 100.0%
Rose Valley (B) 1,017 222 21.8% 389 38.3% 357 35.1%
Rutledge (B) 782 754 96.4% 435 55.6% 782 100.0%
Sharon Hill (B) 6,014 5,912 98.3% 6,014 100.0% 6,014 100.0%
Springfield (Twp) 25,070 15,340 61.2% 14,991 59.8% 22,564 90.0%
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Estimated Population Located in the Hazardous Materials Hazard

Areas
Number of Number of Number of
Persons Persons Persons
Located Located Located
Total within 1/2 within 1/2 within
Population Mile of Mile of Selected
(Census Hazardous Hazardous Buffer of
Bureau Materials Percent | Materials Percent | Hazardous | Percent
2020 Roadway of Rail of Materials of

Jurisdiction Decennial) Routes Total Routes Total SARA Sites | Total
Swarthmore (B) 6,543 6,078 92.9% 5,272 80.6% 5,153 78.7%
Thornbury (Twp) 6,904 2,221 32.2% 1,162 16.8% 2,335 33.8%
Tinicum (Twp) 3,983 3,972 99.7% 3,983 100.0% 3,983 100.0%
Trainer (B) 1,976 1,976 100.0% 1,760 89.1% 1,976 100.0%
Upland (B) 3,068 2,252 73.4% 1,994 65.0% 3,068 100.0%
Upper Chichester (Twp) 16,898 13,130 77.7% 8,584 50.8% 16,898 100.0%
Upper Darby (Twp) 85,681 37,200 43.4% 60,022 70.1% 78,101 91.2%
Upper Providence (Twp) 10,852 7,323 67.5% 2,094 19.3% 8,305 76.5%
Yeadon (B) 12,054 10,406 86.3% 9,208 76.4% 12,054 100.0%
Brandywine Conservancy and
Museum of Art Special District N/A N/A N/A N/A N/A N/A N/A
Delaware County (Total) 576,830 366,454 63.5% 302,055 52.4% 458,726 79.5%

Source: Census 2010/2020; PennDOT 2020, Delaware County 2021/2022

Notes: Census 2020 decennial population data was used to update the Census 2010 daysmetric block population estimates.
Census 2010 dasymetric blocks were used to estimate the areas where development exists in each municipality. These boundaries
may over or underestimate the density location of population within each municipality, impacting the exposure results.

% = Percent; B = Borough; C = City; SARA = Superfund Amendments and Reauthorization Act; Twp = Township

Impacts on General Building Stock

Potential losses to the general building stock caused by a hazmat incident is 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 as a result of a hazmat 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.

To estimate the buildings exposed to a hazardous material event, the hazmat buffer areas were overlaid upon the
building level. The replacement cost value of the structures with their center in the buffer areas were totaled
(Table 4.3.5-3). The area with the largest exposure to replacement cost value are those buffer areas that extend
out along highways. However, if a hazmat release were to occur, the incident would not be located along all
highways in the county but instead only a section of the total hazmat exposure area. Similarly, a railway or
SARA site hazardous material incident would not occur in all areas of the structure but instead only along one
section or within one site. Therefore, the total exposure does not represent a complete vulnerability should a
hazard event occur.
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Table 4.3.5-3. Total Building Exposed to a Roadway, Rail Route, or SARA Site Hazardous Material Incident

Estimated Building Stock Located Estimated Building Stock Located Estimated Building Stock
within 1/2 Mile of Hazardous within 1/2 Mile of Hazardous Located within the Selected
Total Number of Materials Roadway Routes Materials Rail Routes Buffer of SARA Sites
Buildings (2010 Number of Percent of Number of Percent of

Jurisdiction Census Tract) Buildings Total Buildings Total Buildings Total
Aldan (B) 1,673 0 0.0% 1,591 95.1% 1,673 100.0%
Aston (Twp) 6,202 2,547 41.1% 335 5.4% 6,202 100.0%
Bethel (Twp) 3,164 2,830 89.5% 0 0.0% 2,156 68.1%
Brookhaven (B) 3,185 2,183 68.5% 0 0.0% 3,091 97.0%
Chadds Ford (Twp) 1,402 974 69.5% 0 0.0% 1,013 72.3%

Chester City (C) 11,646 11,645 100.0% 9,586 82.3% 0 0.0%
Chester (Twp) 1,596 862 54.0% 1,085 68.0% 1,596 100.0%
Chester Heights (B) 1,022 590 57.7% 105 10.3% 562 55.0%
Clifton Heights (B) 2,324 0 0.0% 2,087 89.8% 1,972 84.9%
Collingdale (B) 3,130 1,877 60.0% 2,934 93.7% 3,130 100.0%
Colwyn (B) 839 92 11.0% 839 100.0% 794 94.6%
Concord (Twp) 5,400 3,718 68.9% 0 0.0% 3,224 59.7%
Darby (B) 3,569 2,958 82.9% 2,707 75.9% 3,569 100.0%
Darby (Twp) 3,763 120 3.2% 2,145 57.0% 3,763 100.0%
East Lansdowne (B) 906 774 85.4% 745 82.2% 906 100.0%
Eddystone (B) 876 876 100.0% 876 100.0% 876 100.0%
Edgmont (Twp) 1,579 915 57.9% 0 0.0% 442 28.0%
Folcroft (B) 2,500 829 33.2% 1,110 44.4% 2,500 100.0%
Glenolden (B) 2,453 2,107 85.9% 2,453 100.0% 2,453 100.0%
Haverford (Twp) 17,876 8,783 49.1% 6,537 36.6% 10,717 60.0%
Lansdowne (B) 3,838 12 0.3% 3,165 82.5% 3,838 100.0%
Lower Chichester (Twp) 1,266 1,266 100.0% 1,138 89.9% 1,266 100.0%
Marcus Hook (B) 831 804 96.8% 830 99.8% 831 100.0%
Marple (Twp) 8,652 7,001 80.9% 0 0.0% 6,174 71.4%
Media (B) 2,076 1,564 75.3% 1,415 68.2% 2,076 100.0%
Middletown (Twp) 5,161 3,994 77.4% 1,802 34.9% 4,670 90.5%
Millbourne (B) 243 243 100.0% 243 100.0% 243 100.0%
Morton (B) 927 847 91.4% 835 90.1% 927 100.0%
Nether Providence (Twp) 5,153 3,947 76.6% 1,841 35.7% 2,156 41.8%
Newtown (Twp) 4,691 3,139 66.9% 0 0.0% 3,907 83.3%
Norwood (B) 2,092 1,929 92.2% 1,323 63.2% 2,092 100.0%
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.
Estimated Building Stock Located Estimated Building Stock Located Estimated Building Stock
within 1/2 Mile of Hazardous within 1/2 Mile of Hazardous Located within the Selected
Total Number of Materials Roadway Routes Materials Rail Routes Buffer of SARA Sites
Buildings (2010 Number of Percent of Number of Percent of
Jurisdiction Census Tract) Buildings Total Buildings Total Buildings Total
Parkside (B) 851 851 100.0% 0 0.0% 851 100.0%
Prospect Park (B) 2,086 2,086 100.0% 1,674 80.3% 2,086 100.0%
Radnor (Twp) 8,992 6,408 71.3% 5,201 57.8% 7,270 80.8%
Ridley (Twp) 11,070 7,037 63.6% 7,386 66.7% 10,227 92.4%
Ridley Park (B) 2,403 1,892 78.8% 2,403 100.0% 2,403 100.0%
Rose Valley (B) 402 86 21.4% 154 38.3% 148 36.8%
Rutledge (B) 287 276 96.2% 165 57.5% 287 100.0%
Sharon Hill (B) 2,024 1,972 97.4% 2,024 100.0% 2,024 100.0%
Springfield (Twp) 9,233 5,698 61.7% 5,438 58.9% 8,339 90.3%
Swarthmore (B) 1,721 1,578 91.7% 1,334 77.5% 1,337 77.7%
Thornbury (Twp) 2,361 726 30.7% 436 18.5% 776 32.9%
Tinicum (Twp) 1,917 1,887 98.4% 1,917 100.0% 1,917 100.0%
Trainer (B) 678 678 100.0% 605 89.2% 678 100.0%
Upland (B) 1,297 957 73.8% 852 65.7% 1,297 100.0%
Upper Chichester (Twp) 6,005 4,840 80.6% 3,099 51.6% 6,005 100.0%
Upper Darby (Twp) 27,681 12,670 45.8% 18,488 66.8% 25,437 91.9%
Upper Providence (Twp) 3,636 2,280 62.7% 690 19.0% 2,513 69.1%
Yeadon (B) 3,741 3,252 86.9% 2,796 74.7% 3,741 100.0%
Brandywine Conservancy and
Muselilm of Art Special ]%,istrict /A N/A N/A N/A N/A N/A N/A
Delaware County (Total) 196,420 124,599 63.4% 102,388 52.1% 156,155 79.5%

Sources: U.S. Census 2010; PennDOT 2020, Delaware County 2021/2022
Notes: Census 2010 dasymetric block boundaries may not perfectly align with current jurisdictional boundaries. Census 2010 data may over or underestimate the number of
buildings found in each municipality. % = Percent; B = Borough; C = City; Twp = Township
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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. The tables below summarize critical facilities and lifelines located within the hazmat buffer
area. A total of 1,430 critical facilities are located in Delaware County. Overall, 1,211 critical facilities are
exposed to a roadway hazardous material event, 800 critical facilities are exposed to a rail line hazardous
material event, and 1,259 critical facilities are exposed to a SARA site hazardous material facility event, as
shown in Table 4.3.5-4 through Table 4.3.5-6.

Table 4.3.5-4. Critical Facility Exposure to a Hazardous Material Release from a SARA Site

Number of Critical Facilities and Lifeline
Facilities Located within the Selected Buffer of

SARA Sites
Total Critical Percent of
Facilities Total Lifelines Total Percent of
Located in Located in Critical Critical Total
Jurisdiction Jurisdiction Jurisdiction Facilities Facilities Lifelines Lifelines
Aldan (B) 6 6 6 100.0% 6 100.0%
Aston (Twp) 39 37 39 100.0% 37 100.0%
Bethel (Twp) 15 15 12 80.0% 12 80.0%
Brookhaven (B) 16 15 16 100.0% 15 100.0%
Chadds Ford (Twp) 17 16 10 58.8% 9 56.3%
Chester City (C) 88 83 87 98.9% 82 98.8%
Chester (Twp) 21 20 21 100.0% 20 100.0%
Chester Heights (B) 5 5 4 80.0% 4 80.0%
Clifton Heights (B) 14 12 14 100.0% 12 100.0%
Collingdale (B) 16 13 16 100.0% 13 100.0%
Colwyn (B) 7 6 7 100.0% 6 100.0%
Concord (Twp) 49 45 35 71.4% 33 73.3%
Darby (B) 31 27 31 100.0% 27 100.0%
Darby (Twp) 22 21 22 100.0% 21 100.0%
East Lansdowne (B) 7 7 7 100.0% 7 100.0%
Eddystone (B) 18 18 18 100.0% 18 100.0%
Edgmont (Twp) 16 16 8 50.0% 8 50.0%
Folcroft (B) 18 16 18 100.0% 16 100.0%
Glenolden (B) 21 20 21 100.0% 20 100.0%
Haverford (Twp) 87 83 61 70.1% 57 68.7%
Lansdowne (B) 26 24 26 100.0% 24 100.0%
Lower Chichester (Twp) 13 12 13 100.0% 12 100.0%
Marcus Hook (B) 21 20 21 100.0% 20 100.0%
Marple (Twp) 64 57 47 73.4% 42 73.7%
Media (B) 26 21 26 100.0% 21 100.0%
Middletown (Twp) 62 59 57 91.9% 54 91.5%
Millbourne (B) 4 4 4 100.0% 4 100.0%
Morton (B) 6 5 6 100.0% 5 100.0%
Nether Providence (Twp) 34 33 11 32.4% 10 30.3%
Newtown (Twp) 44 39 38 86.4% 33 84.6%
Norwood (B) 15 13 15 100.0% 13 100.0%
Parkside (B) 6 6 6 100.0% 6 100.0%
Prospect Park (B) 20 19 20 100.0% 19 100.0%
Radnor (Twp) 78 74 64 82.1% 60 81.1%
Ridley (Twp) 66 62 62 93.9% 58 93.5%
Ridley Park (B) 23 22 23 100.0% 22 100.0%
Rose Valley (B) 4 4 2 50.0% 2 50.0%
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Number of Critical Facilities and Lifeline
Facilities Located within the Selected Buffer of

SARA Sites
Total Critical Percent of
Facilities Total Lifelines Total Percent of
Located in Located in Critical Critical Total

Jurisdiction Jurisdiction Jurisdiction Facilities Facilities Lifelines | Lifelines
Rutledge (B) 1 1 1 100.0% 1 0.0%
Sharon Hill (B) 18 16 18 100.0% 16 100.0%
Springfield (Twp) 63 61 61 96.8% 59 96.7%
Swarthmore (B) 16 13 13 81.3% 10 76.9%
Thombury (Twp) 22 21 7 31.8% 7 33.3%
Tinicum (Twp) 24 23 24 100.0% 23 100.0%
Trainer (B) 13 13 13 100.0% 13 100.0%
Upland (B) 14 14 14 100.0% 14 100.0%
Upper Chichester (Twp) 31 28 31 100.0% 28 100.0%
Upper Darby (Twp) 153 138 141 92.2% 127 92.0%
Upper Providence (Twp) 27 25 19 70.4% 17 68.0%
Yeadon (B) 23 22 23 100.0% 22 100.0%
Brandywine Conservancy and
Museli/m of Art Special ]gistrict 0 N/A N/A N/A N/A N/A
Delaware County (Total) 1,430 1,330 1,259 88.0% 1,165 87.6%

Source: Delaware County 2021/2022; HIFLD 2018/2022
Notes: % = Percent; B = Borough; C = City; SARA = Superfund Amendments and Reauthorization Act; Twp = Township

Table 4.3.5-5. Critical Facility Exposure to a Hazardous Material Release along a Roadway

Number of Critical Facilities and Lifeline
Facilities Located within 1/2 Mile of Hazardous
Materials Roadway Routes

Total Critical Percent of
Facilities Total Lifelines Total Percent of
Located in Located in Critical Critical Total
Jurisdiction Jurisdiction Jurisdiction Facilities Facilities Lifelines Lifelines
Aldan (B) 6 6 6 100.0% 6 100.0%
Aston (Twp) 39 37 20 51.3% 18 48.6%
Bethel (Twp) 15 15 14 93.3% 14 93.3%
Brookhaven (B) 16 15 15 93.8% 14 93.3%
Chadds Ford (Twp) 17 16 16 94.1% 15 93.8%
Chester City (C) 88 83 88 100.0% 83 100.0%
Chester (Twp) 21 20 14 66.7% 13 65.0%
Chester Heights (B) 5 5 2 40.0% 2 40.0%
Clifton Heights (B) 14 12 13 92.9% 11 91.7%
Collingdale (B) 16 13 16 100.0% 13 100.0%
Colwyn (B) 7 6 7 100.0% 6 100.0%
Concord (Twp) 49 45 35 71.4% 33 73.3%
Darby (B) 31 27 30 96.8% 26 96.3%
Darby (Twp) 22 21 11 50.0% 10 47.6%
East Lansdowne (B) 7 7 7 100.0% 7 100.0%
Eddystone (B) 18 18 18 100.0% 18 100.0%
Edgmont (Twp) 16 16 7 43.8% 7 43.8%
Folcroft (B) 18 16 10 55.6% 8 50.0%
Glenolden (B) 21 20 21 100.0% 20 100.0%
Haverford (Twp) 87 83 60 69.0% 57 68.7%
Lansdowne (B) 26 24 19 73.1% 17 70.8%
Lower Chichester (Twp) 13 12 13 100.0% 12 100.0%
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Number of Critical Facilities and Lifeline
Facilities Located within 1/2 Mile of Hazardous
Materials Roadway Routes

Total Critical Percent of
Facilities Total Lifelines Total Percent of
Located in Located in Critical Critical Total

Jurisdiction Jurisdiction Jurisdiction Facilities Facilities Lifelines Lifelines
Marcus Hook (B) 21 20 21 100.0% 20 100.0%
Marple (Twp) 64 57 49 76.6% 43 75.4%
Media (B) 26 21 26 100.0% 21 100.0%
Middletown (Twp) 62 59 58 93.5% 55 93.2%
Millbourne (B) 4 4 4 100.0% 4 100.0%
Morton (B) 6 5 6 100.0% 5 100.0%
Nether Providence (Twp) 34 33 34 100.0% 33 100.0%
Newtown (Twp) 44 39 36 81.8% 32 82.1%
Norwood (B) 15 13 15 100.0% 13 100.0%
Parkside (B) 6 6 6 100.0% 6 100.0%
Prospect Park (B) 20 19 20 100.0% 19 100.0%
Radnor (Twp) 78 74 56 71.8% 52 70.3%
Ridley (Twp) 66 62 53 80.3% 49 79.0%
Ridley Park (B) 23 22 23 100.0% 22 100.0%
Rose Valley (B) 4 4 2 50.0% 2 50.0%
Rutledge (B) 1 1 1 100.0% 1 0.0%
Sharon Hill (B) 18 16 18 100.0% 16 100.0%
Springfield (Twp) 63 61 56 88.9% 54 88.5%
Swarthmore (B) 16 13 16 100.0% 13 100.0%
Thornbury (Twp) 22 21 16 72.7% 15 71.4%
Tinicum (Twp) 24 23 24 100.0% 23 100.0%
Trainer (B) 13 13 13 100.0% 13 100.0%
Upland (B) 14 14 13 92.9% 13 92.9%
Upper Chichester (Twp) 31 28 30 96.8% 27 96.4%
Upper Darby (Twp) 153 138 127 83.0% 112 81.2%
Upper Providence (Twp) 27 25 23 85.2% 21 84.0%
Yeadon (B) 23 22 23 100.0% 22 100.0%
Brandywine Conservancy and
Museum of Art Special District 0 N/A N/A N/A N/A N/A
Delaware County (Total) 1,430 1,330 1,211 84.7% 1,116 83.9%

Source: Delaware County 2021/2022; HIFLD 2018/2022; PennDOT 2020

Table 4.3.5-6. Critical Facility Exposure to a Hazardous Material Release along a Railway

Number of Critical Facilities and Lifeline Facilities

Tf’t.al Total Located within 1/2 Mile of Hazardous Materials Rail
Critical cpoe
L. R Lifelines Routes
Jurisdiction Facilities .
. Located in
Located in Jurisdiction Critical Percent of Percent of
Jurisdiction erege Total Critical Lifelines Total
Facilities rege e 1e

Facilities Lifelines

Aldan (B) 6 6 6 100.0% 6 100.0%
Aston (Twp) 39 37 3 7.7% 3 8.1%
Bethel (Twp) 15 15 0 0.0% 0 0.0%
Brookhaven (B) 16 15 0 0.0% 0 0.0%
Chadds Ford (Twp) 17 16 0 0.0% 0 0.0%
Chester City (C) 88 83 81 92.0% 76 91.6%
Chester (Twp) 21 20 14 66.7% 13 65.0%
Chester Heights (B) 5 5 0 0.0% 0 0.0%
Clifton Heights (B) 14 12 13 92.9% 11 91.7%

Collingdale (B) 16 13 16 100.0% 13 100.0%

Delaware County Hazard Mitigation Plan 4.3.5-11

-“: October 2022




Section 4.3.5: Risk Assessment -
Environmental Hazards - Hazardous Materials Releases

Number of Critical Facilities and Lifeline Facilities

CTr?ttizc‘:ll Total Located within 1/2 Mile of Hazardous Materials Rail
Jurisdiction Facilities Lifeline§ Routes
Located in J%l?‘::(;fc(ii:)nn Critical Percent of Percent of
Jurisdiction Facilities Total Critical Lifelines Total
Facilities Lifelines

Colwyn (B) 7 6 7 100.0% 6 100.0%
Concord (Twp) 49 45 0 0.0% 0 0.0%
Darby (B) 31 27 25 80.6% 21 77.8%
Darby (Twp) 22 21 11 50.0% 10 47.6%
East Lansdowne (B) 7 7 7 100.0% 7 100.0%
Eddystone (B) 18 18 18 100.0% 18 100.0%
Edgmont (Twp) 16 16 0 0.0% 0 0.0%
Folcroft (B) 18 16 10 55.6% 8 50.0%
Glenolden (B) 21 20 21 100.0% 20 100.0%
Haverford (Twp) 87 83 25 28.7% 23 27.7%
Lansdowne (B) 26 24 19 73.1% 17 70.8%
Lower Chichester (Twp) 13 12 11 84.6% 11 91.7%
Marcus Hook (B) 21 20 20 95.2% 19 95.0%
Marple (Twp) 64 57 0 0.0% 0 0.0%
Media (B) 26 21 22 84.6% 18 85.7%
Middletown (Twp) 62 59 15 24.2% 14 23.7%
Millbourne (B) 4 100.0% 4 100.0%
Morton (B) 6 5 6 100.0% 5 100.0%
Nether Providence (Twp) 34 33 12 35.3% 11 33.3%
Newtown (Twp) 44 39 0 0.0% 0 0.0%
Norwood (B) 15 13 10 66.7% 8 61.5%
Parkside (B) 6 6 0 0.0% 0 0.0%
Prospect Park (B) 20 19 17 85.0% 16 84.2%
Radnor (Twp) 78 74 43 55.1% 39 52.7%
Ridley (Twp) 66 62 46 69.7% 42 67.7%
Ridley Park (B) 23 22 23 100.0% 22 100.0%
Rose Valley (B) 4 4 2 50.0% 2 50.0%
Rutledge (B) 1 1 1 100.0% 1 0.0%
Sharon Hill (B) 18 16 18 100.0% 16 100.0%
Springfield (Twp) 63 61 41 65.1% 39 63.9%
Swarthmore (B) 16 13 13 81.3% 10 76.9%
Thornbury (Twp) 22 21 14 63.6% 13 61.9%
Tinicum (Twp) 24 23 24 100.0% 23 100.0%
Trainer (B) 13 13 13 100.0% 13 100.0%
Upland (B) 14 14 12 85.7% 12 85.7%
Upper Chichester (Twp) 31 28 17 54.8% 17 60.7%
Upper Darby (Twp) 153 138 111 72.5% 97 70.3%
Upper Providence (Twp) 27 25 7 25.9% 7 28.0%
Yeadon (B) 23 22 22 95.7% 21 95.5%
Brandywine Conservancy and
Museli,m of Art Special lgistrict 0 N/A N/A N/A N/A N/A
Delaware County (Total) 1,430 1,330 800 55.9% 732 55.0%

Source: Delaware County 2021/2022; HIFLD 2018/2022

Of the 871 lifeline facilities in Delaware County located in hazardous material buffer areas, 587 are located
within a %2 mile of hazardous materials roadway routes, 482 are located within ’2 mile of hazardous material
rail routes, and 773 are located within the SARA sites buffer. The breakdown of exposure by lifeline categories
is displayed in Table 4.3.5-7.
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Table 4.3.5-7. Lifeline Facility Exposure to Hazardous Material Facility Buffer Areas

Number of Number of
Number of epo1e gl
A Lifelines Lifelines
Lifelines Located s
Number of | within 1/2 Mile of | L0cated Within Located
FEMA Lifeline Category g 1/2 Mile of within the
Lifelines Hazardous
Materials Hazardous Selected
Roadway Routes Materials Rail Buffer of
y Routes SARA Sites
Communications 10 8 7 9
Energy 55 49 35 51
Food, Water, Shelter 45 28 13 35
Hazardous Materials 160 148 106 160
Health and Medical 50 44 20 42
Safety and Security 968 806 525 835
Transportation 42 33 26 33
Delaware County (Total) 1,330 1,116 732 1,165

Source: Delaware County 2021/2022; HIFLD 2018/2019/2022; PennDOT 2020

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 Delaware 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 Delaware 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 billion in damages from hazmat
transportation incidents (DOT 2019).

Impact on the Environment

Hazardous material sites near bodies of water are at high risk in the event of an extreme storm or if high-water
levels approach. Such events could release toxins, waste, and other pollutants into the water and greatly impact
surrounding habitats. Many of these sites were intentionally constructed in locations believed to be removed
from potential contamination or exposure-increasing factors, but floodplain boundary change increases the
likelihood that water may reach hazardous material and waste sites.

Future Growth and Development

An increase in development and population can increase likelihood of a hazmat incident. Future migration to
larger jurisdictions may also increase the likelihood of an incident. The tables and hazard maps included in the
jurisdictional annexes in this HMP contain additional information regarding the specific areas of development
that would increase county vulnerability to the hazardous materials incident hazard.

Estimated population projections provided by the Center of Rural Pennsylvania indicate that Delaware County’s
population will continue to increase into 2040, increasing total population to approximately 648,439 persons
(Center of Rural Pennsylvania 2013). Persons that move into hazmat exposure areas are at greater risk to be
impacted in the event of a spill or toxin release.
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Effect of Climate Change on Vulnerability

As temperatures change, excessive heat on containers that contain hazmat may alter the material properties. In
addition, hazardous substances stored at fixed locations in the floodplain may experience an increase in flood
events due to the project changes in increased precipitation events, magnitude, and frequency.

Additional Data and Next Steps

The assessment above identifies vulnerable populations and potential structural and economic losses associated
with this hazard of concern. Collection of additional information and actual loss data specific to the plan
participants will further enhance Delaware County’s vulnerability assessment.
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4.3.6 Environmental Hazards - Oil and Natural Gas Pipelines

This section provides a profile and vulnerability assessment of the oil and natural gas pipelines hazard profile
for the Delaware County Hazard Mitigation Plan (HMP).

Product release into the local environment can derive from a fixed facility or occur at any location along a
pipeline route and may be the result of carelessness, technical failure, external incidents, or an intentional act
against the facility or container. Release of certain products considered hazardous materials (hazmat) can
immediately and adversely impact the general population, causing effects ranging from inconvenient 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.

4.3.6.1 Location and Extent

Based on past occurrences, pipeline incidents within Delaware 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.

Natural gas is the most commonly transported commodity via pipeline in Delaware County. The county is
home to nearly 400 linear miles of pipelines. Many of the pipelines have been in place for decades; more recently,
the construction of new lines and upgrades to existing lines have increased. According to the 2016 HMP, the
county’s large agricultural areas increase its vulnerability to pipeline accidents. There are 11 pipeline companies
that have operations in 35 municipalities in the county. The municipalities through which pipelines directly pass
are most vulnerable to pipeline incidents that would involve the release of hazardous materials. In addition, there
are oil refineries or terminals in Bethel Township, Upper Chichester Township, Marcus Hook Borough, Trainer
Borough, and Darby Township, which also increase the risk to those jurisdictions of hazardous materials releases
as well as urban fire and explosions (Bedford County 2016).

The 2002 Delaware County Hazardous Commodity Flow Study found that there are 11 pipeline companies
that have operations in 35 municipalities. The pipelines transport 15 types of hazardous materials, including
hazardous liquids such as crude oil and refined products (gasoline, kerosene, and jet fuel) or are used for
gas transmission (primarily natural gas). In addition, there are three oil refineries and four oil storage
terminals in the county

Active pipeline projects in the county include the Mariner East 2 project that carries natural gas, ethane, and
propane; 2017 Expansion Project; Northeast Supply Enhancement Project; Greater Philadelphia Expansion
Project; and Adelphia Gateway, all of which transport natural gas. Figure 4.3.6-1 shows pipelines in Delaware
County.
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Pipelines within the Commonwealth of Pennsylvania are regulated by several different agencies. Although
Delaware County has no regulatory authority over pipeline operators, the county can be engaged in the
environmental review of proposals and coordinating emergency services response. Some of the county-level
departments involved include the Planning Commission, Water Resources Authority, Conservation District,
Facility and Parks, and Department of Emergency Services. Federal and state agencies involved in pipeline
safety and regulations include the following:

e Federal Emergency Regulatory Commission (FERC) is an independent agency of the United States
government that regulates the interstate transmission of electricity, natural gas, and oil and reviews
proposals to build Liquefied Natural Gas (LNG) terminals and interstate natural gas pipelines.

e U.S. Department of Transportation (USDOT) oversees the safety of pipelines and transportation
infrastructure.

e Pipeline and Hazardous Materials Safety Administration (PHMSA) develops and enforces regulations
for a safe, reliable, and environmentally sound pipeline transportation system.

e Public Utility Commission (PUC) enforces safety standards for pipeline facilities.

e Pennsylvania Department of Environmental Protection (PADEP) has regulatory authority over any
crossing of a wetland or waterway by a pipeline. Pipeline projects located within Delaware River Basin
may be subject to regulatory review by the Delaware River Basin Commission (DRBC).

4.3.6.2 Range of Magnitude

The PHMSA classifies pipeline incidents into the following categories: Gas Distribution, Gas Gathering, Gas
Transmission, and LNG. Pipeline incidents within Delaware County could range from minor leaks to a large
explosion that could lead to loss of life and damage to property, environment, and economy. Severity of an
incident varies depending on the type of material released and distance and related response time for emergency
response teams. Areas closest to the release sites are generally at the greatest risk; however, depending on the
material, a release can travel great distances or persist over a long period of time, resulting in far-reaching effects
on people and the environment.

The worst-case scenario would be a large, uncontrolled release of a toxic gas or liquid from a pipeline or pump
station within a major urban area. Physical property damage to private wells and public water systems is likely
from this type of event, the potential for injury and death to people up to 0.25 mile from the scene is significant.
This type of event would likely overwhelm the medical care capacity within the county and possibly the region.
Businesses nearby could close, and households could potentially be displaced.

4.3.6.3 Past Occurrence

The county has experienced pipeline accidents. For most incidents, municipal police departments and county
emergency dispatchers are contacted for emergency response. The county’s Hazardous Materials Response
Team is contacted for technical advice about addressing the hazardous material. Between 2000 and 2019, a total
of 311 pipeline incidents have occurred, resulting in 20 fatalities, 58 injuries, and $210,050,876 in damages in
the state of Pennsylvania (PHMSA 2020).

The 2016 HMP identified numerous pipeline-related incidents that have occurred in Delaware County. The
Delaware County Hazardous Commodities Flow Study reports that there were 14 reported pipeline
incidents in Delaware County between 1984 and 2001. These resulted in 150 two injuries and $4.7 million
in property damages. Between 2002 and 2009, there have been two known pipeline incidents that involved
a pipeline leak or break (PEIRS, 2002—2009). One occurred due to operator error in Upper Chichester
Township and the other involved rupture of a natural gas pipeline by a contractor digging in Radnor
Township. Neither of the two events resulted in injuries.

Gas transmission pipeline incidents and hazardous liquid pipeline accidents for 2010 through 2021 have
been identified by US DOT PHMSA and are displayed in Figure 4.3.6-2 and Figure 4.3.6-3. According to

Delaware County Hazard Mitigation Plan 4.3.6-3
TE| october 2022




Section 4.3.6: Risk Assessment - Environmental
Hazards - Oil and Natural Gas Pipelines

this ata, Delaware County has experienced a low-moderate density of gas transmission pipeline incidents
and a moderate density of hazardous liquid pipeline accidents in this time period (US DOT PHMSA 2021).

Figure 4.3.6-2. Gas Transmission Pipeline Incident Heat Map, 2010-2021
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Figure 4.3.6-3. Hazardous Liquid Pipeline Accident Heat Map, 2010-2021
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In addition, drilling fluid accidents that took place in Delaware County from 2016—2021 were identified in Table

4.3.6-1.

Table 4.3.6-1. Drilling Fluid Accidents in Delaware County, 2016-2021

Dates of Event Event Type ‘ Location ‘ Losses/Impacts
200 gallons total release of drilling fluids
May 18,2017 Inadvertent Return | Brookhaven (B) in 2 locations in Chester Creek.
500 gallons in total, 490 gallons to uplands,
October 24, 2017 | Inadvertent Return | East Goshen (Twp) ~ < 10 gallons to storm drain street inlet
Approx. 8,000 gallons (3 tanker trucks filled) of drilling fluid
discharged at same IR location of 4/18 IR event, aerial extent
Middletown approx. 8’ x 10’, but continued drilling utilizing vacuum pumps
April 18,2018 Inadvertent Return Township into tankers while discharging to surface.
150 gallons of drilling fluid discharged at new IR location (~50
ft) behind the apartment building; stopped drill, set up
Middletown containment area, vacuumed and squeegeed area; DEP on site to
May 17,2018 Inadvertent Return Township confirm clean up.
Middletown 2 new IR locations in WL-I1, separate and distinct from the
August 21, 2018 | Inadvertent Return Township 8/5/18 subsidence, approx. 200 gallons of drilling fluids.

Source: Fractracker 2022

T
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4.3.6.4 Future Occurrence

Because of the wide scope of definition of pipeline incidents, ranging from a small spill to a large release of a
highly volatile or toxic hazmat, incidents can happen at any time, and will occur in the future. Transportation of
hazmats via pipelines cross streams within the watersheds that are part of the county’s domestic water supply.

While pipeline incidents in Delaware County have occurred in the past, future incidents are generally considered
difficult to predict. Although the county does not anticipate severe releases on any regular basis, the possibility
of a significant release should not be discounted. Based on Risk Factor Methodology Probability Criteria, the
likelihood of future occurrences within Delaware County remains highly likely.

4.3.6.5 Vulnerability Assessment

To understand risk, a community must evaluate assets exposed or vulnerable within the identified hazard area.
Effects of and risk from pipelines are examined. The following sections evaluate and estimate potential impacts
in Delaware County, presenting specifically:

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

e Effects of climate change on vulnerability

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

Impact on Life, Health, and Safety

Pipeline hazards exert the greatest impact on the residential population in Delaware County. Table 4.3.6-2
summarizes population vulnerable to pipeline hazards. Several incidents reported in the county are related to
liquid and gas leaks from pump stations and pipelines. The City of Chester has the greatest number of residents
in the pipeline hazard area, with a total of 13,084 people. First responders are also greatly impacted as well.
Their safety may be at risk during on-scene operations, and they may need to perform additional responsibilities
such as traffic control. There is a potential for a higher than normal call volume/demand for first responders, and
they may have a difficult time responding to incidents due to limited access to roads and damaged infrastructure.

Table 4.3.6-2. Estimated Delaware County Population Vulnerable to Pipeline Hazards

Estimated Population Located in the Hazardous
Materials Hazard Areas

Total Population (Census

Jurisdiction Bureau 2020 Decennial) Number of Persons Located within 1/2 Percent of
Mile of Hazardous Materials Pipelines Total

Aldan (B) 4,244 386 20.9%
Aston (Twp) 16,791 36 0.2%
Bethel (Twp) 9,574 5,139 53.7%
Brookhaven (B) 8,300 4,262 51.3%
Chadds Ford (Twp) 3,972 2,091 52.6%
Chester City (C) 32,605 13,084 40.1%
Chester (Twp) 4,080 711 17.4%
Chester Heights (B) 2,897 1,668 57.6%
Clifton Heights (B) 6,863 0 0.0%
Collingdale (B) 8,908 7,861 88.2%
Colwyn (B) 2,474 2,474 100.0%
Concord (Twp) 18,295 7,031 38.4%
Darby (B) 10,715 4,746 44.3%
Darby (Twp) 9,219 5,881 63.8%
East Lansdowne (B) 2,714 0 0.0%
Eddystone (B) 2,459 0 0.0%
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Total Population (Census

Estimated Population Located in the Hazardous

Materials Hazard Areas

Jurisdiction Bureau 2020 Decennial) S
Mile of Hazardous Materials Pipelines Total
Edgmont (Twp) 4,283 1,080 25.2%
Folcroft (B) 6,792 333 4.9%
Glenolden (B) 7,223 608 8.4%
Haverford (Twp) 50,431 0 0.0%
Lansdowne (B) 11,107 0 0.0%
Lower Chichester (Twp) 3,425 777 22.7%
Marcus Hook (B) 2,454 21 0.9%
Marple (Twp) 24214 0 0.0%
Media (B) 5,901 3,189 54.0%
Middletown (Twp) 16,373 6,300 38.5%
Millbourne (B) 1,212 0 0.0%
Morton (B) 2,778 2,685 96.7%
Nether Providence (Twp) 14,525 5,940 40.9%
Newtown (Twp) 15,002 0 0.0%
Norwood (B) 5,943 0 0.0%
Parkside (B) 2,321 1,042 44.9%
Prospect Park (B) 6,427 0 0.0%
Radnor (Twp) 33,228 0 0.0%
Ridley (Twp) 31,053 5,486 17.7%
Ridley Park (B) 7,186 0 0.0%
Rose Valley (B) 1,017 161 15.8%
Rutledge (B) 782 17 2.2%
Sharon Hill (B) 6,014 4,931 82.0%
Springfield (Twp) 25,070 3,741 14.9%
Swarthmore (B) 6,543 1,593 24.3%
Thornbury (Twp) 6,904 2,567 37.2%
Tinicum (Twp) 3,983 0 0.0%
Trainer (B) 1,976 1,643 83.1%
Upland (B) 3,068 0 0.0%
Upper Chichester (Twp) 16,898 11,537 68.3%
Upper Darby (Twp) 85,681 2,565 3.0%
Upper Providence (Twp) 10,852 1,774 16.3%
Yeadon (B) 12,054 1 0.0%
Brandywine Conservancy and
Museli,m of Art Special gistrict N/A N/A N/A
Delaware County (Total) 576,830 113,860 19.7%

Source: Census 2010/2020

Notes: Notes: Census 2020 decennial population data was used to update the Census 2010 daysmetric block population
estimates. Census 2010 dasymetric blocks were used to estimate the areas where development exists in each municipality. These
boundaries may over or underestimate the density location of population within each municipality, impacting the exposure

results.

% = Percent; B = Borough, C = City; Twp = Township

Impacts on General Building Stock

While buildings may be present within the hazard area, estimating direct damage to these structures and facilities
would be difficult. Potential losses may include contamination and/or potential structural and content losses if
an explosion occurs. To estimate the buildings exposed to a pipeline event, the half-mile buffer areas were
overlaid upon the building level (Table 4.3.6-3). The City of Chester has the greatest number of buildings that

T
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would be impacted by a pipeline event (5,077). However, if a pipeline release were to occur, the incident would
not be located along all pipelines in the county but instead only a section of the total pipeline exposure area.
Therefore, the total exposure does not represent a complete vulnerability, should a hazard event occur.

Table 4.3.6-3. Total Building Exposed to a Pipeline Incident

Estimated Building Stock Located within 1/2 Mile of

Jurisdiction Tot?zlol‘ll:]lrgl;ﬁrs lt:sf ?:lilc(gngs Hazardous Materials Pipelines
Number of Buildings
Aldan (B) 1,673 366 21.9%
Aston (Twp) 6,202 13 0.2%
Bethel (Twp) 3,164 1,693 53.5%
Brookhaven (B) 3,185 1,680 52.7%
Chadds Ford (Twp) 1,402 739 52.7%
Chester City (C) 11,646 5,077 43.6%
Chester (Twp) 1,596 274 17.2%
Chester Heights (B) 1,022 511 50.0%
Clifton Heights (B) 2,324 0 0.0%
Collingdale (B) 3,130 2,773 88.6%
Colwyn (B) 839 839 100.0%
Concord (Twp) 5,400 1,954 36.2%
Darby (B) 3,569 1,529 42.8%
Darby (Twp) 3,763 2,359 62.7%
East Lansdowne (B) 906 0 0.0%
Eddystone (B) 876 0 0.0%
Edgmont (Twp) 1,579 321 20.3%
Folcroft (B) 2,500 112 4.5%
Glenolden (B) 2,453 258 10.5%
Haverford (Twp) 17,876 0 0.0%
Lansdowne (B) 3,838 0 0.0%
Lower Chichester (Twp) 1,266 282 22.3%
Marcus Hook (B) 831 7 0.9%
Marple (Twp) 8,652 0 0.0%
Media (B) 2,076 1,050 50.6%
Middletown (Twp) 5,161 2,048 39.7%
Millbourne (B) 243 0 0.0%
Morton (B) 927 903 97.4%
Nether Providence (Twp) 5,153 2,042 39.6%
Newtown (Twp) 4,691 0 0.0%
Norwood (B) 2,092 0 0.0%
Parkside (B) 851 380 44.7%
Prospect Park (B) 2,086 0 0.0%
Radnor (Twp) 8,992 0 0.0%
Ridley (Twp) 11,070 1,547 14.0%
Ridley Park (B) 2,403 0 0.0%
Rose Valley (B) 402 57 14.3%
Rutledge (B) 287 6 2.2%
Sharon Hill (B) 2,024 1,627 80.4%
Springfield (Twp) 9,233 1,420 15.4%
Swarthmore (B) 1,721 548 31.8%
Thornbury (Twp) 2,361 864 36.6%
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Estimated Building Stock Located within 1/2 Mile of
Hazardous Materials Pipelines

Jurisdiction Total Number of Buildings

(2010 Census Tract)
Number of Buildings

Tinicum (Twp) 1,917 0 0.0%
Trainer (B) 678 562 82.8%
Upland (B) 1,297 0 0.0%
Upper Chichester (Twp) 6,005 4,103 68.3%
Upper Darby (Twp) 27,681 558 2.0%
Upper Providence (Twp) 3,636 594 16.3%
Yeadon (B) 3,741 0 0.0%
Brandywine Conservancy and

Museli/m of Art Special ]gistrict N/A N/A N/A
Delaware County (Total) 196,420 39,097 19.9%

Source: Census 2010
Notes: Census 2010 dasymetric block boundaries may not perfectly align with current jurisdictional boundaries. Census 2010
data may over or underestimate the number of buildings found in each municipality.

% = Percent; B = Borough, C = City; Twp = Township

Impacts on Critical Facilities

Potential losses of critical facilities caused by a pipeline 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. Table 4.3.6-4 summarizes critical facilities and lifelines located within the pipeline buffer area.
A total of 1,430 critical facilities are located in Delaware County. Overall, 281 critical facilities are exposed to
a pipeline event, and 259 of those facilities are considered lifelines.

Table 4.3.6-4. Number of Critical Facilities in Pipeline Incident Exposure

Number of Critical Facilities and Lifeline Facilities
Located within 1/2 Mile of Hazardous Materials

Tf’t,al Pipelines
Critical Total
Facilities Lifelines Critical Percent of o Percent of

Located in Located in Facilities Total Critical | Lifelines Total

Jurisdiction Jurisdiction | Jurisdiction Facilities Lifelines
Aldan (B) 6 6 0 0.0% 0 0.0%
Aston (Twp) 39 37 0 0.0% 0 0.0%
Bethel (Twp) 15 15 11 73.3% 11 73.3%
Brookhaven (B) 16 15 10 62.5% 9 60.0%
Chadds Ford (Twp) 17 16 7 41.2% 7 43.8%
Chester City (C) 88 83 35 39.8% 33 39.8%
Chester (Twp) 21 20 3 14.3% 3 15.0%
Chester Heights (B) 5 5 3 60.0% 3 60.0%
Clifton Heights (B) 14 12 0 0.0% 0 0.0%
Collingdale (B) 16 13 16 100.0% 13 100.0%

Colwyn (B) 7 6 7 100.0% 6 100.0%
Concord (Twp) 49 45 2 4.1% 2 4.4%
Darby (B) 31 27 11 35.5% 10 37.0%
Darby (Twp) 22 21 13 59.1% 13 61.9%
East Lansdowne (B) 7 7 0 0.0% 0 0.0%
Eddystone (B) 18 18 0 0.0% 0 0.0%
Edgmont (Twp) 16 16 4 25.0% 4 25.0%
Folcroft (B) 18 16 0 0.0% 0 0.0%
Glenolden (B) 21 20 0 0.0% 0 0.0%
Haverford (Twp) 87 83 0 0.0% 0 0.0%
Lansdowne (B) 26 24 0 0.0% 0 0.0%
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Number of Critical Facilities and Lifeline Facilities
Located within 1/2 Mile of Hazardous Materials

Total
Critical Total
Facilities Lifelines | Critical Percent of o Percent of
Located in Located in Facilities Total Critical | Lifelines Total

Jurisdiction Jurisdiction | Jurisdiction Facilities Lifelines
Lower Chichester (Twp) 13 12 6 46.2% 6 50.0%
Marcus Hook (B) 21 20 5 23.8% 5 25.0%
Marple (Twp) 64 57 0 0.0% 0 0.0%
Media (B) 26 21 13 50.0% 9 42.9%
Middletown (Twp) 62 59 36 58.1% 34 57.6%
Millbourne (B) 4 4 0 0.0% 0 0.0%
Morton (B) 6 5 6 100.0% 5 100.0%
Nether Providence (Twp) 34 33 4 11.8% 4 12.1%
Newtown (Twp) 44 39 0 0.0% 0 0.0%
Norwood (B) 15 13 0 0.0% 0 0.0%
Parkside (B) 6 6 3 50.0% 3 50.0%
Prospect Park (B) 20 19 0 0.0% 0 0.0%
Radnor (Twp) 78 74 0 0.0% 0 0.0%
Ridley (Twp) 66 62 5 7.6% 4 6.5%
Ridley Park (B) 23 22 0 0.0% 0 0.0%
Rose Valley (B) 4 4 1 25.0% 1 25.0%
Rutledge (B) 1 1 0 0.0% 0 0.0%
Sharon Hill (B) 18 16 18 100.0% 16 100.0%
Springfield (Twp) 63 61 12 19.0% 12 19.7%
Swarthmore (B) 16 13 9 56.3% 7 53.8%
Thombury (Twp) 22 21 5 22.7% 5 23.8%
Tinicum (Twp) 24 23 0 0.0% 0 0.0%
Trainer (B) 13 13 5 38.5% 5 38.5%
Upland (B) 14 14 0 0.0% 0 0.0%
Upper Chichester (Twp) 31 28 20 64.5% 19 67.9%
Upper Darby (Twp) 153 138 5 3.3% 4 2.9%
Upper Providence (Twp) 27 25 6 22.2% 6 24.0%
Yeadon (B) 23 22 0 0.0% 0 0.0%
Brandywine Conservancy and
Museum of Art Special District NA NA A A NA N/A
Delaware County (Total) 1,430 1,330 281 19.7% 259 19.5%

Source: Delaware County 2021/2022; HIFLD 2018/2019/2022
Notes: % = Percent; B = Borough, C = City; Twp = Township

Table 4.3.6-5 identifies lifeline facilities exposed to potential pipeline incidents. 259 lifeline facilities are
exposed to potential pipeline incidents.

Table 4.3.6-5. Number of Lifeline in Exposed to Pipeline Incidents

Number of Number of Lifelines Located within 1/2
FEMA Lifeline Category Lifelines Mile of Hazardous Materials Pipelines
Communications 10 3
Energy 55 17
Food, Water, Shelter 45 10
Hazardous Materials 160 45
Health and Medical 50 10
Safety and Security 968 167
Transportation 42 7
Delaware County (Total) 1,330 259

Source: Delaware County 2021/2022; HIFLD 2018/2019/2022; PennDOT 2020
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Impact on the Economy

Economic loss from pipeline incidents and explosion incidents ranges from non-recordable to losses exceeding
millions of dollars. Impact on the local economy from a single incident is almost impossible to measure because
of complexities of predicting losses of work, revenue, and future business. However, it is certain that a significant
incident within an urban area would cause various economic losses. Pipeline incidents can lead to closures of
major transportation routes. Waterway, railroad, airport, and highway closures caused by 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, Pennsylvania experienced 19 pipeline
incidents, causing $13.4 million in damages (PHMSA 2019).

Impact on the Environment

As discussed above, pipeline incidents and explosion incidents can profoundly affect the surrounding
environment. Contamination of soil, surface water, and groundwater can result in many direct impacts on
surrounding populations and ecosystems. When a large volume of product is released, much of it remains
unrecovered as product disperses into the environment (Belvederesi, et al 2018). This can have an immense and
lasting impact on the local flora and fauna.

Future Growth and Development

Any areas of growth could be impacted by pipeline hazards if located within identified hazard areas.
Additionally, an increase in development and population can increase the likelihood of a pipeline incident. The
tables and hazard maps included in the jurisdictional annexes in this HMP contain additional information
regarding the specific areas of development that would increase county vulnerability to the hazmat incident
hazard.

Estimated population projections provided by the Center of Rural Pennsylvania indicates that Delaware’s
population will continue to increase into 2040, increasing total population to approximately 648,439 persons
(Center of Rural Pennsylvania 2013). Persons that move into pipeline exposure areas are at greater risk to be
impacted in the event of a gas or oil release.

Effect of Climate Change on Vulnerability

As temperatures change, excessive heat on pipelines may alter the material properties. In addition, pipeline
locations in the floodplain may experience an increase in flood events due to the project changes in increased
precipitation events, magnitude, and frequency.

Additional Data and Next Steps

The assessment above identifies vulnerable populations and potential structural and economic losses associated
with this hazard of concern. Collection of additional information and actual loss data specific to the plan
participants will further enhance Delaware County’s vulnerability assessment.

Delaware County Hazard Mitigation Plan 4.3.6-11
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4.3.7 Extreme Temperature

This section provides a profile and vulnerability assessment of the extreme temperature hazard in Delaware
County. Extreme temperature includes both heat and cold events, which can have a significant impact to human
health and 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 the conditions 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 (Centers for Disease Control and Prevention [CDC] 2013). 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).

Conditions of extreme heat are defined as summertime temperatures that are substantially hotter and/or more
humid than average for a location at that time of year (CDC 2009). An extended period of extreme heat of three
or more consecutive days is typically called a heat wave and is often accompanied by high humidity (National
Weather Service [NWS] 2005). “Heat wave™ has no universal definition 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 that may occur only once per century (Meehl and Tebaldi 2004). A basic definition of a heat wave
implies that it is an extended period of unusually high atmosphere-related heat stress, which causes temporary
modifications in lifestyle and which may have adverse health consequences for the affected population
(Robinson 2013). A heat wave is defined has three consecutive days of temperatures >90°F.

Extreme heat is the number one weather-related cause of death in the United States. In a 30-year average of
weather fatalities across the nation from 1991 to 2020, excessive heat claimed more lives each year (143) than
floods (85), lightning (39), tornadoes (69), and hurricanes (46). In 2020, extreme heat and cold claimed 64 lives
nationally, with no fatalities occurring in Pennsylvania (NWS 2021).

4.3.7.1 Location

Delaware County is subject to extreme temperatures in the summer and winter seasons. Extreme heat occurs
when temperatures hover 10 degrees or more above the average high temperature for a region for several weeks.
Urban environments tend to retain the heat well into the night, leaving little opportunity for dwellings to cool.
Humid or muggy conditions, which add to the discomfort of high temperatures, occur when a “dome” of high
atmospheric pressure traps hazy, damp air near the ground. Excessively dry and hot conditions can provoke dust
storms and low visibility.

A heat wave combined with a drought is a very dangerous situation. Extreme cold temperatures drop well below
what is considered normal for an area during the winter months and often accompany winter storm events.
Combined with increases in wind speed, such temperatures in Pennsylvania can be life-threatening to those
exposed for extended periods of time.

4.3.7.2 Magnitude

Delaware County is susceptible to extreme temperatures in the summer and winter seasons, and they can occur
anywhere in the county. The average temperature in January is 33°F (over the last 30 years), and the average
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temperature in July is 77.2°F (NOAA NCDC 2021). The average minimum temperature from January 1, 1920
to December 6, 2021 in Delaware County is 48°F, and average maximum temperature is 65°F (Midwestern
Regional Climate Center [MRCC] 2021).

Extreme Heat

The severity of extreme heat is based on the ambient air temperature coupled with the relative humidity. A
prolonged heat wave that occurs during drought conditions can be very dangerous as the necessary water
resources needed are limited. If extreme temperatures remain for a prolonged period, power supplies may be
affected as electricity demands from air conditioners overdraw the supply leading to rolling brownouts. Exposure
to heat can cause health problems indirectly, such as through the increased workload on the heart. This can be
especially dangerous to individuals with preexisting medical conditions, typically the elderly.

Extremely high temperatures cause heat stress which can be divided into four categories (see Table 4.3.7-1).
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. Note that while
the temperatures in Table 4.3.7-1 serve as a guide for various danger categories, the impacts of high temperatures
will vary from person to person based on individual age, health, and other factors.

Table 4.3.7-1. Categories of Heat Stress

DANGER APPARENT
CATEGORY HEAT IMSORDERS TEMPERATURE (°F)

Fatigue possible with prolonged exposure and

| {Cauticn) pical sty BO to 80
Sunsiroke, heat cramps, and heat exhauwstion
Il (Extreme Caution) | possible with prolonged exposure and physical B0 to 105

activity.

Sunsirocke, heat cramps, or heat exhaustion likely;
Il (Danger) heat stroke possible with prolonged exposure and 105 to 130
physical activity.

IV (Extreme Danger) | Heatstroke or sunstroke imminent. =130

Source: FEMA 1997, Delaware County 2016

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
4.3.7-1). 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 4.3.7-1. NWS Heat Index Chart

Temperature (°F)
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Source:  NWS 2015
°F degrees Fahrenheit
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Extreme Cold

Cold weather has a number of effects, most dramatically on the general population mortality rate. The average
mortality on a winter's day is about 15 percent higher than on a summer's day. Cold weather is directly
responsible for deaths through such things as hypothermia, influenza, and pneumonia. It is also an indirect factor
in a number of ways such as death and injury from falls, accidents, carbon monoxide poisoning, and house fires
all of which are partially attributable to cold.

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 n.d.).

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 4.3.7-2 shows three shaded areas of frostbite danger. Each shaded area shows how long a person
can be exposed before frostbite develops (NWS n.d.).

In Pennsylvania, wind chill warnings are issued when wind chills drop to -25°F or lower. While this threshold
applies to the entire state, the threshold for advisories vary based on regions. Wind chill advisories are issued in
the southeast and western sections of Pennsylvania when wind chill values drop to -10°F. South-central to
northern sections of the Commonwealth when wind chills drop to -15°F (Pennsylvania Emergency Management
Agency [PEMA] 2018).
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In addition, Delaware County is susceptible to periods of weather where temperatures do not go beyond the
freezing mark for days or even weeks at a time. Exposure to extreme cold can lead to frostbite and if exposed
for too long, even death. Pipes in homes may burst, and residential fires increase as people use space heaters and
other unsafe means to heat their homes. Figure 4.3.7-2 displays wind chill and frostbite times.

Figure 4.3.7-2. NWS Wind Chill Index

&) NWS Windchill Chart &:
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Wind Chill (°F) = 35.74 + 0.6215T - 35.75(V®'%) + 0.4275T(V®¢)
Where, T= Air Temperature (°F) V= Wind Speed (mph) Effective 11/01/01

Source:  NWSn.d.
°F degrees Fahrenheit
mph miles per hour

4.3.7.3 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 of 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 3-7 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 2013d). 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 n.d.).

Cold temperatures can be extremely dangerous to humans and animals exposed to the elements. Without heat
and shelter, cold temperatures can cause hypothermia, frost bite, and death. Wind chill temperatures are often
used in place of raw temperature values due to the effect of wind can have in drawing heat from the body under
cold temperatures. These values represent what temperatures actually feel like to humans and animals under
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cold, windy conditions. Similar to high temperatures, the effect of cold temperatures will vary by individual
(PEMA 2018).

Extremely high temperatures cause heat stress, which can be divided into four categories (Table 4.3.7-2). 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 2018).

Table 4.3.7-2. Adverse Effects of Prolonged Exposure 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

4.3.7.4 Past Occurrence

Many sources provided historical information regarding previous occurrences and losses associated with extreme
temperature events throughout Delaware 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 data from the Midwestern Regional Climate Center, Table 4.3.7-3 presents the number of extreme cold
(minimum) and hot (maximum) temperature records for the weather stations located in Pennsylvania between
December 6, 1949 and December 6, 2021 (MRCC 2021).

Table 4.3.7-3. Number of Days with a Recorded Extreme Temperature (1949-2021)

# Days Above # Days Below

NWS Station

90°F (Hot) 0°F (Cold)
Marcus Hook 1289 3
Philadelphia Intl Airport 1432 16
Upper Darby 177 2
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, n.d.).

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 United States have been designated as disaster areas in
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each of the past several years. The U.S. Department of Agriculture (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. Delaware County has been included in three
of these declarations between 2015 and 2021.

Table 4.3.7-4 summarizes extreme temperature events that occurred in Delaware County. Between 1950 and
2021, Delaware County has experienced 26 excessive heat events, all occurring after 2000. In the same time
period, the county experienced three extreme cold events, all occurring after 2007 (NOAA NCDC 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 is not inclusive of every
extreme temperature event that has impacted Delaware County.

Table 4.3.7-4. Extreme Temperature Events in Delaware County, 1996 to 2021

Date(s) of
Event
March 31, 2000

‘ Event Type ‘

Excessive Heat

Description
The highest readings (all on the 8) included 82 degrees in Crum Creek (Delaware
County).

May 2, 2001

Excessive Heat

A very strong ridge of high pressure both at the surface and aloft coupled with the
strong early May sun helped produce unseasonably warm and even some record
breaking temperatures for early May across eastern Pennsylvania. High
temperatures reached near or around 90 degrees from the 2" through the 4. A cold
front moved through the state during the morning of the 5 and brought
considerably cooler air back to the region. Highest temperatures included 94
degrees in Springfield Township (Delaware County).

February 5-6,
2007

Extreme Cold/Wind
Chill

An arctic air mass that originated near the North Pole invaded eastern
Pennsylvania. The combination of the unseasonably cold air and gusty northwest
winds produced wind chill factors as low as zero to 10 degrees below zero during
the mornings of the 5™ and 6 around Philadelphia, around 10 degrees below zero
in the Lehigh Valley and Berks County and around 20 degrees below zero in the
Poconos. The lowest temperatures were in the single numbers across much of
eastern Pennsylvania except for some below zero readings in the Poconos. The
extreme cold caused many municipalities to declare Code Blue winter weather
alerts. This sets into motion efforts by churches, local charitable organizations and
outreach programs to open shelters and help assist getting the homeless indoors.
Many pipes froze across the region and many vehicles had dead batteries.
Firefighters had a particular difficult time battling blazes in these conditions as in
some instances water froze in tanker trucks and fire hydrants froze. The extreme
cold helped Pennsylvania Power and Light set a new hourly wintertime usage
record.

June 26-28,
2007

Excessive Heat

The 1% heat wave of the season (loosely defined as three consecutive days with
high temperatures of 90 degrees or higher) occurred across most of southeastern
Pennsylvania from the 26™ through the 28%. The hottest day with respect to both
temperature and humidity occurred on the 27" as many high temperatures reached
into the mid-90s and heat indices were as high as around 100°F.

July 8,2007

Excessive Heat

A heat wave brought unseasonably hot weather to most of Eastern Pennsylvania on
July 8th through the 10". The highest temperatures were on the 9% and 10* and
were mostly in the mid to upper 90s. The combination of the heat and humidity
produced afternoon heat indices of around 100F both afternoons. Cloudiness that
preceded a cold front on the 11 prevented most places from reaching 90°F again.

August 7-8,
2007

Excessive Heat

One of the hottest and most humid air masses of the summer affected the
southeastern Pennsylvania on the 7th and most of eastern Pennsylvania on the 8.
Highest temperatures were well into the 90s in most areas. The 8 was the hottest
day. In addition, dew point temperatures, especially on the 8" were as high as the
mid to upper 70s. This produced afternoon heat indices as high as around 105°F on
the 8,

June 7-10, 2008

Excessive Heat

The most oppressive heat wave of the meteorological summer affected Eastern
Pennsylvania from June 7th through the 10". The combination of high temperatures
well into the 90s and dew point temperatures in the 70s produced apparent
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Date(s) of ‘ ‘

Event Event Type Description
temperatures or heat indices values as high as around 105 in Philadelphia and 100
to 105 elsewhere in Eastern Pennsylvania. The highest apparent temperatures
occurred on both the 7th and the 10™. The excessive heat also caused many heat
related injuries across the state. Many cooling centers were opened to assist senior
citizens. The heat also caused a few roadways to buckle. Schools were still in
session. Many that did not have air conditioning dismissed children early on the 9
and 10%. A couple of schools cancelled classes. Some after school activities were
cancelled outright; others were shifted to air-conditioned locations. The excessive
heat caused some scattered and mainly localized power outages. There was about a
25 percent increase in vehicle distress calls. There was also a surge in purchases of
air conditioners and pools. Some air conditioners were stolen from stores. Some
public pools opened earlier than scheduled.

July 16-22, Excessive Heat The longest heat wave of the summer affected eastern Pennsylvania from July 16th

2008 through the 22", The heat wave ended on the 22" as thunderstorms kept
temperatures below 90 degrees on the 23", A coldfront overnight then brought in
drier air. High temperatures were mainly in the lower to mid-90s throughout the
heat wave. The hottest days occurred on the 18™, 19" or 20th. The combination of
the temperatures and dew points produced apparent temperatures or heat indices of
around 100F. In Delaware County, a heat information line was also opened and the
hours of air-conditioned senior centers were expanded.

August 10, 2009 Excessive Heat As an area of high pressure was located off the East Coast on the 10, a hot and
very humid air mass (dew points between 70 and 75 degrees was across the area.
This resulted in peak heat indices at above the century mark. At the Philadelphia
International Airport, the heat index topped out at 103 degrees. The high
temperature on the 10" was 95 degrees, which was tied with August 21st as the

hottest day of the year.
June 23-24, Excessive Heat Unseasonably hot and humid weather enveloped southeastern Pennsylvania on the
2010 23 and 24™, It culminated on the 24" with maximum temperatures in the mid to

upper 90s and afternoon heat indices of around 100F. For many places this was
already hotter than the hottest day in all of 2009. The hot and humid weather ended
abruptly with the passage of severe thunderstorms during the afternoon on the 24,

June 27,2010 Excessive Heat High temperatures reached in the mid-90s (95 and 96 degrees respectively) on the
27" and 28% and combined with the humid air mass to produce afternoon heat
indices of around 100F.

July 5-7,2010 Excessive Heat The hottest weather of the summer season occurred on July 5th through the 7th
throughout Eastern Pennsylvania. Except for the Poconos, many high temperatures
on the 6™ and 7th exceeded 100 degrees, some places even on the 5™ exceeded 100
degrees. Even in the Poconos, high temperatures approached 100 degrees on the
6. For many areas, this was the 1% time since August of 2001 that high
temperatures exceeded 100 degrees and also for two consecutive days. The hot
weather started on the 4% and peaked on the 6™ and 7th. Delaware County reported
an approximate 20 percent increase in emergency room visits during the heat wave.
It was so hot that children were getting burned on hot playground surfaces.

July 16, 2010 Excessive Heat Another heat wave brought high temperatures into the upper 90s on the 16" and
five days in a row of 90 plus temperatures to southeastern Pennsylvania. July 16th
was the hottest and most humid day (afternoon heat indices of around 100F. There
were two heat related deaths in Delaware County (an 81-year-old man in
Havertown) and a 61-year-old man in Chester).

July 23-24, Excessive Heat The last heat wave in July culminated with some of the highest heat indices of the

2010 summer on the 24" and numerous high temperatures in the mid to upper 90s in
Berks County and southeastern Pennsylvania. The combination of the heat and
humidity produced heat index values of around 105 degrees on the 24", Delaware
County opened cooling centers through the weekend of the 24" and 25,

August 10-11, Excessive Heat An up to four day heat wave across southeastern Pennsylvania culminated with
2010 high temperatures in the mid-90s and afternoon heat indices of around 100F on the
10%,
June 8-9, 2011 Excessive Heat Unseasonably hot weather occurred on June 8th and 9™ across Eastern

Pennsylvania. Except for the higher terrain in the Poconos, high temperatures
reached the mid to upper 90s both days with afternoon heat indices of between
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100F and 105F. The 9" was the hottest day for most places. There were a few
occurrences of heat exhaustion throughout the area.

July 12, 2011

Excessive Heat

A heat wave saw high temperatures reach 94 degrees. Other high temperatures
from around southeastern Pennsylvania included 95 degrees in Pottstown
(Montgomery County), 94 degrees in Reading (Berks County) and 93 degrees in
Doylestown (Bucks County).

July 21,2011

Excessive Heat

One of the most oppressive heat waves since mid-July 1995 enveloped Eastern
Pennsylvania from July 21st through the 24", The heat was responsible for 25
deaths, 22 within Philadelphia and dozens of heat related injuries. Many locations
had high temperatures that reached into the 100s. This heat wave helped make July
2011 the 6 hottest July on record for the state of Pennsylvania with a statewide
average temperature of 74.4 degrees.

June 20-22, Excessive Heat Unseasonably hot weather that started on the 20" and persisted into the 22" across
2012 extreme southeastern Pennsylvania resulted in high temperatures in the mid to
upper 90s and afternoon heat indices of around 100 degrees.
June 29-30, Excessive Heat An unseasonably hot and humid day produced high temperatures in the mid to
2012 upper 90s in Eastern Pennsylvania (except in the Poconos). Combined with the

humidity levels, maximum hourly heat indices reached around 100F in the Lehigh
Valley and around 105F in Berks County and Southeast Pennsylvania. While high
temperatures on the 30% reached into the lower 90s, the derecho brought in slighter
drier air in its wake.

July 4-7, 2012

Excessive Heat

Both excessive heat and more humidity returned to most of Eastern Pennsylvania
starting on Independence Day and lasted until the 7th. High temperatures on the 2"
and 3rd were between 90 and 95 degrees in most places, but humidity levels were
relatively low. High temperatures on the 4™ reached the mid-90s and combined
with more humidity produced afternoon hourly heat indices of near 100F. High
temperatures on the 5™ and 6™ were in the mid to upper 90s, with similar afternoon
heat indices. The heat and humidity peaked on the 7th with high temperatures
around 100F and afternoon hourly heat indices between 102F and 108F.

July 17-18,
2012

Excessive Heat

Another unseasonably hot and humid air mass affected Eastern Pennsylvania on the
17 and 18, High temperatures on the 17" reached into the mid to upper 90s in
most places with afternoon heat indices near 100F. On July 18th, the combination
of scorching high temperatures (near 100 degrees) and higher dew points produced
hourly afternoon heat indices that reached between 106F and 111F.

July 6-7, 2013

Excessive Heat

The 1% run of hot weather that combined high temperatures in the 90s and more
oppressive humidity levels affected southeastern Pennsylvania and Berks County
on July 6th and 7th and the Lehigh Valley on July 7th. High temperatures reached
into the lower to mid-90s both days and combined with dew points of around 70
degrees produced afternoon heat index values of around 100 degrees. High
temperatures were about the same both days, but the 7th was slightly more humid.
To combat the heat, many counties, cities, and municipalities opened cooling
centers. The hours of air-conditioned senior citizen centers were extended. Highest
temperatures included 93 degrees in Aston (Delaware County).

July 15-20,
2013

Excessive Heat

The most oppressive hot spell of the summer season affected Eastern Pennsylvania
from July 15th through the 20". Widespread high temperatures reached into the
mid to upper 90s and the most oppressive days (combination of heat and humidity)
occurred on the 18™ and 19%. Morning lows those days were only around 80
degrees in highly urbanized areas. Afternoon heat indices reached 105 to 109
degrees in southeastern Pennsylvania and Berks County and 100 to 105 degrees
elsewhere. The highest hourly heat index in Philadelphia was 107 degrees. Four
roof workers suffered heat exhaustion while working on the roof of the Chichester
Middle School in Delaware County, three had to be hospitalized. To combat the
heat, many counties, cities, and municipalities opened cooling centers. The hours of
air-conditioned senior citizen centers were extended. Delaware County also
provided fans to senior citizens by the 22",

January 4, 2014 | Extreme Cold/Wind | A high-pressure system that moved over Pennsylvania coupled with fresh snow
Chill cover from the winter storm on the 2™ and 3rd gave the area one of its coldest
winter mornings in years. This was the 1% of three arctic blasts in the state during
the month. While this was the coldest morning of the winter for more rural areas
that are normally colder on calm wind nights, it was not the harshest. Because the
1".: Delaware County Hazard Mitigation Plan 4.3.7-8
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high-pressure system was over the region, wind chill factors and actual air
temperatures were nearly the same. This was not the case a few days later and
again around the 22nd of January. Low temperatures on the morning of the 4™
included 4 degrees in Havertown (Delaware County).

July 19-20, Excessive Heat Unseasonably hot and humid weather affected most of Eastern Pennsylvania on the

2015 19" and 20™ except for the Poconos. High temperatures both days reached into the

lower to mid-90s. The 19" was slightly hotter overall and had some of the highest
heat indices of the summer. The combination of heat and humidity brought
afternoon heat index values as high as 100F to 105F on the 19", Highest
temperatures included 92 degrees in Saint Davids (Delaware County).
July 1,2018 Excessive Heat Temperatures in the middle to upper 90s and dew points in the upper 60s to lower
70s led to excessive heat across portions of southeastern Pennsylvania. Heat indices
reached 110 degrees at the Doylestown ASOS at 2 pm on July 3rd.
June 30, 2021 Excessive Heat A multi-day excessive heat event occurred across much of the mid-Atlantic near
the end of June 2021. High temperatures in the mid to locally upper 90s combined
with dew points in the upper 60s to near 70 caused heat index values to reach 105
to 110 over much of the region.
August 11-13, Excessive Heat A multi-day excessive heat event occurred across much of the mid-Atlantic from
2021 August 11-13, 2021. Temperatures in the mid to upper 90s combined with dew
point values near 70 caused widespread heat index values near to above 105F on
both August 11 and 12, and locally into the 13™ before a cold front brought relief.

Sources: NOAA NCEI 2022; FEMA 2022

4.3.7.5 Probability of Future Occurrence

Extreme temperature events occur each year throughout Delaware 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 Delaware County. Information from NOAA NCEI storm events database and
MRCC were used to identify the number of extreme temperature events that occurred between 1950 and 2019.
Using these sources ensures the most accurate probability estimates possible. Table 4.3.7-5 shows these statistics
as well as the annual average number of events and the estimated percent chance of an incident occurring in a
given year. Based on these statistics, there is an estimated 11.54% chance of an extreme cold/wind chill event
and a 100% chance of an extreme heat event occurring in any given year in Delaware County.

Table 4.3.7-5. Probability of Future Extreme Temperature Events

Rate of
Occurrence
Number of or Recurrence
Occurrences Annual Number Interval (in years) Probability of Percent chance of

Between 1996 of Events (# Years/Number Event in any occurrence in any
Hazard Type and 2021 (average) of Events) given year given year
Extreme
Cold/Wind 3 0.12 8.67 0.12 11.54%
Chill
Extreme Heat 28 1.12 0.93 1.08 100%

Sources: NOAA NCEI 2022

Based on available historical data, the future occurrence of extreme temperatures can be considered highly likely
as defined by the Risk Factor Methodology probability criteria (Section 4.4).
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4.3.7.6 Vulnerability Assessment

To understand risk, a community must evaluate what assets are exposed or vulnerable in the identified hazard
area. For the extreme temperature events, the entire county has been identified as the hazard area. Therefore, all
assets in the county (population, structures, critical facilities, and lifelines), as described in the County Profile
(Section 2), are vulnerable. To understand risk, a community must evaluate what assets are exposed and
vulnerable in the identified hazard area. The following text evaluates and estimates the potential impact of the
wildfire hazard on the county, including:

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

e Effects of climate change on vulnerability

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

Impact on Life, Health, and Safety

For the purposes of this HMP, the entire population of Delaware County is considered exposed to extreme
temperature events. The County Profile (Section 2) of this HMP provides population statistics regarding each
participating municipality and a summary of the more vulnerable populations (over the age of 65 and individuals
living below the U.S. Census poverty threshold). According to the CDC, populations most at risk to extreme cold
and heat events include the following: (1) the elderly, who are less able to withstand temperature extremes due to
their age, health conditions, and limited mobility to access shelters; (2) infants and children up to 4 years of age;
(3) individuals with chronic medical conditions (e.g., heart disease, 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 2017a).

Meteorologists can accurately forecast extrem