SECTION 4: HAZARD IDENTIFICATION

4 HAZARD IDENTIFICATION

44 CFR Subsection D §201.6(c)(2): [The plan shall include] A risk assessment that provides the factual
basis for activities proposed in the strategy to reduce losses from identified hazards. Local risk
assessments must provide sufficient information to enable the jurisdiction to identify and prioritize
anpropriate mitization actions to reduce losses from identified hazards.

The following section describes the Risk Assessment process for the development of the Cumberland-
Hoke Regional Hazard Mitigation Plan. It describes how the HMPC met the following requirements from
the 10-step planning process:

e Planning Step 4: Assess the Hazard
e Planning Step 5: Assess the Problem

As defined by FEMA, risk is a combination of hazard, vulnerability, and exposure. “It is the impact that a
hazard would have on people, services, facilities, and structures in a community and refers to the
likelihood of a hazard event resulting in an adverse condition that causes injury or damage.”

This risk assessment covers the entire geographical area of Cumberland and Hoke Counties in North
Carolina. The risk assessment process identifies and profiles relevant hazards and assesses the exposure
of lives, property, and infrastructure to these hazards. The process allows for a better understanding of a
jurisdiction’s potential risk to natural hazards and provides a framework for developing and prioritizing
mitigation actions to reduce risk from future hazard events. This risk assessment followed the
methodology described in the FEMA publication Understanding Your Risks—Identifying Hazards and
Estimating Losses (FEMA 386-2, 2002), which breaks the assessment down to a four-step process:

1) Identify Hazards;

)
2) Profile Hazard Events;

3) Inventory Assets; and

4) Estimate Losses.

Data collected through this process has been incorporated into the following sections of this plan:

Section 4: Hazard Identification identifies the natural and man-made hazards that threaten the planning
area.

Section 5: Hazard Profiles discusses the threat to the planning area and describes previous occurrences
of hazard events and the likelihood of future occurrences.

Section 6: Vulnerability Assessment assesses the planning area’s exposure to the hazards; considering
assets at risk, critical facilities, and future development trends.

Section 7: Capability Assessment inventories existing mitigation activities and policies, regulations, and
plans that pertain to mitigation and can affect net vulnerability.

The HMPC conducted a hazard identification study to determine the natural and man-made hazards that
threaten Cumberland and Hoke Counties. Existing hazard data from NCEM, FEMA, the National Oceanic
and Atmospheric Administration (NOAA), the National Hurricane Center (NHC), National Climatic Data
Center (NCDC), and other sources were examined to assess the significance of these hazards to the
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SECTION 4: HAZARD IDENTIFICATION

planning area. Significance was measured in general terms and focused on key criteria such as frequency
and resulting damage, which includes deaths and injuries, as well as property and economic damage.

To further focus on the list of identified hazards for this plan update, the HMPC researched past events
that resulted in a federal disaster declarations in order to identify known hazards. Tables 4.1 and 4.2
present a list of all major disaster declarations that have occurred in Cumberland and Hoke Counties,
respectively, since 1953. These tables present the foundation for identifying which hazards pose the
greatest risk to the region.

Table 4.1 - Major Disaster Declarations in Cumberland County (1953 - 2015)

Declaration # Date Event Details
DR-699 03/30/1984 Severe Storms, Tornadoes
DR-1134 09/06/1996 Hurricane Fran
DR-1240 08/27/1998 Hurricane Bonnie
DR-1292 09/16/1999 Hurricane Floyd & Irene
DR-1490 09/18/2003 Hurricane Isabel
DR-1546 09/10/2004 Tropical Storm Frances
DR-1969 04/19/2011 Severe Storms, Tornadoes and Flooding

Source: FEMA

Table 4.2 - Major Disaster Declarations in Hoke County (1953 - 2015)
Declaration # Date Event Details

DR-1134 09/06/1996 Hurricane Fran

DR-1292 09/16/1999 Hurricane Floyd & Irene
DR-1312 01/31/2000 Winter Storm

DR-1546 09/10/2004 Tropical Storm Frances
DR-1969 04/19/2011 Severe Storms, Tornadoes and Flooding

Source: FEMA

Table 4.3 documents the decisions made by the HMPC as it relates to those hazards that were to be
identified, analyzed, and addressed through the development of this regional plan. This table examines
where or not the hazard was included in the 2013 State of North Carolina Hazard Mitigation Plan as well
as the individual county plans from 2011. This table summarizes those hazards that were identified for
inclusion as well as those that were not identified and the reasoning for the decision.

Table 4.3 — Hazard Evaluation

Identified as a

Included in Included in Included in . g
State 2013 Cumberland Co Hoke Co .5|gn|f|car3t hazard t.o be
Plan? 2011Plan?  2011plan? 'meludedin the Regional
Plan?
Coastal Hazards (coastal No. Cumberland and Hoke
flooding, coastal erosion, Yes No No Counties lie 100 miles
storm surge & sea level rise) inland from the coast.
Dam/Levee Failure Yes No Yes Yes
Drought Yes Yes Yes Yes
Earthquake Yes Yes Yes Yes
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SECTION 4: HAZARD IDENTIFICATION

Identified as a

Included in Included in Included in T Py
State 2013 | Cumberland Co Hoke Co included in the Regional
Plan? 2011 Plan? 2011 Plan?
Hazard Plan?

Erosion No No Yes Yes

Extreme Heat No Yes Yes Yes

Hurricane/Tropical Storm Yes Yes Yes Yes

Inland Flooding: 100-/500- Yes Yes Yes Yes

year

Severe Weather

(thunderstorm wind, Yes Yes Yes Yes

lightning, & hail)

Sinkhole Yes No Yes Yes

Tornado Yes Yes Yes Yes

Wildfire Yes Yes Yes Yes

Winter Storm Yes Yes Yes Yes

The following hazards were evaluated by the HMPC and determined to be non-prevalent hazards that
should not be included in the plan:

Avalanche - According to the Federal Emergency Management Agency’s Multi-hazard
Identification and Risk Assessment, this hazard is only relevant to the western United States.
Landslide — Based on the national U.S. Geological Survey map of landslide susceptibility and
incidence, Cumberland and Hoke Counties rest within a zone of low incidence. The topography
of the upper coastal plain does not provide enough elevation relief to support a landslide event.
Tsunami - According to a 2009 report by the USGS titled Regional Assessment of Tsunami
Potential in the Gulf of Mexico, there are no significant earthquake sources within the Atlantic
Ocean that are likely to generate tsunamis. Furthermore, Cumberland and Hoke Counties lie 100
miles inland from the coast.

Volcano — There are no known active volcanoes in the United States east of central New Mexico.

The complete list of hazards for inclusion in this 2015 Regional Plan is as follows:

*

® & 6 6 6 6 o o o o

Dam/Levee Failure

Drought

Earthquake

Erosion

Extreme Heat

Hurricane/Tropical Storm

Inland Flooding: 100-/500-year

Severe Weather (thunderstorm wind, lightning & hail)
Sinkhole

Tornado

Wildfire
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SECTION 4: HAZARD IDENTIFICATION

¢ Winter Storm
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SECTION 6: VULNERABILITY ASSESSMENT

5 HAZARD PROFILES

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

The hazards identified in Section 4 Hazard ldentification, are profiled individually in this section.
Information provided by members of the HMPC has been integrated into this section with information
from other data sources.

Each hazard is profiled in the following format:

Hazard Description

This section provides a description of the hazard followed by details specific to the regional planning area.
Location and Spatial Extent

This section includes information on the hazard extent, seasonal patterns, speed of onset/duration,
magnitude and any secondary effects.

Past Occurrences

This section contains information on historical events, including the extent or location of the hazard within
or near the regional planning area.

Probability of Future Occurrence

This section gauges the likelihood of future occurrences based on past events and existing data. The
frequency is determined by dividing the number of events observed by the number of years on record
and multiplying by 100. This provides the percent chance of the event happening in any given year (e.g.
10 hurricanes or tropical storms over a 30-year period equates to a 33 percent chance of experiencing a
hurricane or tropical storm in any given year). The likelihood of future occurrences is categorized into one
of the classifications as follows:

e Highly Likely — Near 100 percent chance of occurrence within the next year

o Likely — Between 10 and 100 percent chance of occurrence within the next year (recurrence
interval of 10 years or less)

e Possible — Between 1 and 10 percent chance of occurrence within the next year (recurrence
interval of 11 to 100 years)

e Unlikely — Less than 1 percent chance or occurrence within the next 100 years (recurrence interval
of greater than every 100 years)

Consequence Analysis

This section examines effects of the hazard on people, first responders, continuity of operations, built
environment, economy and natural environment.

Those hazards determined to be of high or medium significance were characterized as priority hazards
that required further evaluation in Section 6 Vulnerability Assessment. Significance was determined by
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SECTION 6: VULNERABILITY ASSESSMENT

frequency of the hazard and resulting damage, including deaths/injuries and property, crop and economic
damage. Hazards occurring infrequently or having little to no impact on the regional planning area were
determined to be of low significance and not considered a priority hazard. These criteria allowed the
HMPC to prioritize hazards of greatest significance and focus resources where they are most needed.

Study Area

Cumberland County includes nine participating municipalities and Hoke County contains one participating
municipality. Table 5.1 provides a summary of the participating jurisdictions by County. Figure _ provides
a base map, for reference, of Cumberland and Hoke Counties and the participating municipalities.

Table 5.1 - Participating Jurisdictions

Cumberland County

City of Fayetteville Town of Linden
Town of Eastover Town of Spring Lake
Town of Falcon Town of Stedman
Town of Godwin Town of Wade
Town of Hope Mills

City of Raeford

Major Roads
mll city of Fayetteville )

Town of Eastover

amec foster wheeler '*

Town of Falcon

Town of Godwin
Bl Town of Hope Mills
- Town of Linden
Bl Town of Spring Lake

Town of Stedman
- Town of Wade
City of Raeford
City of Raeford ETJ

Cumberland

Figure 5.1 - Cumberland and Hoke County Base Map

CUMBERLAND-HOKE REGIONAL HAZARD MITIGATION PLAN
DRAFT OCTOBER 2015 '*



SECTION 6: VULNERABILITY ASSESSMENT

The National Oceanic and Atmospheric Administration‘s National Climatic Data Center (NCDC) has been
tracking severe weather since 1950. Their Storm Events Database contains an archive of destructive storm
or weather data and information which includes local, intense and damaging events. NCDC receives storm
data from the National Weather Service (NWS). The NWS receives their information from a variety of
sources, which include but are not limited to: county, state and federal emergency management officials,
local law enforcement officials, SkyWarn spotters, NWS damage surveys, newspaper clipping services, the
insurance industry and the general public, among others. This database contains 672 severe weather
events that occurred in Cumberland and Hoke Counties between January 1950 and May 2015. Table 5.2
summarizes these events.

Table 5.2 - NCDC Severe Weather Reports (January 1950 — May 2015)

Deaths Injuries
# of Events Property Damage Crop Damage (Direct) (Direct)
Cumberland County
Cold/Wind Chill 1 SO SO 0 0
Flash Flood 40 $2,132,000 SO 0 0
Flood 2 SO SO 0 0
Hail 128 $1,025,000 SO 0 0
Heat 2 SO SO 1 0
Heavy Rain 4 $1,500,000 SO 0 0
High Wind 5 $101,000 SO 0 0
Hurricane (Typhoon) 6 $28,000 SO 0 0
Lightning 15 $1,836,000 SO 0 4
Strong Wind 9 $118,000 $7,000 0 1
Thunderstorm Wind 198 $1,328,500 SO 0 8
Tornado 23 $132,127,500 S0 5 169
Tropical Storm 1 SO S0 0 0
Winter Storm 19 S0 S0 0 0
Winter Weather 7 S0 S0 1 0
Hoke County
Cold/Wind Chill 1 $0 S0 0 0
Flash Flood 15 $160,000 S0 0 0
Flood 2 S0 S0 0 0
Hail 52 SO SO 0 0
Heat 1 SO SO 0 0
Heavy Rain 2 SO SO 0 0
Heavy Snow 1 SO SO 0 0
High Wind 3 $1,000 SO 0 0
Hurricane (Typhoon) 5 SO SO 0 0
Lightning 3 $60,000 $0 0 0
Strong Wind 5 $17,000 $5,000 0 0
Thunderstorm Wind 89 $427,000 SO 0 4
Tornado 10 $805,250 SO 1 6
Winter Storm 18 SO SO 0 0
Winter Weather 5 SO SO 0 0
Total: 672 $141,666,250 $12,000 8 192
Source: National Climatic Data Center Storm Events Database, September 2015
Note: Losses reflect totals for all impacted areas within the County.
10|Page

CUMBERLAND-HOKE REGIONAL HAZARD MITIGATION PLAN
DRAFT OCTOBER 2015 i"
A

amec
foster
wheeler



SECTION 6: VULNERABILITY ASSESSMENT

5.1 Dam/Levee Failure

5.1.1 Hazard Description

Dam Failure

A dam is a barrier constructed across a watercourse that stores, controls, or diverts water. Dams are
usually constructed of earth, rock, or concrete. The water impounded behind a dam is referred to as the
reservoir and is measured in acre-feet. One acre-foot is the volume of water that covers one acre of land
to a depth of one foot. Dams can benefit farm land, provide recreation areas, generate electrical power,
and help control erosion and flooding issues.

A dam failure is the collapse or breach of a dam that causes downstream flooding. Dam failures may be
caused by natural events, human-caused events, or a combination. Due to the lack of advance warning,
failures resulting from natural events, such as hurricanes, earthquakes, or landslides, may be particularly
severe. Prolonged rainfall and subsequent flooding is the most common cause of dam failure.

Dam failures usually occur when the spillway capacity is inadequate and water overtops the dam or when
internal erosion in dam foundation occurs (also known as piping). If internal erosion or overtopping cause
a full structural breach, a high-velocity, debris-laden wall of water is released and rushes downstream,
damaging or destroying anything in its path. Overtopping is the primary cause of earthen dam failure in
the United States.

Dam failures can result from any one or a combination of the following:

e Prolonged periods of rainfall and flooding;
e Inadequate spillway capacity, resulting in excess overtopping flows;
e Internal erosion caused by embankment or foundation leakage or piping;

e Improper maintenance, including failure to remove trees, repair internal seepage problems,
replace lost material from the cross-section of the dam and abutments, or maintain gates,
valves, and other operational components;

e Improper design, including the use of improper construction materials and construction
practices;

e Negligent operation, including the failure to remove or open gates or valves during high flow
periods;

e Failure of upstream dams on the same waterway; and

e High winds, which can cause significant wave action and result in substantial erosion.

Water released by a failed dam generates tremendous energy and can cause a flood that is catastrophic
to life and property. A catastrophic dam failure could challenge local response capabilities and require
evacuations to save lives. Impacts to life safety will depend on the warning time and the resources
available to notify and evacuate the public. Major casualties and loss of life could result, as well as water
quality and health issues. Potentially catastrophic effects to roads, bridges, and homes are also of major
concern. Associated water quality and health concerns could also be issues. Factors that influence the
potential severity of a full or partial dam failure are the amount of water impounded; the density, type,
and value of development and infrastructure located downstream; and the speed of failure.

Each state has definitions and methods to determine the Hazard Potential of a dam. In North Carolina,
dams are regulated by the state if they are 25 feet or more in height and impound 50 acre-feet or more.
Dams and impoundments smaller than that may fall under state regulation if it is determined that failure
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SECTION 6: VULNERABILITY ASSESSMENT

of the dam could result in loss of human life or significant damage to property below the dam. The height
of a dam is from the highest point on the crest of the dam to the lowest point on the downstream toe,
and the storage capacity is the volume impounded at the elevation of the highest point on the crest of
the dam.

Dam Safety Program engineers determine the "hazard potential" of a dam, meaning the probable damage
that would occur if the structure failed, in terms of loss of human life and economic loss or environmental
damage. Dams are assigned one of three classes based on the nature of their hazard potential:

1. Class A (Low Hazard) includes dams located where failure may damage uninhabited low value
non-residential buildings, agricultural land, or low volume roads.

2. Class B (Intermediate Hazard) includes dams located where failure may damage highways or
secondary railroads, cause interruption of use or service of public utilities, cause minor damage
to isolated homes, or cause minor damage to commercial and industrial buildings. Damage to
these structures will be considered minor only when they are located in backwater areas not
subjected to the direct path of the breach flood wave; and they will experience no more than 1.5
feet of flood rise due to breaching above the lowest ground elevation adjacent to the outside
foundation walls or no more than 1.5 feet of flood rise due to breaching above the lowest floor
elevation of the structure.

3. Class C (High Hazard) includes dams located where failure will likely cause loss of life or serious
damage to homes, industrial and commercial buildings, important public utilities, primary
highways, or major railroads.

Table 5.3- Dam Hazard Classifications

Cla:sai‘fzi?:::ion Description Quantitative Guidelines
Interruption of road service, low volume roads Less than 25 vehicles per day
tow Economic damage Less than $30,000
Damage to highways, interruption of service 25 to less than 250 vehicles per day
Intermediate Economic damage $30,000 to less than $200,000
Loss of human life* Probable loss of 1 or more human lives
Economic damage More than $200,000
High *Probable loss of human life due to breached 250 or more vehicles per day
roadway or bridge on or below the dam

Source: NCDENR

Levee Failure

FEMA defines a levee as “a man-made structure, usually an earthen embankment, designed and
constructed in accordance with sound engineering practices to contain, control, or divert the flow of water
in order to reduce the risk from temporary flooding.” Levee systems consist of levees, floodwalls, and
associated structures, such as closure and drainage devices, which are constructed and operated in
accordance with sound engineering practices. Levees often have “interior drainage” systems that work
in conjunction with the levees to take water from the landward side to the water side. An interior drainage
system may include culverts, canals, ditches, storm sewers, and/or pumps.

Levees and floodwalls are constructed from the earth, compacted soil or artificial materials, such as
concrete or steel. To protect against erosion and scouring, earthen levees can be covered with grass and
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SECTION 6: VULNERABILITY ASSESSMENT

gravel or hard surfaces like stone, asphalt, or concrete. Levees and floodwalls are typically built parallel to
a waterway, most often a river, in order to reduce the risk of flooding to the area behind it. Figure 5.2
below shows the components of a typical levee.

Freeboard \_}

Source: FEMA, What is a Levee Fact Sheet, August 2011
Figure 5.2 - Components of a Typical Levee

Levees provide strong flood protection, but they are not failsafe. Levees are designed to protect against
a specific flood level and could be overtopped during severe weather events. Levees reduce, not
eliminate, the risk to individuals and structures behind them. A levee system failure or overtopping can
create severe flooding and high water velocities. It is important to remember that no levee provides
protection from events for which it was not designed, and proper operation and maintenance are
necessary to reduce the probability of failure.

5.1.2 Location and Spatial Extent

Table 5.4 provides details for 61 dams classified as high hazard in the North Carolina Dam Inventory that
are located within Cumberland and Hoke Counties. Figure 5.3 reflects the location of the high hazard
dams within the Counties. It should be noted that there are 61 additional dams located in Cumberland
County (1 intermediate hazard, 60 low hazard), as well as 21 additional low hazard dams located in Hoke
County.

Table 5.4 - North Carolina Dam Inventory for Cumberland and Hoke Counties

NID
NIDID County Height Storage Dam Status
(ft) (acre-

feet)

Clark Pond Not
NC01229 | Cumberland | 24.0 ) IMPOUNDING | Cross Creek-Os
Dam available
g'ae;: Lake NC00025 | Cumberland | 25.0 72 | EXEMPT-DOD | Little River-Tr
Lake Rim Dam | NC00028 | Cumberland 20.0 256 IMPOUNDING | Bones Creek
McFayden NC00031 | Cumberland | 14.0 52 | IMPOUNDING | Tank Creek
Lake Dam
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SECTION 6: VULNERABILITY ASSESSMENT

)
Dam Name NIDID County Height  Storage Dam Status
(ft) (acre-
feet)
Hutafflake | 60032 | cumberland | 15.9 108 | EXEMPT-DOD | Stewart Creek
Dam
Gates Four Little Rockfish
NC00036 | Cumberland | 25.0 164 | IMPOUNDING
Dam Creek
Ehe Lakes NC02130 | Cumberland | 17.5 17 IMPOUNDING | Beaver Creek-Os
am
Murray Hill NC04760 | Cumberland | 12.0 400 BREACHED | Branson Creek-Os
Lake Dam
Ea”ywo"d NC02136 | Cumberland | 23.0 43 IMPOUNDING | Branson Creek Trib.
am
Loch Not
NC02137 | Cumberland 21.0 ) IMPOUNDING | Stewarts Creek
Lommond available
Hope Mills Little Rockfish
NC01121 | Cumberland 33.0 816 BREACHED
Dam #1 Creek
Eake Charles | \c01122 | cumberland | 21.0 130 BREACHED | Rockfish Creek-Os
am
Long Valley
Farm Lake NC01126 | Cumberland | 18.0 560 IMPOUNDING | Jumping Run Creek
Dam
S'e”‘“”e Lake | Nc01130 | cumberland | 16.0 132 | IMPOUNDING | Little Cross Creek
am
Eombow Lake | Nc01131 | cumberland | 18.5 236 | IMPOUNDING | Little Cross Creek
am
g"'”tz Lake NC01132 | Cumberland | 12.0 49 | IMPOUNDING | Little Cross Creek
am
Eorrest Lake NC01133 | Cumberland 15.0 222 IMPOUNDING | Branson Creek
am
\é\/allace Lake NC01134 | Cumberland 14.0 400 BREACHED Buckhead Creek
am
Cumberland | 51135 | cumberland | 12.0 200 BREACHED | Buckhead Creek
Lake Dam
geaver Creek NC01143 | Cumberland 22.0 650 IMPOUNDING | Beaver Creek
am
grran Lakes NC01144 | Cumberland 21.0 120 IMPOUNDING | Little Beaver Creek
am
ghOdes Lake | Nc01145 | cumberland | 152 | 1920 | IMPOUNDING | Black River
am
Bonnie Doone | \51146 | cumberland | 15.0 110 | IMPOUNDING | Little Cross Creek
Lake Dam
gose Lake NC01152 | Cumberland | 15.2 | 480 BREACHED | Cross Creek
am
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SECTION 6: VULNERABILITY ASSESSMENT

\'[»)
Dam Name NIDID County Height  Storage Dam Status
(ft) (acre-
feet)
g""ege lake | Nco1154 | cumberland | 20.0 264 DRAINED | Cape Fear River-Os
am
Lewis Lake Lower Little River-
NC01169 | Cumberland 14.0 80 IMPOUNDING
Dam Os
Upchurch NC01202 | Cumberland | 29.0 2137 | IMPOUNDING | Rockfish Creek
Lake Dam
Edens Lake Not
NC02140 | Cumberland 26.3 ) IMPOUNDING | Beaver Creek-Os
available
Aaran Lakes Not
NC02141 | Cumberland 15.0 ) IMPOUNDING | Beaver Creek-Os
West Dam available
E°'”t East NC02144 | Cumberland | 17.0 36 BREACHED | Kirks Mill Creek
am
Harris Dam Not
NC02147 | Cumberland 17.0 . IMPOUNDING | Beaver Creek-Os
available
SD“mmert'me NC02148 | Cumberland | 16.0 20 IMPOUNDING | Hybarts Branch-Tr
am
Evans Dam NC02149 | Cumberland | 18.0 50 IMPOUNDING | Hybarts Branch
gmh Lake NC02150 | Cumberland | 23.0 23 | IMPOUNDING | Cape Fear River-Tr
am
Mirror Lake Not
NC02151 | Cumberland 12.0 . IMPOUNDING | Hybarts Branch
Dam available
Lockwood Not
NC02152 | Cumberland 14.0 . BREACHED Hybarts Creek
Dam available
Bailey Lake Not
NC02153 | Cumberland | 23.0 ) BREACHED Beaver Creek-Tr
available
Lake Clair Not
NC02154 | Cumberland 15.0 ) IMPOUNDING | Blounts Creek-Tr
Dam available
Pritchard Dam Not Little Cross Creek-
NC02155 | Cumberland 16.5 ) IMPOUNDING
available Tr
Civitan Lake Not
NC02156 | Cumberland 16.5 ) IMPOUNDING | Cross Creek-Tr
Dam available
g/loose Lodge NC02159 | Cumberland 12.0 38 BREACHED Blounts Creek
am
Mt.Vernon NC02160 | Cumberland | 14.2 | 4056 | IMPOUNDING | Kirks Mill Creek
Estates
Charles Smith .
b NC02161 | Cumberland | 19.4 8 IMPOUNDING | Cape Fear River-Tr
am
Devonwood | 64797 | cumberland | 25.0 70 IMPOUNDING | Persimmon Ck-Tr
Lower Dam
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SECTION 6: VULNERABILITY ASSESSMENT

NID
Dam Name NIDID County Height  Storage Dam Status
(ft) (acre-
feet)
Gainey Mill Not .
NC04916 | Cumberland 11.0 . BREACHED South River-Os
Pond available
Monticello Not ]
NC04969 | Cumberland 16.2 ) BREACHED Rockfish Creek-Tr
Pond Dam available
Youngs Lake Not
NC05024 | Cumberland 23.0 ) EXEMPT-DOD | Tank Creek-Tr
Dam available
Rayconda Little Rockfish
NC05621 | Cumberland 19.2 0 IMPOUNDING
Upper Dam Creek TR
Chesapeake Not
NC05725 | Cumberland 23.5 ) BREACHED Carver's Creek Tr
Dam available
Strickland Not ]
. NC05990 | Cumberland | 15.3 ) IMPOUNDING | Rockfish Creek
Bridge Dam available
Mildred White
Crystal Lake NC06087 | Cumberland 18.0 15 IMPOUNDING | Not available
Dam
Gables Drive Not )
NC06126 | Cumberland 12.0 ) IMPOUNDING | Not available
Dam available
g"°tt Lake NC00039 |  Hoke 230 | 442 | EXEMPT-DOD | Nicholson Creek
am
;ake Mearthur | \coo044 Hoke 200 | 252 | EXEMPT-DOD | Tuckahoe Creek
am
\[’)V°°d Lake | Ncosog0 Hoke 19.0 60 | IMPOUNDING | Black Branch-Tr
am
'[-)“po Lake NC05151 Hoke 13.0 18 | IMPOUNDING | Black Branch
am
;CU” Lake NC05199 Hoke 22.0 44 | IMPOUNDING | Puppy Creek-Os
am
Thomas Lake | \n5212 Hoke 14.7 34 BREACHED | Toney Creek
Dam #1
Thomas Lake | \n5213 Hoke 12.2 18 | IMPOUNDING | Toney Creek-Os
Dam #2
sunsetiake | Ncos3o1 | Hoke 11.7 | 29 | BREACHED | Trib. Rockfish Creek
am
Price Pond Not
NC05670 Hoke 21.0 ) IMPOUNDING | Cross Creek-Os
Dam available

Source: North Carolina Dam Inventory, December 2014
1If the dam is located on an unnamed stream/tributary, the unnamed stream/tributary name is followed with "-TR". If the dam is located off
stream of an unnamed stream/tributary, the unnamed stream/tributary name is followed with "-0S".
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SECTION 6: VULNERABILITY ASSESSMENT

High Hazard Dams

amec foster wheeler P% N

Streams
- City of Fayetteuvill

Town of Eastover

Town of Falcon

Town of Godwin
- Town of Hope Mills
mll Town of Linden
- Town of Spring Lake|
[ Town of Stedman
Bl Town of Wade
City of Raeford
City of Raeford ETJ

ity of Raeforg

O
City of Raeford ETJ

Cumberland

Figure 5.3- High Hazard Dam Locations

The National Levee Database (NLD), developed by the U.S. Army Corps of Engineers, contains levee system
inspection and evaluation information for the NFIP. The NLD is a dynamic database with ongoing efforts
to add levee data from federal agencies, states, and tribes. Currently, there are no levees located in
Cumberland and Hoke Counties that are included in the U.S. Army Corps of Engineers NLD.

5.1.3 Past Occurrences

Table 5.5 details known past dam failures in Cumberland and Hoke Counties.

Table 5.5 - Known Dam Failures in Cumberland and Hoke Counties
RESULT

DATE OF DEATHS/ PROPERTY
LOCATION COUNTY OCCURRENCE OF INJURIES DAMAGE DETAILS
FAILURE
Hope Mills Dam Cumberland 5/26/203 Heavy 0 $2.1 million | Dam embankment gave
rains, dam way and also destroyed 30
gate would feet of the nearby Lakeview
not open Road. About 40 homes and
1,600 people downstream
were evacuated.
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SECTION 6: VULNERABILITY ASSESSMENT

RESULT
DATE OF DEATHS/ PROPERTY
LOCATION NTY F DETAIL
OCATIO cou OCCURRENCE 0 INJURIES DAMAGE S
FAILURE

Hope Mills Dam Cumberland 6/2010 Sinkhole 0 The dam failed in June
2010 when a sinkhole
developed at the base of
the dam.

Hope Mills Dam Cumberland NR NR 0 NR The 2013 NC State Hazard
Mitigation Plan reports the
dam has experienced 5
failures and has damage
11 homes.

Evans and Cumberland 9/15/1989 Overtopping 2 >$10 million

Lockwood Dams

Country Club Cumberland Multiple NR NR NR Small dam located on to

Lake perennial prongs of a
tributary to Cross Creek.
Multiple failures.

Jaycees Pond Cumberland 6/19/1995 Flood NR NR

Lake Lynn Dam Cumberland 6/19/1995 Flood NR NR

Wallace Lake Cumberland 1988 Piping NR NR

Dam

Arabia Hoke 10/18/1999 Flash Flood 0 NR A small dam near Arabia
started leaking late at night
and finally broke later that
morning. Several roads
were inundated and a few
homes sustained minor
flooding.

Rockfish Hoke 05/26/2003 Flash Flood 0 NR A dam between
McLaughlin Lake and
Rockfish Creek collapsed.
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SECTION 6: VULNERABILITY ASSESSMENT

RESULT
DATE OF DEATHS/ PROPERTY
LOCATION COUNTY OCCURRENCE OF INJURIES DAMAGE DETAILS
FAILURE
Upchurch Pond Hoke 05/27/2003 Flash Flood 0 NR A dam connecting
Dam Upchurch Pond and

Rockfish Creek in
neighboring Cumberland
County caused flooding in
Hoke County.

Reconstruction cost
estimated at more than
$350,000.

4 additional dams
damaged; another 15
overtopped during the
rainfall even 4-6”in less
than 24 hours).

McLaughlin Lake Hoke 09/08/2004 Flood 0 NR A dam failure at
McLaughlin Lake on
September 8, 2004 caused
flooding to the Laurinburg
Road area, damaging
several homes and
vehicles.

Edge Lake Hoke 10/18/1999 Hurricane 0 Downstream homes were
Floyd evacuated last night and
early the moming of
10/18/1999. A shelter was
opened at East Hoke
Middle School for
evacuated residents.

Sunset Lake Dam Hoke Unknown Unknown 0 NR Break reported.

McLonklin Lake Hoke Unknown Unknown 0 NR Break reported.

Dam

All Low Hazards Hoke 1950-2009 Various 0 NR Local perception is that all

Dams low hazard dams in the
county seem to have
broken at various points in
time.

Sources: Association of State Dam Safety Officials; Hoke County 2010 Multi-Jurisdictional Hazard Mitigation Plan; National Performance of Dams
Program database (npdp.standord.edu).

Note: The National Performance of Dams Program reports several “incidents” at dams that did not result in failure of the dam.

Note: Several of the dams listed are small dams and are not listed in the NC Dam Safety database.
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SECTION 6: VULNERABILITY ASSESSMENT

5.1.4 Probability of Future Occurrence

High Hazard Dams

Likely - Based on historical occurrence information (23 records in 65 years), it can reasonably be assumed
that intermediate to high hazard dams in Cumberland and Hoke Counties have a 35+% chance of this type
of event occurring each year.

Low Hazard Dams

Highly Likely - Based on historical and anecdotal occurrence information (breach of all low hazard dams
in 65 years), it can reasonably be assumed that low hazard dams have a near 100% chance of this type of
event occurring each year in Cumberland and Hoke Counties.

5.1.5 Consequence Analysis

People

A person’s immediate vulnerability to a dam failure is directly associated with the person’s distance
downstream of the dam as well as proximity to the stream carrying the floodwater from the failure. For
dams that have an Emergency Action Plan (EAP), the vulnerability off loss of life for persons in their homes
or on their property may be mitigated by following the EAP evacuation procedures; however, the
displaced persons may still incur sheltering costs. For persons located on the river (e.g. for recreation) the
vulnerability of loss of life is significant.

A large population is vulnerable to the loss of the uses of the lake upstream of the dam following failure.
Several uses are minor, such as aesthetics or recreational use. However, some lakes serve as drinking
water supplies and the loss of the lake could create a public health crisis if the drinking water supply is
disrupted.

First Responders

For dams that fail slowly, first responders will be impacted similarly to other events that have advance
warning. For dams that fail without prior warning, the impact is rapid and severe, requiring rapid response
to the impacts. Although the response is generally restricted to the stream below the dam, the location
of impact moves rapidly downstream requiring multiple response locations.

Continuity of Operations

Unless critical infrastructure or facilities essential to the operation of government are located in the
impact area of the inundation area downstream of the dam, continuity of operations will likely not be
disrupted. Emergency response, emergency management and law enforcement officials may have
resources stretched or overwhelmed in the failure of a large dam.

Built Environment

Vulnerability to the built environment includes damage to the dam itself and any man-made feature
located within the inundation area caused by the dam failure. Downstream of the dam, vulnerability
includes potential damage to homes, personal property, commercial buildings and property, and
government owned buildings and property; destruction of bridge or culvert crossings; weakening of
bridge supports through scour; and damage or destruction of public or private infrastructure that cross
the stream such as water and sewer lines, gas lines and power lines.

Water dependent structures on the lake upstream of the dam, such as docks/piers, floating structures or
water intake structures, may be damaged by the rapid reduction in water level during the failure.
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SECTION 6: VULNERABILITY ASSESSMENT

Economy

Economic impact from small dams is generally small and impact is often limited to dam owner and the
cost of first responder activities. Large failures can disrupt the economy through displacement of workers,
damage to commercial employment centers or destruction of infrastructure that impacts commercial
activities or access to other economic drivers.

Natural Environment

Aquatic species within the lake will either be displaced or destroyed. The velocity of the flood wave will
likely destroy riparian and instream vegetation and destroy wetland function. The flood wave will like
cause erosion within and adjacent to the stream. Deposition of eroded deposits may choke instream
habitat or disrupt riparian areas. Sediments within the lake bottom and any low oxygen water from within
the lake will be dispersed, potentially causing fish kills or releasing heavy metals found in the lake
sediment layers.

5.2 Drought

5.2.1 Hazard Description

Drought is a deficiency in precipitation over an extended period. It is a normal, recurrent feature of climate
that occurs in virtually all climate zones. The duration of droughts varies widely. There are cases when
drought develops relatively quickly and lasts a very short period of time, exacerbated by extreme heat
and/or wind, and there are other cases when drought spans multiple years, or even decades. Studying the
paleoclimate record is often helpful in identifying when long-lasting droughts have occurred. Common
types of drought are detailed below in Table 5.6.

Table 5.6 - Drought Classifications

Type ‘ Details

Meteorological Drought is based on the degree of dryness (rainfall deficit) and the
length of the dry period.
Agricultural Drought is based on the impacts to agriculture by factors such as

Meteorological Drought

Agricultural Drought rainfall deficits, soil water deficits, reduced ground water, or reservoir levels
needed for irrigation.

Hydrological Drought is based on the impact of rainfall deficits on the water
Hydrological Drought supply such as stream flow, reservoir and lake levels, and ground water table
decline.

Socioeconomic drought is based on the impact of drought conditions
(meteorological, agricultural, or hydrological drought) on supply and demand of
Socioeconomic Drought some economic goods. Socioeconomic drought occurs when the demand for an
economic good exceeds supply as a result of a weather-related deficit in water

supply.

The wide variety of disciplines affected by drought, its diverse geographical and temporal distribution,
and the many scales drought operates on make it difficult to develop both a definition to describe drought
and an index to measure it. Many quantitative measures of drought have been developed in the United
States, depending on the discipline affected, the region being considered, and the particular application.
Several indices developed by Wayne Palmer, as well as the Standardized Precipitation Index, are useful
for describing the many scales of drought.
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SECTION 6: VULNERABILITY ASSESSMENT

The U.S. Drought Monitor provides a summary of drought conditions across the United States and Puerto
Rico. Often described as a blend of art and science, the map is updated weekly by combining a variety of
data-based drought indices and indicators and local expert input into a single composite drought
indicator.

The Standardized Precipitation Index (SPI) is a way of measuring drought that is different from the Palmer
Drought Index (PDI). Like the PDI, this index is negative for drought, and positive for wet conditions. But
the SPI is a probability index that considers only precipitation, while Palmer's indices are water balance
indices that consider water supply (precipitation), demand (evapotranspiration) and loss (runoff).

The Palmer Drought Severity Index (PDSI) devised in 1965, was the first drought indicator to assess
moisture status comprehensively. It uses temperature and precipitation data to calculate water supply
and demand, incorporates soil moisture, and is considered most effective for unirrigated cropland. It
primarily reflects long-term drought and has been used extensively to initiate drought relief. It is more
complex than the SPI and the Drought Monitor.

5.2.2 Location and Spatial Extent

According to the PDSI map shown in Figure 5.4 below, southeastern North Carolina has a relatively low
risk for drought hazard. However, drought cannot be confined to geographic or political boundaries and
some areas may experience more severe drought events than what is shown on the map.

Palmer Drought Severity Index

1895-1995
Percent of time in severe and extreme drought

% of time PDSI = -3

[ Less than 5%
[ 5% to 9.99%
1 10% to 14.9%
M 15% to 19.9%
. 20% or greater

SOURCE: McKee et al. (1993); HOAA (1990); High Plains R egional Climate Center (1996)
Albers Equal Area Projection; Map prepared at the Hational Drought Mitigation Center

Figure 5.4- Palmer Drought Severity Index
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SECTION 6: VULNERABILITY ASSESSMENT

Figure 5.5 shows the spatial pattern of SPI from May 2011 through April 2013. The red shading denotes
dry conditions while the green shading indicates wet conditions. The index is negative for drought, and
positive for wet conditions. The Cumberland and Hoke County region is designated as moderately dry.

Standardized Precipitation Index
24 Months

May 2011-April 2013

peames

4

National Climatic Data Center, NOAA

exceptionally extremely  severely  moderately  abnormally nar abnormally  moderately very extremely  exceplionally

dry dry dry dry dry normal makst st makst maist makst
=200 =199 =1.58 =129 0,79 .50 +0.51 +1.30 +1.60 +2.00
and o e o ((+] o e o te o and
below =160 =130 0,80 0.5 +0.50 +0.79 +1.29 +1.59 +1,99 abave

Figure 5.5 - Standardized Precipitation Index

5.2.3 Past Occurrences

According to the North Carolina Drought Monitor, Cumberland and Hoke Counties have experienced
drought conditions every year since 2000. Table 5.7 shows the most severe classification for each year
by County.

Table 5.7 - Historical Drought Occurrences

Year Cumberland County Hoke County
2000 Abnormally Dry Moderate Drought
2001 Severe Drought Severe Drought
2002 Extreme Drought Exceptional Drought
2003 Abnormally Dry Abnormally Dry
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Year Cumberland County Hoke County
2004 Abnormally Dry Abnormally Dry
2005 Abnormally Dry Moderate Drought
2006 Moderate Drought Moderate Drought
2007 Exceptional Drought Exceptional Drought
2008 Exceptional Drought Exceptional Drought
2009 Moderate Drought Moderate Drought
2010 Moderate Drought Moderate Drought
2011 Severe Drought Severe Drought
2012 Moderate Drought Moderate Drought
2013 Abnormally Dry Moderate Drought
2014 Abnormally Dry Abnormally Dry
2015 Moderate Drought Abnormally Dry

Source: NC Drought Monitor

5.2.4 Probability of Future Occurrence

Highly Likely - Based on historical occurrence information (15 records in 15 years), it can reasonably be
assumed that Cumberland and Hoke Counties have a 100% chance of this type of event occurring each
year.

5.2.5 Consequence Analysis

People

Drought can affect people’s health and safety. Examples of drought impacts on society include anxiety or
depression about economic losses, conflicts when there is not enough water, reduced incomes, fewer
recreational activities, higher incidents of heat stroke, and even loss of human life.

First Responders

The overall effect on first responders would be relatively limited when compared to other hazards.
Exceptional drought conditions may impact the amount of water immediately available to respond to
wildfires.

Continuity of Operations

Drought would have minimal impacts on continuity of operations due to the relatively long warning time
that would allow for plans to be made to maintain continuity of operations.

Built Environment

Drought has the potential to affect water supply for residential, commercial, institutional, industrial, and
government-owned areas. Drought can reduce water supply in wells and reservoirs. When drought
conditions persist with no relief, local or State governments often institute water restrictions.

Economy

Examples of economic impacts include farmers who lose money because drought destroyed their crops

or who may have to spend more money to feed and water their animals. Businesses that depend on

farming, like companies that make tractors and food, may lose business when drought damages crops or
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SECTION 6: VULNERABILITY ASSESSMENT

livestock. Extreme drought also has the potential to impact local businesses such as landscaping,
recreation and tourism, and public utilities. Businesses that sell boats and fishing equipment may not be
able to sell some of their goods because drought has dried up lakes and other water sources.

Natural Environment

Plants and animals depend on water, just as people do. Drought can shrink their food supplies and damage
their habitats. Sometimes this damage is only temporary, and other times it is irreversible.

Drought conditions can also provide a substantial increase in wildfire risk. As plants and trees wither and
die from a lack of precipitation, increased insect infestations, and diseases—all of which are associated
with drought—they become fuel for wildfires. Long periods of drought can equate to more wildfires and
more intense wildfires, which affect the economy, the environment, and society in many ways such as by
destroying neighborhoods, crops, and habitats.

5.3 Earthquake

5.3.1 Hazard Description

An earthquake is a movement or shaking of the ground. Most earthquakes are caused by the release of
stresses accumulated as a result of the rupture of rocks along opposing fault planes in the Earth’s outer
crust. These fault planes are typically found along borders of the Earth's 10 tectonic plates. The areas of
greatest tectonic instability occur at the perimeters of the slowly moving plates, as these locations are
subjected to the greatest strains from plates traveling in opposite directions and at different speeds.
Deformation along plate boundaries causes strain in the rock and the consequent buildup of stored
energy. When the built-up stress exceeds the rocks' strength a rupture occurs. The rock on both sides of
the fracture is snapped, releasing the stored energy and producing seismic waves, generating an
earthquake.

Earthquakes are measured in terms of their magnitude and intensity. Magnitude is measured using the
Richter Scale, an open-ended logarithmic scale that describes the energy release of an earthquake through
a measure of shock wave amplitude. A detailed description of the Richter Scale is given in Table 5.8.

Table 5.8 - Richter Scale

Magnitude ‘ Effects
Less than 3.5 Generally not felt, but recorded.
35-54 Often felt, but rarely causes damage.
5.4-6.0 At most slight damage to well-designed buildings. Can cause major damage to
poorly constructed buildings over small regions.
6.1-6.9 Can be destructive in areas up to 100 kilometers across where people live.
7.0-7.9 Major earthquake. Can cause serious damage over larger areas.

Great earthquake. Can cause serious damage in areas several hundred kilometers
across.

8.0 or greater

Source: FEMA

5.3.2 Location and Spatial Extent

Approximately two-thirds of North Carolina is subject to earthquakes, with the western and southeast
region most vulnerable to a very damaging earthquake. The state is affected by both the Charleston Fault
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SECTION 6: VULNERABILITY ASSESSMENT

in South Carolina and New Madrid Fault in Tennessee. Both of these faults have generated earthquakes
measuring greater than 8.0 on the Richter Scale during the last 200 years. In addition, there are several
smaller fault lines throughout North Carolina.

Figure 5.6 depicts the intensity level for North Carolina based on the national USGS map of peak
acceleration with 2 percent probability of exceedance in 50 years. It is the probability that ground motion
will reach a certain level during an earthquake. The data shows peak horizontal ground acceleration (the
fastest measured change in speed, for a particle at ground level that is moving horizontally due to an
earthquake) with a 2 percent probability of exceedance in 50 years. According to this map, Cumberland
and Hoke Counties lie within an approximate zone level between 6 and 10% ground acceleration. This
indicates that the region as a whole exists within an area of moderate seismic risk.

Figure 5.6 - Seismic Hazard Information for North Carolina

5.3.3 Past Occurrences

A list of earthquakes that have caused damaged in North Carolina is presented below in Table 5.9.

Table 5.9 - Earthquakes Affecting North Carolina

Date ‘ Location Richter Scale ‘
12/16/1811 NE Arkansas 8.5
01/23/1812 New Madrid, MO 8.4
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Date ‘ Location Richter Scale

02/07/1812 New Madrid, MO 8.7
04/29/1852 Wytheville, VA 5.0
08/31/1861 Wilkesboro, NC 5.1
12/23/1875 Central Virginia 5.0
08/31/1886 Charleston, SC 7.3
05/31/1897 Giles County, VA 5.8
01/01/1913 Union County, SC 4.8
02/21/1916 Asheville, NC 5.5
07/08/1926 Mitchell County, NC 5.2
11/03/1928 Newport, TN 45
05/13/1957 McDowell County, NC 41
07/02/1957 Buncombe County, NC 3.7
11/24/1957 Jackson County, NC 4.0
10/27/1959 Chesterfield, SC 4.0
07/13/1971 Newry, SC 3.8
11/30/1973 Alcoa, TN 4.6
11/13/1976 Southwest Virginia 4.1
05/05/1981 Henderson County, NC 3.5

Source: Wake County 2014 Hazard Mitigation Plan. Information provided by NCEM.

5.3.4 Probability of Future Occurrence

Possible - Based on historical occurrences, the probability of a significant earthquake event affecting
Cumberland and Hoke Counties is unlikely. There are a total of 20 records in North Carolina over the past
200 years. Therefore, the annual probability level for the county is estimated between 1 and 10 percent.

5.3.5 Consequence Analysis

People

Earthquakes in the Cumberland and Hoke County region generally are not high impact events that cause
injury or death. The public may typically experience some shaking in these events and the greatest threat
to health and well-being is often from objects falling from shelves.

First Responders

A moderate earthquake is unlikely to damage infrastructure such as roads, bridges, or gas/power/water
lines. Therefore, there would be little impact to first responders in the event of a moderate earthquake
in Cumberland and Hoke Counties.

Continuity of Operations
There would likely be little disruption to services or operations due to a moderate earthquake.
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Built Environment

Buildings can be damaged by the shaking itself or by the ground beneath them settling to a different level
than it was before the earthquake (subsidence). Buildings can even sink into the ground if soil liquefaction
occurs. If a structure (a building, road, etc.) is built across a fault, the ground displacement during an
earthquake could seriously damage that structure. An earthquake can also break dams or levees along a
river. The water from the river or the reservoir would then flood the area, damaging buildings and possibly
drowning people. Finally, fires can be started by broken gas lines and power lines. Fires can be a serious
problem, especially if the water lines that feed the fire hydrants have been damaged as well.

Historically, Cumberland Hoke Counties have not been impacted by an earthquake with more than a
moderate intensity so damage to the built environment is unlikely.

Economy

Economic losses associated with an earthquake include property damage, business interruption costs, and
costs to repair damaged utilities and infrastructure. Historically, there have been no economic losses
associated with earthquakes in Cumberland Hoke Counties.

Natural Environment

A moderate earthquake is unlikely to cause substantial impacts to the natural environment in Cumberland
and Hoke Counties. Impacts to the built environment (e.g. ruptured gas line) could damage the
surrounding environment. However, this type damage is unlikely based on historical occurrences.

5.4 Erosion

5.4.1 Hazard Description

Stream banks erode by a combination of processes. When the channel bends, water on the outside of
the bend (the cut-bank) flows faster and water on the inside of the bend (the point) flows slower as shown
in Figure 5.7. This distribution of velocity results in erosion occurring on the outside of the bend and
deposition occurring on the inside of the bend.

Maximum velocity
B ? B’

Cross sections

Figure 5.7- Stream Meanders
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Stream bank erosion is a natural process, but acceleration of this natural process leads to a
disproportionate sediment supply, stream channel instability, land loss, habitat loss and other adverse
effects. Stream bank erosion processes, although complex, are driven by two major components: stream
bank characteristics (erodibility) and hydraulic/gravitational forces. Many land use activities can affect
both of these components and lead to accelerated bank erosion. The vegetation rooting characteristics
can protect banks from fluvial entrainment and collapse, and also provide internal bank strength. When
riparian vegetation is changed from woody species to annual grasses and/or forbs, the internal strength
is weakened, causing acceleration of mass wasting processes. Stream bank aggradation or degradation is
often a response to stream channel instability. Since bank erosion is often a symptom of a larger, more
complex problem, the long-term solutions often involve much more than just bank stabilization.
Numerous studies have demonstrated that stream bank erosion contributes a large portion of the annual
sediment yield.

Determining the cause of accelerated streambank erosion is the first step in solving the problem. When
a stream is straightened or widened, streambank erosion increases. Accelerated streambank erosion is
part of the process as the stream seeks to re-establish a stable size and pattern. Damaging or removing
streamside vegetation to the point where it no longer provides for bank stability can cause a dramatic
increase in bank erosion. A degrading streambed results in higher and often unstable, eroding banks.
When land use changes occur in a watershed, such as clearing land for agriculture or development, runoff
increases. With this increase in runoff the stream channel will adjust to accommodate the additional flow,
increasing streambank erosion. Addressing the problem of streambank erosion requires an
understanding of both stream dynamics and the management of streamside vegetation.

For the purposes of this Hazard Mitigation Plan, stream bank erosion can be categorized as minor or
major:

Minor stream bank erosion results in movement of the streambed and bank soils, but does not have an
impact on the built (structural) environmental and does not result in risk life or property.

Major stream bank erosion does result in an impact on the built environment, especially roads and any
infrastructure that requires relatively stable ground. Major erosion near roads can require continuous
repairs to stabilize the ground. Furthermore, sudden emergency incidents such as a strong storm causing
bluff failure could result in injury or loss of life.

5.4.2 Location and Spatial Extent

Inland, riverine stream bank erosion is typically caused by flash flooding events. Minor stream bank
erosion occurs in Cumberland and Hoke Counties, particularly along the banks of rivers and streams, but
it is not a threat to life or property. The HMPC did not identify areas of concern with regard to erosion
that need to be addressed by this Plan at this time.

5.4.3 Past Occurrences

Several sources were vetted to identify areas of minor or major erosion in the Counties. This included
searching local newspapers, interviewing local officials, and reviewing the State of North Carolina Hazard
Mitigation Plan. Minimal information could be found regarding the occurrence of minor or major erosion
within the Counties.
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5.4.4 Probability of Future Occurrence

Possible - Erosion is a natural, dynamic, and continuous process that can be expected to occur on a small
scale within the future. The annual probability level assigned for erosion events is between 1% and 10%
annually. Given the lack of threat to life or property, stream bank erosion will not be included in Section
6 Vulnerability Assessment.

5.4.5 Consequence Analysis

People

Erosion is typically a non-life threatening event; however, sudden emergency incidents such as a strong
storm causing bluff failure could result in injury or loss of life. People with homes located next to
waterways are most susceptible to erosion and its impact to their property. Since no major erosion areas
were noted in the risk assessment, it is unlikely erosion will have an impact on people in the region.

First Responders

Erosion is unlikely to have an impact on first responders; however, a major erosion event could affect
infrastructure such as bridge collapse due to scour around the abutment. Not only could this result in a
loss of life, but emergency routes could be closed as well.

Continuity of Operations

Erosion should have little effect on continuity of operations in Cumberland and Hoke Counties since it
typically happens at a slow rate that would allow for plans to be made to maintain continuity of
operations.

Built Environment

Stream bank erosion can result in an impact on the built environment, especially roads and any
infrastructure that require relatively stable ground. Major erosion near roads can require continuous
repairs to stabilize the ground.

Economy

The health of soil is a primary concern to farmers whose livelihoods depend on agriculture. Sustainable
land use can help to reduce the impacts of agriculture and livestock, preventing soil degradation and
erosion and the loss of valuable land. Erosion also impacts the economy when it results in the rebuilding
of structures or constant repairs to stabilize the ground.

Natural Environment

The effects of soil erosion go beyond the loss of fertile land. It has led to increased pollution and
sedimentation in streams and rivers, clogging these waterways and causing declines in fish and other
species. Degraded lands are also often less able to hold onto water, which can worsen flooding.

5.5 Extreme Heat

5.5.1 Hazard Description

According to the National Weather Service, about 175 Americans die from heat exposure, and nearly
20,000 people died between 1936 and 1975 from the effects of heat and solar radiation. Humans
dissipate heat by varying the depth of blood circulation and sweating. Heat disorders typically occur when
the body’s ability to remove heat is disrupted, or by a chemical imbalance of salt caused by excessive
sweating. Sun exposure, wind conditions, age and physical condition influence susceptibility to heat
disorder.
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Urban areas create stagnate that exacerbate heat conditions and many inner-city areas lack access to air
conditioning. Sun exposure of outside workers, such as farming and construction workers elevates the
risk of heat disorder.

To measure the risk of experiencing heat disorders, the National Weather Service has developed the “Heat
Index Program”. Figure 5.8 below displays a heat wave brochure provided by the National Weather
Service.

Relative Humidity (%)

Heat Index/Heat Disorders

With Prolonged Exposure
and/or Physical Activity

Heat Possible heat disorders for
Index people in higher risk groups

130° OR HEATSTROKE/SUNSTROKE HIGHLY
HIGHER LIKELY WITH CONTINUED EXPOSURE,

105°- 130° SUNSTROKE, HEAT CRAMPS OR
HEAT EXHAUSTION LIKELY, AND
HEATSTROKE POSSIBLE WITH

Heat Index

(Apparent
Temperature)

Heat stroke or sunstroke
highly like!

Sunstroke, muscle cramps,

Air Temperature

PROLONGED EXPOSURE AND/OR and/or heat exhaustion |ike|v
PHYSICAL ACTIVITY. 00/103 -
90° - 105°  SUNSTROKE, HEAT CRAMPS AND L L1 - Extreme Caution
HEAT EXHAUSTION POSSIBLE WITH 93195 97 100/103 Sunstroke, muscle cramps,
PROLONGED EXPOSURE AND/OR 8991939598 [100[103}10 i ‘
PHYSICAL ACTIVITY. HRAECIEE e and!orheatgxh?snon possible
80° -90°  FATIGUE POSSIBLE WITH 84(85(8688(89 9092 94[% i
PROLONGED EXPOSURE AND/OR 82| 81)82|83|84 8485|8688 8990|9193 |95 Fatiaue possible
PHYSICAL ACTIVITY 80 180 [80 81 81 [82 (82 |63 (o4 |84 85 [86 [86 |67 gue po

Figure 5.8 - National Weather Service Heat Wave Brochure

5.5.2 Location and Spatial Extent

Summers in North America are hot, with the southern US experiencing heat waves periodically each
summer. Extreme heat typically occurs over large areas impacting multiple counties at one time. All of
Cumberland County and Hoke County, and their respective jurisdictions are vulnerable to extreme heat.

5.5.3 Past Occurrences

According to the National Climatic Data Center, one instance of extreme heat was recorded in Cumberland
and Hoke County beginning on July 22, 1998, and an additional instance of extreme heat was recorded in
Cumberland beginning on August 10, 2007. No reports of property or crop damage were recorded by
NCDC.

5.5.4 Probability of Future Occurrence

Possible - Based on historical occurrence information (2 records in 65 years), it can reasonably be
assumed that an extreme heat event has a 3% chance of occurring each year in Cumberland and Hoke
Counties.
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5.5.5 Consequence Analysis

People

A person’s vulnerability is directly related to their age and physical condition and to the Apparent
Temperature and sun exposure. Heat disorders begin with fatigue and if not mitigated can worsen to
muscle cramps, heat exhaustion and in extreme conditions ultimately exposure can result in death.

First Responders

First responders are especially vulnerable to heat disorders as their response activities often require
special attire, heavy equipment and prolonged exposure to the environment or high additional heat
sources such as fire.

Continuity of Operations
Continuity of operations is generally not disrupted by extreme heat.

Built Environment

Buildings are typically not impacted by heat. Road surfaces are damaged as asphalt softens and concrete
sections may buckle under expansion caused by heat. Power transmission lines may sag from expansion
and if contact is made with vegetation the line may short out causing power outages. Additional power
demand for air conditioning also increases power line temperature adding to heat impacts. Train rails
may distort or buckle under the stress of head induced expansion.

Economy

Livestock are particularly vulnerable to extreme heat, particularly pigs, rabbits and poultry. Milk
production and cattle reproduction are suppressed. Crop yields can be significantly reduced by extreme
heat, particularly when extreme heat occurs during drought conditions.

According to Christopher Adams of the Cooperative Institute for Research in the Atmosphere at Colorado
State University, in 1980 consumers paid $1.3 billion more for electric power during the summer that they
did in 1979. Additionally, demand soared above supply causing rolling blackouts.

When temperatures are high enough airplanes cannot get enough lift to take off causing flight
cancellations. Additional stress is placed on automobile, diesel trucks and locomotives causing increases
in mechanical maintenance.

Water demand on drinking water supplies is increased, causing both increases in treatment costs and
potential depletion of supplies.

Natural Environment

Wild animals are vulnerable to heat disorders similar to humans, including mortality. Vegetation growth
will be stunted or plants may be killed if temperatures rise above their tolerance extremes.

5.6 Hurricane/Tropical Storm

5.6.1 Hazard Description

A hurricane is a type of tropical cyclone or severe tropical storm that forms in the southern Atlantic Ocean,
Caribbean Sea, Gulf of Mexico, and in the eastern Pacific Ocean. All Atlantic and Gulf of Mexico coastal
areas are subject to hurricanes. The Atlantic hurricane season lasts from June to November, with the peak
season from mid-August to late October.
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While hurricanes pose the greatest threat to life and property, tropical storms and depressions also can
be devastating. A tropical disturbance can grow to a more intense stage through an increase in sustained
wind speeds. The progression of a tropical disturbance is described below.

e Tropical Depression: A tropical cyclone with maximum sustained winds of 38 mph (33 knots) or
less.

e Tropical Storm: A tropical cyclone with maximum sustained winds of 39 to 73 mph (34 to 63
knots).

e Hurricane: A tropical cyclone with maximum sustained winds of 74 mph (64 knots) or higher. In
the western North Pacific, hurricanes are called typhoons; similar storms in the Indian Ocean and
South Pacific Ocean are called cyclones.

e Major Hurricane: A tropical cyclone with maximum sustained winds of 111 mph (96 knots) or
higher, corresponding to a Category 3, 4 or 5 on the Saffir-Simpson Hurricane Wind Scale.

Depression Tropical Storm
el

SHN bﬁ’;’;

Source: Department of Atmospheric Sciences at the University of Illinois at Urbana-Champaign

Figure 5.9 - Life Cycle of a Hurricane

The Saffir-Simpson Hurricane Wind Scale classifies hurricanes by intensity into one of five categories as
shown in Table 5.10. This scale estimates potential property damage. Hurricanes reaching Category 3
and higher are considered major hurricanes because of their potential for significant loss of life and
damage. Category 1 and 2 storms are still dangerous, however, and require preventative measures.

Table 5.10 — Saffir-Simpson Hurricane Wind Scale, 2012
Category \ Wind Speed (mph) Potential Damage
Very dangerous winds will produce some damage: Well-
constructed frame homes could have damage to roof,
shingles, vinyl siding and gutters. Large branches of trees
1 74-95 will snap and shallowly rooted trees may be toppled.
Extensive damage to power lines and poles likely will
result in power outages that could last a few to several
days.
Extremely dangerous winds will cause extensive
damage: Well-constructed frame homes could sustain
major roof and siding damage. Many shallowly rooted
trees will be snapped or uprooted and block numerous
roads. Near-total power loss is expected with outages
that could last from several days to weeks.

2 96-110
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Category \ Wind Speed (mph) Potential Damage

Devastating damage will occur: Well-built framed
homes may incur major damage or removal of roof
decking and gable ends. Many trees will be snapped or
uprooted, blocking numerous roads. Electricity and water
will be unavailable for several days to weeks after the
storm passes.

Catastrophic damage will occur: Well-built framed
homes can sustain severe damage with loss of most of the
roof structure and/or some exterior walls. Most trees will
4 130-156 be snapped or uprooted and power poles downed. Fallen
trees and power poles will isolate residential areas.
Power outages will last weeks to possibly months. Most
of the area will be uninhabitable for weeks or months.
Catastrophic damage will occur: A high percentage of
framed homes will be destroyed, with total roof failure
and wall collapse. Fallen trees and power poles will
isolate residential areas. Power outages will last for
weeks to possibly months. Most of the area will be
uninhabitable for weeks or months.

3 111-129

5 >157

Source: National Hurricane Center/NOAA

Wind speed is the determining factor in the scale, as storm surge values are highly dependent on the slope
of the continental shelf and the shape of the coastline in the landfall region. The following describes the
characteristics of each category storm from the Saffir-Simpson Hurricane Wind Scale Extended Table:

Category 1 Hurricane - Winds 74 — 95 mph. Very dangerous winds will produce some damage. People,
livestock, and pets struck by flying or falling debris could be injured or killed. Older (mainly pre-1994
construction) mobile homes could be destroyed, especially if they are not anchored properly as they tend
to shift or roll off their foundations. Newer mobile homes that are anchored properly can sustain damage
involving the removal of shingle or metal roof coverings, and loss of vinyl siding, as well as damage to
carports, sunrooms, or lanais. Some poorly constructed frame homes can experience major damage,
involving loss of the roof covering and damage to gable ends as well as the removal of porch coverings
and awnings. Unprotected windows may break if struck by flying debris. Masonry chimneys can be
toppled. Well-constructed frame homes could have damage to roof shingles, vinyl siding, soffit panels,
and gutters. Failure of aluminum, screened-in, swimming pool enclosures can occur. Some apartment
building and shopping center roof coverings could be partially removed. Industrial buildings can lose
roofing and siding especially from windward corners, rakes, and eaves. Failures to overhead doors and
unprotected windows will be common. Windows in high-rise buildings can be broken by flying debris.
Falling and broken glass will pose a significant danger even after the storm. There will be occasional
damage to commercial signage, fences, and canopies. Large branches of trees will snap and shallow
rooted trees can be toppled. Extensive damage to power lines and poles will likely result in power outages
that could last a few to several days.

Category 2 Hurricane - Winds 96-110 mph. Extremely dangerous winds will cause extensive damage.
There is a substantial risk of injury or death to people, livestock, and pets due to flying and falling debris.
Older (mainly pre-1994 construction) mobile homes have a very high chance of being destroyed and the
flying debris generated can shred nearby mobile homes. Newer mobile homes can also be destroyed.
Poorly constructed frame homes have a high chance of having their roof structures removed especially if
they are not anchored properly. Unprotected windows will have a high probability of being broken by
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flying debris. Well-constructed frame homes could sustain major roof and siding damage. Failure of
aluminum, screened-in, swimming pool enclosures will be common. There will be a substantial percentage
of roof and siding damage to apartment buildings and industrial buildings. Unreinforced masonry walls
can collapse. Windows in high-rise buildings can be broken by flying debris. Falling and broken glass will
pose a significant danger even after the storm. Commercial signage, fences, and canopies will be damaged
and often destroyed. Many shallowly rooted trees will be snapped or uprooted and block numerous
roads. Near-total power loss is expected with outages that could last from several days to weeks. Potable
water could become scarce as filtration systems begin to fail.

Category 3 Hurricane - Winds 111-129 mph. Devastating damage will occur. There is a high risk of injury
or death to people, livestock, and pets due to flying and falling debris. Nearly all older (pre-1994) mobile
homes will be destroyed. Most post-1994 mobile homes will sustain severe damage with potential for
complete roof failure and wall collapse. Poorly constructed frame homes can be destroyed by the removal
of the roof and exterior walls. Unprotected windows will be broken by flying debris. Well-built frame
homes can experience major damage involving the removal of roof decking and gable ends. There will be
a high percentage of roof covering and siding damage to apartment buildings and industrial buildings.
Isolated structural damage to wood or steel framing can occur. Complete failure of older metal buildings
is possible, and older unreinforced masonry buildings can collapse. Numerous windows will be blown out
of high-rise buildings resulting in falling glass, which will pose a threat for days to weeks after the storm.
Most commercial signage, fences, and canopies will be destroyed. Many trees will be snapped or
uprooted, blocking numerous roads. Electricity and water will be unavailable for several days to a few
weeks after the storm passes.

Category 4 Hurricane - Winds 130 to 156 mph. Catastrophic damage will occur. There is a very high risk
of injury or death to people, livestock, and pets due to flying and falling debris. Nearly all older (pre-1994)
mobile homes will be destroyed. A high percentage of newer mobile homes also will be destroyed. Poorly
constructed homes can sustain complete collapse of all walls as well as the loss of the roof structure.
Well-built homes also can sustain severe damage with loss of most of the roof structure and/or some
exterior walls. Extensive damage to roof coverings, windows, and doors will occur. Large amounts of
windborne debris will be lofted into the air. Windborne debris damage will break most unprotected
windows and penetrate some protected windows. There will be a high percentage of structural damage
to the top floors of apartment buildings. Steel frames in older industrial buildings can collapse. There will
be a high percentage of collapse to older unreinforced masonry buildings. Most windows will be blown
out of high-rise buildings resulting in falling glass, which will pose a threat for days to weeks after the
storm. Nearly all commercial signage, fences, and canopies will be destroyed. Most trees will be snapped
or uprooted and power poles downed. Fallen trees and power poles will isolate residential areas. Power
outages will last for weeks to possibly months. Long-term water shortages will increase human suffering.
Most of the area will be uninhabitable for weeks or months.

Category 5 Hurricane - Winds 157 mph or higher. Catastrophic damage will occur. People, livestock,
and pets are at very high risk of injury or death from flying or falling debris, even if indoors in mobile
homes or framed homes. Almost complete destruction of all mobile homes will occur, regardless of age
or construction. A high percentage of frame homes will be destroyed, with total roof failure and wall
collapse. Extensive damage to roof covers, windows, and doors will occur. Large amounts of windborne
debris will be lofted into the air. Windborne debris damage will occur to nearly all unprotected windows
and many protected windows. Significant damage to wood roof commercial buildings will occur due to
loss of roof sheathing. Complete collapse of many older metal buildings can occur. Most unreinforced
masonry walls will fail which can lead to the collapse of the buildings. A high percentage of industrial
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buildings and low-rise apartment buildings will be destroyed. Nearly all windows will be blown out of
high-rise buildings resulting in falling glass, which will pose a threat for days to weeks after the storm.
Nearly all commercial signage, fences, and canopies will be destroyed. Nearly all trees will be snapped or
uprooted and power poles downed. Fallen trees and power poles will isolate residential areas. Power
outages will last for weeks to possibly months. Long-term water shortages will increase human suffering.
Most of the area will be uninhabitable for weeks or months.

5.6.2 Location and Spatial Extent

All Atlantic and Gulf of Mexico coastal areas are subject to hurricanes. While coastal areas are most
directly exposed to land falling hurricanes and tropical storms, their impact can be felt hundreds of miles
inland. The entire Cumberland and Hoke County region is equally susceptible to hurricanes and tropical
storms.

5.6.3 Past Occurrences

Table 5.11 provides hurricane and tropical storm data reported by NCDC since 1950 for Cumberland and
Hoke Counties. Major disaster declarations for hurricanes and tropical storms can be found in Tables 4.1
and 4.2.

Table 5.11 - NCDC Hurricane and Tropical Storm Events for Cumberland and Hoke Counties

Location Date Event Type Deaths/ Property Crop
Injuries Damage Damage

Cumberland (Zone) 7/12/1996 Hurricane (Typhoon) 0/0 $0.00 $0.00
Cumberland (Zone) 9/5/1996 Hurricane (Typhoon) 0/0 $0.00 $0.00
Cumberland (Zone) 8/27/1998 Hurricane (Typhoon) 0/0 $0.00 $0.00
Cumberland (Zone) 9/4/1999 Hurricane (Typhoon) 0/0 $0.00 $0.00
Cumberland (Zone) 9/15/1999 Hurricane (Typhoon) 0/0 $0.00 $0.00
Cumberland (Zone) 9/18/2003 Hurricane (Typhoon) 0/0 $28,000.00 $0.00
Cumberland (Zone) 09/01/2006 Tropical Storm 0/0 $0.00 $0.00
Hoke (Zone) 7/12/1996 Hurricane (Typhoon) 0/0 $0.00 $0.00
Hoke (Zone) 9/5/1996 Hurricane (Typhoon) 0/0 $0.00 $0.00
Hoke (Zone) 8/27/1998 Hurricane (Typhoon) 0/0 $0.00 $0.00
Hoke (Zone) 9/4/1999 Hurricane (Typhoon) 0/0 $0.00 $0.00
Hoke (Zone) 9/15/1999 Hurricane (Typhoon) 0/0 $0.00 $0.00
Total: $28,000.00 $0.00

The following provides details on select hurricane events recorded in the NCDC database:

September 5, 1996 — The copious amount of rainfall associated with Hurricane Fran produced many
severe flash and river floods.

August 27, 1998 - Torrential rains and strong gusty winds accompanied Hurricane Bonnie through the
night on the 27th and into the daylight hours on the 28th. There were numerous reports of trees being
blown down across Sampson, Wayne, Johnston, Wilson, Harnett, and Cumberland counties. About ten
thousand people lost power in these areas sometime during the storm. Tobacco losses were extensive.
The estimated total value of the tobacco crop lost due to Bonnie ranged from 25 to 50 million dollars.
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September 15, 1999 - Hurricane Floyd produced 15-20 inches of rain that fell across the eastern half of
the state, causing every river and stream to flood. Many rivers set new flood records. Whole communities
were underwater for days, even weeks in some areas. Thousands of homes were lost. Crop damage was
extensive. The infrastructure of the eastern counties, mainly roads, bridges, water plants, etc., was heavily
damaged. Even worse was the loss of life, mainly due to flooding. Many Carolinians did not heed the call
to evacuate and many more drove into flooded streams and rivers. In the central part of the state, 21
people lost their lives. Also, the loss of livestock was significant, mainly swine and poultry.

Figure 5.10 reflects past hurricane strike data for land falling storms in the Cumberland and Hoke County
region as provided by the National Hurricane Center.
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Figure 5.10- NOAA Historical Hurricane Tracks

Legend
H5 (Dark Purple) = Hurricane Category 5 H1 (Yellow) = Hurricane Category 1
H4 (Light Purple) = Hurricane Category 4 TS/SS (Green) = Tropical or Subtropical Storm
H3 (Dark Orange) = Hurricane Category 3 TD/SD (Blue) = Tropical or Subtropical
Depression
H2 (Light Orange) = Hurricane Category 2 ET (Grey) = Extra-Tropical
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5.6.4 Probability of Future Occurrences

Likely - Based on a historical record of 12 storm events over a period of 65 years (1950 - 2015), it can
reasonably be assumed that this type of event has a 18% chance of occurring each year.

5.6.5 Consequence Analysis

People

Hurricanes may affect human beings in a number of ways including causing deaths, causing injury, loss of
property, outbreak of diseases, mental trauma and destroying livelihoods. During a hurricane, residential,
commercial, and public buildings, as well as critical infrastructure such as transportation, water, energy,
and communication systems may be damaged or destroyed by several of the impacts associated with
hurricanes. The wind and flooding hazards associated with hurricanes can be tremendously destructive
and deadly. Power outages and flooding are likely to displace people from their homes. Furthermore,
water can become polluted making it undrinkable, and if consumed, diseases and infection can be easily
spread.

First Responders

First responders responding to the impacts of a tropical storm or hurricane face many risks to their health
and life safety. Responders face risk of injury or death during a storm event by flooding and high winds.
Personnel or families of personnel may be harmed which would limit their response capability. Downed
trees, power lines and flood waters may prevent access to areas in need which prolongs response time.
Furthermore, hurricanes typically impact a large area which amplifies the number of emergency responses
required.

Continuity of Operations

Continuity of operations may be affected if a hurricane event damages a critical facility or causes a loss of
power. Hurricane events typically have ample lead time to prepare for and maintain continuity of
operations.

Built Environment

Depending on the strength of a tropical storm or hurricane, structural damage to buildings may occur. A
weak tropical storm may cause no damage whatsoever. The most likely impact from a category 1 or
greater hurricane is the loss of glass windows and doors by high winds and debris. Loss of roof coverings,
partial wall collapses, and other damages requiring significant repairs are possible in a major (category 3
to 5) hurricane. The level of damage is commensurate with the strength of the storm, as explained by the
Saffir-Simpson Hurricane Wind Scale.

Loss of electric power, potable water, telecommunications, wastewater and other critical utilities is very
possible during a hurricane. Some of this damage can be so severe that it may take days to weeks to
restore.

Economy

Economic damages include property damage from wind, rain and flood, and also include intangibles such
as business interruption and additional living expenses. Damage to infrastructure utilities include roads,
water and power, and municipal buildings.
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Natural Environment

Hurricanes can devastate wooded ecosystems and remove all the foliation from forest canopies, and they
can change habitats so drastically that the indigenous animal populations suffer as a result. Specific foods
can be taken away as high winds will often strip fruits, seeds and berries from bushes and trees.

Secondary impacts may occur as well. For example, high winds and debris may result in damage to an
above-ground fuel tank, resulting in a significant chemical spill.

5.7 Inland Flooding: 100-/500-year

5.7.1 Hazard Description

Flooding is defined by the rising and overflowing of a body of water onto normally dry land. As defined
by FEMA, a flood is a general and temporary condition of partial or complete inundation of 2 or more
acres of normally dry land area or of 2 or more properties. Flooding can result from an overflow of inland
waters or an unusual accumulation or runoff of surface waters from any source.

Sources and Types of Flooding

Flooding within the Cumberland and Hoke Counties can be attributed to two sources: 1) flash flooding
resulting from heavy rainfall that overburdens the drainage system within the community; and 2) riverine
flooding resulting from heavy and prolonged rainfall over a given watershed which causes the capacity of
the main channel to be exceeded. Flooding on the larger streams results primarily from hurricanes,
tropical storms and other major weather fronts, while flooding on the smaller streams is due mainly to
localized thunderstorms.

Riverine Flooding: Cumberland Hoke Counties have numerous streams and tributaries running
throughout its jurisdiction that are susceptible to overflowing their banks during and following excessive
precipitation events. While flash flooding caused by surface water runoff is not uncommon in the region,
riverine flood events (such as the “100-year flood”) will cause significantly more damage and economic
disruption for the area. Cumberland Hoke County floodplains have been studied and mapped by FEMA.
The most recent Flood Insurance Study for Cumberland County is dated June 18, 2007, and the most
recent Flood Insurance Study for Hoke County is dated July 7, 2014.

Flash or Rapid Flooding: Flash flooding is the result of heavy, localized rainfall, possibly from slow-moving
intense thunderstorms that cause small streams and drainage systems to overflow. Flash flood hazards
caused by surface water runoff are most common in urbanized cities, where greater population density
generally increases the amount of impervious surface (e.g., pavement and buildings) which increases the
amount of surface water generated. Flooding can occur when the capacity of the stormwater system is
exceeded or if conveyance is obstructed by debris, sediment and other materials that limit the volume of
drainage.

Flooding and Floodplains

The area adjacent to a channel is the floodplain, as shown in Figure 5.11. A floodplain is flat or nearly flat
land adjacent to a stream or river that experiences occasional or periodic flooding. It includes the
floodway, which consists of the stream channel and adjacent areas that carry flood flows, and the flood
fringe, which are areas covered by the flood, but which do not experience a strong current. Floodplains
are made when floodwaters exceed the capacity of the main channel or escape the channel by eroding its
banks. When this occurs, sediments (including rocks and debris) are deposited that gradually build up
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over time to create the floor of the floodplain. Floodplains generally contain unconsolidated sediments,
often extending below the bed of the stream.

Characteristics of a Floodplain

Floodplain

Flood Fringe . Flood Fringe >
¢ Floodway

Normal Channel

Source: NFIP Guidebook, FEMA

Figure 5.11 - Characteristics of a Floodplain

In its common usage, the floodplain most often refers to that area that is inundated by the 100-year flood,
the flood that has a 1% chance in any given year of being equaled or exceeded. The 100-year flood is the
national minimum standard to which communities regulate their floodplains through the NFIP. The 500-
year flood is the flood that has a 0.2 percent chance of being equaled or exceeded in any given year. The
potential for flooding can change and increase through various land use changes and changes to land
surface, which result in a change to the floodplain. A change in environment can create localized flooding
problems inside and outside of natural floodplains by altering or confining natural drainage channels.
These changes are most often created by human activity.

The 100-year flood, which is the minimum standard used by most federal and state agencies, is used by
the NFIP as the standard for floodplain management and to determine the need for flood insurance.
Participation in the NFIP requires adoption and enforcement of a local floodplain management ordinance
which is intended to prevent unsafe development in the floodplain, thereby reducing future flood
damages. Participation in the NFIP allows for the federal government to make flood insurance available
within the community as a financial protection against flood losses. Since floods have an annual
probability of occurrence, have a known magnitude, depth and velocity for each event, and in most cases,
have a map indicating where they will occur, they are in many ways often the most predictable and
manageable hazard.

5.7.2 Location and Spatial Extent

Regulated floodplains are illustrated on inundation maps called Flood Insurance Rate Maps (FIRMs). It is
the official map for a community on which FEMA has delineated both the SFHAs and the risk premium
zones applicable to the community. SFHAs represent the areas subject to inundation by the 100-year
flood event. Structures located within the SFHA have a 26-percent chance of flooding during the life of a
standard 30-year mortgage. Flood prone areas were identified using the most current FIS and associated
FIRMs developed by FEMA. Table 5.13 summarizes the flood insurance zones identified by the DFIRMs.

Table 5.12 - Mapped Flood Insurance Zones within Cumberland and Hoke Counties

Description

AE Zones, also within the 100-year flood limits, are defined with BFEs that reflect the
combined influence of stillwater flood elevations and wave effects less than 3 feet.
The AE Zone generally extends from the landward VE zone limit to the limits of the
100-year flood from coastal sources, or until it reaches the confluence with riverine

AE
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Zone Description

flood sources. The AE Zones also depict the SFHA due to riverine flood sources, but
instead of being subdivided into separate zones of differing BFEs with possible wave
effects added, they represent the flood profile determined by hydrologic and
hydraulic investigations and have no wave effects.

Areas subject to inundation by the 1-percent-annual-chance flood event generally
determined using approximate methodologies. Because detailed hydraulic analyses
A have not been performed, no Base Flood Elevations (BFEs) or flood depths are
shown. Mandatory flood insurance purchase requirements and floodplain
management standards apply.

Moderate risk areas within the 0.2-percent-annual-chance floodplain, areas of 1-
percent-annual-chance flooding where average depths are less than 1 foot, areas of
0.2% Annual Chance 1-percent-annual-chance flooding where the contributing drainage area is less than

(Zone X Shaded) 1 square mile, and areas protected from the 1-percent-annual-chance flood by a
levee. No BFEs or base flood depths are shown within these zones. Zone X Shaded
is used on new and revised maps in place of Zone B.

Minimal risk areas outside the 1-percent and .2-percent-annual-chance floodplains.
Zone X (unshaded) No BFEs or base flood depths are shown within these zones. Zone X (unshaded) is
used on new and revised maps in place of Zone C.

Figure 5.12 reflects the mapped flood insurance zones for Cumberland and Hoke Counties. Note: A more
detailed flood insurance zone map for each jurisdiction can be found within each community’s annex.
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Figure 5.12 - Mapped Flood Insurance Zones for Cumberland and Hoke Counties
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Table 5.13 provides a summary of acreage by flood zone for each County.

Table 5.13 - Summary of Flood Zone Acreage

Cumberland Hoke
Zone County County
Zone AE 34,439.2 14,979.9
Zone A 50.9 2,226.3
Zone X Shaded (500-yr) 37,875.3 560.7
Zone X Unshaded 347,921.3 231,411.4
Total: 420,286.7 249,178.3

5.7.3 Past Occurrences

Table 5.14 shows detail for flood events reported by the NCDC since 1950 for Cumberland and Hoke
Counties. There have been 65 recorded events causing close to $4M in property damage.

Table 5.14 - NCDC Flooding Events in Cumberland and Hoke Counties

Deaths Injuries
# of Events Property Damage Crop Damage (Direct) (Direct)
Cumberland County
Flash Flood 40 $2,132,000 S0 0 0
Flood 2 S0 S0 0 0
Heavy Rain 4 $1,500,000 SO 0 0
Hoke County
Flash Flood 15 $160,000 SO 0 0
Flood 2 SO SO 0 0
Heavy Rain 2 SO SO 0 0
Total: 65 $3,792,000 S0 0 0

Source: NCDC, September 2015

The following provides details on select flooding events recorded in the NCDC database:

August 2, 2012 - Multiple reported of flash flooding were received just west of downtown Fayetteville.
Flooding was reported on Yadkin Road, on Santa Fe Road, on Strickland Bridge Road near the intersection
of Graham Road and on Hope Mills Road, with several reports of stranded cars. Hybarts Branch Creek
came out of its banks and flooded several yards. Several roads also flooded near the Cross Creek Mall,
with some water getting into portions of the mall and cars in the parking lot had water over the tires.

June 25, 2010 - Strong to severe thunderstorms formed along the sea breeze in a moist and unstable
atmosphere. Some of these storms produced isolated wind damage and flash flooding across portions of
the Southern Coastal Plain and Sandhills of central North Carolina. Numerous roads were reported
flooded across the county. The worst of the flooding was reported in Raeford, NC near Southern Avenue
and South Main Street. At this location flooding was reported in and around an apartment complex, with
water waist deep in the parking lot and surrounding streets.

August 2, 2009 - The Falcon community received around one inch or rainfall during the late morning hours
with a long lull during the early afternoon before training thunderstorms dumped an additional 5 inches
between 630 to 900 pm. Two to three feet of flood waters was flowing over Northwest and Brooks Streets
in town. NC Highway 82 was closed due to the flood waters. Flood waters entered 3 structures.
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SECTION 6: VULNERABILITY ASSESSMENT

December 11, 2008 - A powerful upper level disturbance with associated cold front pushed across the
region the afternoon and evening of December 11. Over 2 inches of rain fell in many locations with several
reports of minor urban flooding. One house was struck by lightning and burned to the ground.

5.7.4 Probability of Future Occurrences

Possible - By definition of the 100-year flood event, SFHAs are defined as those areas that will be
inundated by the flood event having a 1-percent chance of being equaled or exceeded in any given year.
Properties located in these areas have a 26 percent chance of flooding over the life of a 30-year mortgage.

The 500-year flood area is defined as those areas that will be inundated by the flood event having a 0.2-
percent chance of being equaled or exceeded in any given year; it is not the flood that will occur once
every 500 years.

5.7.5 Consequence Analysis

People

Certain health hazards are common to flood events. While such problems are often not reported, three
general types of health hazards accompany floods. The first comes from the water itself. Floodwaters
carry anything that was on the ground that the upstream runoff picked up, including dirt, oil, animal waste,
and lawn, farm and industrial chemicals. Pastures and areas where farm animals are kept or their wastes
are stored can contribute polluted waters to the receiving streams.

Floodwaters also saturate the ground, which leads to infiltration into sanitary sewer lines. When
wastewater treatment plants are flooded, there is nowhere for the sewage to flow. Infiltration and lack
of treatment can lead to overloaded sewer lines that can back up into low-lying areas and homes. Even
when it is diluted by flood waters, raw sewage can be a breeding ground for bacteria such as e.coli and
other disease causing agents.

The second type of health problem arises after most of the water has gone. Stagnant pools can become
breeding grounds for mosquitoes, and wet areas of a building that have not been properly cleaned breed
mold and mildew. A building that is not thoroughly cleaned becomes a health hazard, especially for small
children and the elderly.

Another health hazard occurs when heating ducts in a forced air system are not properly cleaned after
inundation. When the furnace or air conditioner is turned on, the sediments left in the ducts are circulated
throughout the building and breathed in by the occupants. If the City water system loses pressure, a boil
order may be issued to protect people and animals from contaminated water.

The third problem is the long-term psychological impact of having been through a flood and seeing one’s
home damaged and personal belongings destroyed. The cost and labor needed to repair a flood-damaged
home puts a severe strain on people, especially the unprepared and uninsured. There is also a long-term
problem for those who know that their homes can be flooded again. The resulting stress on floodplain
residents takes its toll in the form of aggravated physical and mental health problems.

First Responders

First responders are at risk when attempting to rescue people from their homes. They are subject to the
same health hazards as the public mentioned above. Flood waters may prevent access to areas in need
of response or the flood may prevent access to the critical facilities themselves which may prolong
response time.
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SECTION 6: VULNERABILITY ASSESSMENT

Continuity of Operations

Floods can severely disrupt normal operations, especially when there is a loss of power. For a detailed
analysis of critical facilities at risk to flooding, see Section 6 Vulnerability Assessment.

Built Environment

Residential, commercial, and public buildings, as well as critical infrastructure such as transportation,
water, energy, and communication systems may be damaged or destroyed by flood waters. For a detailed
analysis of properties at risk to flooding, see Section 6 Vulnerability Assessment.

Economy

During floods (especially flash floods), roads, bridges, farms, houses and automobiles are destroyed.
Additionally, the local government must deploy firemen, police and other emergency response personnel
and equipment to help the affected area. It may take years for the affected communities to be re-built
and business to return to normal.

Natural Environment

During a flood event, chemicals and other hazardous substances may end up contaminating local water
bodies. Flooding kills animals and in general disrupts the ecosystem. Snakes and insects may also make
their way to the flooded areas.

5.8 Severe Weather (Thunderstorm Wind, Lightning & Hail)

5.8.1 Hazard Description

Thunderstorms

Thunderstorms result from the rapid upward movement of warm, moist air. They can occur inside warm,
moist air masses and at fronts. As the warm, moist air moves upward, it cools, condenses, and forms
cumulonimbus clouds that can reach heights of greater than 35,000 ft. As the rising air reaches its dew
point, water droplets and ice form and begin falling the long distance through the clouds towards earth’s
surface. As the droplets fall, they collide with other droplets and become larger. The falling droplets create
a downdraft of air that spreads out at Earth’s surface and causes strong winds associated with
thunderstorms.

There are four ways in which thunderstorms can organize: single cell, multi-cell cluster, multi-cell lines
(squall lines), and supercells. Even though supercell thunderstorms are most frequently associated with
severe weather phenomena, thunderstorms most frequently organize into clusters or lines. Warm, humid
conditions are favorable for the development of thunderstorms. The average single cell thunderstorm is
approximately 15 miles in diameter and lasts less than 30 minutes at a single location. However,
thunderstorms, especially when organized into clusters or lines, can travel intact for distances exceeding
600 miles.

Thunderstorms are responsible for the development and formation of many severe weather phenomena,
posing great hazards to the population and landscape. Damage that results from thunderstorms is mainly
inflicted by downburst winds, large hailstones, and flash flooding caused by heavy precipitation. Stronger
thunderstorms are capable of producing tornadoes and waterspouts.

The NCDC divides wind events into several types including High Wind, Strong Wind, Thunderstorm Wind,
Tornado and Hurricane. For the purpose of this severe weather risk assessment, the wind hazard will
include data from High Wind, Strong Wind and Thunderstorm Wind. Hurricane Wind and Tornadoes are
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SECTION 6: VULNERABILITY ASSESSMENT

addressed as individual hazards. The following definitions come from the NCDC Storm Data Preparation
document.

e High Wind — Sustained non-convective winds of 40mph or greater lasting for one hour or longer
or winds (sustained or gusts) of 58 mph for any duration on a widespread or localized basis.

e Strong Wind — Non-convective winds gusting less than 58 mph, or sustained winds less than 40
mph, resulting in a fatality, injury, or damage.

o Thunderstorm Wind — Winds, arising from convection (occurring within 30 minutes of lightning
being observed or detected), with speeds of at least 58 mph, or winds of any speed (non-severe
thunderstorm winds below 58 mph) producing a fatality, injury or damage.

Lightning

Lightning is an electrical discharge between positive and negative regions of a thunderstorm. A lightning
flash is composed of a series of strokes with an average of about four. The length and duration of each
lightning stroke vary, but typically average about 30 microseconds.

Lightning is one of the more dangerous weather hazards in the United States. Each year, lightning is
responsible for deaths, injuries, and millions of dollars in property damage, including damage to buildings,
communications systems, power lines, and electrical systems. Lightning also causes forest and brush fires,
and deaths and injuries to livestock and other animals. According to the National Lightning Safety
Institute, lightning causes more than 26,000 fires in the United States each year. The institute estimates
property damage, increased operating costs, production delays, and lost revenue from lightning and
secondary effects to be in excess of $6 billion per year. Impacts can be direct or indirect. People or objects
can be directly struck, or damage can occur indirectly when the current passes through or near it.

Hail

Hail is associated with thunderstorms that can also bring high winds and tornados. It forms when updrafts
carry raindrops into extremely cold areas of the atmosphere where they freeze into ice. Hail falls when it
becomes heavy enough to overcome the strength of the updraft and is pulled by gravity towards the
earth. Hailstorms occur throughout the spring, summer, and fall in the region, but are more frequent in
late spring and early summer. Hailstones are usually less than two inches in diameter and can fall at speeds
of 120 mph. Hail causes nearly S1 billion in damage to crops and property each year in the United States.

5.8.2 Location and Spatial Extent

The entirety of Cumberland and Hoke Counties including all assets located within the Counties can be
considered at risk to severe weather events. This includes the entire population and all critical facilities,
buildings (commercial and residential), and infrastructure.

5.8.3 Past Occurrences

Table 5.14 shows detail for severe weather events reported by the NCDC since 1950 for Cumberland and
Hoke Counties. There have been over 500 recorded events causing 17 injuries and close to $5M in
property damage.
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SECTION 6: VULNERABILITY ASSESSMENT

Table 5.15 - NCDC Severe Weather Events in Cumberland and Hoke Counties
Deaths Injuries

Crop Damage (Direct) (Direct)

# of Events Property Damage

Cumberland County
Hail 128 $1,025,000 SO 0 0
High Wind 5 $101,000 S0 0 0
Lightning 15 $1,836,000 S0 0 4
Strong Wind 9 $118,000 $7,000 0 1
Thunderstorm Wind 198 $1,328,500 SO 0 8
Hoke County
Hail 52 $0 S0 0 0
High Wind 3 $1,000 S0 0 0
Lightning 3 $60,000 $0 0 0
Strong Wind 5 $17,000 $5,000 0 0
Thunderstorm Wind 89 $427,000 SO 0 4
Total: 507 $4,913,500 $12,000 0 17

Source: NCDC, September 2015

The following provides details on select flooding events recorded in the NCDC database:

July 5, 1997 — A mobile home was blown off its foundation and into Highway 301 in extreme northern
Cumberland County.

August 1, 1998 - A modular home was blown 10 to 20 feet off its foundation with debris strewn 100 yards
to the east. Numerous pine trees were snapped off in the yard, several falling on the house. The damage
was isolated and occurred in rural northeast Cumberland county near Godwin on Highway 301-N.

February 28, 1999 - Two houses sustained major roof damage and another house had minor damage as
strong thunderstorm winds hit the small community of Wade off I-95. Three storage buildings were also
destroyed.

July 2, 2002 - Lightning set fire to a home in Fayetteville.
August 19, 2002 — Lightning set fire to a home in Fayetteville.
August 23, 2003 - Lightning set fire to a home in Hope Mills.

June 12, 2007 - A fire began when a lightning strike burned through the upper floor of a 12 unit apartment
building of the Rivers Edge apartment complex. The top floor units were destroyed.

May 16, 2010 - Microburst wind damage was observed as far south as Johnson Mill Road and Adcox Road,
just south of Highway 401 and as far north as Plank Road near the Fort Bragg Military Reservation. The
most significant structural damage occurred in the Willow Trace Mobile Home Park where 44 mobile
home out of 50 suffered damage. Four mobile homes were destroyed. A dozen of automobiles within the
mobile home park sustained damage from fallen trees and debris. Quarter size hail was also reported to
have also caused damage to the homes. One person was known to have been transported to the hospital
with a possible back injury and chest pains.

July 1, 2012 - Large hail up to the size of tennis balls fell at Stewart Nissan, causing damage to nearly all
300 cars parked at the dealership. Some rear and front windows were shattered along with lots of dented
cars.
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SECTION 6: VULNERABILITY ASSESSMENT

5.8.4 Probability of Future Occurrences

Highly Likely - Given the high number of previous events (507 records in 65 years), it is certain that severe
weather events, including wind, lightning and hail, will occur in the future. This results in a probability
level of highly likely (100 percent annual probability) for future wind events for the entire planning area.

5.8.5 Consequence Analysis

People

Thunderstorms are generally associated with hazards such as high wind, lightning and hail. High wind can
cause trees to fall and potentially result in injuries or death and lightning can lead to house fires and
serious injury. Hail can cause injury as well as severe property damage to homes and automobiles.

First Responders
First responders can be impacted in the same way as the general public. Downed trees, power lines and
flood waters may prevent access to areas in need which prolongs response time.

Continuity of Operations

Thunderstorm events can result in a loss of power which may impact operations. Downed trees, power
lines and flash flooding may prevent access to critical facilities and/or emergency equipment.

Built Environment

Thunderstorms can cause damage to commercial buildings and homes due to strong winds, lightning
strikes and hail. Heavy rains associated with thunderstorm events may also lead to flash flooding which
can damage roads and bridges.

Economy

Economic damages include property damage from wind, lightning and hail, and also include intangibles
such as business interruption and additional living expenses.

Natural Environment

Thunderstorms have a huge impact on the environment. One of the most dangerous outcomes for the
environment is when lightning causes sparks to flare up in surrounding forests or immense shrubs. This is
often the cause of bush fires, which then spread quickly due to the fast winds that accompany the storm.
High winds can also damage crops and trees. Flooding can kill animals and cause soil erosion.

5.9 Sinkhole

5.9.1 Hazard Description

According to the NC Division of Water Resources, a “sinkhole is a naturally occurring, roughly circular
depression in the land surface, formed most commonly in are areas of limestone bedrock. Limestone is a
type of rock composed entirely of the highly reactive mineral calcite (CaCO3), which readily dissolves in
the presence of slightly acidic ground water. In areas of humid climate, rain water percolates downward
through the soil cover into openings in the limestone bedrock, gradually dissolving the rock matrix. Void
spaces in the subsurface will eventually form, ranging from microscopic to cavern size.”
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SECTION 6: VULNERABILITY ASSESSMENT

Figure 5.14 from the United States Geological Survey shows areas where rock types are susceptible to
dissolution in water. These rocks are either evaporates (salt, gypsum, and anhydrite) or carbonates
(limestone and dolomite), and underlie 35 - 40 percent of the United Sates, although in many areas the
rock is at considerable depths. The figure indicates eastern North Carolina and areas near Cumberland
and Hoke County are underlain by carbonate rock.

: Evaporite rocks—
salt and gypsum
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Figure 5.13 - Rock Formations in the United States

Figure 5.15 from the United States Geological Survey shows areas within North Carolina prone to sinkholes
based on geologic setting. The figure indicates Hoke County and western Cumberland County are
susceptible to sinkholes.

N.C.areas prone to sinkholes with geological basis

The red areas show places in the state where certain rock types, such as
limestone, are susceptible to being dissolved by water that circulates
through them. Those areas are more prone to underground cavities and
sudden sinkholes. Sinkholes also often arise from human-induced issues,
such as broken pipes, old landfills and collapsed mines.
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Figure 5.14 - North Carolina Areas Prone to Sinkholes
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SECTION 6: VULNERABILITY ASSESSMENT

The NC HMP developed a vulnerability score for sinkholes as shown in Figure 5.16. This figure represents
the relative location of sinkhole hazard vulnerability across the state of North Carolina. The vulnerability
score for each county represents the scope, frequency, intensity, and destructive potential of this hazard
and is an indication of future probability based on its relative score to other counties in the state. The use
of cooler colors—such as blues, purples, or greens—on the various hazard score maps represents lower
hazard vulnerability scores, while warmer colors—yellows, oranges, or reds—represent higher hazard
vulnerability scores. The area of highest sinkhole vulnerability includes Cumberland and Hoke Counties.

North Carolina Risk Assessment:
Sinkhole Hazard Scores by County
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Figure 5.15 - Sinkhole Hazard Scores by County

5.9.2 Location and Spatial Extent

Data for the United State Geologic Survey and the 2013 NC State Hazard Mitigation Plan, Cumberland and
Hoke Counties are underlain by rock formations susceptible to dissolution and are in the area of the State
with the highest sinkhole vulnerability, indicating any location within the Counties is potentially
susceptible to sinkhole formation.

5.9.3 Past Occurrences

Previous versions of the Cumberland County and Hoke County Hazard Mitigation Plans either did not
include sinkholes or chose to not address sinkholes in the Hazard Mitigation Plan, based on a lack of
historical occurrences.
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SECTION 6: VULNERABILITY ASSESSMENT

The hazard experts that developed the 2013 NC State Hazard Mitigation Plan, as stated in the Plan, “felt
strongly that although this hazard has not been a frequently occurring hazard in the past, this particular
hazard has great potential for increasing in frequency as the population continues to grow in the coastal
areas of North Carolina. Recent examples of this include a sinkhole that was forming under a dam in Hope
Mills, NC and a sinkhole in Onslow County that was opened up in the wake of Hurricane Irene.”

Searches of newspaper records indicate some instances of sinkholes opening up under roadways within
Cumberland and Hoke Counties, although it was unclear if the occurrences were naturally occurring or
associated with failure of man-made features.

5.9.4 Probability of Future Occurrences

Unlikely - Based on historical occurrence information (very few occurrences) and geologic setting, it can
reasonably be assumed sinkhole events in Cumberland and Hoke Counties have a negligible to low chance
of occurring each year.

5.9.5 Consequence Analysis

People

A person’s vulnerability is directly related to the speed in which the sinkhole opens and the person being
above the sinkhole. Records exist for deaths associated with sinkholes opening beneath homes while
occupants were present or from motor vehicle deaths when drivers could avoid driving into the sinkhole
before protective barriers were in place.

First Responders
First responders will be impacted similarly to other events that have advance warning.

Continuity of Operations
Continuity of operations is generally not disrupted by sinkholes.

Built Environment

Although sinkhole extents are localized, buildings located on or adjacent to a sinkhole are susceptible to
foundation damage or building collapse. [f the building is located close enough to the sinkhole it can be
completely destroyed or in worst cases, completely collapse into the sinkhole. Remediation costs can be
high due to costly foundation shoring or cost of stabilization of the sinkhole itself.

Economy

Sinkholes located in open areas or that impact only small numbers of buildings, while having a high impact
to the local property owner, do not have substantial impacts to the economy. Sinkholes that open up in
major traffic thoroughfares can include significant impact to daily work traffic and flow of goods.

Fayetteville Observer
Sinkhole and diverted traffic along N.C. 24 in Fayetteville
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Natural Environment

Sinkholes are natural occurring process and local plants and animals adjust quickly. Many naturally
occurring sinkholes fill with rainwater creating new aquatic habitat.

5.10 Tornado

5.10.1 Hazard Description

According to the Glossary of Meteorology (AMS 2000), a tornado is "a violently rotating column of air,
pendant from a cumuliform cloud or underneath a cumuliform cloud, and often (but not always) visible
as a funnel cloud." Tornadoes can appear from any direction. Most move from southwest to northeast,
or west to east. Some tornadoes have changed direction amid path, or even backtracked.

Tornadoes are commonly produced by land falling tropical cyclones. Those making landfall along the Gulf
coast traditionally produce more tornadoes than those making landfall along the Atlantic coast.
Tornadoes that form within hurricanes are more common in the right front quadrant with respect to the
forward direction, but can occur in other areas as well. According to the NHC, about 10% of the tropical
cyclone-related fatalities are caused by tornadoes. Tornadoes are more likely to be spawned within 24
hours of landfall and are usually within 30 miles of the tropical cyclone’s center.

Tornadoes have the potential to produce winds in excess of 200 mph (EF5 on the Enhanced Fujita Scale)
and can be very expansive — some in the Great Plains have exceeded two miles in width. Tornadoes
associated with tropical cyclones, however, tend to be of lower intensity (EFO to EF2) and much smaller
in size than ones that form in the Great Plains.
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Weak Tornadoes Strong Tornadoes Violent Tornadoes
= 88% of all tomadoes s 11% of all tomadoes m Less than 1% of all tomadoes
m  Less than 5% of tornado deaths w Nearly 30% of all tomado deaths ® 70% of all tornado deaths
m Lifetime 1 ~ 10+ minutes = May last 20 minutes or longer m  Can exceed 1 hour
s Winds less than 110 mph s Winds 111-165 mph s Winds greater than 166 mph
s Produces EF0 or EF1 damage s Produces EF2 or EF3 damage m Produces EF4 or EF5 damage

Source: NOAA National Weather Service
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Prior to February 1, 2007, tornado intensity was measured by the Fujita (F) scale. This scale was revised
and is now the Enhanced Fujita scale. Both scales are sets of wind estimates (not measurements) based
on damage. The new scale provides more damage indicators (28) and associated degrees of damage,
allowing for more detailed analysis, better correlation between damage and wind speed. It is also more
precise because it takes into account the materials affected and the construction of structures damaged
by a tornado. Table 5.15 shows the wind speeds associated with the enhanced Fujita scale ratings and the
damage that could result at different levels of intensity.

Table 5.16 - Enhanced Fujita (EF) Scale

EF 3 Second
Damage

Number Gust (mph)

Light damage. Peels surface off some roofs; some damage to gutters or

0 65-85 siding; branches broken off trees; shallow-rooted trees pushed over.

Moderate damage. Roofs severely stripped; mobile homes overturned or

! 96-110 badly damaged; loss of exterior doors; windows and other glass broken.

Considerable damage. Roofs torn off well-constructed houses; foundations
2 111-135 of frame homes shifted; mobile homes completely destroyed; large trees
snapped or uprooted; light-object missiles generated; cars lifted off ground.

Severe damage. Entire stories of well-constructed houses destroyed;
severe damage to large buildings such as shopping malls; trains overturned;

136-1
3 36-165 trees debarked; heavy cars lifted off the ground and thrown; structures
with weak foundations blown away some distance.
Devastating damage. Well-constructed houses and whole frame houses
4 166-200 .
completely leveled; cars thrown and small missiles generated.
Incredible damage. Strong frame houses leveled off foundations and
5 Over 200 swept away; automobile-sized missiles fly through the air in excess of 100

m; high-rise buildings have significant structural deformation; incredible
phenomena will occur.

5.10.2 Location and Spatial Extent

Although tornadoes can occur in most locations, most of the tornado activity in the United States exists
in the Mid-West and Southeast. An exact season does not exist for tornadoes; however, most occur within
the time period of early spring to middle summer (February — June). Figure 5.17 shows tornado activity
in the United States based on the number of recorded tornadoes per 1,000 square miles.
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SECTION 6: VULNERABILITY ASSESSMENT

TORNADO ACTIVITY IN THE UNITED STATES*
Summary Per 1,000 Square Miles

AMERICAN SAMOL, GUAK,
PLEEATO FECO. VIBGIN ISLANDS * Baead on HOAA, Storm Prediction Center Statistics

Figure 1.1 The number of tornadoes recorded per 1,000 square miles

Figure 5.16 - Tornado Activity in the United States

5.10.3 Past Occurrences

According to NCDC records, Cumberland and Hoke Counties have experienced 33 tornadoes since 1950.
These events are reported to have caused six deaths, 175 injuries and close to $133M in property damage.

Table 5.17 - NCDC Records for Tornadoes in Cumberland and Hoke Counties (1950-2015)

Location Date LCIGET: ) Deaths/ Injuries Property Crop
Fujita Scale Damage Damage

Cumberland Co 4/8/1957 F4 0/8 $250,000.00 $0.00
Cumberland Co 6/2/1959 FO 0/0 $25,000.00 $0.00
Cumberland Co 10/4/1960 F1 0/0 $25,000.00 $0.00
Cumberland Co 9/29/1963 F2 0/0 $250,000.00 $0.00
Cumberland Co 12/26/1964 F1 0/1 $2,500.00 $0.00
Cumberland Co 2/22/1971 F3 2/60 $2,500,000.00 $0.00
Cumberland Co 3/15/1971 F1 0/0 $250,000.00 $0.00
Cumberland Co 5/29/1973 F1 0/0 $25,000.00 $0.00
Cumberland Co 8/2/1974 FO 0/0 $25,000.00 $0.00
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Location Date Tornado Deaths/ Injuries Property
Fujita Scale Damage

Cumberland Co 2/11/1981 F2 0/0 $250,000.00 $0.00
Cumberland Co 3/28/1984 F3 2/11 $25,000,000.00 $0.00
Cumberland Co 3/28/1984 F4 0/0 $2,500,000.00 $0.00
Cumberland Co 5/19/1986 F2 0/0 $250,000.00 $0.00
Cumberland Co 8/28/1988 F1 0/0 $250,000.00 $0.00
Cumberland Co 11/4/1992 FO 0/0 $0.00 $0.00
Cumberland Co 11/4/1992 FO 0/0 $0.00 $0.00
Cumberland Co 11/4/1992 FO 0/0 $0.00 $0.00
Cumberland Co 5/28/2000 FO 0/0 $0.00 $0.00
Cumberland Co 12/17/2000 FO 0/0 $0.00 $0.00
Cumberland Co 3/27/2009 EF1 0/0 $225,000.00 $0.00
Cumberland Co 4/16/2011 EF3 1/85 $100,000,000.00 $0.00
Cumberland Co 4/16/2011 EF2 0/4 $250,000.00 $0.00
Cumberland Co 4/29/2014 EF1 0/0 $50,000.00 $0.00
Hoke Co 3/24/1975 F1 0/0 $250.00 $0.00
Hoke Co 2/11/1981 F2 1/0 $250,000.00 $0.00
Hoke Co 5/19/1986 F2 0/5 $250,000.00 $0.00
Hoke Co 5/19/1988 FO 0/0 $2,500.00 $0.00
Hoke Co 10/23/1990 FO 0/0 $2,500.00 $0.00
Hoke Co 5/19/1995 F1 0/1 $200,000.00 $0.00
Hoke Co 8/29/2004 FO 0/0 $0.00 $0.00
Hoke Co 9/7/2004 FO 0/0 $0.00 $0.00
Hoke Co 9/8/2004 FO 0/0 $0.00 $0.00
Hoke Co 4/16/2011 EFO 0/0 $100,000.00 $0.00

Total: | $132,932,750.00 $0.00

5.10.4 Probability of Future Occurrences

Likely - The best available information to determine future probability of a tornado event is to review
historic frequency. According to NCDC, 33 tornadoes have occurred between 1950 and 2015 (51% chance
of occurring each year).

5.10.5 Consequence Analysis

People

The rate of onset of tornado events is rapid, giving those in danger minimal time to seek shelter. The
current average lead time according to NOAA is 13 minutes. Injury may result from the direct impact of a
tornado, or it may occur afterward when people walk among debris and enter damaged buildings. A study
of injuries after a tornado in Marion, lllinois, showed that 50 percent of the tornado-related injuries were
suffered during rescue attempts, cleanup, and other post-tornado activities. Common causes of injury
included falling objects and heavy, rolling objects. Because tornadoes often damage power lines, gas lines,
or electrical systems, there is a risk of fire, electrocution, or an explosion.
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SECTION 6: VULNERABILITY ASSESSMENT

First Responders

Due to the rapid onset of tornado events, first responders could be critically affected by tornado events
through direct impact of the tornado itself or injury received during response efforts. Response may be
hindered as responders may be unable to access those that have been affected if storm conditions persist
or if they are unable to safely enter affected areas. As mentioned above, a large percentage of tornado-
related injuries are suffered during rescue attempts, cleanup, and other post-tornado activities due to
walking among debris and entering damaged buildings.

Continuity of Operations

Continuity of operations could be greatly impacted by a tornado. Personnel or families of personnel may
be harmed which would limit their response capability. Critical facilities and resources could also be
damaged or destroyed during a tornado.

Built Environment

The weakest tornadoes, FO, can cause minor roof damage and strong tornadoes can destroy frame
buildings and even badly damage steel reinforced concrete structures. Most building codes in the United
States do not include provisions that provide protection against tornadic winds. Given the strength of the
wind impact and construction techniques, buildings are vulnerable to direct impact, including potential
destruction, from tornadoes and also from wind borne debris that tornadoes turn into missiles. Mobile
homes particularly susceptible to damage and fatalities during tornadoes.

Economy

The largest impact of tornadoes is the economic damage caused by widespread destruction along their
paths. More directly, there are many people killed by these storms, and to a lesser extent pets and farm
animals. The major damage is the complete destruction of homes, buildings, and farms, the wrecking of
cars and trucks, and the loss of power distribution systems. Winds as high as 300 mph blow down walls,
tear up trees, and throw debris in every direction at high speeds. Indirect losses include workers who
cannot report to jobs and commercial entities that most close to repair damages.

Natural Environment

There is no defense for plants and animals from a direct impact from a tornado. Plants and animals in the
path of the tornado will receive significant damage, or be killed. Strong tornados can shred trees and lift
grass from the ground.

5.11 Wildfire

5.11.1 Hazard Description

A wildfire is an uncontained fire that spreads through the environment. Wildfires have the ability to
consume large areas, including infrastructure, property, and resources. When massive fires, or
conflagrations, develop near populated areas, evacuations possibly ensue. Not only do the flames impact
the environment, but the massive volumes of smoke spread by certain atmospheric conditions also impact
the health of nearby populations. There are three general types of fire spread that are recognized.

Ground fires — burn organic matter in the soil beneath surface littler and are sustained by glowing
combustion.

Surface fires — spread with a flaming front and burn leaf litter, fallen branches and other fuels
located at ground level.
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SECTION 6: VULNERABILITY ASSESSMENT

Crown fires — burn through the top layer of foliage on a tree, known as the canopy or crown fires.
Crown fires, the most intense type of fire and often the most difficult to contain, need strong
winds, steep slopes and a heavy fuel load to continue burning.

Generally, wildfires are started by humans, either through arson or carelessness. Fire intensity is
controlled by both short-term weather conditions and longer-term vegetation conditions. During intense
fires, understory vegetation, such as leaves, small branches, and other organic materials that accumulate
on the ground, can become additional fuel for the fire. The most explosive conditions occur when dry,
gusty winds blow across dry vegetation.

5.11.2 Location and Spatial Extent

The expansion of residential development from urban centers out into rural landscapes, increases the
potential for wildland fire threat to public safety and the potential for damage to forest resources and
dependent industries. The Wildland Urban Interface (WUI) is described as the area where structures and
other human improvements meet and intermingle with undeveloped wildland or vegetative fuels.
Population growth within the WUI substantially increases the risk from wildfire.

For the Cumberland County, NC project area, it is estimated that 301,884 people or 95 percent of the total
project area population (319,404) live within the WUI. For the Hoke County, NC project area, it is
estimated that 46,629 people or 99 percent of the total project area population (46,964) live within the
WUIL.! Figures 5.18 and 5.19 on the following pages display the WUI for Cumberland and Hoke Counties,
respectively.

Wildfires could potentially occur anywhere in the region. Figure 5.17 shows areas of the state that have a
high probability of experiencing a wildfire. Cumberland and Hoke Counties are located within the highest
probability category.
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Figure 5.17 - Wildfire Probability Map

1 Southern Wildfire Risk Assessment, September 2015
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Cumberland County, NC

Wildland Urban Interface
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Figure 5.18 - Cumberland County Wildland Urban Interface
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Hoke County, NC

Wildland Urban Interface
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Figure 5.19 - Cumberland County Wildland Urban Interface
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5.11.3 Past Occurrences

The North Carolina Forest Service (NCFS) began keeping records of fire occurrence on private and state-
owned lands in 1928. Since this time, there has been an average of approximately 4,000 fires burning
more than 115,000 acres annually. Recently, within the last 10 years, the State has averaged closer to
4,500 fires per year and 25,000 acres burned annually. Table 5.18 lists past occurrences of wildfire in
Cumberland and Hoke Counties since 2005 as provided by the NCFS in September 2015.

Table 5.18 - Records for Wildfire in Cumberland and Hoke Counties

County
Cumberland 57 75 94 49 21 59 47 24 36 38
Hoke 82 88 116 44 49 66 59 59 26 46

Total | 139 163 210 93 70 125 106 83 62 84

5.11.4 Probability of Future Occurrences

Highly Likely - The best available information to determine future probability of a wildfire event is to
review historic frequency. According to historic records, 1,135 wildfires have occurred between 2005 and
2015 (100% chance of occurring each year).

In support of forecasting for fire weather, the National Weather Service Fire Weather Program emerged
in response to a need for weather support to large and dangerous wildfires. This service is provided to
federal and state land management agencies for the prevention, suppression, and management of forest
and rangeland fires. The National Weather Service Forecast Office in Raleigh provides year-round fire
weather forecasts for Cumberland and Hoke Counties.

Fire Weather Forecasting Raleigh/Durham, NC

Westher qov > Ralsigh/Durham, NC > Fire Weather Forecasting Weather Forecast Office

Current Hazards  Current Conditions Radar Forecasts Rivers and Lakes Climate and Past Weather  Local Programs

Fire Weather

Raleigh Fire Weather Program Notes:

The NWS office in Raleigh provides spot forecasts for any wildfire within our county warning area. For prescribed burns, requests
will only be honored from federal agencies.

Qur office also provides a Fire Weather Forecast for our county warning area. Details about our fire weather program can be found
in our Fire Weather Operating Plan - Operating Plan in Adobe POF format

National Fire Weather web page

The National Fire Weather web page is an experimental product allowing for easy access to a wide variety of data that will aid such
activities as fire suppression efforts, forest and land management decision support, and emergency incident response.

Raleigh Forecast Products

= Raleigh Fire Weather Forecasts (FWF) [Alternate |

= Raleigh Fire Weather Point Forecast Matrices (PFW) [ Alternate ]

= Raleigh Fire Danger Rating Forecast (FWM) [ Alternate |

= Raleigh Red Flag Warning (RFW) [Alternate |

Figure 3.20 Fire Weather Forecasting, NWS Raleigh
http://www.weather.gov/rah/fire
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SECTION 6: VULNERABILITY ASSESSMENT

5.11.5 Consequence Analysis

People

The potential health risk from wildfire events and the resulting diminished air quality is a concern.
Exposure to wildfire smoke can cause serious health problems within a community, including asthma
attacks and pneumonia, and can worsen chronic heart and lung diseases. Vulnerable populations include
people with respiratory problems or with heart disease. Even healthy citizens may experience minor
symptoms, such as sore throats and itchy eyes.

First Responders

Public and firefighter safety is the first priority in all wildland fire management activities. Wildfires are a
real threat to the health and safety of the emergency services. Most fire-fighters in rural areas are
'retained'. This means that they are part-time and can be called away from their normal work to attend
to fires.

Continuity of Operations

Wildfire events can result in a loss of power which may impact operations. Downed trees, power lines and
damaged road conditions may prevent access to critical facilities and/or emergency equipment.

Built Environment

Wildfires frequently damage community infrastructure, including roadways, communication networks
and facilities, power lines, and water distribution systems. Restoring basic services is critical and a top
priority. Efforts to restore roadways include the costs of maintenance and damage assessment teams,
field data collection, and replacement or repair costs. Direct impacts to municipal water supply may occur
through contamination of ash and debris during the fire, destruction of aboveground distribution lines,
and soil erosion or debris deposits into waterways after the fire. Utilities and communications repairs are
also necessary for equipment damaged by a fire. This includes power lines, transformers, cell phone
towers, and phone lines.

Economy

Wildfires can have significant short-term and long-term effects on the local economy. Wildfires, and
extreme fire danger, may reduce recreation and tourism in and near the fires. If aesthetics are impaired,
local property values can decline. Extensive fire damage to trees can significantly alter the timber supply,
both through a short-term surplus from timber salvage and a longer-term decline while the trees regrow.
Water supplies can be degraded by post-fire erosion and stream sedimentation.

Wildfires can also have positive effects on local economies. Positive effects come from economic activity
generated in the community during fire suppression and post-fire rebuilding. These may include forestry
support work, such as building fire lines and performing other defenses, or providing firefighting teams
with food, ice, and amenities such as temporary shelters and washing machines.

Natural Environment

Wildfires cause damage to the natural environment, killing vegetation and occasionally animals. The risk
of floods and debris flows increases due to the exposure of bare ground and the loss of vegetation. In
addition, the secondary effects of wildfires, including erosion, landslides, introduction of invasive species,
and changes in water quality, are often more disastrous than the fire itself.
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SECTION 6: VULNERABILITY ASSESSMENT

5.12 Winter Storm

5.12.1 Hazard Description

North Carolina winter weather consists of storms that produce snow, sleet, freezing rain or a wintry mix
of multiple precipitation types. Along with wintry precipitation, North Carolina winter weather also
includes outbreaks of bitterly cold temperatures. The occurrence of severe winter weather has a
substantial impact on communities, utilities, transportation systems and agriculture, and often results in
loss of life due to accidents or hypothermia. In addition, severe winter weather may spawn other hazards
such as flooding, severe thunderstorms, tornadoes, and extreme winds that may delay recovery efforts.
For Cumberland and Hoke Counties, the NCDC Storm Events Database defines the following winter storm
events:

e Cold/Wind Chill - Period of low temperatures or wind chill temperatures reaching or exceeding
locally/regionally defined advisory. For the NWS Office in Raleigh, this means wind chill of -15°F
or lower with wind speeds 10 mph or greater on a widespread or localized basis. The NWS
Windchill Temperature Index, as presented in the figure below, provides a useful formula for
calculating the dangers of winter winds and freezing temperatures.
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% NWS Windchill Chart &

Temperature (°F)
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Frostbite Times |:| 30 minutes D 10 minutes [_| 5 minutes

Wind Chill (°F) = 35.74 + 0.6215T - 35.75(V°%) + 0.4275T(V"%)
Where, T= Air Temperature (F) V= Wind Speed (mph) Effective 11/01/07

Source: http://www.nws.noaa.gov/om/winter/windchill.shtml

Figure 5.20 — NWS Wind Chill Temperature Index

e Heavy Snow - Heavy snow can immobilize a community by stranding commuters, closing airports,
stopping the flow of commerce, and disrupting emergency and medical services. The weight of
snow can cause roofs to collapse and knock down trees and power lines. Residents may be
isolated for days and unprotected livestock may be lost. The cost of snow removal, repairing
damages, and the loss of business can have severe economic impacts on communities. Snow
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SECTION 6: VULNERABILITY ASSESSMENT

accumulation meeting or exceeding locally/regionally defined 12 and/or 24 hour warning criteria,
on a widespread or localized basis. For the NWS Office in Raleigh, this means snow accumulation
of 3 inches or greater in 12 hours (4 inches or more in 24 hours). In some heavy snow events,
structural damage, due to the excessive weight of snow accumulations, may occur in the few days
following the meteorological end of the event.

Ice Storm - Ice accretion meeting or exceeding locally/regionally defined warning criteria. For the
NWS Office in Raleigh, this means freezing rain accumulations % inch or greater on a widespread
or localized basis.

Winter Storm - A winter weather event which has more than one significant hazard (i.e., heavy
snow and blowing snow; snow and ice; snow and sleet; sleet and ice; or snow, sleet and ice) and
meets or exceeds locally/regionally defined 12 and/or 24 hour warning criteria for at least one of
the precipitation elements, on a widespread or localized basis.

Winter Weather - A winter precipitation event that causes a death, injury, or a significant impact
to commerce or transportation but does not meet locally/regionally defined warning criteria. A
Winter Weather event could result from one or more winter precipitation types (snow, or
blowing/drifting snow, or freezing rain/drizzle), on a widespread or localized basis.

5.12.2 Location and Spatial Extent

The entirety of Cumberland and Hoke Counties including all assets located within the Counties can be
considered at risk to winter storm events. This includes the entire population and all critical facilities,
buildings (commercial and residential), and infrastructure.

5.12.3 Past Occurrences

According to NCDC records, Cumberland and Hoke Counties have experienced 30 and 29 winter storm
events since 1996, respectively. These events are reported to have caused one death due to icy road

conditions.

Table 5.19 - NCDC Records for Winter Storm Events in Cumberland and Hoke Counties (1996-2015)

DEY Location Type of Winter Deaths/ Property Crop
Storm Injuries DETHET] Damage
1/6/1996 Cumberland County Hoke County Ice Storm 0/0 $0.00 $0.00
1/11/1996 | Cumberland County Hoke County Ice Storm 0/0 $0.00 $0.00
2/2/1996 Cumberland County Hoke County Ice Storm 0/0 $0.00 $0.00
2/3/1996 Cumberland County Hoke County Cold/wind Chill 0/0 $0.00 $0.00
1/19/1998 n/a Hoke County Heavy Snow 0/0 $0.00 $0.00
12/23/1998 | Cumberland County Hoke County Ice Storm 0/0 $0.00 $0.00
1/18/2000 | Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
1/22/2000 | Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
1/24/2000 | Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
1/28/2000 Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
12/3/2000 Cumberland County n/a Winter Storm 0/0 $0.00 $0.00
1/3/2002 Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
2/16/2003 n/a Hoke County Winter Storm 0/0 $0.00 $0.00
1/26/2004 Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
2/26/2004 Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
12/26/2004 | Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
2/1/2007 Cumberland County Hoke County Winter Weather 0/0 $0.00 $0.00
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Location Type of Winter Deaths/ Property Crop
Storm Injuries Damage Damage

1/17/2008 Cumberland County Hoke County Winter Weather 0/0 $0.00 $0.00
1/19/2008 Cumberland County Hoke County Winter Weather 0/0 $0.00 $0.00
1/20/2009 Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
2/4/2009 Cumberland County n/a Winter Weather 0/0 $0.00 $0.00
1/29/2010 | Cumberland County n/a Winter Storm 0/0 $0.00 $0.00
1/30/2010 n/a Hoke County Winter Storm 0/0 $0.00 $0.00
2/12/2010 | Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
3/2/2010 Cumberland County n/a Winter Weather 0/0 $0.00 $0.00
12/16/2010 | Cumberland County Hoke County Winter Weather 1/0 $0.00 $0.00
12/25/2010 | Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
1/10/2011 | Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
1/28/2014 | Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
2/11/2014 Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
2/12/2014 Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
2/16/2015 Cumberland County Hoke County Winter Storm 0/0 $0.00 $0.00
2/24/2015 Cumberland County Hoke County Winter Weather 0/0 $0.00 $0.00

Source: NCDC, September 2015

The following provides details on select flooding events recorded in the NCDC database:

December 23, 1998 - An ice storm began during the afternoon of 12/23/98 and continued through the
early morning hours on 12/25/98. Most of the precipitation fell in the form of freezing rain across central
North Carolina causing power outages to approximately 500,000 people sometime during the period.
From Fayetteville to Goldsboro including most of the eastern Sandhills and Coastal Plain region of the
state, rain was mixed with freezing rain. Some locations saw 1/4 inch accumulations of glaze on trees and
power lines which caused numerous power outages. Travel conditions were not as severe as in the
Piedmont region due to the mix with rain and temperatures ranging between 31 and 35 degrees.

January 18, 2000 - Light snow moved over the Triad area in the early morning hours of the 18th and spread
slowly east-southeast, reaching the Sandhills and Coastal Plain before daybreak. The snow intensified in
the morning in the Triad area where 4 to 6 inches of snow fell. The Sandhills and Coastal Plain received 1
to 3 inches before changing over to sleet and freezing rain in the mid-morning hours. Total accumulations
of ice were less than a quarter of an inch. The snow and ice made for slick road conditions across the
entire area. Most counties reported numerous accidents, causing many major roads to close.

January 24, 2000 - This record-setting snow storm began with freezing drizzle in the early morning hours
of the 24th. Road surfaces quickly froze during this time when the temperature dropped from 32 degrees
to 27 degrees. The Coastal Plain received 4 to 8 inches of snow with light icing at the end of the event.

December 3, 2000 - The first major winter storm of the season produced heavy snow across the Coastal
Plain of North Carolina on the afternoon of December 3. A low pressure system developed off the coast
and quickly moved northeast, preventing the snowfall from moving west of Raleigh.

December 3, 2002 - The first winter storm of the season brought significant snowfall to central North
Carolina. An initial round of snow began to fall during the evening of the 2nd. The snow was heavy at
times, and accumulated between 3 and 5 inches. The snow changed to sleet and light freezing rain in the
Coastal Plain through the early morning hours of the 3rd. After a period of little or no precipitation on the
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SECTION 6: VULNERABILITY ASSESSMENT

morning of the 3rd, snow began to fall again across the entire area, and was heavy at times, adding an
additional 4 to 8 inches.

February 26, 2004 - A strong storm arrived on February 26th and continued into the morning of the 27th.
This storm hit the area with a one-two punch, affecting southern sections on the 26th, then northern
sections late on the 26th and the 27th. The first punch dumped heavy snow over portions of the southern
Piedmont and Sandhills. Accumulations totaled 6 to locally 10 inches in areas such as Laurinburg, Hamlet,
Fayetteville, and Raeford.

February 4, 2009 - Light to moderate snow fell across the county with up to an inch of snow accumulation
near Fort Bragg and south of Fayetteville.

February 12, 2010 - A rapidly moving coastal storm system along the North Carolina coast produced up
to 4 to 5 inches of snow in the Coastal Plain, Sandhills and Piedmont. Around 2 to 3 inches of snow fell
across the Northwest Piedmont and Triad. Due the weekend timing of the storm and lack of freezing rain
impacts were minimal outside of a number of vehicle accidents.

December 16, 2010 - A prolonged period of light snow and freezing rain in the morning resulted a half
inch of snow with a tenth of an inch of freezing rain. This combination created hazardous driving
conditions during the morning commute. A 50 year old man was killed in Fayetteville when a truck in the
opposite lane slid on the ice striking a car in the oncoming traffic.

December 25, 2010 - Seven to nine inches of snow fell countywide including in Fayetteville. Many roads
were impassible due to the heavy snow, however, other than a few minor accidents no other problems
were reported due to the holiday.

5.12.4 Probability of Future Occurrences

Highly Likely - The best available information to determine future probability of a winter storm event is
to review historic frequency. According to NCDC, 30 winter storm events have occurred over a 19 year
period between 1996 and 2015 resulting in approximately 1.6 significant winter storm events per year.

The probability of a heavy snowfall occurring with that winter storm event is less likely. The figure below
presents the probability of 8-inches or more of snowfall to be approximately 12.5% per year for the
Cumberland and Hoke County Region.

Probability of a Heavy Snowfall ( 8 inches or more )

Source: National Weather Service, Raleigh, NC
Note: Red square indicates location of Cumberland and Hoke Counties.
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SECTION 6: VULNERABILITY ASSESSMENT

5.12.5 Consequence Analysis

People

Winter storms are considered to be deceptive killers because most deaths are indirectly related to the
storm event. The leading cause of death during winter storms is from automobile or other transportation
accidents. Exhaustion and heart attacks caused by overexertion are the two most likely causes of winter
storm-related deaths.

Power outages during very cold winter storm conditions can result in a potentially dangerous situation.
Elderly people account for the largest percentage of hypothermia victims. In addition, if the power is out
for an extended period, residents are forced to find alternative means to heat their homes. The danger
arises from carbon monoxide released from improperly ventilated heating sources such as space or
kerosene heaters, furnaces, and blocked chimneys. House fires also occur more frequently in the winter
due to lack of proper safety precautions when using an alternative heating source.

First Responders

Adverse impact expected to be severe for unprotected personnel and moderate to light for trained,
equipped, and protected personnel.

Fire suppression during winter storms may present a great danger because water supplies may freeze and
it may be difficult for firefighting equipment to get to the fire.

Clearing ice or snow covered roads is also a problem; with limited equipment in North Carolina due to the
relative infrequency of events, priority is given to main thoroughfares and secondary roads are largely
untouched during the initial hours after a storm has passed.

Continuity of Operations

Winter storm events can result in a loss of power which may impact operations. Downed trees, power
lines and icy road conditions may prevent access to critical facilities and/or emergency equipment.

Built Environment

Localized impact to facilities and infrastructure in the areas of the incident. Power lines and roads most
adversely affected.

Economy

Local economy and finances may be adversely affected, depending on damage. Utility companies will
strive to restore power as quickly as possible; however, businesses without power may be forced to close
for an extended period, resulting in financial losses for the local economy.

Natural Environment

Winter storm events may include ice or snow accumulation on trees which can cause large limbs, or even
whole trees, to snap and potentially fall on residential homes, cars, or power lines. This potential for
winter debris creates a dangerous environment to be outside in; significant injury may occur if a large limb
snaps while a local resident is out driving or walking underneath it.

5.13 Hazard Profile Summary

Table 5.20 summarizes the results from the hazard profiles based on input from the HMPC. For each
hazard profiled in this Section, this table includes the likelihood of future occurrence and whether or not
the hazard is a considered a priority for the County. A Vulnerability Assessment is provided in Section 6
for priority hazards.
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Table 5.20 - Summary of Hazard Profile Results
Likelihood of Future

Hazard Occurrence Vulnerability Assessment

Dam/Levee Failure Highly Likely Yes
Drought Highly Likely Yes
Earthquake Occasional Yes
Erosion Occasional No*
Extreme Heat Occasional Yes
Hurricane/Tropical Storm Likely Yes
Inland Flooding: 100-/500-year Occasional Yes
Severe Weather (thunderstorm wind,

lightning & hail) Highly Likely Yes
Sinkhole Unlikely No*
Tornado Likely Yes
Wildfire Highly Likely Yes
Winter Storm Highly Likely Yes

*The following hazards were evaluated by the HMPC and determined to be non-priority hazards that
should not be included in Section 6 Vulnerability Assessment.

Erosion - Erosion can be expected to occur on a small scale within the future; however, there is no historic
or known threat to life or property.

Sinkhole - Based on historical occurrence information and geologic setting, it can be assumed that
sinkhole events have a negligible to low chance of occurring each year.

Any damage resulting from erosion or sinkhole would be localized and essentially unpredictable;
therefore, it is not possible to generate maps or tables showing potential loss estimates for particularly
at-risk structures or properties.

67|Page
CUMBERLAND-HOKE REGIONAL HAZARD MITIGATION PLAN
DRAFT OCTOBER 2015 3‘

amec
foster
wheeler



SECTION 6: VULNERABILITY ASSESSMENT

6 VULNERABILITY ASSESSMENT

44 CFR Subsection D §201.6(c)(2)(ii): [The risk assessment shall include a] description of the
jurisdiction’s vulnerability to the hazards described in paragraph (c)(2)(i) of this section. This
description shall include an overall summary of each hazard and its impact on the community. Plans
approved after October 1, 2008 must also address NFIP insured structures that have been
repetitively damaged by floods. The plan should describe vulnerability in terms of:

A) The types and numbers of existing and future buildings, infrastructure, and critical facilities located
in the identified hazard areas;

(B): An estimate of the potential dollar losses to vulnerable structures identified in paragraph
(c)(2)(ii)(A) of this section and a description of the methodology used to prepare the estimate; and

(C): Providing a general description of land uses and development trends within the community so that
mitigation options can be considered in future land use decisions.

The HMPC conducted a vulnerability assessment of the hazards identified as a priority in order to assess
the impact that each hazard would have on the region. The vulnerability assessment quantifies, to the
extent feasible using best available data, assets at risk to natural hazards and estimates potential losses.

Vulnerability assessments followed the methodology described in the FEMA publication Understanding
Your Risks—Identifying Hazards and Estimating Losses (August 2001). The vulnerability assessment first
describes the total vulnerability and values at risk and then discusses vulnerability by hazard. Data used
to support this assessment included the following:

e County GIS data (hazards, base layers, and assessor‘s data)

e Hazard layer GIS datasets from federal agencies

e Integrated Hazard Risk Management (IHRM) data provided by NCEM

e  Written descriptions of inventory and risks provided by the State Hazard Mitigation Plan
e Other Existing plans and studies provided by the Counties

6.1 Methodology

The data provided by NCEM and the IHRM Program come from models and methods commonly used by
government risk assessors. One of these methods is FEMA’s Hazus-MH, a nationally applicable
standardized set of models for estimating potential losses from earthquakes, floods, and hurricanes.
Hazus uses Geographic Information System (GIS) technology to estimate physical, economic, and social
impacts of disasters. Another method used is FEMA’s Benefit-Cost Analysis software that calculates how
much benefit comes from reducing a risk in a particular way. IHRM focused on collecting information on
specific buildings and other critical infrastructure such as public utilities so that losses from damages could
be calculated for each building or piece of infrastructure. The results factor in overall risk and its
components of probability, consequence, and vulnerability.

6.2 AssetInventory

An inventory of assets within Cumberland and Hoke Counties and their incorporated municipalities was

compiled in order to identify those properties potentially at risk to the identified hazards. Assets include

elements such as buildings, property, business/industry goods, and civil infrastructure. All buildings —

residential and nonresidential — with a building footprint of 800 square feet or greater were digitized by
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SECTION 6: VULNERABILITY ASSESSMENT

NCEM from recent aerial imagery if they were not readily available from state or county sources. Critical
infrastructure and key resources, as defined by FEMA, were the focus of the non-building data collection.
By understanding the type and number of assets that exist and where they are located in relation to
known hazard areas, the relative risk and vulnerability for such assets can be assessed.

6.2.1 Properties at Risk

Properties identified to be at risk includes all improved properties in Cumberland and Hoke Counties
according to building footprint data provided by NCEM. The information is detailed in Table 6.1 in terms
of the number of buildings by occupancy type and total assessed value of improvements that may be
exposed to the identified hazards. The building footprint data was available for all jurisdictions and it was
used to provide an accurate assessment of how many buildings are located in hazard areas.

Table 6.1 - Properties at Risk in Cumberland and Hoke Counties
Total Number Total Estimated Content

Value

Total Value

Occupancy Type

of Buildings

Building Value

Cumberland County
Agricultural 1,324 $115,680,522 $115,746,678 $231,427,200
Commercial 5,891 $4,627,367,188 $4,700,654,458 $9,328,021,646
Education 633 $999,012,717 $1,129,625,098 $2,128,637,814
Government 296 $485,898,279 $515,342,361 $1,001,240,640
Industrial 750 $1,105,738,971 $1,527,510,966 $2,633,249,936
Religious 896 $714,600,529 $714,573,983 $1,429,174,512
Residential 119,919 $18,213,775,309 $8,663,350,048 $26,877,125,357
Hoke County
Agricultural 1,023 $94,769,008 $94,567,626 $189,336,634
Commercial 587 $371,215,379 $381,212,774 $752,428,153
Education 137 $187,500,515 $188,853,303 $376,353,819
Government 115 $101,132,561 $117,590,066 $218,722,627
Industrial 122 $177,965,665 $257,724,062 $435,689,727
Religious 211 $280,896,481 $280,896,456 $561,792,937
Residential 20,233 $2,287,532,181 $1,103,124,908 $3,390,657,089
Total 152,137 $29,763,085,305 $19,790,772,787 $49,553,858,091

Source: North Carolina Emergency Management, Risk Management, 2015

6.2.2 Critical Facilities at Risk

Of significant concern with respect to any disaster event is the location of critical facilities in the planning
area. Critical facilities are often defined as those essential services and facilities in a major emergency
which, if damaged, would result in severe consequences to public health and safety or a facility which, if
unusable or unreachable because of a major emergency, would seriously and adversely affect the health,
safety, and welfare of the public. The total number of critical facilities within Cumberland Hoke Counties
are listed in Table 6.3 and shown in Figures 6.1 and 6.2. Note: A more detailed list of critical facilities and
map for each jurisdiction can be found within each community’s annex.
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SECTION 6: VULNERABILITY ASSESSMENT

Table 6.2 - Critical Facilities at Risk in Cumberland and Hoke Counties

Fire Police
Community Station Stations Hospitals  Schools
Cumberland County
Unincorporated Areas 8 0 0 0 19
City of Fayetteville 13 4 1 2 51
Town of Eastover 1 0 0 0 2
Town of Falcon 0 0 0 0 0
Town of Godwin 0 0 0 0 0
Town of Hope Mills 2 0 0 0 7
Town of Linden 1 0 0 0 0
Town of Spring Lake 1 1 0 0 2
Town of Stedman 1 0 0 0 2
Town of Wade 1 0 0 0 0
Hoke County
Unincorporated Areas 7 0 0 0 7
City of Raeford (including ETJ) 2 3 1 0
37 8 2 2 95
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City of Fayetteville
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Figure 6.1 - Critical Facilities in Cumberland County
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Figure 6.2- Critical Facilities in Hoke County
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6.3 Vulnerability Assessment Results

The Disaster Mitigation Act regulations require that the HMPC evaluate the risks associated with each of
the hazards identified in the planning process. This section summarizes the possible impacts and
guantifies the region’s vulnerability to each of the hazards identified as a priority hazard in Table 5.20 in
Section 5.13 Hazard Profile Summary.

Vulnerability can be quantified in those instances where there is a known, identified hazard area, such as
a mapped floodplain. In these instances, the numbers and types of buildings subject to the identified
hazard can be counted and their values tabulated. Other information can be collected in regard to the
hazard area, such as the location of critical community facilities (e.g., a fire station), historic structures,
and valued natural resources (e.g., an identified wetland or endangered species habitat). Together, this
information conveys the impact, or vulnerability, of that area to that hazard.

The conclusions drawn from the hazard profiling and vulnerability assessment process can be used to
prioritize all potential hazards to the Cumberland and Hoke County region. The Priority Risk Index (PRI),
discussed in detail in Section 6.4, is a good practice to use when prioritizing hazards because it provides a
standardized numerical value so hazards can be compared against one another (the higher the PRI value,
the greater the hazard risk). The PRI score is calculated through five categories: probability, impact, special
extent, warning time, and duration. Hazards are then categorized in the following classifications based
on the assigned risk value:

e Low Risk - Minimal potential impact. The occurrence and potential cost of damage to life and
property is minimal.

e Medium Risk - Moderate potential impact. This ranking carries a moderate threat level to the
general population and/or built environment. Here the potential damage is more isolated and
less costly than a more widespread disaster.

e High Risk - Widespread potential impact. This ranking carries a high threat to the general
population and/or built environment. The potential for damage is widespread.

6.3.1 Dam/Levee Failure

Probability of Future Occurrence— Likely (High Hazard), Highly Likely (Low Hazard)
Vulnerability—Low Risk

Given the current dam inventory and historic data, a dam breach of a high hazard dam is likely (35 percent
annual probability) in the future and a dam breach of a low hazard dam is highly likely occur in the future.
However, regular monitoring can help mitigate or prevent failures if appropriate actions are taken when
it is determined a failure may be likely.

As noted in Section 5.1, there are 61 high hazard dams, one (1) intermediate hazard dam and 81 low
hazard dams in Cumberland and Hoke County. 16 of the dams are either breached or drained and were
excluded from the vulnerability assessment. The NC Dam Safety’s North Carolina Simplified Inundation
Maps for Emergency Action Plans “assumed breach flood wave height” technique was used to estimate
the inundation depth and distance downstream of each dam in the NC Dam Safety database (inventory
data December 2, 2014). The initial flood wave heights are dependent upon the height of the dam and
range from 3.5 feet to 16.5 feet. To estimate the exposure of buildings to the flood wave, the flood wave
depth was compared to the North Carolina Floodplain Mapping Program’s (NCFMP) building footprint
data, available contour data and the NCFMP’s 100-year floodplain elevations and depths.
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SECTION 6: VULNERABILITY ASSESSMENT

The estimated number and characteristics of buildings that could potentially be impacted by a dam failure
are shown in Table 6.3. Figures 6.3 and 6.4 show the potential number of buildings that could be impacted
by each dam. Note: the numbers presented in Table 6.3 and Figures 6.3 and 6.4 are estimated based
on the methodology described above. A dam inundation study including a hydrologic and hydraulic
analysis was not performed.

Table 6.3 - Properties Potentially at Risk to Dam Failure
Total Number of Buildings

in Estimated Inundation Total Estimated
Building Value Content Value Total Value
Cumberland 94 $14,351,756 $7,641,354 $21,993,110
Hoke 6 $1,307,911 $638,240 $1,946,151
Total 100 $15,659,667 $8,279,594 $23,939,261

Note: Clark Dam and Upper Clark Dam would potential flood the same four buildings if either failed. The buildings
are only counted once in this table.

Citizens displaced from their homes due to a dam failure may require accommodations in temporary
emergency shelters. For planning purposes, Lock Lommond is estimated to impact the most buildings
during a failure. If breached, this dam would potentially displace the occupants of 16 buildings. Using the
2009-2013 U.S. Census household factor for Cumberland County (2.55), an estimated 41 people could
seek shelter.
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Figure 6.3 - Cumberland County Dam Failure Impact
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A Dam Locations

- City of Raeford
City of Raeford
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Dam|.D. Dam Name Impacted Buildings ~ Exposure |
1 Scull Lake Dam $840,106.00
2 Crouch Pond Dam $262,944.00
3 Twelve Oaks Pond Dam $18,257.00

4 Chuchacz Pond Dam $186,604.00
Figure 6.4 - Hoke County Dam Failure Impact
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6.3.2 Drought

Probability of Future Occurrence—Highly Likely
Vulnerability—High Risk

Although the State of North Carolina as a whole is vulnerable to drought, estimated potential losses are
inherently difficult to calculate because drought tends to cause little damage to the built environment.
Therefore, it is assumed that whereas all buildings and facilities in the planning area would technically be
exposed to the drought hazard, there is no significant vulnerability to these buildings on a structural level.
One specific concern voiced by the HMPC was that population growth could contribute directly to this
hazard, as an increased number of users pull from the available water supply within the region.

6.3.3 Earthquake

Probability of Future Occurrence— Occasional
Vulnerability—Moderate Risk

Vulnerability for earthquake for the area is considered, in relative terms, to be limited should a significant
earthquake event occur. Tables 6.4 through 6.6 provide loss estimates for the 500-, 1,000- and 2,500-
year return periods based on probabilistic scenarios. Loss data was provided by NCEM’s IHRM Program.
These estimates include structural, contents and inventory losses for agricultural, commercial, education,
government, industrial, religious and residential building occupancy types. The loss ratio is the loss
estimate divided by the total potential exposure (i.e., total of improved and contents value for all buildings
located within the 100-year floodplain) and displayed as a percentage of loss. FEMA considers loss ratios
greater than 10% to be significant and an indicator a community may have more difficulties recovering
from an event.

These loss estimates do not include income losses, such as lost wages, rental expenses, relocation costs,
etc. that can occur following an earthquake. All future structures and infrastructure built in Cumberland
and Hoke Counties will be vulnerable to seismic events and may also experience damage not accounted
for in these estimated losses.

Table 6.4 - Estimated Building Damage and Content Loss — Earthquake 500-yr Return Period
Total Number

of Buildings Total Value (Building Estimated Total Estimated

Occupancy Type with Losses & Contents) Damage Loss Ratio
Cumberland County
Agricultural 1,187 $218,567,084 $631,477 0.3%
Commercial 5,627 $8,841,796,467 $33,452,048 0.4%
Education 573 $1,889,543,587 $7,418,266 0.4%
Government 277 $809,604,567 $3,392,117 0.4%
Industrial 735 $2,537,383,395 $13,349,136 0.5%
Religious 866 $1,361,119,444 $5,590,871 0.4%
Residential 118,274 $26,264,652,317 $21,619,595 0.1%
Hoke County
Agricultural 669 $169,196,391 $299,412 0.2%
Commercial 487 $665,293,635 $1,166,230 0.2%
Education 103 $351,439,779 $527,429 0.2%
Government 106 $213,194,297 $425,756 0.2%
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SECTION 6: VULNERABILITY ASSESSMENT

Total Number
Estimated
Loss Ratio

Total Value (Building Estimated Total

of Buildings
with Losses

Occupancy Type

& Contents)

Industrial 98 $426,513,158 $1,013,896 0.2%
Religious 176 $485,828,112 $747,911 0.2%
Residential 17,092 $3,129,492,941 $2,748,965 0.1%

Total 146,270 $47,363,625,174 $92,383,109 0.20%

Source: North Carolina Emergency Management, Risk Management, 2015

Table 6.5 - Estimated Building Damage and Content Loss — Earthquake 1,000-yr Return Period
Total Number

of Buildings Total Value (Building Estimated Total Estimated
Occupancy Type with Losses & Contents) DETETAS] Loss Ratio
Cumberland County
Agricultural 1,115 $212,981,494 $972,026 0.5%
Commerecial 5,516 $8,759,138,704 $55,153,909 0.6%
Education 537 $1,812,170,289 $10,939,011 0.6%
Government 277 $847,880,429 $5,511,056 0.6%
Industrial 734 $2,537,167,257 $18,326,000 0.7%
Religious 839 $1,331,657,712 $8,913,838 0.7%
Residential 118,277 $26,490,546,389 $115,005,385 0.4%
Hoke County
Agricultural 714 $181,288,793 $1,088,254 0.6%
Commerecial 545 $725,965,066 $4,990,905 0.7%
Education 104 $353,187,591 $1,979,349 0.6%
Government 110 $218,021,077 $1,615,099 0.7%
Industrial 98 $426,513,158 $3,307,088 0.8%
Religious 203 $558,674,241 $4,117,841 0.7%
Residential 19,395 $3,536,159,247 $18,632,057 0.5%
Total 148,464 47,991,351,447 250,551,818 1.0%

Source: North Carolina Emergency Management, Risk Management, 2015

Table 6.6 - Estimated Building Damage and Content Loss — Earthquake 2,500-yr Return Period
Total Number

of Buildings Total Value (Building Estimated Total Estimated
Occupancy Type with Losses & Contents) DETHET] Loss Ratio
Cumberland County
Agricultural 1,227 $226,176,153 $3,700,346 1.6%
Commercial 5,775 $9,058,054,286 $200,785,634 2.2%
Education 626 $2,076,449,384 $48,436,196 2.3%
Government 282 $849,896,891 $18,766,558 2.2%
Industrial 379 $2,540,202,955 $54,704,751 2.2%
Religious 894 $1,397,468,090 $32,329,807 2.3%
Residential 118,283 $26,491,455,804 $493,295,376 1.9%
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SECTION 6: VULNERABILITY ASSESSMENT

Total Number

of Buildings Total Value (Building Estimated Total Estimated
Occupancy Type with Losses & Contents) Loss Ratio
Hoke County

Agricultural 714 $181,288,793 $3,442,372 1.9%
Commercial 545 $725,965,066 $16,498,354 2.3%
Education 119 $353,187,591 $7,522,055 2.1%
Government 110 $218,021,077 $5,146,755 2.4%
Industrial 98 $426,513,158 $9,126,590 2.1%
Religious 203 $558,674,241 $12,623,666 2.3%
Residential 19,396 $3,536,237,934 $67,158,714 1.9%
Total 148,651 $48,639,591,423 $973,537,174 2.0%

Source: North Carolina Emergency Management, Risk Management, 2015
Population at Risk

A separate analysis was performed to determine the population at risk to earthquake. Those residential
buildings with earthquake losses were counted and multiplied by a regional household factor of 2.76 as
shown in Table 6.7. The regional household factor was determined by averaging the 2009-2013 Census
Bureau household factors for Cumberland County (2.55) and Hoke County (2.96).

Table 6.7 — Regional Population at Risk to Earthquake

Earthquake Return Period ‘ Residential Property Count ‘ Population at Risk
500-year 135,366 373,610
1,000-year 137,672 379,975
2,500-year 137,679 379,994

Source: NCEM, U.S. Census Bureau 5-year Community Survey (2009-2013)

In conclusion, an earthquake has the potential to impact all existing and future buildings, facilities, and
populations in Cumberland and Hoke Counties. Impacts of earthquakes include debris clean-up, service
disruption and, in severe cases, fatalities due to building collapse. The worst case scenario (2,500-yr
return period) estimated the regional building damage and content loss due to earthquake to be
$973,537,174 or 2% of the total assets exposed in the region.

6.3.4 Extreme Heat

Probability of Future Occurrence— Occasional
Vulnerability—Moderate Risk

The HMPC has identified the extreme heat hazard as a hazard separate and distinct from the drought
hazard. Common perception with regard to the extreme heat hazard is that it is more common than may
officially be recorded by the National Weather Service and has a greater impact on the community than
can be analyzed by weather reports or dollar losses. Extreme heat is not likely to impact the built
environment, but may impact agriculture and pose a threat to humans. Elderly persons, persons with
respiratory disabilities, and children may be at risk to experience health problems during extreme heat
events, some of which could result in serious illness or death. Potential losses of human life due to
extreme heat are not quantified in this Plan. There are no past reports of death or property or crop
damage recorded by NCDC.
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6.3.5 Hurricane/Tropical Storm

Probability of Future Occurrence— Likely
Vulnerability—High Risk

Hurricanes can cause catastrophic damage to coastlines and several hundred miles inland. Hurricanes can
produce winds exceeding 157 mph as well as tornadoes and microbursts. Additionally, flash flooding can
occur due to intense rainfall. Floods and flying debris from the excessive winds are often the deadly and
destructive results of these weather events.

The very young, the elderly and the handicapped are especially vulnerable to harm from hurricanes. For
those who are unable to evacuate for medical reasons, there should be provision to take care of special-
needs patients and those in hospitals and nursing homes. Many of these patients are either oxygen-
dependent, insulin-dependent, or in need of intensive medical care. There is a need to provide ongoing
treatment for these vulnerable citizens, either on the coast or by air evacuation to upland hospitals. The
stress from disasters such as a hurricane can result in immediate and long-term physical and emotional
health problems among victims.

The probability of future occurrence of a hurricane or tropical storm in the region is likely. As discussed
in Section 5 Hazard Profiles, there have been five past disaster declarations due to hurricanes and tropical
storms in the region: Fran, Bonnie, Floyd & Irene, Isabel and Francis.

A vulnerability assessment was completed for hurricane wind using probabilistic parameters for the 100-
yr return period. Table 6.8 displays loss estimates for the 100-year return period. Loss data was provided
by NCEM’s IHRM Program. These estimates include structural, contents and inventory losses for
agricultural, commercial, education, government, industrial, religious and residential building occupancy
types. The loss ratio is the loss estimate divided by the total potential exposure (i.e., total of improved
and contents value for all buildings located within the 100-year floodplain) and displayed as a percentage
of loss. FEMA considers loss ratios greater than 10% to be significant and an indicator a community may
have more difficulties recovering from an event.

Table 6.8 - Estimated Building Damage and Content Loss — Hurricane Wind 100-yr Return Period
Total Number

of Buildings Total Value (Building Estimated Total Estimated

Occupancy Type with Losses & Contents) Damage Loss Ratio
Cumberland County
Agricultural 1,324 $226,176,153 $655,383 0.3%
Commercial 5,891 $9,058,054,286 $34,490,403 0.4%
Education 630 $2,076,449,384 $6,364,363 0.3%
Government 294 $849,896,891 $4,502,012 0.5%
Industrial 750 $2,540,202,955 $7,877,057 0.3%
Religious 896 $1,397,468,090 $3,912,174 0.3%
Residential 119,919 $26,491,455,804 $198,473,202 0.7%
Hoke County
Agricultural 1,023 $188,827,260 $471,280 0.2%
Commercial 587 $752,065,529 $5,116,346 0.7%
Education 121 $376,353,819 $3,334,819 0.9%
Government 115 $218,722,627 $653,109 0.3%
Industrial 122 $435,689,727 $1,283,409 0.3%
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Total Number

of Buildings Total Value (Building Estimated Total Estimated

Occupancy Type with Losses & Contents) Loss Ratio
Religious 211 $561,423,322 $2,851,975 0.5%
Residential 20,233 $3,587,985,670 $46,459,843 1.3%
Total 152,116 $48,760,771,517 $316,445,375 0.65%

Source: North Carolina Emergency Management, Risk Management, 2015
Population at Risk

A separate analysis was performed to determine the population at risk to hurricane wind. Those
residential buildings with hurricane wind losses were counted and multiplied by a regional household
factor of 2.76 as shown in Table 6.9. The regional household factor was determined by averaging the
2009-2013 Census Bureau household factors for Cumberland County (2.55) and Hoke County (2.96).

Table 6.9 — Regional Population at Risk to Hurricane Wind

Hurricane Wind Return Period \ Residential Property Count Population at Risk
100-year 140,152 386,820

Source: NCEM, U.S. Census Bureau 5-year Community Survey (2009-2013)

In conclusion, hurricane wind has the potential to impact all existing and future buildings, facilities, and
populations in Cumberland and Hoke Counties. Impacts of hurricanes include flood damage, debris clean-
up, service disruption and possible fatalities due to flooding or flying debris. The estimated regional
building damage and content loss due to hurricane wind (100-yr return period) is $316,445,375 or 0.65%
of the total assets exposed in the region.

6.3.6 Inland Flooding: 100-/500-year

Probability of Future Occurrence— Occasional
Vulnerability—High Risk

Flood damage is directly related to the depth of flooding by the application of a depth damage curve. In
applying the curve, a specific depth of water translates to a specific percent damage to the structure,
which translates to the same percentage of the structure’s replacement value. Figures 6.5 and 6.6 on the
following pages depict the depth of flooding that can be expected within the region during the 100-year
flood event.
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Figure 6.5 - Cumberland County Flood Depth Grid (100-yr)
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Figure 6.6 - Hoke County Flood Depth Grid (100-yr)
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SECTION 6: VULNERABILITY ASSESSMENT

Methodology

All building attribute data and estimated flood damages are derived from the NCEM Risk Management
iRisk database. NCEM utilized land use codes provided in the Wilson parcel data to assign each building
footprint a specific occupancy class (i.e. RES1, COM4, EDU2, etc.). An occupancy class is required in order
to apply the correct depth damage factor which ensures the most accurate damage assessment.

Table 6.10 provides the depth damage factors that were used in calculating flood losses for the region.
The depth damage factors were developed based on the Wilmington Corps depth damage curve. All
depths assume the structure has no basement.

Table 6.10 - Flood Loss Damage Factors

Percent Damaged (%)

D(efz)th Agricultural | Commercial | Education | Government | Industrial | Religious | Residential
0 0 15 4 5 2 12 9
1 6 20 22 8 7 17 14
2 11 29 29 10 12 19 23
3 15 37 34 10 19 22 28
4 19 44 39 11 25 25 32
5 25 50 44 13 30 28 36
6 30 55 48 14 36 32 39
7 35 62 53 15 41 37 43
8 41 67 57 16 46 43 46
9 46 71 62 17 51 48 49
10 51 75 66 18 56 53 52
11 57 79 70 20 61 58 56
12 63 84 75 21 66 63 60
13 70 88 79 22 71 68 64
14 75 97 83 24 76 73 68
15 79 100 87 25 81 78 73
16 82 100 91 26 86 83 80
17 84 100 95 27 91 88 81
18 87 100 99 28 96 93 83
19 89 100 100 29 100 98 84
20 90 100 100 30 100 100 85
21 92 100 100 31 100 100 85
22 93 100 100 32 100 100 85
23 95 100 100 33 100 100 85
24 96 100 100 34 100 100 85

Source: Hazus 2.1
Note: Government structures include pump stations, water treatment plants, etc. which accounts for the low percent damaged values.

Content value estimations are based on FEMA Hazus methodologies of estimating value as a percent of
improved structure values by occupancy type. Table 6.11 shows the breakdown of the different
occupancy types and their estimated content replacement value percentages.
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SECTION 6: VULNERABILITY ASSESSMENT

Table 6.11 - Content Replacement Factors

Property Type Content Replacement Values
Agricultural 100%
Residential 50%
Commercial 100%
Education 100%
Government 100%
Religious 100%
Industrial 150%

Loss Estimates

The loss estimate for flood is based on the total of improved building value and contents value. Land
value is not included in any of the loss estimates as generally the land is not subject to loss from floods.
Once the potential value of affected parcels was calculated, damage factors were applied to obtain loss
estimates by flood zone.

Table 6.12 shows the building count, total value, estimated damages and loss ratio for buildings that fall
within the 100-year floodplain by occupancy type on the regional level. A community specific analysis for
each jurisdiction can be found within each community’s annex.

The loss ratio is the loss estimate divided by the total potential exposure (i.e., total of improved and
contents value for all buildings located within the 100-year floodplain) and displayed as a percentage of
loss. FEMA considers loss ratios greater than 10% to be significant and an indicator a community may
have more difficulties recovering from an event.

Table 6.12 - Estimated Building Damage and Content Loss - Flood 100-yr Return Period
Total

Number
of Total Value Estimated
Occupancy Buildings (Building & Building Estimated Estimated
Type with Loss Contents) Damage Content Loss Total Damage

Cumberland County

Agricultural 1 $220,223 $18,966 $86,444 $105,410 47.9%
Commercial 56 $18,269,153 $1,319,544 $3,278,890 $4,598,434 25.2%
Education 1 $74,249 $4,027 $11,052 $15,079 20.3%
Government 0 S0 $0 S0 S0 0.0%
Industrial 4 $1,293,866 $108,934 $166,066 $275,000 21.3%
Religious $7,070,700 $415,061 $2,858,639 $3,273,700 46.3%
Residential 660 $99,168,345 $7,110,535 $5,016,517 $12,127,053 12.2%
Hoke County

Agricultural 0 SO SO SO SO 0.0%
Commercial 2 $822,753 $74,595 $278,720 $353,316 42.9%
Education 0 SO SO SO SO 0.0%
Government 0 S0 $0 $0 $0 0.0%
Industrial 0 SO SO SO SO 0.0%
Religious 2 $369,614 $8,928 $82,128 $91,057 24.6%
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SECTION 6: VULNERABILITY ASSESSMENT

Total
Number

of Total Value Estimated
Occupancy Buildings (Building & Building Estimated Estimated Loss
Type with Loss Contents) Damage Content Loss Total Damage Ratio
Residential 39 $3,424,066 $101,973 $77,096 $179,070 5.2%

Total 770 $130,712,969.00 | $9,162,563.00 | $11,855,552.00 | $21,018,119.00 | 16.08%

Source: North Carolina Emergency Management, Risk Management, 2015

Population at Risk

A separate analysis was performed to determine the population at risk to the individual FEMA flood zones.
Using GIS, the DFIRM flood zones were intersected with the building footprint layer. Those residential
buildings that intersected the flood zones were counted and multiplied by a regional household factor of
2.76 as shown in Table 6.13. The regional household factor was determined by averaging the 2009-2013
Census Bureau household factors for Cumberland County (2.55) and Hoke County (2.96).

Table 6.13 — Regional Population at Risk to Flood

Flood Return Period Residential Property Count Population at Risk
100-yr 699 1,930

Source: NCEM, FEMA DFIRM, U.S. Census Bureau 5-year Community Survey (2009-2013)

Critical Facilities at Risk

A separate analysis was performed to determine critical facilities located in the 100- and 500-year
floodplains. Using GIS, the DFIRM flood zones were overlaid on the critical facility location data. Figures
6.7 and 6.8 on the following pages show critical facilities and DFIRM flood zones within Cumberland and
Hoke Counties, respectively. Note: A more detailed list of critical facilities and map for each jurisdiction
can be found within each community’s annex.

Flood Insurance Analysis and Repetitive Loss

A flood insurance analysis and repetitive loss analysis for each jurisdiction can be found within each
community’s annex.
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Figure 6.7 - Cumberland County Critical Facilities and FEMA Flood Zones
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Figure 6.8 - Hoke County Critical Facilities and FEMA Flood Zones
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SECTION 6: VULNERABILITY ASSESSMENT

6.3.7 Severe Weather (Thunderstorm, Lightning, & Hail)

Probability of Future Occurrence— Highly Likely
Vulnerability—High Risk

Given the high number of previous events (507 records in 65 years), it is certain that severe weather
events, including wind, lightning and hail, will occur in the future. This results in a probability level of highly
likely (100 percent annual probability) for future wind events for the entire planning area.

Because it cannot be predicted where severe thunderstorm, lightning or hail damage may occur, it is not
possible to map geographic boundaries for these hazards. Table 6.14 shows the building count, total
value, estimated damages and loss ratio for buildings that are at risk to the 100-yr thunderstorm wind
event.

Table 6.14 - Estimated Building Damage and Content Loss — Thunderstorm Wind 100-yr Return Period
Total
Number of
Buildings
with Loss

Estimated
Total
Damage

Estimated
Building
Damage

Total Value
(Building &
Contents)

Estimated
Content Loss

Occupancy
Type
Cumberland County

Agricultural

Commercial

Education

Government

Industrial

Religious

Residential

Hoke County

Agricultural 1,023 $188,827,260 $121,169 $4,636 $125,805 0.1%
Commercial 587 $752,065,529 $1,630,573 $296,730 $1,927,302 0.3%
Education 121 $376,353,819 $627,790 $142,358 $770,148 0.2%
Government 115 $218,722,627 $179,161 $16,652 $195,813 0.1%
Industrial 122 $435,689,727 $25,208 $347,423 $372,631 0.1%
Religious 211 $561,423,322 $900,579 $105,263 $1,005,842 0.2%
Residential 20,233 $3,587,985,670 $14,717,733 $796,503 $15,514,237 0.4%
Total

Source: North Carolina Emergency Management, Risk Management, 2015
Population at Risk

A separate analysis was performed to determine the population at risk to thunderstorm wind events.
Those residential buildings projected to sustain wind damage were counted and multiplied by a regional
household factor of 2.76 as shown in Table 6.15. The regional household factor was determined by
averaging the 2009-2013 Census Bureau household factors for Cumberland County (2.55) and Hoke
County (2.96).
Table 6.15 — Regional Population at Risk to Thunderstorm Wind

Thunderstorm Wind Return Period \ Residential Property Count Population at Risk

100-yr
Source: NCEM, U.S. Census Bureau 5-year Community Survey (2009-2013)
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SECTION 6: VULNERABILITY ASSESSMENT

In conclusion, severe weather events including thunderstorm wind, lightning and hail has the potential to
impact all existing and future buildings, facilities, and populations in Cumberland and Hoke Counties.
Impacts of severe weather events include wind damage, debris clean-up, hail damage, and potential
fatalities due to lightning strikes and associated fires. The estimated regional building damage and
content loss due to thunderstorm wind (100-yr return period) is $316,445,375 or 0.65% of the total assets
exposed in the region.

6.3.8 Tornado

Probability of Future Occurrence— Likely
Vulnerability—High Risk

Historical evidence shows that most of North Carolina is vulnerable to tornado activity, which often is
associated with other severe weather events such as thunderstorm activity or tropical cyclone activity.
Because it cannot be predicted where a tornado may strike, it is not possible to map geographic
boundaries for this hazard.

Tables 6.16 through 6.20 provide loss estimates for FO — F4 tornado events based on probabilistic
scenarios. Loss data was provided by NCEM’s IHRM Program. These estimates include structural,
contents and inventory losses for agricultural, commercial, education, government, industrial, religious
and residential building occupancy types. The loss ratio is the loss estimate divided by the total potential
exposure (i.e., total of improved and contents value for all buildings located within the 100-year
floodplain) and displayed as a percentage of loss. FEMA considers loss ratios greater than 10% to be
significant and an indicator a community may have more difficulties recovering from an event.

Table 6.16 - Estimated Building Damage and Content Loss — FO Tornado
Total

Number
of Total Value Estimated
Occupancy Buildings (Building & Building Estimated Estimated Total
Type with Loss Contents) DETET(] Content Loss DETET(]

Cumberland County
Agricultural 1,227 $226,176,153 $11,001,281 $11,000,026 $22,001,307 9.7%
Commercial 5,775 $9,058,054,286 $218,329,523 $227,167,923 $445,497,445 4.9%
Education 626 $2,076,449,384 $41,463,971 $43,927,144 $85,391,115 4.1%
Government 282 $849,896,891 $8,575,788 $9,130,398 $17,706,185 2.1%
Industrial 739 $2,540,202,955 $61,013,610 $84,249,710 $145,263,320 5.7%
Religious 894 $1,397,468,090 $14,557,236 $14,556,683 $29,113,919 2.1%
Residential 118,283 $26,491,455,804 $943,603,818 $444,798,491 | $1,388,402,309 5.2%
Hoke County
Agricultural 714 $181,288,793 $9,991,589 $9,984,958 $19,976,546 11.0%
Commercial 545 $725,965,066 $18,343,538 $19,614,923 $37,958,461 5.2%
Education 104 $353,187,591 $8,868,888 $8,895,180 $17,764,068 5.0%
Government 110 $218,021,077 $2,099,621 $2,442,485 54,542,106 2.1%
Industrial 98 $426,513,158 $9,962,190 $14,428,269 $24,390,460 5.7%
Religious 203 $558,674,241 $5,819,524 $5,819,523 $11,639,047 2.1%
Residential 19,396 $3,536,237,934 $150,406,622 $72,759,647 $223,166,269 6.3%

Total | 148,996 $48,639,591,423 | $1,504,037,199 | $968,775,360 | $2,472,812,557 5.1%
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SECTION 6: VULNERABILITY ASSESSMENT

Occupancy

Total

Number

of

Buildings
with Loss

Total Value
(Building &
Contents)

Estimated
Building

Table 6.17 - Estimated Building Damage and Content Loss — F1 Tornado

Estimated
Content Loss

Estimated Total

Cumberland County
Agricultural 1,227 $226,176,153 $73,156,953 $73,147,896 $146,304,849 64.7%
Commercial 5,775 $9,058,054,286 | $1,232,391,458 | $1,268,802,985 | $2,501,194,443 | 27.6%
Education 626 $2,076,449,384 $195,309,707 $216,495,199 $411,804,906 19.8%
Government 282 $849,896,891 $69,040,326 $73,505,275 $142,545,601 16.8%
Industrial 739 $2,540,202,955 $440,403,287 $608,124,138 $1,048,527,425 | 41.3%
Religious 894 $1,397,468,090 $117,194,635 $117,190,184 $234,384,819 16.8%
Residential 118,283 | $26,491,455,804 | $6,850,253,925 | $3,231,561,759 | $10,081,815,684 | 38.1%
Hoke County
Agricultural 714 $181,288,793 $65,495,080 $65,447,219 $130,942,299 72.2%
Commercial 545 $725,965,066 $101,168,958 $104,834,271 $206,003,228 28.4%
Education 104 $353,187,591 $37,352,517 $37,578,184 $74,930,701 21.2%
Government 110 $218,021,077 $16,903,227 $19,663,497 $36,566,724 16.8%
Industrial 98 $426,513,158 $71,908,241 $104,144,914 $176,053,154 41.3%
Religious 203 $558,674,241 $46,850,718 $46,850,714 $93,701,432 16.8%
Residential 19,396 $3,536,237,934 | $1,092,958,667 $528,430,721 $1,621,389,388 | 45.9%
Total | 148,996 | $48,639,591,423 | $10,410,387,699 | $6,495,776,956 | $16,906,164,653 | 34.8%

Total

Table 6.18 - Estimated Building Damage and Content Loss — F2 Tornado

Number
of Total Value Estimated
Occupancy  Buildings (Building & Building Estimated Estimated Total
Type with Loss Contents) Damage Content Loss Damage
Cumberland County
Agricultural 1,227 $226,176,153 $109,624,915 $109,604,468 $219,229,383 96.9%
Commercial 5,775 $9,058,054,286 | $3,078,319,714 | $3,139,111,458 | $6,217,431,172 | 68.6%
Education 626 $2,076,449,384 $563,393,771 $641,457,776 $1,204,851,547 | 58.0%
Government 282 $849,896,891 $249,827,042 $265,983,758 $515,810,800 60.7%
Industrial 739 $2,540,202,955 $995,187,369 $1,374,189,246 | $2,369,376,615 | 93.3%
Religious 894 $1,397,468,090 $424,076,633 $424,060,525 $848,137,158 60.7%
Residential 118,283 | $26,491,455,804 | $13,800,631,142 | $6,543,184,529 | $20,343,815,671 | 76.8%
Hoke County
Agricultural 714 $181,288,793 $88,981,438 $88,873,307 $177,854,746 98.1%
Commercial 545 $725,965,066 $245,533,346 $252,289,697 $497,823,043 68.6%
Education 104 $353,187,591 $99,923,630 $100,754,709 $200,678,338 56.8%
Government 110 $218,021,077 $61,165,459 $71,153,681 $132,319,140 60.7%
Industrial 98 $426,513,158 $162,492,367 $235,338,168 $397,830,536 93.3%
Religious 203 $558,674,241 $169,532,459 $169,532,444 $339,064,904 60.7%
Residential 19,396 $3,536,237,934 | $2,020,343,652 $975,924,118 $2,996,267,770 | 84.7%
Total | 148,996 | $48,639,591,423 | $22,069,032,937 | $14,391,457,884 | $36,460,490,823 | 75.0%
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SECTION 6: VULNERABILITY ASSESSMENT

Table 6.19 - Estimated Building Damage and Content Loss — F3 Tornado
Total

Number
of Total Value Estimated
Occupancy  Buildings (Building & Building Estimated Estimated Total
with Loss Contents) Content Loss Damage

Cumberland County
Agricultural 1,227 $226,176,153 $113,099,036 $113,077,116 $226,176,153 100.0%
Commercial 5,775 $9,058,054,286 | $4,216,199,355 | $4,292,017,594 | $8,508,216,949 | 93.9%
Education 626 $2,076,449,384 $864,063,297 $988,546,700 $1,852,609,997 | 89.2%
Government 282 $849,896,891 $397,377,675 $423,076,727 $820,454,402 96.5%
Industrial 739 $2,540,202,955 | $1,066,937,978 | $1,473,264,977 | $2,540,202,955 | 100.0%
Religious 894 $1,397,468,090 $674,541,015 $674,515,393 $1,349,056,408 | 96.5%
Residential 118,283 | $26,491,455,804 | $17,646,982,066 | $8,389,245,757 | $26,036,227,823 | 98.3%
Hoke County
Agricultural 714 $181,288,793 $90,702,359 $90,586,434 $181,288,793 100.0%
Commercial 545 $725,965,066 $335,130,673 $344,326,937 $679,457,609 93.6%
Education 104 $353,187,591 $151,054,158 $152,379,323 $303,433,481 85.9%
Government 110 $218,021,077 $97,290,460 $113,177,838 $210,468,298 96.5%
Industrial 98 $426,513,158 $174,207,675 $252,305,482 $426,513,158 100.0%
Religious 203 $558,674,241 $269,660,217 $269,660,194 $539,320,411 96.5%
Residential 19,396 $3,536,237,934 | $2,376,202,540 | $1,148,071,735 | $3,524,274,275 | 99.7%

Total 148,996 $48,639,591,423 $28,473,448,504 | $18,724,252,207 | $47,197,700,712 97.0%

Table 6.20 - Estimated Building Damage and Content Loss — F4 Tornado
Total

Number
of Total Value Estimated
Occupancy Buildings (Building & Building Estimated Estimated Total
Type with Loss Contents) DETET-{] Content Loss Damage

Cumberland County

Agricultural 1,227 $226,176,153 $113,099,036 $113,077,116 $226,176,153 100.0%

Commercial 5,775 $9,058,054,286 | $4,461,356,897 | $4,535,301,961 | $8,996,658,858 | 99.3%

Education 626 $2,076,449,384 $953,543,293 $1,081,921,608 | $2,035,464,902 | 98.0%

Government 282 $849,896,891 $411,637,807 $438,259,084 $849,896,891 100.0%

Industrial 739 $2,540,202,955 | $1,066,937,978 | $1,473,264,977 | $2,540,202,955 | 100.0%

Religious 894 $1,397,468,090 $698,747,316 $698,720,774 $1,397,468,090 | 100.0%

Residential 118,283 | $26,491,455,804 | $17,954,352,570 | $8,538,140,934 | $26,492,493,504 | 100.0%

Hoke County

Agricultural 714 $181,288,793 $90,702,359 $90,586,434 $181,288,793 100.0%

Commercial 545 $725,965,066 $355,488,733 $365,183,587 $720,672,320 99.3%

Education 104 $353,187,591 $170,849,074 $172,215,884 $343,064,959 97.1%

Government 110 $218,021,077 $100,781,786 $117,239,291 $218,021,077 100.0%

Industrial 98 $426,513,158 $174,207,675 $252,305,482 $426,513,158 100.0%

Religious 203 $558,674,241 $279,337,133 $279,337,109 $558,674,241 100.0%

Residential 19,396 $3,536,237,934 | $2,384,178,558 | $1,152,059,377 | $3,536,237,934 | 100.0%

Total | 148,996 $48,639,591,423 | $29,215,220,215 | $19,307,613,618 | $48,522,833,835 | 100%
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SECTION 6: VULNERABILITY ASSESSMENT

In conclusion, a tornado has the potential to impact all existing and future buildings, facilities, and
populations in Cumberland and Hoke Counties. Impacts of tornadoes include building and contents
damage, debris clean-up, service disruption and potentially numerous fatalities and injuries. The worst
case F4 scenario estimated the regional building damage and content loss to be $48,522,833,835 or 100%
of the total assets exposed in the region.

6.3.9 Wildfire

Probability of Future Occurrence—Highly Likely
Vulnerability—High Risk

The text and figures used to asses Cumberland and Hoke County’s vulnerability to wildfire is based on the
Southern Wildfire Risk Assessment (http://www.southernwildfirerisk.com/Home/LearnMore). Results of
the assessment can be used to help prioritize areas in the state where mitigation treatments, community
interaction and education, or tactical analyses might be necessary to reduce risk from wildfires.

The Wildland Urban Interface (WUI) Risk Index Layer is a rating of the potential impact of a wildfire on
people and their homes. The key input, WUI, reflects housing density (houses per acre) consistent with
Federal Register National standards. The location of people living in the Wildland Urban Interface and
rural areas is key information for defining potential wildfire impacts to people and homes. The WUI Risk
Index for Cumberland and Hoke Counties is displayed in Figures 6.9 and 6.10, respectively.

The Burn Probability (BP) layer depicts the probability of an area burning given current landscape
conditions, percentile weather, historical ignition patterns and historical fire prevention and suppression
efforts. Itis the tendency of any given pixel to burn, given the static landscape conditions depicted by the
LANDFIRE Refresh 2008 dataset, contemporary weather and ignition patterns, as well as contemporary
fire management policies (entailing considerable fire prevention and suppression efforts). The BP layer
for Cumberland and Hoke Counties is displayed in Figures 6.11 and 6.12, respectively.

Characteristic Rate of Spread is the typical or representative rate of spread of a potential fire based on a
weighted average of four percentile weather categories. Rate of spread is the speed with which a fire
moves in a horizontal direction across the landscape, usually expressed in chains per hour (ch/hr) or feet
per minute (ft/min). For purposes of the Southern Wildfire Risk Assessment, this measurement
represents the maximum rate of spread of the fire front. Rate of Spread is the metric used to derive the
Community Protection Zones. The Rate of Spread layer for Cumberland and Hoke Counties is displayed
in Figures 6.13 and 6.14, respectively.
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SECTION 6: VULNERABILITY ASSESSMENT

Cumberland County, NC
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Figure 6.9 - Cumberland County Wildland Urban Interface Risk Index
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Hoke County, NC
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Figure 6.10 - Hoke County Wildland Urban Interface Risk Index
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Burn Probability
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Figure 6.11 - Cumberland County Burn Probablllty
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Hoke County, NC
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Figure 6.12 - Hoke County Burn Probability
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Figure 6.13 - Cumberland County Rate of Spread
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Figure 6.14 - Hoke County Rate
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SECTION 6: VULNERABILITY ASSESSMENT

6.3.10 Winter Storm

Probability of Future Occurrence—Highly Likely
Vulnerability—Moderate Risk

Based on historical records, Cumberland and Hoke Counties have experienced 30 and 29 winter storm
events since 1996, respectively. These events are reported to have caused one death due to icy road
conditions. There are no historical records for property or crop damage.

A qualitative factor in terms of vulnerability is a general lack of awareness on the part of county residents
in preparing for and responding to winter storm conditions in a manner that will minimize the danger to
themselves and others. This lack of awareness is especially apparent when driving/roadway conditions
catch motorists off-guard.

Potential losses associated with winter storms include the cost of the removal of snow from roadways,
debris clean-up, and some indirect losses from power outages, etc. All future structures and infrastructure
in the region will be vulnerable to winter storms.

6.4 Priority Risk Index

The purpose of the PRI is to categorize and prioritize all potential hazards for the Cumberland and Hoke
County region as high, moderate, or low risk. The summary hazard classifications generated through the
use of the PRI allows for the prioritization of those high hazard risks for mitigation planning purposes.

The application of the PRI results in numerical values that allow identified hazards to be ranked against
one another (the higher the PRI value, the greater the hazard risk). PRI values are obtained by assigning
varying degrees of risk to five categories for each hazard (probability, impact, spatial extent, warning time,
and duration). Each degree of risk has been assigned a value (1 to 4) and weighting factor as summarized
below in Table 6.21. The sum of all five categories equals the final PRI value, demonstrated in the equation
below (the highest possible PRI value is 4.0).

PRI VALUE = [(PROBABILITY x .30) + (IMPACT x .30) + (SPATIAL EXTENT x .20) + (WARNING TIME x .10) +
(DURATION x .10)]
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SECTION 6: VULNERABILITY ASSESSMENT

Table 6.21 - Priority Risk Index for Cumberland and Hoke County Region

RISK ASSESSMENT CATEGORY DEGREE OF RISK CRITERIA INDEX WEIGHT
UNLIKELY LESS THAN 1% ANNUAL PROBABILITY 1
PROBABILITY POSSIBLE BETWEEN 1 & 10% ANNUAL PROBABILITY 2
What is the likelihood of a hazard event 30%
occurring in a given year? LIKELY BETWEEN 10 &100% ANNUAL 3
PROBABILITY
HIGHLY LIKELY 100% ANNUAL PROBABILTY 4
VERY FEW INJURIES, IF ANY. ONLY MINOR
PROPERTY DAMAGE & MINIMAL
MINOR DISRUPTION ON QUALITY OF LIFE. 1
TEMPORARY SHUTDOWN OF CRITICAL
FACILITIES.
MINOR INJURIES ONLY. MORE THAN 10%
OF PROPERTY IN AFFECTED AREA
IMPACT LIMITED DAMAGED OR DESTROYED. COMPLETE 2
In terms of injuries, damage, or death, would SHUTDOWN OF CRITICAL FACILITIES FOR
you anticipate impacts to be minor, limited, >1 DAY. 30%
critical, or catastrophic when a significant MULTIPLE DEATHS/INJURIES POSSIBLE.
hazard event occurs? MORE THAN 25% OF PROPERTY IN
CRITICAL AFFECTED AREA DAMAGED OR 3
DESTROYED. COMPLETE SHUTDOWN OF
CRITICAL FACILITIES FOR > 1 WEEK.
HIGH NUMBER OF DEATHS/INJURIES
POSSIBLE. MORE THAN 50% OF PROPERTY
CATASTROPHIC IN AFFECTED AREA DAMAGED OR a
DESTROYED. COMPLETE SHUTDOWN
OF CRITICAL FACILITIES > 30 DAYS.
NEGLIGIBLE LESS THAN 1% OF AREA AFFECTED 1
SPATIAL EXTENT SMALL BETWEEN 1 & 10% OF AREA AFFECTED 2
How large of an area could be impacted by a 20%
hazard event? Are impacts localized or ;
regional? MODERATE BETWEEN 10 & 50% OF AREA AFFECTED 3
LARGE BETWEEN 50 & 100% OF AREA AFFECTED 4
MORE THAN 24 SELF DEFINED 1
HRS
WARNING TIME
Is there usually some lead time associated with 12 TO 24 HRS SELF DEFINED 2 10%
the hazard event? Have warning measures
been implemented? 6TO 12 HRS SELF DEFINED 3
LESS THAN 6
HRS SELF DEFINED 4
LESS THAN 6 SELF DEFINED 1
HRS
LESS THAN 24
DURATION HRS SELF DEFINED 2 10%
How long does the hazard event usually last? LESS THAN 1
WEEK SELF DEFINED 3
MORE THAN 1
WEEK SELF DEFINED 4
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SECTION 6: VULNERABILITY ASSESSMENT

6.4.1

Priority Risk Index Results

Table 6.22 summarizes the degree of risk assigned to each identified hazard using the PRI method

described above.

Table 6.22 - Summary of PRI Results
N:ELE]

Probability

Extent

Warning Time

Duration

Dam/Levee Failure Likely Limited Small Less than 6 hrs Less than 6 hrs 2.4
Drought Highly Likely Minor Large More than 24 hrs More than 1 week 2.8
Earthquake Possible Limited Moderate Less than 6 hrs Less than 6 hrs 2.3
Erosion Possible Minor Small More than 24 hrs More than 1 week 1.8
Extreme Heat Possible Minor Large More than 24 hrs Less than 1 week 2.1
eicen= ficrics! Likely Critical Large More than 24 hrs Less than 24 hrs 2.9
Storm

I;:)I(a:/c;(l;::;:::g: Possible Critical Moderate 6 to 12 hours Less than 1 week 2.7
Severe Weather

(thunderstorm wind, Highly Likely Critical Moderate 6 to 12 hours Less than 6 hrs 3.1
lightning, & hail)

Sinkhole Unlikely Minor Small Less than 6 hrs More than 1 week 1.8
Tornado Likely Critical Small Less than 6 hrs Less than 6 hrs 2.7
Wildfire Highly Likely | Limited Small Less than 6 hrs Less than 1 week 2.9
Winter Storm Highly Likely Minor Moderate | More than 24 hrs Less than 1 week 2.5

6.4.2 Final Risk Classifications

The results from the PRI have been classified into three categories based on the assigned risk value:

e Low Risk - Minimal potential impact. The occurrence and potential cost of damage to life and
property is minimal.

o Maedium Risk - Moderate potential impact. This ranking carries a moderate threat level to the
general population and/or built environment. Here the potential damage is more isolated and
less costly than a more widespread disaster.

e High Risk - Widespread potential impact. This ranking carries a high threat to the general
population and/or built environment. The potential for damage is widespread.

Table 6.23 - Summary of Hazard Risk Classification
Severe Weather
Hurricane/Tropical Storm
Wildfire
Drought
Inland Flooding: 100-/500-year
Tornado

Dam/Levee Failure
Moderate Risk Winter Storm
(2.0-2.5) Earthquake
Extreme Heat
Low Risk Erosion
(<2.0) Sinkhole
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