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Scenario Disclaimer

The scenario employed in this report has been selected following discussions with
regional experts and recommendations from the United States Geological Sur@s)(US
Final confirmation from USGS was obtained in support of the scerfdris.scenario is
intended to provide credible impacts for the New Madrid Seismic Zone (NM@Z)s
suitable for planning at the national lev&he scenario represents one sewépossible
earthquakes andonsequentiaimpactsfor the eight stateand four FEMA regions that

are affected by the NMSZther studies may use different scenario components and
hence lead to different results. The Project Team and the project corssaftdradvisors
believe that the estimates given in this report are the most rigorous and plausible possible
at the time of publication of the report in NovemBé09.



Executive Summary

The information presented in this report has been developed to stigp@atastrophic
Earthquake Planning Scenario workshops held by the Federal Emergency Management
Agency. Four FEMA Regions (Regions 1V, V, VI and VII) were involved in the New
Madrid Seismic Zone (NMSZ) scenario workshops. The four FEMA Regions include
eight states, namely lllinois, Indiana, Kentucky, Tennessee, Alabama, Mississippi,
Arkansas and Missouri.

The earthquake impact assessment presented hereafter employs an analysis methodology
comprising three major components: hazard, inventory and fyagiit vulnerability).

The hazardcharacterizes not only the shaking of the ground but also the consequential
transient and permanent deformation of the ground due to strong ground shaking as well
as fire and flooding. Thmventorycomprises all assets aspecific region, including the

built environment and population datragility or vulnerability functions relate the
severity of shaking to the likelihood of reaching or exceeding damage states (light,
moderate, extensive and neallapse, for example)Social impact models are also
included and employ physical infrastructure damage results to estimate the effects on
exposed communities. Whereas the modeling software packages used (HAZUS MR3;
FEMA, 2008; and MAEviz, MidAmerica Earthquake Center, 2008jovide default
values for all of the above, most of these default values were replaced by components of
traceable provenance and higher reliability than the default data, as described below.

The hazard employed in this investigation includes ground shdkr a single scenario
event representing the rupture of all three New Madrid fault segments. The NMSZ
consists of three fault segments: the northeast segment, the reelfoot thrust or central
segment, and the southwest segment. Each segment is assungzherate a
deterministic magnitude 7.7 (M.7) earthquake caused by a rupture over the entire
length of the segment. US Geological Survey (USGS) approved the employed magnitude
and hazard approach. The combined rupture of all three segments simultangously
designed to approximate the sequential rupture of all three segments over time. The
magnitude of Mj7.7 is retained for the combined rupture. Full liquefaction susceptibility
maps for the entire region have been developed and are used in this study.

Inventory is enhanced through the use of the Homeland Security Infrastructure Program
(HSIP) 2007 and 2008 Gold Datasets (NGA Office of America, 2007). These datasets
contain various types of critical infrastructure that are key inventory components for
eartlquake impact assessment. Transportation and utility facility inventories are
improved while regional natural gas and oil pipelines are added to the inventory,
alongside high potential loss facility inventories. The National Bridge Inventory (NBI,
2008) andbther state and independent data sources are utilized to improve the inventory.
New fragility functions derived by the MAE Center are employed in this study for both
buildings and bridges providing more regionalyplicable estimations of damage for
thes infrastructure components. Default fragility values are used to determine damage
likelihoods for all other infrastructure components.
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The study reports new analysis using MAE Ceq@reloped transportation network

flow models that estimate changes maffic flow and travel time due to earthquake
damage. Utility network modeling was also undertaken to provide damage estimates for
facilities and pipelines. An approximate flood risk model was assembled to identify areas
that are likely to be flooded asrasult of dam or levee failure. Social vulnerability
identifies portions of the eigigtate study region that are especially vulnerable due to
various factors such as age, income, disability, and language proficiency. Social impact
models include estimatesf displaced and sheltseeking populations as well as
commodities and medical requirements. Lastly, search and rescue requirements quantify
the number of teams and personnel required to clear debris and search for trapped victims.

The results indicatéhat Tennessee, Arkansas, and Missouri are most severely impacted.
lllinois and Kentucky are also impacted, though not as severely as the previous three
states. Nearly’15,000 buildings are damagedh the eightstate study region. About
42,000 search andescue personnelvorking in 1,500 teams are required to respond to

the earthquakes. Damage to critical infrastructure (essential facilities, transportation and
utility lifelines) is substantial in thd40 impacted countiesnear the rupture zone,
including 3,500 damaged bridgesnd nearly425,000 breaks and leak$o both local

and interstate pipelines. Approximat@ys million households are without powefter

the earthquake. Nearly86,000 injuries and fatalities result from damage to
infrastructure. Neayl 130 hospitals are damagednd most are located in the impacted
counties near the rupture zone. There is extensive damage and substantial travel delays in
both Memphis, Tennessee, and St. Louis, Missouri, thus hampering search and rescue as
well as evacu#on. Moreover roughlyl5 major bridges are unusable Three days after

the earthquake7.2 million people are still displacedand 2 million people seek
temporary shelter. Direct economic losses for the eight states todakly $300 billion,

while indirectlosses may be at least twice this amount.

The contents of this report provide the various assumptions used to arrive at the impact
estimates, detailed background on the above quantitative consequences, and a breakdown
of the figures per sector at the FBMregion and state levels. The information is
presented in a manner suitable for personnel and agencies responsible for establishing
response plans based on likely impacts of plausible earthquakes in the central USA.
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Introduction

Catastrophic events, particularly natural disasters, have had devastating consemuences
society not only in terms of damaged infrastructure but also in terms of impacts on
citizens and economic stability in the affected region. Current initiatives by the Federal
Emergency Management Agency (FEMA) seek to plan for potential natural disister

an effort to minimize its negative impacts. The development of a response plan requires
emergency managers to understand the potential impacts in terms of location, direct and
secondary consequences, the needs of society both shadrtlongterm, aswell as
economic ramifications. Analytical impact assessments for natural disasters provide the
potential to inform emergency managers and support the development of appropriate and
effective response plans for catastrophic events. Furthermore, the rdgastations
community finds great value in the analytical impact assessment results to gain
situational awareness prior to-tme-ground reports. Such prior preparedness permits the
rapid deployment of resources to heavily impacted areas.

In the case ofanalytical earthquake impact assessment, models and data are used to
provide estimates of damage to infrastructure and network performance, as well as
secondary damage due to cascading affects, social impacts and uncertainty
guantifications. The three pnary components required for analytical impact modeling
are: hazard inventory andfragility. Hazard describes the intensity of ground shaking

and ground deformation caused by an earthquake.inMemtory utilized in an impact
assessment model is charaizied by a database of all assets in the region of interest.
Numerous types of infrastructure are included in the inventory, as well as the population
demographics of the regioRragility relationships relate the intensity of ground shaking
(hazard), orn some cases ground deformation, to the likelihood of different damage
levels inflicted on various types of infrastructure. The outcome of the analytical model
drives all other consequence algorithms for social impact, response requirements,
cascading effets, and network analysis. Social impact models address numbers of
displaced individuals and shelter population requirements, as well as their commodity
and medical needs. Response requirements include search and rescue needs for impacted
areas. Cascadingffects address potential flood risk from damage to dams and levees.
Network models provide estimates of pesent network performance in terms of road
network congestion and travel time, as well as utility network damage and expected
repair effort. Uncdrinty quantification, undertaken for the first time in lasgale
earthquake impact assessment, focuses on assigning ranges of impact values to
infrastructure damage and economic loss parameters determined during primary
modeling. The quantified leveld ancertainty are important for emergency management

so that decisions can be facilitated by estimating the level of risk associated with assigned
response and recovery effort. A combination of all these models produces a broad range
of results, all of whith are based on the most current and scientifickdfensible models

and input information in an effort to assist local, state, regional, and national emergency
managers and disaster operations personnel in their efforts to plan for response and
recoveryfollowing major earthquakes.



The earthquake impact assessment presented in this report employs two analytical
platforms, HAZUS (FEMA, 2008) and MAEviz (MAEC, 2009). HAZUS is a nationally
applicable, analytical impact assessment software package thaatestirmpacts to
numerous types of infrastructure, as well as society and the economy. MAEviz is the
impact assessment software package developed by thédrkdica Earthquake Center

and funded by the National Science Foundation. The program was devaopydyith

the National Center for Supercomputing Applications at the University of Illinois and is
described later in this report.



Model Overview and Component Characteristics

Regional Seismicity

Though notypically considered ageismi@lly activeregion, numerous earthquakes occur
in the Central USevery yeay primarily due to theactivity of the New Madrid Seismic
Zone (NMSZ)and the Wabash Valley Seismic Zone (WVSEhe NMSZstretches from
northeast Arkansas to southern lllinois, passing througgsddri, western Tennessee,
and western Kentucky. The New Madrid eartHguaeries that occurred in 1811 and
1812includes somef the largest earthquakesUthS. history, with estimatedhain shock
moment magnitudesf 7 to 8 and several hundreds of afteogks. According tothe
United States Geological Surve 3G9, the perception of strong shaking during this
earthquake series wastimated to béwo to threetimes larger than the 1964 Alaska
earthquake and about 10 times larger than the 1906 San EmeadhquakéUSGS,
2009a) The seismic history of the NMSZ, however, precedes the-1812 earthquake
series.An increased number ofeglogic investigations since the 1970s have helped
define historic seismic activity in the Central U® addition to gological features,
archeological evidengesuch as the evidence obtained by Tuttle and Schweig (1995)
verifies the occurrence of prehistoric earthquakes in the NMSZ from liquefaction feature
studiesfocused orsand blows. A series of major earthquakeghwmoment magniide
equal to or greater thanincluding the 18111812 serieshave occurred through a period
of approximately 2100 yearswith intervals of 400 to ,200 yeargUSGS, 2007).

As mentioned above, there is earthquake activity nucleating fine Wabash Valley
Seismic Zone (WVSZ) located along the Wabash River between southeastern lllinois and
Indiana. Geological evidence shows seismic activity of more than 20,000iyehes

portion of the country Though the magnitudes do not reach thexiimam values of

NMSZ events it is evident that this fault poseshigh risk of damage with magnitudes

that could reach up to 7. The Wabash Valley Fault produced an earthquake as recently as
April 2008, when a magnitude 5.2 earthquake occurredWMieaamel, lllinois.

Structural damage was not significafuring thel8111812 NMSZ earthquake series due
to the dearth of settlements at the time. Howewggnificant topological changes and
ground deformation took placéncluding landslides, liguefactionground uplift and
collapse. If similar evestwere to take place in the region today, tbhesequences would

be much more significant and damage would be mmohe severén terms ofinjuries

and fatalities structural damage, and economic and somighds. According to USGS
(2007),150 to 200 earthquakes are recorded every year in the region. Today, the area is
highly populatecand densely covered with critical infrastructure, industry, commerce and
residencesFurthermore, damage to certain facilitiesls as the Memphis airport, which
hosts the largest FedEx hubthe U.S, would cause service interruption and negatively
affect the regionalpational and global econoies. Dsastrous consequences woaldo
result from the interruption odil and gas ervices due to severelyjamagedpipelines.
Evens similar to the 1811812 New Madrid seriewould be catastrophicTherefore, it



is essential to accurately model and provddesequencassessment results that could be
used toplan for and execute meassira mitigation, response and recovery on all levels.

Overview of HAZUS Modeling

Hazard

Earthquake hazards include ground shaking and deformation, as well as ground failure,
surface faulting, and landslides. There are several methods available eoedefimuake
hazard. At a minimum, levels of shaking such as peak ground motion parameters or peak
spectral values are required throughout the study region. Attenuation relationships are a
common way to define earthquake hazard. Attenuation relationstggsifae the shaking
propagation of an event from the seismic point source (epicenter) to a specific site. Other
more advanced models include line source and area source modeling. However, in order
to apply these more advanced models, extensive knowledfe téctonic environment,
mapping of fault geometry, and rupture mechanisms are required. Additional
geotechnical features that significantly affect the earthquake hazard are soil amplification,
especially in soft soils, liquefaction susceptibility, ane potential for landslides.

In HAZUS, ground motionis defined usingone of two approachesdeterministic
scenario analysis gurobabilisticscenario analysidn the case of deterministic ground
motion analysis, the user can specify the hazard scelmarsupplying ground shaking
informationthat may or may not includsoil datg which is used to apply the necessary
amplification factorand modify the standard ground motion

There are three levels of analysis in HAZUS: Level |, Level Il, and LevelLdvel |
analysis uses HAZUS default settings withauty improvements. Level Il analysis
allows for additional usespecified improvements, such agdvanced source mechanism
modeling (line source, area sourd@uefaction susceptibilityas well asnventory and
fragility updates. Level Ill involvesdvanced analys which also requires extensive
effort and enormous time requirements. the case of a Level Il analysis, HAZUS
models are modified to fit specific geographic locations, particularly @omnfactors
pertaining to infrastructure value and loss. Additional models are also used to address
impacts beyond the scope of the basic HAZUS program.

Inventory

Inventory, or assets, consists of two major groups: population and infrastructure.
Populdion includes demographic data, specifically classifications regarding age, income,
gender, etc. Infrastructure is subdivided into buildings, transportation, utilities, and other
critical infrastructure, referred to as high poterkis facilities, primaly. The main
inventory categories in HAZUS are classified into general buildings, essential facilities,
high potentialoss facilities, transportation lifelines, and utility lifelineBhe general



building stock includes residentialcommercial, industal, agricultural, religious,
government, and educational buildinSEMA, 2008) while the systematic inventory
classification utilized by HAZUS for the remainder of infrastructure inventory is shown
below:

Essential Facilities
Medical Care Centers Police Stations
Schools Fire Stations
Emergency Operation Centers (EOCs)

High Potential-Loss Facilities
Nuclear Power Facilities Dams
Hazardous Materials Facilities Levees

Transportation Lifelines

Airport Facilities Highway Bridges
Bus Facilities Railway Bridges
Ferry Facilities Port Facilities

Utility Lifelines

Communication Facilities Oil Facilities

Electric Power Facilities Potable Water Facilities

Natural Gas Facilities Waste Water Facilities

Natural Gas Major Tramsission Pipelines Oil Major Transmission Pipelines

A comprehensive inventory, both in terms of accuracy and detail, significantly increases
the reliability of an impact assessment. Information like building type, construction
materials, and age are extrely important when assessing the level of damage resulting
from an earthquake event. Also, additional factors such as replacement values are
necessary to predict economic losses. HAZUS default inventory has a basic inventory
database; however, it is nesasy to improve upon the initial HAZUrovided inventory

with additional sources that include the latest and most advanced infrastructure data
currently available. Unique or irregular infrastructure must also be considered during the
loss assessment. Unig structures do not fit the generalized structure types in HAZUS,
thus requiring independent damage assessments. This provides the opportunity to include
structures such as high rise buildings or lspgn bridges that are not as common, but
exceedingly mportant nonetheless. Other critical infrastructure includes cell phone
towers and antennas, stadiums, and historic landmarks. Furthermore, in order to reduce
inventory uncertainty, frequent inventory updates are necessary to assure the most
scientificallysound model components.

Fragility

Fragility, or vulnerability, functions relate the severity of shaking to the probability of a
structure reaching or exceeding a specific damage limit state. A shaking intensity
measure, such as a peak ground paranwetepectral response value, is applied to a
fragility curve in order to estimate the probabildf the given structure experiemg a



certainlevel ofdamage. HAZUSlefines four damage levels: slight, moderate, extensive,
and complete; therefore, thereeafour fragility curves for each structure type.
Furthermore, the intensity parameter that each set of fragility curves is based on depends
upon the structure type assessed. For example, structures with long natural periods, such
as long span bridges, agenerally more sensitive to lowmeriod spectral acceleration or
displacement due to liquefaction. Intensity measures may include permanent ground
displacement or longeriod spectral values. Conversely, structures with short periods of
vibration such asol rise masonry buildings are more sensitive to acceleration, thus peak
ground acceleration is an acceptable parameter to represent the ground shaking intensity
parameter.

The most common methods to derive fragilities can be categorized into three groups:
observational, analytical, and hybrid. The observational method is based on professional
experience, while the analytical method uses mathematical regression relationships to
derive fragilities. Intuitively, the hybrid method is a combination of bothygical and
observational methods. Many of the default fragility relationships in HAZUS are based
on the observational method. These relationships are far less technically rigorous than
analytical or hybrid fragilities. The use of more technically rigofoagility relationships

leads to more accurate assessments of structural performance and associated damage.
Moreover, HAZUS default fragilities are applied to the entire U.S. though the
observational data used to develop the fragilities is heavily baseatifornia
earthquake damage data. The resulting fragilities are applied to the entire U.S. even
though they are not specific to the Central US; therefore, the uncertainty of default
fragilities is high. In order to reduce the uncertainty and provide raoccerate and
structurespecific fragilities, new fragilities derived by the Midnerica Earthquake
(MAE) Center are implemented in the earthquake impact assessment conducted in this
study.

Overview of MAEViz Modeling

MAEviz is anadvanced seismic losssessment and risk management software which
stands on the Consequeritased Risk Management (CRM) methodology. CRM was
first required for the complex nature of highnsequence earthquakes in the Central U.S.
The MAE Center has pioneered the developnagrt application of a holistic approach
towards seismic risk assessment and mitigation, termed Caeamsmipased Risk
ManagementElnashai and Hajjar, 2006). CRM provides the philosophical and practical
bond between the cause and effect of the disastroest end mitigation options.
MAEviz follows the CRM methodology using a visuallased, mendriven system to
generate damage estimates from scientific and engineering principles and data, test
multiple mitigation strategies, and support modeling effortsegbmate higher level
impacts of earthquake hazards, such as impacts on transportation networks, social, or
economic systemsilt enables policymakers and decisiemakers to ultimately develop

risk reduction strategies and implement mitigation actions.



Transportation Network Modeling

The failure of transportation infrastructufellowing an earthquakeot only hinders
everyday activities, but also impairs the pdistaster response and recovery, resuliting
substantial socieconomic lossesand othernegative social impactsThis section
provides a generaldescription of thetransportation systems performance model for
earthquake impact assessmértie network loss analysitNLA) module of MAEViz,

was developed to address the detailed modeling regemsnof transportation networks
that are not available in HAZUSThe NLA module is useful to evaluate system
performance of transportation systems for emergency management. The results of traffic
flow and travel delays provide useful information for emaoyemanagers and relevant
government agencies wevelopemergency response plans for ingress and egress of
impacted arem(e.g. disaster relief dispatch and evacuation), and to identify emergency
routes and evaluate their performance under extreme events.

The key concept of the NLA module employafic assignment models to evaluate the
performance of thé&ransportation networklhis study employsvidely-used static traffic
assignment models to simulate the traffic over the netwbrgtatic model assursethe
model parameters (e.g. traffic demand and travel cost) do nobvaryime, that is, the
model parameters are static. The static nwdple steadytate traffic flow in user
(traveler) equilibrium (UE), in which ntraveler in the network can uaterally change
routes and improvandividual travel timeas a resul{Wardrop, 1952; Sheffi, 1985The
static assignment modeprovidea fairly accurateand efficient prediction of the average
travel time have been employecelsewhereand are still widly accepted by many
transportation agencies and practitionisn et al., 2008).

Utility Network Modeling

The Interdependent Network Analysis (INA) tool provided in MAEViz is employed to
provide utility system performance estimates in addition to seidamage estimations
provided by other models and software packages. The analysis addresses lifeline utility
service changes that result from an earthquake, as well as damage of interdependent
networks,and flow reductions 6llowing an earthquake. Rinaldit al. (2001)defined
network dependency as a linkage between two systems, through which the state of one is
influenced by the other.

The INA tool combines inventory, hazard, and fragility parameters to determine the
structural impact of earthquakes twpologically modeled utility lifeline systems. The
damage assessment obtained from the structural model is then used for the determination
of failed components in the network of the topological model. Network performance is
assessed via two performance asres obtained from the interdependency model,
utilizing Monte Carlo Simulations. The measures are applied to quantify the estimated
loss of connectivity within the network, and the reduction in the network flow reaching
the demand locations. The INA madds the result of past MAE Center reseaimh



interdependent utility network modeling and is based on algorithms developed by
DuenasOsorio (2005and Kim (2007).

The results may be used directly to determine physical damage to the utility networks or
they can be interpreted along with various other parameters to improve resilience of
network systems, retrofitting of components to prevent major damage and disruptions,
and estimating the repair effort and necessary resources for repairing. Additionally,
impacts to the utility networks are vital components of earthquake response planning and
provide necessary data for emergency managers.

Modeling Components and Characteristics

Hazard

Building upon previous hazard data in the region, additional sulstanprovements
pertaining to ground motion definition are implemented in this study. The Central United
States Earthquake Consortium (CUSEC) State Geologists created a regionally
comprehensive set of soil maps for the eight states included in this iagsastsment
study. New maps include extensive characterizations of soil site class based on the
National Earthquake Hazard Reduction Program (NEHRP) soil classification scheme and
liquefaction susceptibility maps based on the procedure outlin&tbudl andPerkins
(1978). Each of the eight state geological surveys produced its ownstpsedetailing

soil site class and liquefaction susceptibility which were subsequently compiled into a
single regional map.

The soil site class map development procesevied the proceduresutlined in the
NEHRP provisions (Building Seismic Safety Council, 20@&4)d the 2003 International
Building Codes (International Code Council, 2002). Thap development initiated with

the identification of liquefiable soils, thin $®i and thick soft soils. In order to identify
liquefiable soils (Site Class F), thick soft soils (Site Class E), and thin soils several
requirements needed to be satisfied. CUSEC State Geolaogexisthe entireolumn of

soil material down to bedrock armlid notinclude any bedrock in the calculation of the
average shear wave velocity for the column, since it is the soil column and the difference
in shear wave velocity of the soils in comparison to the bedrock which influences much
of the amplification (QGJSEC, 20@). Using these procedures along with Fullerton et al.
(2003) soil site class maps were produced for the eight states, and are slirogured.

Development of the liquefaction susceptibility maps utilized the proeedutlined in

Youd and Perkins (1978). The map created was further matched with information in
Fullerton et al. (2003) and the additional expertise of state geologists. The new
liquefaction map was then formatted to meet HAZUS requirements and cldgsica
Figure2 illustrates the liquefaction susceptibility of the eight states.



All of the ground motion maps are intended to represent a sequential rupture of the three
NMSZ segments, meaning that the ground motion maps reprigsecombined ground
motion caused by the rupture of all three segments. The constraints of HAZUS do not
permit the modeling of three events in sequence, thus the single, simultaneous rupture of
all three segments is used as the best available appromanatt the three segment
sequential rupturdrigure 3 illustrates the proposed three segments of the New Madrid
Fault utilized in the scenario event.

The HAZUS computer program uses the soil site class map along with an akethqu
magnitude and location to calculate the surface ground motions based on amplifications
assigned to each soil site class; however, the HAZUS program does not perform the
analysis outside a radius of 200 km from the earthquake source. This posesastgnif
problem as the affected region is much larger. As a solution, the CS&iE€Geologists

soil site class map was incorporated inew ground motion mapdeveloped by Chris
Cramer which followed procedures i@ramer (2006).The ground motion was
horizontally propagated through the rock layer and vertically propagated through soll
layers above the bedrock. The ground motion maps were developed fgf7.d@ M
earthquakekFigure4 thru Figure7 illustratethe hazard maps used in this study. Extensive
calculations provided ground motion values, which account for soil amplification, at
many grid points throughout the eiggtate study region.
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Figure 4: NMSZ Scenario Event- Peak Ground Acceleration
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Figure 5: NMSZ Scenario Event- Peak Ground Velocity
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Inventory

Two major categories of inventory, or regional assets, are reqtorgoerform an
analytical earthquake impact assessmenamely infrastructure and population
characterizationd?opulation data includes the overall population as weleasographic
groups which are delineated based on income, ethnicity, age, education, visitors and
several other categories. Population demographic data is provided by HAZUS and
includes data from the year 2000 census (FEMA, 2008). This baseline datiaesl uri

all assessments of NMSZ impacEgure 8 illustrates the population distribution from

the year 2000 census that is used in this study.
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Figure 8: Total Population of Eight-State Region Basedm Year 2000 Census Data

The HAZUS software also provides baseline data for various infrastructure, though this
data is updated substantially to improve the accuracy of impact assessments. There are
two primary methods used to represent infrastructure AZW5, aggregated data and
pointwise data. Aggregated data provides structure totals at a specified level of
granularity which is typically the censtrmct level. All general buildings and local
pipeline distribution networks use this form of data reprid®n. General buildings
include residential, commercial, industrial, education, government, agriculture, and
religious use groups. Buildings are also divided into structure types: wood, ste@i; cast
place concrete, precast concrete, reinforced masomnyeinforced masonry, and
manufactured housing. Local distribution pipelines are quantified for potable water,
waste water, and natural gas networks. These types of inventory are not updated due to
the complexity of updates required and the limited arhofinime available to acquire
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and implement the needed information. Thus, all aggregated infrastructure types utilize
HAZUS baseline data from the MR3 release (FEMA, 2008).

Pointwise infrastructure inventory is employed for critical infrastructure, etam
essential facilities, transportation lifelines, utility lifelines and other pigtential loss
facilities. Numerous datasets are available to augment the baseline critical infrastructure
data in HAZUS and many are utilized to improve the inventoryatterization within

the study region. Specific types of critical infrastructure that are improved include:

Essential Facilities
Medical Care Centers Police Stations
Schools Fire Stations
Emergency Operation Centers (EOCS)

High Potential-Loss Facilities
Nuclear Power Facilities Dams
Hazardous Materials Facilities Levees

Transportation Lifelines

Highway Bridges and Roads Railway Bridges, Tracks, and Facilities
Airport Facilities Bus Facilities
Port Facilities Ferry Facilities

Utility Lifelines
Communication Facilities Potable Water Facilities
Electric Power Facilities Waste Water Facilities
Natural Gas Facilities and Interstate Pipelines  Oil Facilities and Interstate Pipelines

Improvements to these critical inftaucture datasets employ data from national and state
datasets as well as independent searches conducted by the MAE Center. National datasets
include the Homeland Security Infrastructure Program (HSIP) Gold Datasets from both
2007 and 2008 (NGA, 2007 & 0£8), the National Bridge Inventory (NBI) from 2008

(US Dept. of Transportation, 2008), and US Army Corps of Engineers Levee Data
acquired by the MAE Center in 2008. The HSIP data includes more than 200 datasets for
various types of infrastructure while tiNBl and US Army Corps data only refers to
bridge and levee data, respectively. Some sjpéeific data is also used, namely in
lllinois and Indiana. A previous impact assessment project at the MAE Center cataloged
essential facilities in southern llliroiand these facilities are added to the inventory for
the state. Additionally, extensive datasets were compiled by the POLIS Center at Purdue
University for the State of Indiana. Most types of critical infrastructure were included in
this study and thus aorporated in this impact assessment project. Lastly, MAE Center
independent searches are used to identify major river crossings in the study region. A
total of 127 major river crossings are identified on the Arkansas, lllinois, Ohio,
Mississippi, and Missuri Rivers within the eighstate study region. Various sources are
utilized to develop this set of bridges.

The incorporation of numerous datasets presents challenges when attempting to develop a
single, comprehensive dataset for the study regionjfgjadly eliminating duplicate data.
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In many cases, several datasets, including the HAZUS baseline data, share many
common facilities though the gepatial data used to locate these facilities differ slightly

in each dataset. These small differences rs#eds a locatiobased filter which is
offered in geographic information systems (GIS) software. When location, or coordinate,
differences are larger other metadata is used to filter the datasets. Such metadata include
facility name and street addressl| éfforts are made to remove duplicate facilities in the
short timeframe allowed by this project.

Table 1: Inventory Statistics for FEMA Regional Impact Assessments
Baseline Regional Modeling Additional

Infrastructure Category Inventory Inventory Infrastructure
(Project Yr. 1) (Project Yr. 3) from Baseline

Essential Facilities

Hospitals 1,074 2,825 1,751
Schools 18,455 20,291 1,836
Fire Stations 5,032 10,346 5,314
Police Stations 3,982 4,480 498
Emergency Operation Centers 353 1,182 829
Essential Facilties Total 28,896 39,124 10,228
Transportation Facilities

Highway Bridges 104,048 165,771 61,723
Highway Tunnels 11 11 0
Railway Bridges 1,663 1,888 225
Railway Facilities 990 1,118 128
Railway Tunnel 2 72 70
Bus Facilities 310 405 95
Port Facilities 1,738 1,904 166
Ferry Facilities 6 52 46
Airports 2,435 3,773 1,338
Light Rail Facilities 0 537 537
Light Rail Bridges 38 38 0
Transportation Facilities Total 111,241 175,569 64,328
Utility Facilities

Communication Facilities 3,160 145,722 142,562
Electric Power Facilities 554 10,893 10,339
Natural Gas Facilities 464 34,339 33,875
Oil Facilities 138 89,621 89,483
Potable Water Facilities 918 1,195 277
Waste Water Facilities 4,518 48,430 43,912
Utility Facilities Total 9,752 330,200 320,448
High Potential-Loss Facilities

Dams 15,098 17,573 2,475
Hazardous Materials Facilities 20,153 39,939 19,786
Levees 0 1,326 1,326
Nuclear Power Facilities 15 25 10
High Potential-Loss Facilities Total 35,266 58,863 23,597
Total Number of Facilities 185,155 603,756 418,601

Substantial improvements are made in the characterizatiorfra$tructure inventory in

the study region through the incorporation of the aforementioned data. Baseline HAZUS
inventory includes roughly 185,000 critical facilities and upon completion of all
inventory improvements for the FEMA Regional Workshop anslykere are over
600,000 critical facilities. Several infrastructure types show significantly improved
infrastructure characterizations. Infrastructure types showing the greatest improvements
are utility facilities, though some transportation and high ng@tkloss facilities show
substantial increases in facility counts. Specifically, over 140,000 communication
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facilities are added, plus nearly 34,000 natural gas facilities, nearly 90,000 oil facilities,
and 44,000 waste water facilities. Furthermore, catm62,000 bridges and 20,000
hazardous materials facilities are added. More moderate improvements are made to
essential facilities and many other transportation facility datasets. Overall, however, the
updates to regional inventory over the entire coofdhe impact assessment project are
substantial and greatly improve the accuracy and reliability of the impact assessment
results. Table1 details the initial and final inventory counts for critical infrastructure in

the eightstate study region.

An independent inventory collection process was also undertaken for the transportation
network modeling in MAEVizThe road network data for the two metropolitan afas

St. Louis, Missouri, and Memphis, Tennessee, incladations ofnodes and links, road
characteristics, and travel demand altecollected from the local metropolitan planning
organizations (MP§) (i.e., the EasWWest Gateway Council of Governments at St. Louis,
MO, and the Memphis Urban Area MPO at Memphis, TN). id@& network databases
contain over 100 fields with descriptive characteristics for each linkateatised to
estimate capacity and speed setting for traffic modeling.

The EastWest Gateway Council of Governments (EWGCOG) consists of the City of St.

Louis, and alsoFranklin, Jefferson, St. Charleend St. Louis Counties in Missouri, and

Madison, Monrogand St. Clair Counties in lllinois. The Memphis Urban Area MPO

consists of Shelby, Fayette, and Tipton C@asin Tennesseeas well asDesoto and

Marshall Countes in Mississippi.The road network database and the associated travel

demand are extracted from the 2004 highway network model from the Memphis MPO.

The St. Louis MPOroad networkand travel demandre extracted frm the 2002 loaded
highwaynewor k product from the EWGCOG6s TransEva

Utility network models also require additional inventory investigations. As with
transportation network modeling, advanced utility network modeling is completed for St.
Louis and Memphis onlysince these are the two primary metropolitan areas significantly
impacted by a NMSZ event. Water network data was obtained from The City of St. Louis
Water Division. The MAE Center was not permitted to retain any of the inventory data,
so researchers cqieted all analyses at the St. Louis Water Division headquarters. The
aforementioned HSIP 2008 data provided the basis for electric power network data in the
St. Louis area.

St. Louis Natural Gas data was provided by Laclede Gas Company. Due to the
confidential nature of this proprietary data, the MAE Center is not in a position to display
the pipeline inventory, though results are included in subsequent sections and are
represented in an aggregated form. All data for Memphis, Tennessee, utility network
analyses was obtained from Memphis Light, Gas, and Water (MLGW). Network datasets
included natural gas, potable water and sewage pipelines as well as electric network data.

Fragility

16



Several types of fragility relationships are improved in this Cebigaearthquake impact
assessment and reflect the unique demand, capacity, or both, of infrastructure in this
region. New fragilities are incorporated for all 36 building types and as well as all
HAZUS bridge types applicable in the Central US.

Fragility Relationships for Buildings

A new way to derive fragilities is used to improve upon the HAZUS default fragility
functions. The methodology employed to develop the new building fragilities allows for a
more accurate damage assessment and was used ® skg\of fragility curves for all
building types The HAZUS fragility derivation methodology developed by Gerkct
(2007)consists of three main components: capacity, demand, and methodology.

The capacity of structures is defined by yield and ultimatetp and is represented
through either analytical or expert opinion pushover curves. Demand refers to the

earthquake event a structure is subjected to and represented earthquake ground motions.

HAZUS provides default capacity and demand curves for atstfucture types, though

the demand curves are adjusted to represent Central US event during the development of
new building fragilities. Also, HAZUS default capacity curves were used to generate new
building fragilities. With regard to demand, synthetecords are often used in the
Central US for large magnitude earthquakes due to lack of adequate existing earthquake
records for events with magnitudes large enough to generate catastrophic impacts.
Synthetic, sitespecific ground motions were generatedbider tocapture sitespecific

factors such as frequency distribution, duration, and sitelitons (Gencturk et al.,

2008. Finally, structural assessment is completed by applying an advanced Capacity
Spectrum Method (CSM), and fragilities are derived gpresented in two different
forms: conventional and HAZUS compatibl®nly the HAZUS compatible fragility
relationships are used in this study.

Conventional fragilities differ from HAZUS fragilities in terms of intensity measures.
The majority of convetional fragilities utilize peak ground parameters (acceleration
[PGA], velocity [PGV], or displacement [PGD]) or spectral values to represent the
ground shaking intensity used to determine specific damagefdesegbilities. HAZUS
fragilities are presentedifferently. In HAZUS, thdragility relationships are expressed

by damage state exceedance probabilities related to structural respmhsiee only
parameterequired to derive the HAZUS compatible fragility curves is the combined
uncertainty of capatiy and demand, which is obtained
(Genctirk, 2007).The spectral displacement ground motion parameter is employed in
HAZUS building fragility curves and thus is the basis for all new HAZd8patible
fragility relationshipsncorporated in this study. Building demand curves for all building
types included in the HAZUS program were not modified for these HAZb8patible
fragilities, instead the HAZUS default capacity curves were employed during the creation
of new building fagilities. Using this process, four median probabilities are obtained,

corresponding to each damage state: slight, moderate, extensive, and complete damage.

Subsequently, a lognormal distribution is applied to create the fragility curves.
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Fragility Relaionships for Bridges

Only 19 of the 36 bridge types in HAZUS are applicable to bridges in the Central US,
and 16 of those are updated with new fragilities specific to the study region. These 16
HAZUS bridge types are mappexhto thefive of the nine bridje types specified in
Nielson and DesRoches (2004, 2006a, 2006wy five bridge types considered by
Nielson and DesRoches correlate well with HAZUS bridge tySesne new bridge
fragilities are applied to two HAZUS bridge types based on structuralatbastics. The

three remaining HAZUS bridges types are reserved for bridges ovdt. §B0WB1 and
HWB2) or all other bridges that do not fit the general bridge classes outlined in the
Technical Manual (HWB 28). For these three bridge types, the HAZUSilt éfagility
values are retained.

New bridge fragility relationships consider several bridge components individually,
unlike the HAZUS default fragility functions. Such individually analyzed components
include columns, fixed bearings, expansion beairand both lateral and transverse
abutments. Thredimensional analytical models are created for each component in the
bridge structure and ndmear time histories are applied to determine component
behavior. As with building fragilities, synthetic gral motion records are used in the
time history analysis for all bridge components. Component performance is used to
determine the overall performance of the bridge. The capacity of the bridge system is
compared with the demand established by the synthetiords. The combination of
regionally-appropriate earthquake records and individual bridge component generated
fragility curves provide the best available representation of bridge performance in the
Central US.

Transportation Network Analysis

The CentrtUSi s an i mportant Ahubo of the national

the 2002 Commodity Flow Survey by the Bureau of Transportation Statistics (BTS),
more than 968 billion tomiles, or about 31% of the total US comuiities originate,
pass throuly, or arrive in the Central US region (BTS, 2005).

The greater metropolitan areas of Mempdnisl St. Louis are gbarticularsignificance.

With regard to freightthe Federal Express Corporation (FedEx) worldwide headquarters
and world hub are located Memphis The third largest U.S. cargo facility of the United
Parcel Service, Inc. (UPSndalsothe only UPS facility capable of processing both air

and ground cargo, is located in Memphis (Hanson, 2000@. Memphis International
Airport has beentheavr | d6s busi est air por t.Stibouistser ms
also the home of the natiG@secondargest inland port by triptemi | es and t he
third-largest rail center (St. Louis RCGA, n.Wjth regard to general travahe Central

USis home to millions of people, including two major population cerntetise St. Louis

and Memphis metropolitan areds. order to determine impacts to the transportation
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network in these major urban centers, the aforementidhgdl7 scenario earthquake
used to estimate the damage to bridges and subsequent impact on the road network.

The Memphis network consists of 12,399 nodes and 29,308 links, and travel demand of
the network are represented by 1,605,288in-destination QD) pairs (SeeFigure 9).

The St. Louis network isonsiderablyarger, containing 17,352 nodes, 40,432 links, and
7,263,025 OD pairéSeeFigure10).

Bridge information is extracted from the 2002 National Bridge Inventory (N&tbase

from the Federal Highway Administration (FHWAThe 2002 version of the NBI
database is compatible with the road network information provided by the local MPOs.
Though the 2008 NBI was incorporated in the aforementioned HAZUS inventory, the
2002 NBI must be used in the transportation model since it corresponds to the data
provided by the MPO. In this case, using the most current NBI would hinder the
modeling process as MPO and NBI datasets would be incompdtitden the NBI
database, a total numbof 3,095 and 615 bridges within the MPO boundaries are filtered
in GISfor the St. Louis and Memphis MPO netwsrkespectively.

The keycomponents and proceduraflsthe MAEViz Network Loss Analysis module for
transportation network performanead sydgem functionality assessmeate presented

Figure 11 summarizes the major components of the overall methodological framework,
including input data, major analysis procedures, and outphtse groups of input data
arerequired br the model, including hazard, transportation infrastructure inventory, and
network operations information. Hazard definition includes informationgoound
shaking and ground deformations such as those due to liquefaction and landslides. The
bridge and etwork inventory consists of essential network configuration of topology,
link properties and bridge information. Network components are assumed to be
independent when estimating the physical damage to lsridige inventory, hazard, and
damage informatio are integrated in the geographic informatiopsems (GIS) and
provide an efficientmheansof data manipulation and visualizatiofhe baselin@nalyses
estimate the prevent system performance as a referencet.pdive postevent network
statusis detemined by evaluag bridge functionalities resulting frorthe scenario
earthquake. The poestvent system performance with damaged bridges is assessed with
traffic assignment models and recommendations are made based on the system
functionality losses.Traffic modeling provides essential information on traffic flow
changes and travel delays that result from particular route closure due to excessive
damage to key infrastructure elements, or from the reduced traffic carrying capacity
because of less severexttge (e.g., lane closure for repair or imposed lower speed limit).
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Memphis MPO Transportation Network
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Figure 9: Memphis MPO Transportation Network

Projection: NAD 1983 State Plane FIPS 4100 Feet.
Prepared by Liang Chang, MAE Center, July 2009.
Data sources: Memphis Urban Area MPO and US Census Bureau.

Legend

St. Louis MPO Transportation Network

N FEORG ldir
=
o ‘;*T)‘T\'\ 4 2
A\ E [ LAY A\ A1
R A oD ATl
S !
LLEPRA
I 4
glan?/ >
& k oLerge i
V" | {1 = °
> A > .
B DA
—~— s %
e B
o o
o o
.
St I Yo o)
8 °
o
°
- ° y > = y 8
o 3 > e ¢
° ° |
° L3 °
o * ®e JB: .
oo
°
.
o
© St Louis MPO Bridge b, .
= MO Highway X g ,: .
= L Highway . NAD 1983 State Plane FIPS 2401 Feet.
St. Louis MPO Road Network Prepared by Liang Chang, MAE Center, July 2009.
0 375 75 15 25 30 Data sources: East-West Gateway Council
m St. Louis MPO Boundary Miles

of Governments, and US Census Bureau.

Figure 10: Transportation Network in St. Louis Area
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Hazard Definition
(scenario earthquake with
ground motion, liquefaction,
landslides information)

Network
Operations Information
(travel demand data )

Bridge & Network Inventory
(network configuration including link
and bridge information)

Physical Damage Network Analysis of

(damage assessment and GIS Integration Transportation System
loss estimation) (traffic modeling)

Performance Evaluation & Decision Support
(functionality loss, travel delay, retrofit prioritization, resource
allocation, budget-effectiveness, repair cost)

Figure 11: Transportation Modeling Methodological Framework

Utility Network Analysis

In addition to the default analysis of major interstate transmission lines, structures, and
generalized pipeline information per census tract irZd8, lifeline utility networks of

St. Louis, Missouri, and Memphis, Tennessee, are assessed in detail with MAEViz. The
two major metropolitan areas in the NMSFidure 12) house populations of 2,817,000

and 1,286,000 people, respgely, accordingto U.S. Census Bureau (2008)he
MAEViz analysis covers the structural damage assessment and interdependent network
performance analysis of the electric power, potable water, and natural gas networks in St.
Louis and Memphis.

Figure 12 St. Louis, MO and Memphis, TN in the New Madrid Seismic Zone

The network analysis methodology suggests the examination of the network systems
using two separate models comprised of two phases: structural analysis and
interdgpendent network modeling. The network analysis phase requires the topological
modeling of the utility networks.
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In the structural analysis phase, structural damage estimates of network pipelines and
network facilities caused by ground shaking and ligeteda-induced ground
deformations are obtained via fragility relationships. Individual buried pipeline segments
are defined by pipe material, joint type, diameter, segment length, and soil corrosivity
information. Network facilities are defined by facilitype, capacity, and availability of a
backup power generator (for water and natural gas network facilities). Fragility curves
and damage functions are matched to individual components based on the above
characteristics in order to estimate the expectethda properly.

The interdependent network modeling phase requires topological modeling of the lifeline
utility networks upon the completion of initial damage estimations. Physical
arrangements and connections of each component with other componeptsiétwbrk

are defined in order to model the connectivity and flow patterns in the networks. Monte
Carlo simulations are utilized to assess the network performance. Failures of components
are determined probabilistically in each simulation based on thetws@l damage
estimated in the first analysis. Structurally damaged or topologically isolated components
are considered to have oO0failedd and are
may also be removed from the network if it relies on the opetalofia failed utility
facility in another network. Damaged networks arestrectured in each Monte Carlo
simulation to assess the performance by applying two syside performance
measures that are represented as percentages: connectivity loss (Genacel flow
reduction (SFR). CL quantifies the ability of every distribution node to receive flow from
the generation nodes; whereas Sgirintifies the loss in supply that cannot meet the
demand at distribution nodes (Kim et al., 200f)e latter indictes system capacity and

the effect of the earthquake on the end users.

Threshold Values

The Mississippi River divides th€entral USinto two parts namely the astern and
westernparts. There are many different leagan bridgesmajor damsand leveeduilt

on ths river and other major rivers in the Central.UMBoreover, thousands of storage
tanks that frequently hold hazardous materials araéakcin cities and towns in this part
of the country The Central US isconsidereda low probability high consequence
earthquake zone, which leads to the assumption that a repeat of the812¢hrthquake
series would likely generatsome form of damagein these major structureshe
infrastructure systas described above, howevare not amenable to anabi fragility
assessments due to their diversity of types and compleRigyeloping analytical
fragility relationships for each unique infrastructure item is tpr@hibitive. An
alternative method of damage approximation is employed in the form of dapidge
assessment with threshold values. Threshold values are basitaipasdues, above
which a structure is likely damaged, and below which a structure is not likely to incur
damage. A comparison of a threshold value and a typical fragility relaijonsh
illustrated inFigure13.
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lllustration of Threshold Values
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Figure 13 Comparison of Threshold Value and Typical Fragility Relationship

This study presents a procedure fapid damage assessmentnedjor river crossings
(MRCs), dams, leveesand hazardous materiatorage tanksBroad classificatios are
required for rapid assessment and incladegroups of MRCs, two classes of daras
single levee typeand several types of storage tanks. Using peak ground acceleration
(PGA) & theintensity measutehreshold values have been establisioedapid damage
assessment of the aforementioned infrastructure components.

Previous research conducted on bridge fragility curve development and damage
evaluation of the infrastructure $gms subjected twarious earhquakes has been
reviewed extensivelyot only to reduce the uncertainties but also to pro@deore
realistic vulnerability asssment. The engineering judgmdraised methodologthat is

used to generate the approximate #ire@ld valuess summarizedn the following

e The peak ground acceleration (PGA) is used asntieasity measursince it is
readily aailable from earthquake records and is already part of the scenario event
hazard definition

e Fragility curves (only pertaing to the infrastructure that exemplifies the
identified infrastructure groups) are considered to minimize the uncertainties and
provide a more régtic vulnerability assessment

e When fragility curves are unavailable, previous research containing bridge
damage data collected via fieddrveys after earthquees is taken into
consideration

e Reasonable lower bounds amdefined as the threshold valuesorf each
infrastructure category
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Damage limit states described in HAZUS are considered in the damage ienatfidhe
infrastructure components. Damage state definitiongpanearily based on qualitative
descriptions in HAZUS and recommendations from previous studies made by experts
after field-survey.

The classification obridges is based on respective stoaction type and construction

material whereas dams and storage taakesclassifiedbased orbuilding materialonly,

i.e. earth or concrete. In addition, broad classificatioh storage tanksre employed

based on the identification of common struatufeatures. There are 127 major river

crossings located on five major rivers in Central (W8ssissippi, Missouri, Arkansas,

Ohio, and lllinois) Some of the bridges are vertical lift or side centermounted swing

bridges. Vertical lift bridges lift vihout tilting to provide sufficient clearance over the
navigation channel for marine traffic. The
simply supported and continuous steel truss
6earth amdavdanc rdeatnes 6g

The values of paskil peak ground accelerations presentedaile2 are ready for use

in regional impact assessment in the Central US. The methodology is applicable to other
situations where detailed analyticabdeling approaches are not feasifleough these
threshold values are not as technically robust as more conventional fragility relationships
they do provide basic estimations of damage to critical infrastructure that are extremely
helpful for emergencylpanning and disaster operations.

Table 2: Threshold Values for New Critical Infrastructure

Slight Moderate Extensive Complete
structure Type (@) (@) (@) )
Bridges
Cable-Stayed & Suspension N/A 0.15 N/A N/A
Multispan Continuous Steel Truss 0.18 0.31 0.39 0.5
Multispan Simply Supported Steel Truss 0.2 0.33 0.47 0.61
Multispan Continuous Steel Girder 0.18 0.31 0.39 0.5
Multispan Simply Supported Steel Girder 0.2 0.33 0.47 0.61
Multispan Simply Supported Concrete Girder 0.28 0.61 0.73 1
Dams & Levees
Earth Dams 0.5 0.63 1.25 N/A
Concrete Gravity & Arch Dams 0.63 1.25 N/A N/A
Levees 0.33 N/A N/A N/A
Hazardous Materials Facilities (Tanks) 0.7 1.1 1.29 1.35

Flood Risk Modeling

The flood risk model utilizes thereviously discussed threshold methodology to
determine dam damage. The two categories ar
and the threshold limit is based on the assumption that any dam expected to release water

after an earthquake must incur atsiea moderate level of damage which generates

significant cracks for water seepage or substantial displacement of the structure.
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Once the dams are classified into the two aforementioned categories, the selected flood
risk methodology is applied to detdma areas at risk. According to the selected model,
parameters such as dam height, elevation, and maximum storage capacity can be used to
determine the danger zones by determining a danger reach length (relevant distance that
water travels after the damil& and width of the overflowing water. By combining the

two, an area or surface is created to define a potential flood risk zone. Respective
elevations are then assigned to each potential flood risk zone created for each damaged
dam, based on dam elemti information. The elevation at the bottom of the dam is
assigned as the elevation of the respective potential flood risk zone.

Danger reach length is a very important parameter, since it determines how far
downstream the flood analysis should contintireis defining the extent of flood risk
considered. Commonly, the height and maximum storage capacity of the dam are utilized
to determine the danger reach length. The method implemented in this study was adapted
from informationcontained in the Soil Consation Service TSC EngineerifigD-16,

1969 (Johnson, 1998According to the methodology, the dam is assumed to fail at
maximum capacity. The water height, the maximum storage capacity, aryad0fdlood

plain valley width are utilized to approximate thenger length from a derived graph.

The second essential parameter in determining danger zones is the water width. First the
breach width is established. In this analysis, the valley width is used as the initial width.
Subsequently, a slope of 1:3 isedsto progress the lateral water flow until the danger
reach length limit is attained. The selected slope is implemented as the average of two
slopes; a 1:2 slope used for an arepytated by houses, and a 1:4 slope used for open
areas such as roadwayslfdson, 1998).

After the potential flood risk zones are drawn and respective elevations are assigned, the
flood surfaces are intersected with a 3D elevation map of the study region, anfilla cut
analysis is performed to determine which areas are atBeded on the analysis results,
areas from the elevation map that lie below the potential flood risk zone elevations are
considered oO0at riskd. Once the areas that
riské infrastr ucidentfied. THe mncertdingy sokthe anetlkodotogy asr e
significant, especially in identifying the danger zones and thefpagsyiteria that are
implemented when determining dam damage. Future improvements to both damage and
flood risk procedures are recomnaed, though the basic estimates provided by this
methodology are extremely useful when addressing secondary hazard in the emergency
planning and response process.

Uncertainty Modeling

Two independent uncertainty characterization methods are utilizédsirstudy. Each
method details an approach to quantify the uncertainties in impacts by examining various
model parameters. Neither method should be considered the definitive approach to
uncertainty characterization, but rather a sampling of model pagesveetd impacts to be
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considered when determining the potential variation in impacts estimated by earthquake
impact assessment software.

Uncertainty Characterization Approach 1

Due to the random nature of seismic hazards and the lack of complete dgewledata,
various types of uncertainties are inherent in regional seismic loss estimation. Therefore,
the deterministic loss assessment by use of computer software such as HAZUS and
MAEViz may cause unquantified risk of making Asianagement decisiorisased on
significant underor overestimation of the losses. As a result, it is important for regional
loss estimation software to quantify the uncertainty for-imé&rmed decision making.
However, there have been not many research efforts to quamifyrtcertainties in
regional loss estimation in a systematic manner. In this study, an efficient uncertainty
guantification framework was developed for HAZUS loss estimation and the feasibility
of the approach was tested by example analysis of eight statesCentral US.

Regional loss estimation contains various types of uncertainties, such as:

e Intrinsic randomness in seismic intensi§sl) measures such as spectral
acceleration %), peak ground acceleration (PGA), peak ground velocity (PGV)
and pealground displacement (PGD)

e Uncertainty in predicting the seismic performance of structures (e.g. exceedance
of prescribed limit states) and the number of damaged items (ND)

e Variations of damageelated measures (DM) such as damage factors, repair cost
ratios, and reduced traffic capacities

o Statistical uncertainties of parameters that appear in-sgoieomic loss models

e Erroneous or outdated data in inventory databases

o Existence of multiple competing models

This study, for preliminary research purposesalslavith three types of uncertainties

only: (1) the randomness in the seismic intensity, (2) the uncertainty in the number of
damaged items, and (3) the variations of damaged measures such as damage factors,
repair cost ratios, and casualty ratios. Theettped method quantifies the uncertainties
propagated to three types of HAZUS regional loss measures for building: stookser

of damaged wbildings (five damage statesnone, slight, moderate, extensive, and
completg, capital stock bss(four types) ard number ofdisplaced buseholdsTable 3

shows uncertainties considered for these HAZUS regional seismic loss measures.

For intuitive interpretation of the results, the uncertainty in the estimated losses is
presented by a cadence interval, which is the interval around the expectation (mean)
value for a given level of confidence. A seautomated computing tool was developed
using Matlab® to import HAZUS data and to quantify the propagated uncertainties using
the framework deeloped in this study.
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Table 3: Regional Seismic Loss Measures and Uncertainties Considered in This Study
Regional Seismic Loss Measures Uncertainty Type

Seismic Intensity | Number of Damageq Damage Measures
(SI) Iltems(ND) (DM)

Physical Loss
e Number of damaged building X | X |
Direct Economic Loss

e  Structural X X X
e Non-structural X X X
e Contents X X X
e Inventory X X X
Social Loss

e Displaced households X X X

Uncertainty Characterization Approach 2

The currentuncertainty prpagationmethod may require a large amount of computation
time for nationwide earthquake loss estimation because its framework involves large
vectors of dependent random variables. The Monte Carlo method, which has been
generally used for uncertainty aysés, requires an extremely large number of samples
and abundant computing time to obtain acceptable accuracy in its approximations. Thus,
this study proposes an applicable framework for probabilistic loss estimation bythesing
HAZUS logic trees and dast and reliableapproximation method for uncertainty
propagation by modifying the quantile arithmetic method. The important advantages of
the proposed approach are its simplicity and applicability by using a powerful numerical
method to combine random vables instead of Monte Carlo method and by using
information and data given by the HAZUS Technical Manual (FEMA, 2008).

A simple framework for probabilistic assessméntdeveloped based on the HAZUS
methodologyas follows:

Ce=[ | [[frc© T €T s € By, € pdadrds (1)

where,Cr is the expected repair cost (i.e., direct economic ldsg]p) is the probability
density function of repair costs given by damage stéigg)is the probability density
function of inventory datafsgr) is the probaitity density function of mean seismic
fragility given by damage states, ahg(s) is the probability density function of the
seismic intensity.

For an analysis of uncertainty propagation, this study proposes a modified quantile
arithmetic method. In thquantile arithmetic methodhe continuougprobability density
functiors are approximated by equivalent discrptebability density functions with
equal probability intervals. The proposed method uses two different values of probability
interval for conerting a continuousprobability density functioninto a discrete
probability density functionBy fitting a cumulative distribution function curve with a
steep slope change near thé'20id 8" percentiles, a probability interval equal to half

27



that at tle 50th percentile results at the two high and low ends of the probability density
function. This modification significantly reduces computation errors near the tails of a
probability density functiorcurve.

Uncertainties are included in all steps of #sthquakeimpact assessment procedure,
from seismic hazard analysis to social and economic imfaismic hazards generally
modeled as lognormal. Forthe NMSZ the coefficient of variation representing the
epistemic uncertainty about PGA anga$ 0.3and 1.0 gcondscan exceed 0.6 (Cramer,
2001). The inventory databases may include uncertainty due to incomplete or dated
demographicinfrastructure, and economic parameter data. The uncertainty embedded in
inventory data can hepresentethy the standardeviations of anormal distributionAll
methods for constructing fragility curves contain uncertainties in the assessment
procedures and data used. Seismic fragility is usuadigieled by lognormal distribution
Replacement costs of buildings depend up@my variablessuch assize, shape, design
features, materials, quality, heating, cooliagd geographicondition of the building

prior to the damage occurrindhe replacement ancepair costcan be modeled by
lognormal distributionThe coefficient olariation for total repair costs is assumed to be

in the range of 0.15 to 0.20 (RS Means Corp., 1997).

The proposed framework gives thmimulative distributiom about the number of
damaged buildings and the direct economic loss by building model typebynd
occupancy class. Uncertainty about the earthquake loss is represented by the lower and
upper bounds for a certain confidence interval and by a mean value and standard
deviation.

Social Impact Assessment and Response Requirements

Social Vulnerability

Social vulnerability is defined as the characteristics of a person or group, along with their
situation, that influences their capacity to anticipate, cope with, resist, and recover from
the impact of disastei®Visner et al., 2004)t is not just concered with the present or

the future but is equally, and intimateh product of the prexisting conditions (UNDP,
2004; Hilhorst and Bankoff, 2004). Thus, social vulnerability is gtmguct of social
inequalities (Cutter and Emrich, 2006) and margieai{Bankoff, 2004).

Importance of Social Vulnerability Analysis

People are not equally able to access resources, nor are they equally exposed to the

hazards. Peopl eds exposure to risk differs
income, and dermines how and where they live. Characteristics such as gender,
ethnicity, di sabilities, and 1| mmisgandti on st

resiliency when dealing with natural and nrraade hazards (Wisner et al., 2004).
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Despite this re#ly, when planning for emergencies, little attention has been paid to
social vulnerability Cutter (2006a)argues that among all factors that contribute to
vulnerability, those that we know least about are social factors. Since social factors
significantlyinfluence the needs of communities in the aftermath of large scale disasters,
planning efforts that only take into account the physical or economic vulnerabilities give
an incomplete picture for determining response activities and performing requirement
assessments. In addition to the sheer number of people at risk, emergency managers have
theadditional task of identifying those residents who may be the most vulnerable (Cutter,
2006b). Comprehensivdisaster preparedness plans must take into considerion
impact of social factors, and disaster planners should use this critical piece of information
as they identify preparedness actions toelien (Yeletaysi et al., 2009).

Factors Influencing Social Vulnerability

An i ndivi dual 0 sto disasters & lbasad wn anvarietg &f different factors
such us gender, class, race, culture, nationality, age, and other power relationships
(Enarson et al., 2006). Thyality of human settlements (housing type and construction,
infrastucture and lifelnes) (Dwyer et al., 2004; Cutter et al., 2003; Bolin and Stanford,
1998); tenure type (Dwyer et aRp04; Cutter et al., 2003); built environment; family
structure (Cutter et al., 2003; Buckle et al., 2000; Morrow, 1999); populgtmmth

(Cutter et al2003); commerciaand industriadevelopment (Cutter et al., 2003); medical
services (Cutter et al., 2003); and special needs population (Cutter et al., 2003) are also
important in understanding social vulnerability, especially as these characteristics
influence potential economic losses, injuries and fatalities from natural hazards (Cutter et
al., 2003).

Methodology to Bridge the Gap Between Social Vulnerability and Selection of
Preparedness Action

In orderto identify differing levels of social vulnepdity at the county level, Cutter et al.
(2003) developedhe Social Vulnerability Index (SOVI)The SOVI provides a county

level comparative metric of social vulnerability to natural hazards based on the
underlying socieeconomic, demographi@and built environment profile. SOVI hefp
determine which places may require special attention in terms ofepest needs
planning based on their existing level of social vulnerability. It alsostedpess where
additional resources may be needed to facilitatgdo term recovery after an event. As

an objective quantitative metric, the SOVI allows emergency managers, planners, and
individuals to identify the relative social vulnerability of places of interebhtis is a
critical stepin determining actions thatedrease overall vulnerability and to increase
future resilience (Cutter et al., 2003; Cutter and Emrich; 2006; Cutter and Finch, 2008).
SOVI 06s reductioni st nature and standardi ze
multiple locations, thus making it vesuitable for decision processes where a single
standardized quantitative metric for social vulnerability may be necessary. However,
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based on recent work with state and regional disaster planners, the social vulnerability
indexT while very useful to obtai a general understanding of the spatial distribution of
social vulnerabilities may not provide sufficient information trive the selection of
specific preparedness actions within a planning unit (Yeletaysi et al., 2009).

As the main focus of planninis to establish priorities and to identify the most realistic,
beneficial, and plausible set of preparedness activities. It makes sense to focus on the
vulnerability criteria that translate easily into preparedness actions. Furthermore, while
planning fo preparedness, it is beneficial to determine an optimal number of informative
social vulnerability criteria to be selected and measured quantitatively. To facilitate the
planning and preparation for potential large scale earthquake disasters within 82 NM

a set of vulnerability criteria was selected through the process of consensus building
within the planning group. More specifically, the following four vulnerability criteria
were selected for this study:

o Poverty level (measured by the percentageopufation living in poverty)

e Lack of proficiency in English (measured by the percentage of population not
proficient in English)

¢ Vulnerable age groups (measured by the percentage of population under five and
above 65 years old)

o Disabled population (measur®y the number of disabled residents)

The poverty data used in this report is based on the 2007 poverty data estimates published

by theSmall Area Income rad Poverty Estimates (SAIPE) program of the U.S. Census
Bureau (U.S. Census 2008he estimatepublished by SAIPEareneitherdirect counts

from enumerations or administrative records, nor direct estimates from sample surveys.
Insteadcounty level estimates are calculated combining survey data with population
estimates and administrative records. determine the poverty status, the U.S. Census
Bureau uses thresholds (income cutoffs) arranged in aditwensional matrix. The

matrix consists of family size (from one person to nine or more people)desssfied

by presence and number of family mesrdunder 18 years old (from no children present

to eight or more children present). The threshold matrix can be foumdbie 4. The

income includes all earnings before taxes and does not includeashrbenefits such as

food gamps and housing subsidies.alfperson lives with a family, the inconoé all

family membergs used to determine the family incomighe same thresholds are used
throughout the United States\d do not vary geographically. To determine a person's
povertyst at us, one compares the persondés tot al
the poverty threshold appropriate for that person's family size and composition. If the

total income of that person's family is less than the threshold appropriate faartigt f

then the person is considered fAbelow the po
his or her family.
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Table 4: Poverty Thresholds

Poverty Thresholds for 2007 by Size of Family arnd Number of Related Children Under 18 Years

Weigted Related children under 18 years

Size of Fanily Unit .=><ﬂ§_ ids Noe e Two Tiree Far Rwe SXx Seven :ﬂ“..
Cne person (Urrelated incha clal) 1052C
Undler 65 years 10787 10787
65 years and over 99544 9944
Two pecde 1354C
Househdder under 65 years 1384 13884 14291
Househdder 65 vears and over 126860 12533 14,237
Three pecyle 1653 16218 16688 167k
Four pecde AN2AE 213 2A7E 2107 21,100
Fvepecde XB0EC X571 P16 B34 M4 4366
Sixpecpe 2237 X4 X7 X¥Me&E 2B58 2 FAE 187
Seven pecde BB OHIZT HMHM5  3[IC 3[BOE 144 31,031 2810
Eght pecde »HBIE 3174 3B511 FBIE 37210 3/HME JHBEE H116 3[BX
Nine pecgde cr rrore P7E 45921 46143 2 455X 245014 44168 43004 41950 41681 40085

Source: U.S Census Bueau
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The data for proficiency in English is based on the colewgl census data fromeh
2000census (U.S. Census 2001a). THaa set provides the most current data on this
topic. Table P1%f the Summary file 3 (SF3), 2000 census data provides information on
the ability to speak English foihe mpulationthat is Syearsor older. In thisstudy all
persons who are <classified as speaking
considered noroficient in English. Furthermore the data is broken down into the
primary language spoken by this subset of the population. Languages inchmushSp
other IndeEuropean languages, Asian and Pacific Island languages and other languages.

Young (under five years old) and elderly population (above 65 years old) may also
require special assistance during disasters. The most current county lavelmtatided
by the 2007 population estimates published by the Césuesau (U.S. Census 2007).

The Census Bureau defines disability akrg-lasting physical, mental, or emotional
condition. This condition maleat difficult for a person to do actities such as walking,
climbing stairs, dressing, bathing, learning, or remembering. This conditiopralsents

a person from being able to go outside the home alone or to work at a job or business.
Census 2000 includevo questions with a total of sixubparts with which to identify
people with disabilitiesThe resulting disability data was published in the Census 2000
datafiles (U.S. Census 2001b).

Data for all four social vulnerability indicators (poverty, English proficiency, age, and
disabilities)were collected on the county level and also aggregated on a planning area
level. To facilitate the interpretation of the data, maps have been created. These maps use
color codes for different vulnerability levels and include scenario informatiorF(gas

14). This overlay of social vulnerability data with the earthquake scenario allows
emergency managers to identify planning needs.

All States - New Madrid Seismic Zone - Poverty

% of Population in Poverty
B Lov 7.0% - 14.5%

[ | Medium 14.6% - 20.8%
I High 20.9% - 33.5% o 7 %0 30 450 500

Figure 14: Sample Social Vulnerability Map

32



SWEAT (Security, Water, Energy, Accessibility, Transportation) Analysis

SWEAT analysis is the primary tool used to prioritize issues related to critical
infrastructure assessment and restoration during the response and recovery phases
following a disasterThe SWEAT doctrine was riginally developed by the Army and

later malified and used by the Army Corpsf Engineers in civil disastersThis
assessment tool offedata that iselevan, easy to use, and provided in a timely manner

It does notsupply all data required for resa&dion activities butrather provides an
excellent high-level starting point for developing a prioritization scheme for
infrastructure recoverylt does naot however, replace some of the sector specific
assessments thadustoccur.

SWEAT categorizes thefirastructure into following categories:

e S-Security

e W-Water

e E-Energy

e A-Accessibility

e T-Telecommunications

Each category ia collimation oftherelated infrastructure sectdrable5 represents the
breakdown of these categories:

Table 5: SWEAT Categories

S - SecurityW - Water E - Energy A- Accessibility [T - Telecom
Legenc 1 EQC 1 Potable Water 1 Electricity 1 M_ajor River_Crossing i Communications

1 Police 1 Waste Water Facilitie§ Natural Gas Facilities| i Highway Bridges Facilities

1 Fire 1 Roads

1_Hospitals 1_Schools

The damage in each sector is analyzed at the county level and is presented in tfe form
a color coded matrix. Where:

B8] Fuil capacity/capability (80-100%)Y] Reduced Capacity/Capability (79-40lil] No Capacity/Capability (0-39%

The matrix helps emergency managerthategional level by identifying couires as per
their colors in the following mannercounties which are colezodedred identifythose
which require external assistance. These couatieseverely impacted and haegher
little or no capacity to deal with the damage. Counties in yell@nrtlaose which have
sufficient capacity to respond to and recover from the incidémivever these counties
will not be able to provide amgssistance to neighboring counties, these counties do
not require external assistance and also cannot prosgglstance Green countiesare
better prepared either because the impaatushless in their area or they have more
than sufficient capability to deal with the damage. Ftbhmplanning perspectivéhese
countiesareidentified as the ones which will lbeadily able to provide assistance.
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S W E A T
Impacted Countieg

Major

IC . . -
(1 EOC| Police | Fire [ Hosp Potable Wg.st.e Elect NG River Hwy
Day 1 Water | Facilities Facilities Crossing Bridges

Schools| Telecom

Ballard
Caldwell

Calloway

Carlisle
Crittenden
Daviess
Fulton
Graves
Henderson
Hickman
Hopkins

Livingston

Lyon

Marshall
McCracken
Muhlenberg

Trigg
Union

Webster

Figure 15: Sample SWEAT Analysis

It is recommended that emergency managers focus more on the red labeled,@nahties
that efforts be made to strengthen the preparedness level in thesesdithin this

study, the SWEAT analysis is conducted for the immediate aftermath (e.g. day 1) of an
earthquake event and, therefore, provides an initial assessment for the planning areas.
The results are calculated for all eight states and reportachpacted counties only. An
example of the SWEAT analysis is illustratedrigure 15.

Medical Response Requirements

Medical Needs/Fatalities

O0MedNeedsRequi r ement 6 spfdaastglanbessthé numobersaedttype

of casualties, and the status of hospital facilit@asualties include both injuries and
fatalities. The type and numbef injuries that are expected immediately after the
incident are presented on a county level. This estimate assists plantetesniining the
resources required to deal with the increased surge in the pafientsxample, a large
portion of injuries that occur during an earthquake are crushing injuries. This type of
injury often affects the viexdalyssm@sparkoftdeney s ar
medical treatment. Theasualty estimatasnly take into account the injuries/fatalities due

to structural building and bridggamage It does not include the injuries/fatalities due to
transportation accidents, fire following ents hazmat exposurand injuries to those
assisting in the response effofihe injured persons are categorized fiotar levels(see
Table6); the categorization follows the same principal of triage as practiced byghe fir
responders after an incidertevel 1 patients are those who requsmme basienedical
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attentions but do not require hospitalizatibevel 2 paents require hospital carkevel
3 patients have life threatening injuriemd Level 4 represents the numloérpeople
killed.

Table 6: Injury Classification Scale (FEMA, 2008)

Injury Severity

Level Injury Description

Severity 1 Injuries requiring basic medical aid that could be administered by
paraprofessionals. These types of injuries would require bandages or observation.
Some examples are: a sprain, a severe cut requiring stitches, a minor burn (first
degree or second degree on a small part of the body). or a bump on the head
without loss of consciousness. Injuries of lesser severity that could be self treated
are not estimated by HAZUS.

Severity 2 Injuries requiring a greater degree of medical care and use of medical technology
such as x-rays or surgery, but not expected to progress to a life threatening status.
Some examples are third degree burns or second degree burns over large parts of
the body. a bump on the head that causes loss of consciousness. fractured bone.
dehydration or exposure.

Severity 3 Injuries that pose an immediate life threatening condition if not treated adequately
and expeditiously. Some examples are: uncontrolled bleeding, punctured organ.
other internal injuries, spinal column injuries, or crush syndrome.

Severity 4 Instantaneously killed or mortally mjured

The number of injuries/fatalitiess provided by HAZUS (FEMA, 2008). HAZUS
methodology assumedhat there is a strong correlation between building damage (both
structural and nonstructural) and the number and severity of casuBftiesnethodology
excludes casualties caused by heart attacks, car accidentarfdigwer failure which
lead to failures of medical equipment such a®spiratos, incidents duringpost
earthquake search and rescue or spasthquake cleanp and construction activities,
electrocution, tsunami, landslides, liquefaction, fault rupture, dam failures, dinels
hazardous materials releas&€herefore, the number provided should beripteted as a
lower bound. The following relevanssues in casualty estimati@re included in the
methodology occupancy potential, collapse and romllapse vulnerability of the
building stock, time of the earthquake occurrence, anib$plsstributionof the damage

The model requires three types of input data for casualty estimation:

e Scenario time definition
e Data supplied by other modules
e Data specific to the casualty module

Although the methodology provides information necessary to produce gasstahates
for three times of a day (@M, 2 PM and 5 PM)jn this study, 2 AM was chosen as the
scenario to be modeled. Generattgsualty estimates for 2 AM ahegher than both 2
PM and 5 PMas most of the population is inside theintes duringthis timeperiod For

a more indepthdescription of the HAZUS methodology, refer to the HAZUS Technical
Manual (FEMA, 2008).
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The second set of dafaovides information on the operating statusbafio s p iThea | s 6 .
number

of

AHos pi t alasilbes aswell as dospstalbut Magseat t
include longterm care facilities such as nursing homegble 7 shows a sample of the

information provided for Medical Response Requirements at the county level.

Table 7: Sample Qutput of Medical Needs Requirements

(1)

Injuries (2 AM) Fatalities (2 AM)
Impacted . Impacted
H | # # P W
Counties |Level 1| Level 2[Level 3 Total ospital - ower ater Counties |Fatalities|
Damage |Facilitied Beds Outages Outages

(I€)

Benton

19

5

24

Carroll

149

33

185

Chester

127

33

164

None (0%)

No Data

1 93

2 135

Crockett

337

90

10

437

Dyer

1,559

430

47

2,036

Fayette

349

90

447

Gibson

1,103

295

32

1,430

Hardeman

235

60

302

No Data

225

50

235

N w]n

308

Reduced (45%)

None (0%)

Benton 1

None (13%)

Carroll 6

Reduced (32%j

Chester 7

Crockett 18

Dyer 88

Fayette 15

Gibson 59

Hardeman 11

0 H o s psiructardlddmage is presented a colorcoded format where red represents

critical damage to the facility,elow represents moderate damaged green represent

minor damage. Plannessh o u | d

as these facilitiearenot only be unable to respond bmbst likely need to be evacuated

pay speci al

attenti

on

C

t

ar e

o th

It is recognized that hospitals without power and water are severely affected. Therefore,

courty level water and power outages are provided along with structural damage.

The hospitatrelateddata reported in this section is output diredtom the HAZUS

model. HAZUS recognizethe following medical care facilities based on the number of

beds:

Table 8: Classification of Medical Care Facilities

Medical Care Facility

Description

Small Hospital

Hospital with less than 50 beds

Medium Hospital

Hospital with beds between 50 & 150

Large hospital

Hospital with greater than 15@ts

Medical Clinics

Clinics, Labs ad Blood banks

The output (damage assessment of hospitals) is based modieé building typeand the
buil di ngbs

response spectrurdt

t he

| oc

ati on.

n

levels, results are reportearfimpacted counties, as well as at the state and regional level.

Chronic llinesss

During a disastelaccess to health care, personal suppoid medications reduced This
leaves people with chronic medical conditions at risk for serious medicalications-

even to the point of deatlrollowing Hurricane Katrinathere weremore than 200,000

people with chronic medical conditions displaced by the storm or isolated by the flooding
These individualsvere left without access to their usual medm# and sources of care

(World Bank, 2006)It is important for planners to take into account the needs of this

vulnerable population.

36

or dei



Table 9: Estimate of Chronic lllnesses (County Level)

Impact.ed : Heart | Hyper- Mental [Pulmonary]
Counties |CancersDiabetes| . . Stroke | _. .
(1) Disease| tension Disorders Conditions|
Benton 90 120 159 306 20 218 408
Carroll 240 322 426 820 55 585 1,093
Chester 141 189 250 481 32 343 641
Crockett 191 255 338 650 43 463 866
Dyer 452 606 801 1,540 103 1,099 2,054
Fayette 321 431 569 1,095 73 781 1,460
Gibson 609 817 1,080 2,076 138 1,481 2,768

Estimates of thewumber of displacegeople with chronic illnessesere calculated on

both a county andtate level. The chronic illnessreported in the study inatle the

number of cases of cancer, diabetes, heart disease, hypertension, stroke, mental disorder,
and pulmonary @enditions.An example is provided ifiable9. This dataassistsnass care
providersin determiningthe special medical needs of tkbelterseekingpopulation and

also in determining strategies for gaining actessecessary medical suppli€sstimates

of the number of cases of chronic illnesses utilized informataiectedby the Milken

Institute (DeVol and Bedroussian 200This information provided the percentage of the
aforementioned chronic illnesses as a percentage of total popdtatieach of the eight

states. Using these percentages along with the estimate of-sleelkérg population it is
possible to calculate the number of cases of chronic illnesses in the -sbekarg
population. In many casegeople suffer from more thame liness. It is recommended

that plannes considerthe ypes of medicationtypically usedfor the various illnesses

along with the method o&dministration (ingested, injected, etevhen developing
procedures to care for this vulnerable population.

When stockpiling medicationsit is relevant to notdhat some medications become
obsoleteas new medications are introduceshd alsothat certain medications have
relatively shortshelf life. It is also usefuto estimate the demaridr medical needs ber
than medications, such as walkers, eyeglasses, dentures, smoking cessakorgligtc.
the planners need freparefor the care of those with chronic illnesses not only during
the response phase, but until the local healthcare provatersable tosupportthe
increased demand in both the impacted aseaell adocations receiving evacuees.

Mass Care and Emergency Assistance Requirements

Mass care and emergenagsistanceequirements comprise the commaodities (water, ice,
Ri sk 6 opuwaponlsat i on.
defined as displaced households (due to structural damage) and those without water
and/or power foat least72 hours. Shelteseeking population is a subset of the displaced
population based osociceconomic characteristics such as ethnicity and income level.

food) and shelter reg@mentso f

t h
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Di splAtc eRli/ 9k 6 Popul ati on Estimati on

This report incorporates and extends the HAZUS methodology for displaced and shelter
seeking populations. The HAZUS methodology calculates aisgl and shelteseeking
populations solely for displacement due to structural damage. It is assumed that all people
residing in collapsed buildings and 90% of thepplation residingin extensively
damaged mukfamily homes are displaced (FEMA, 2008he displaced population

then requires alternative shelter elsewhere though many stay with friends and family or
rent motel rooms or apartments. When other options do not exist, people turn to public
shelters provided by the Red Cross or others. The dedsionilize public shelter is
correlated with a variety of social and demographic factors. The HAZUS methodology
uses a multattribute utility model which considers ethnicity and income as major factors
contributing to demand for public shelters. The peeters for this model were originally
developed by the American Red Cross and were based on expert opinion along with
historicaldata (Harrald et al. 1992). Data framer 200 victims of the 1994 Northridge
earthquake were analyzed and used in finaliziege parameters.

Severeand long terndamage to lifeline systems suab water and electricity also forces

people to leave their homes. This often leadstoeass in the shelter populatioror

this study, it is assumed that all people without pr@meess to utilities remain in their

homes for the first 72 hours and do not seek external support immediately following the

event. If the outage continues beyond this period, these people require support in terms of
commodities and/or housing. People witho power and water are cor
An example is shown ifiable10.

The foll owing method i s us edseeking papadtionsi| at e t

~

(thesheltes eeki ng popul ati on opslatien): subset of the i

e ! G NR&A1E¢ LRLIAFGAZ2Y G RFEFE mY 11 % { SadAYl (!
e 4! G NRalé LRLIAFGAZ2Y G REFE@ oY 11 % { SadAayYld
water and/or electric power at day 3
e Shelterseeking population at day 1: HAZUS estimafier shortterm shelterseeking
population
e Shelterda SSTAY3 LIRLIzZ I GA2Y G RFE& oY a!dG NRALE LR
for the shelterseeking population (this factor is calculated at the census tract level and
is equal to the factor employkin HAZUS)
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Tablel00Esti mate of AAt Risko and Shelter Seeking
FEMA | State Total Day 1 Day 3
Region| Total [Population . #she!ter . #she!ter

# at risk| seeking |# at risk| seeking

Alabama 4,447,100 9,645 3,081| 601,561| 173,412

Kentucky 4,041,769 53,860 14,952| 850,615 233,909

Region I Mississippi 2,844,658} 61,997 18,345] 705,032 205,507
Tennessee 5,689,283 316,681 91,103| 2,072,942| 562,468

Total RIV 17,022,810 442,183|  127,481| 4,230,150] 1,175,296

llinois 12,419,293 50,285 15,588 650,247| 185,139

Region V| Indiana 6,080,485 9,932 2,701] 579,627| 153,570
Total RV 18,499,779 60,217 18,289| 1,229,874 338,709

Region V Arkansas 2,673,400 124,730 38,827| 937,518 285,865
Total RVI 2,673,400 124,730 38,827| 937,518 285,865

Region VI Missouri _ 5,595,211 103,665 30,074 842,002| 237,991
Total RVIi 5,595,211 103,665 30,074| 842,002| 237,991

Total 43,791,199 730,795|  214,671| 7,239,544 2,037,861

Shelter and Commaodity Requirements

Shelter capacity, space, resources, and staffing requirements providelavilgieeds
assessment regarding the essential components of-tstrartaccommodation and

commodities for the AAt RiskoOo population.

drinking water, food (provided as MREMeals Ready to Eat), and ice. Ice is generally a
necessity following a disaster due to water and electrical outages as well as contaminated
water supplies. It is recognized that access to ice is not as critical during the winter (the
current scenario is set &ebruary ¥), nonetheless it is important toclude these
estimates in the planning process.

The parameters for commodity and shelter requirement estimatiodstared inTable
11 The requirements are based on various research endeavors (NationatHResear
Council, 1989; Sphere Project, 2004; State of Florida, 2005; American Red Cross, 2007).

Staffing requirements for shelters depend upon the size of the shelters used during the
response. Staffing estimates are provided using an average shelter capz@itypeople.

Larger shelters, in general, require fewer personnel per skek&mg person, while
smaller shelters require a comparatively higher number.

In addition to the shelter and commodity requirement estimadigimelter gap analysis
perfomedusingthe National Shelter Syste(NSS)database (FEMA, 2007) alongth
estimatesof the shelteseeking population to determine gaphe NSS provides
information on many attributes of available shelters, including address and, most
importantly, thesheltering capacity. Shelters for all eight states have been extracted from
the NSS and geooded for use in a GIS environment. Unfortunately, the NSS database is
somewhat incomplete with many data entries incomplete and/or incorrect. It is
recommended thamprovements to the current NSS data be made and that an accurate
database be maintainémt all potential public shelters.
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Table 11: Estimations for Commodity and Shelter Requirements

Shelter space total Water

o 480 square foot per person (this includes Drinking water:
space for all shelter related infrastructure e 1 gallon per person per day

e Source Sphere e Source SphereARC, USACE
Water for washing and persal hygiene:
Sleeping space e 2 gallon per person per day
e 60 squaréoot per person *  Source Sphere _
o Source Sphere, ARC Other water requirements (e.g. cooking, etc.):
e 2 gallon per person per day
Cots and Blankets » Source Sphere

Calculation of truck loads
e 4750 gallons per truck load
e Source USACE

e 1 per person
e Source Sphere, ARC

Toilets

Toilets
o 1 toilet per 40 persons
e Source Sphere

Food

Estimated Calories
e 2,000 Calorieper person day
e Source NRC
Fresh Food (if calories are provided by fresh fooc

Sinks
e 3 pound per person per day
e 1 per 80 persons e Source Sphere
e Source Sphere MRE:
e 2 MRE per person per day
Garbage Source USACE
Refuse Containers (30 gallon containers) Truck loads for MRE
e 1 for every 50 persons e 21744 MRE per truck load
e Saurce ARC, Sphere e Source USACE
Ice Staffing
e 8 pounds of ice per person (1 bag) Dependent on size of shelter and other planning
e Source USACE numbers assumeverage shelter size of 200
Calculation of truck loads people
e 5,000 bags / 40,000 pounds per truck e Staff to run sheltersl0 people

e Source USACE o Staff to feed peoplet people
o Staff for bulk distribution8 peopk
L]

Source: ARC

Search and Rescue Requirements

This setion describes the methodologsed to calculate the number and type of search
andrescue teamand personnel that are required to respond immediately following an
event. It is based on the methodology developed by D. Bausch (Physical Scientist, FEMA
Regian VIII) with contributions by D. Webb (USAR, FEMA HQ)

The total number of completely damaged buildings in each area provides the basis for
search and rescue requirements. The number of collapsed buildings is calasiiaged

the collapse rate®f completly damagéd buildings. The collapse rates depend on the
structural building types and are giverTiable12.
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Table 12: Colla

se Rates for Completely Damaged Buildings

Structural Building Type

Collapse Rate for Completely Damaged Buildings

\Wood

6%

Steel 12%
Concrete 20%
Precast 26%
Reinforced Masonry 20%
Unreinforced Masonry 30%

Manufactured Housing

6%

The number of search and rescue teams required is directly proportionalgstitnated
number of collapsed buildings. The following four types of search and rescue task forces
are used for search and rescue activities and are dependent on construction type damaged

e US&R Type | Task Forces
Task force trained & equipped for ligltame, heavy wall, heavy floor and
concretesteel constructiotheavy reinforced concrete)

o US&R Type Il Task Forces
Task force trained & equipped for light frame, heavy wall, heavy #nadr
concretesteel construction

e Collapse S&R Type Ill Teams

Taskforcetrained & equipped for urinforced masonry construction

o Collapse S&R Type IV Teams

Task force trained & equigal for light frame construction

Table 13 details the requirements for each type of S&R teantudiieg team size,

deployment time, work load,

etc.

Table 13: Search and Rescue Team Specifications

Type |

Type Il

Type Il

Type IV

Personnel per Team or Task Force

70

32

22

Hours Allowed for Mission Accomplishment

72

72

72

72

Hours Deployment Time

24

24

6

Hours Available for Mission Accomplishment

48

48

66

66

Structures per Team/Task Force per Op Period

Hours per Day

12

Structures per Team/Task Force per Day

16

Both the collapse rate3dble12) and clearance rate$dblel13) could be hghly variable.

For example, based on time of day, there may be many collapsed structures that are
unoccupied and cleared quickly, or major rescue sites that require multiple Téems.
team capabilities and collapse estimates are used to determine thangrarsonnel
requirements for the given scenari@ble 14 provides an example of the information

calculated for search and rescue requirements at the state level.

Table 14: Search and Rescue Team and Psnnel Requirements (Exam

le Tennessee)

Type |

Type Il

Type lll

T

pe IV

Teams

Personnel

Teams

Personnel

Teams

Personnel

Teams

Personnel

89

Total for Tennessee

6,213

25

804

226

4,972

119

714
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The model assumes the standard deployment times givérable 13. Due to the
catastrophic nature of the earthquake, and the resulting infrastructure and road network
damaye, deployment / transportation delays need to be taken into consideration.

Mortuary Services

HAZUS estimates the number of fatalities solely basetheninjuriesdue to structural
building and bridgedamage It does not includeleathsdue to transporten accidents,

fire following events hazmat exposur@nd those of first responders, therefore this
number should be taken as a lower bound. The number of fatalities is provided on both a
county and state level.

Other Relevant Populations

HAZUS estimags for displaced and shekseeking population only account for
populations in residential buildings. For planning purposes it is essential to include other
relevant populations since they algmuire extra support in the areas of transportation,
medicalcare, communication, etc. Other relevant populations include:

e People in dormitories, includingclsool dormitories, military quartersand
homeless shelters

e People in nursing homes

e People in institutions, such aerecectional facilities, juvenile faciliés, hospitals
and other institutions

¢ Visiting populations, including business and leisure travelers

Data has been collected from a variety of sources. The population data for dormitories,
nursing homes and institutions was derived from (U.S. Census, )20Bsiness
travelers and tourist information was estimated from data published by the following
resources:
e Alabama:Alabama Department dfourism (Alabama, 2008)
e Arkansas: The Arkansas Department of Parks and Tourism (Arkansas, 2008)
Indiana:
0 2004 Travelnd Tourism in Indiana (Shifflet, 2006a)
o D.K. Shifflet County Rankings (Shifflet, 2006b)
o Indiana Hotel & Lodging Association (Indiana, 2008)
¢ lllinois: lllinois 2006 Visitor Profile Octobe?007 (Shifflet, 2007)
e Kentucky:
0 Economic Impact of Travel on Kergkly counties 2002004 (Kentucky,
2005)
o Tourism Tracker (Tourism Tracker, 2006)
e Mississippi: State Visitors Bureau (Mississippi, 2008)
e Missouri:
0 Missouri Division of Tourism (Missouri, 2008)
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o Missouri University (Missouri University, 2008)
e Tennessee: Tenmae Department of Tourist Development (Tennessee, 2008)

Security Needs

Since jails and prison populations are also affected by earthquakes planners must
consider specific security needs. For example, it may become necessary to relocate
inmates to otherafilities or to reinforce structures to minimize the risk of structural
failure. For this report the following data has been collected:

o Federal prison population: Data was collected from the weekly population reports
published by the Federal Bureau ofderis(U.S. Department of Justice, 2009).

o State prison population: Data was collected from the eight State Departments of
Correction. Where available, the most current data for the actual prison
population was collected. If this data was not availableppréapacity data was
used instead.

e Local jails: Jail data is based on the 2005 jail census data collected by the
Department ofustice (U.S. Dept. of Justice, 2007).

Dependent on the jurisdictional affiliation of the facilities, different laws and goeteli

must be considered. It is recommended that planners contact and collaborate with the
appropriate authorities to determine a strategy concerning inmates and corresponding
facilities.
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Overview of Results from Impact Assessment

This section providesetected results of various impact assessment models included in
the New Madrid Catastrophic Event Planning project. Individual sections address
HAZUS modeling which includes direct damage to infrastructure, induced damage,
casualty estimation and directagmmic losses. Potential flood risk from dam failure is
included and 0at ri ské infrastructure i de
transportation networks in major metropolitan areas are presented and impacts discussed.
A characterization of uncertay is incorporated and addresses uncertainties in various
HAZUS model results. Social impact modeling includes mass care needs for displaced,
shelter, and special needs populations. Commodities and search and rescue requirements
are also included. Additral shelter requirements and regional capacities are presented as
well. The results of all models create a comprehensive representation of teveguust
environment and provide the necessary data for regional and national response planning
for a catastropic New Madrid earthquake.

Direct Damage to Infrastructure, Induced Damage, Casualties, and
Economic Loss

All direct damage, debris generation (induced damage), casualty, and direct economic

loss estimations are determined via HAZUS models. As discyseetbusly a single,
nationally-catastrophic scenario event is used for all HAZUS models. Results are
presented by state with an eigithte summary of results following all state results

di scussi ons. A |list of 0i mpwith theekceptianwint i e s 0
Al abama. Each statebs |ist was compiled ba:c
and functionality of infrastructure, social impacts, and direct economic losses. Impacts

are most severe in the impacted counties listed in #tsos, though it is important to

remember that all counties in each state are impacted at some level be the NMSZ

scenari o event. A set of 6socially i mpacte
counties in Alabama failed to meet the criteria for damafyastructure that is required

for O0i mpacted counties6é though soci al i mpact
of 6socially impactedd counties is used for
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Impact Assessment Results for Alabama

Thesociallyimpacted ounties identified in Alabama are listed below:

Autauga
Baldwin
Bibb
Bullock
Choctaw
Clarke
Dallas

Elmore
Escambia
Etowah
Fayette
Geneva

Hale
Lamar

Lowndes
Macon
Marengo
Mobile
Pickens
Russell
Tuscaloosa

There are nearly 1.76 million buildings in tBéate of Alabama, roughly 1.73 million of
which are residences. A large portion of damaged buildings are residential structures

which i s

nl i ne wi

th thei

r

rel ati ve

frequenc

at least moderately damaged struetuare residences, either single family or multiple

family

(al so

cal |

ed

Olrabte h5ealtso shosvs thad eesideritiad | 6 )

d w

structures comprise a large percentage of all completely damaged struCurgsete

damage does not necessarily mean collapse, though complete damage does indicate that
the buildings are uninhabitabler many cases, collapse may occur as the result of an
aftershock. Conversely, wood structures comprise a large portion of the building
invertory by building type, but a much smaller fraction of actual building damage. As
shown in Table 16 only 3,000 at least moderately damaged structures are wood
construction, while 11,100 are manufactured housing. A large portiocommiplete
damage, however, is attributed to wood structures. Estimates show a large portion of
damage occurs in Mobile County which is along the Gulf Coast and very far from the
fault rupture. This seemingly disproportionate distribution is due to theddghity of
infrastructure in the Mobile metropolitan area. The percentage of buildings damaged in
Mobile County is similar to the remainder of the state, though this percentage equates to a
larger number of damaged buildings in this highly populated avelajeed area.

Table 15: Building Damage by Occupancy Type for Alabama

General Building Damage by Occupancy Type for Alabama

_(I._Eeneral Occupancy Total Buildings At Least Moderate Complete Damage
ype Damage

Single Family 1,342,900 3,200 3,000

Other Residential 368,400 11,400 700
Commercial 29,100 500 60
Industrial 8,100 200 20

Other 9,800 100 40

Total 1,758,300 15,400 3,820

! Building damage estimates are rounded in an effort to avoid providing highly specific numbers that often
reflect high levels of certainty, when actual impacts are likely to vary from the exact model outputs.
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Table 16: Building Damage by Building Type for Alabamé&

General Building Damage by Building Type For Alabama

General Building Type Total Buildings At Legztml\ggzerate Complete Damage
Wood 1,315,900 3,000 2,960

Steel 23,000 700 50
Concrete 5,500 200 <20
Precast 1,800 <100 <20
Reinforced Masonry 8,600 <100 20
Unreinforced Masonry 88,100 400 200
Manufactured Housing 315,500 11,100 570

Total 1,758,400 15,400 3,820

Damage to various types of critical infrastructure, including essential facilities,
transportation lifelines, utility lifelines, dams, levees, and hazardoaterials facilities

are assessed at the facility location as oppose to the aggregated damage evaluation used
for general building damage, shown previously. The low levels of ground shaking
throughout Alabama do not cause significant structural damagetital infrastructure.

As shown inTable 17, there are no moderately damaged essential facilities. These
damage estimations include structural damage only, thus it is possible tretuataral

damage, or even minor structudamage, occurs. Though minor forms of damage are
possible, the lack of significant structural damage likely indicates that the majority of

Al abamadés essential facilities are operat.

Table 17: Essential Facilities Damage for Alabama

Essential Facility Total Facilities | At Least Moderate Damage Complete Damage
Schools 1,903 0 0
Fire Stations 1,388 0 0
Police Stations 496 0 0
Hospitals 210 0 0
EOCs 124 0 0

Table 18: Transportation Lifeline Damage for Alabama’

'II_'_ran_sportatlon Total Facilities At Least Moderate Complete Damage
ifelines Damage

Highway Bridges 17,491 0 0

Railway Bridges 118 0 0

Railway Facilities 115 0 0

Bus Facilities 24 0 0

Port Facilities 327 0 0

Airport Facilities 469 0 0

% Please reference footnote 1.

3 For tables in this section the following method is used to determine the number of facilities in a damage
category.HAZUS assigns each facility a probability of reaching a specific damage level (at least moderate,
complete, etc.).In order to provide quantities of facilities at various damage levels, all those facilities that
experience a damage probability of 50% or tgedor a given damage level are counted as

6 d a ma ghemford, the facilities that are not 50% likely to incur damage at a specific damage level are
deemed 6undamaged. 6

* Please reference footnote 3.
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Transportation and utility lifeline facilities show similar damage trentsble 18
illustrates the lack of moderate or more severe structural damage to transportation
infrastructure in AlabamaMinor structural damage may occur, such as surface cracking
of bridge abutments and minor movements of structural connections in bridges and other
facilities, though these forms of damage do not compromise a structure significantly.
Most transportationifelines are operational immediately after the event and movement
within Alabama should not be restricted due to transportation infrastructure damage.
Utility facilities present similar damage trends, in so far as moderate structural damage is
unlikely, though minor structural damage is possible. Additionally, minor permanent
deformations of support structures may render some equipment at utility facilities
inoperable Table19 shows the lack of moderate structural damage toyutdtilities in
Alabama. At this time there is no method to gather information regarding equipment at
these facilities or method to determine damage to such equipment, thus these estimations
are not included in this series of models for the NMSZ sceneeiote

The combination of minor shaking and ground deformation causes roughly 2,000 breaks
and leaks to utility pipelines in Alabama. Local distribution lines are most common and
thus incur the greatest amounts of damage. Interstate pipelines carry gasuaad olil
through Alabama to other major commerce centers and portions of the Central and
Eastern US. AsTable 20 shows, there are very few repairs required in these major
transmission pipelines. Damage to utility infrastruetleads to utility services losses
throughout the state. Though potable water service is retained throughout Alabama,
approximately 230,000 households are without electric power immediately after the event.
These estimates are likely conservative, pdertyl power outages estimates. A major
failure on the power grid could generate significantly larger numbers of power outages.

Table 19: Utility Facilities Damage for Alabama®

Utility Facilities Total Facilities At Least Moderate Complete Damage
Damage

Potable Water Facilities 30 0 0
Waste Water Facilities 9,315 0 0
Natural Gas Facilities 458 0 0
Oil Facilities 425 0 0
Electric Facilities 1,629 0 0
Communication Facilities 15,895 0 0

Table 20: Utilit y Pipeline Damage for Alabama
Pipeline System Total Miles Leaks Breaks Total Repairs
Potable Water Local 124,800 460 292 752
Waste Water Local 74,900 364 231 595
Natural Gas Local 49,900 389 247 636
Natural Gas Interstate 5,300 5 11 16
Oil Interstate 1,800 2 5 7

® Please reference footnote 3.
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Table 21: Other Critical Facilities Damage for Alabama

Facility Type Total Facilities Damaged
Dams 2,233 0
Levees 5 0
Hazardous Materials 3,656 0

Damage to infrastructure, both buildings and critical infrastretf generate debris

which must be removed. In some cases, debris must be removed to reach impacted areas
and earthquake victims. More commonly, however, debris is removed during the
recovery phase as homes and businesses are rebuilt or critical infrastis repaired. A

total of 560,000 tons of debris is generated in Alabama. Roughly 260,000 tons is steel
and concrete, while the remaining 300,000 tons is brick, wood, and other building
materials. Nearly 22,400 truckloddse required to remove allatdebris resulting from

the scenario event.

Casualties are considered a social impact, though they are the direct result of structural
damage to buildings and other infrastructure as determined in HAZUS. As a result,
casualty estimates are presentedofsihg the direct damage estimations for each state.
Casualties are estimated at three times throughout the day in order to represent the
difference in building use in the afternoon, evening, and night. Estimates at 2:00 AM
reflect expected casualties whtte population is home, 2:00 PM estimates reflect the
majority of the population in office buildings while at work, and 5:00 PM estimates
reflect a large portion of the population commuting from work to home. The number of
casualties at 2:00AM is detaileldere since the scenario event occurs at 2:00AM.
Furthermore, several severity levels are defined within the impact estimation tool.
Descriptions of the four HAZUS casualty severity levels are provided below:

e SeverityLevel 1: Injuries will requireudimentary medical attention but
hospitalizations not needed, though injuries should be rechecked frequently

e SeverityLevel 2: Injuries will require hospitalization but aret considered life
threatening

e SeverityLevel 3: Injuries will require hospitalizaticand can become life
threaening if not promptly treated

e SeverityLevel 4: Victins are killed as a result of the earthquake

Please note that a Level 4 casualty is a fatality and is included in the overall estimation of
casualties for the scenario event.

The scenario event causes nearly 1,000 total casualties in Alabama, many of which are
minor injuries. Table 22 shows that roughly 75% of all casualties are minor injuries
which do not require hospitalization. Nearly 200 peoplguire hospitalization for their
injuries (Levels 2 & 3) while nearly 30 fatalities are expected.

® In this report crital infrastructure refers to essential facilities, transportation lifelines, utility lifelines, and
6otherd critical infrastructure including dams, l eve
" All truck for debris removal are assumed to be@btrucksfor state results and regional summary results.
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Total assets in Alabama include more than $290 billion in building value, approximately
$125 billion in transportation infrastructure value, nearly $700iobil in utility
infrastructure value. This equates to $1.1 trillion in total infrastructure value throughout
the stateTable 23 details the economic losses expected based on infrastructure group.
Utility losses comprise a largeogiion of the $14 billion of total economic loss in
Alabama. Building and transportation losses comprise substantially lesser portions of
economic loss in the state.

Table 22: Total Casualties for 2:00AM Event in Alabama
Level 1 Level 2 Level 3 Level 4 Total
Casualties at 2:00AM 726 179 16 28 949

Table 23: Direct Economic Loss for Alabama($ millions)
Buildings Transportation Utilities Total
Direct Economic Loss $1,758 $274 $11,626 $13,658

Impact Assessment Results for Arkansas

The impacted counties, or those impacted most severely, in Arkansas are:

e Arkansas e Jackson e Prairie

o Clay e Lawrence ¢ Randolph

e Craighead o lLee e Saint Francis
e Crittenden e Mississippi e White

e Cross e Monroe e Woodruff

e Greene e Phillips

e Independence e Poinsett

There are approximatehl.3 million buildings in the State of Arkansasvith
approximately 1.2 million residencéx either a single family or multiple families (other
residential). Over 162,000 buildings are damaged in Arkansas thoagheaportion of
damage occurs in the northeast portion of the state. Nearly 145,000 at least moderately
damaged buildings are residential construction, as is showralie 24. Residential
construction also incurs substantial amts of complete damage which renders many
homes unusable.

Additionally, over 900,000 buildings are wood frame structures, while another 180,000
are unreinforced masonry (URM) structures. Steel, precast, anthqaate concrete
buildings comprise a nuln smaller portion of the state building inventofable 25

shows that a significant portion of at least moderate damage occurs in woodframe
construction, over 40%, and manufactured housing, over 30%. Approximately half of all
complete damage is attributed to wood structures, though both URMs and manufactured
housing each account for 20% of all complete damage in Arkansas. Several counties
experience more damage than the remainder of the state. Greene, Craighead, Poinsett,
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Crittenden, and Mississippi Counties are each estimated to incur at least 10,000 damaged

buildings.

Table 24: Building Damage by Occupancy Type for Arkansas

General Building Damage by Occupancy Type for Arkansas

_(r5eneral Occupancy Total Buildings At Least Moderate Complete Damage
ype Damage

Single Family 833,500 69,700 35,800
Other Residential 408,500 75,000 27,400
Commercial 53,200 11,000 4,700
Industrial 14,600 2,800 1,100

Other 15,600 3,700 1,700

Total 1,325,400 162,200 70,700

Table 25 Building Damage by Building Type for Arkansas

General Building Damage by Building Type For Arkansas

General Building Type Total Buildings At Legztml\gggerate Complete Damage
Wood 902,100 68,800 35,000

Steel 25,300 7,300 2,700
Concrete 6,600 1,500 700
Precast 6,700 1,600 700
Reinforced Masonry 5,200 1,100 500
Unreinforced Masonry 181,900 29,100 15,500
Manufactured Housing 197,600 52,800 15,600

Total 1,325,400 162,200 70,700

Critical infrastructure is s@rely damaged and operational capabilities are substantially
reduced in northeastern Arkansas. Well over 200 schools, 100 police stations, nearly 180
fire stations and 25 hospitals are damaged by the scenario event and a large portion of
that damage is coptete, rendering many facilities useless after the evEmble 26

details damage estimates for essential facilities in Arkansas. The impacted counties are
catastrophically impacted, particulariglay, Craighead, Crittenden, Cros&reene,
Jackson, Lee, Mississippi, Monroe, Phillips, Poinsett, Prairie, Saint Francis, and
Woodruff Countieswhere most essential facilities, medical services, law enforcement
and fire fighting services are nearly rexistent immediately after the event

Table 26: Essential Facilities Damage for Arkansa$

Essential Facility Total Facilities At Least Moderate Damage | Complete Damage
Schools 1,328 219 56
Fire Stations 1,330 179 65
Police Stations 515 107 48
Hospitals 125 24 18
EOCs 113 25 8

8 Please reference footnote 1.
° Please reference footnote 1.
10 please reference footnote 3.
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Table 27: Transportation Lifeline Damage for Arkansas™

T_ran.sportatlon Total Facilities At Least Moderate Complete Damage
Lifelines Damage

Highway Bridges 14,060 1,083 336
Railway Bridges 68 11 0

Railway Facilities 69 14 0

Bus Facilities 18 1 0

Port Facilities 103 17 0

Airport Facilities 335 37 0

Significant damage to transportation lifelines is generally confined to the impacted
counties. Craighead, Crittenden, Mississippi, and Poinsett Counties incur thst larg
numbers of damaged bridges. Furthermore, several major river bridges are damaged
effectively separating major sections of Arkansas from neighboring states. The Harahan,
Frisco, and Memphis/Arkansas bridges are damaged and impassible after the event.
Nearly 40 airports and 15 railway facilities are damaged in the state, as shdwahlén

27. Most damage to rail, air and water transport facilities is located in Clay, Crittenden,
Craighead, Cross, Greene, Mississippi, and PoiGsetnties.

Impacts on utility infrastructure are most prominent in the impacted counties, though
pipeline repairs are required throughout the entire Stailele 28 details expected utility
facility damage for Arkansas, and showbkat hundreds of waste water and
communication facilities are damaged. Clay, Crittenden, Craighead, Cross, Greene,
Independence, Jackson, Lawrence, Lee, Mississippi, Phillips, Poinsett, Randolph, St.
Francis, White, and Woodruff Counties incur the majoaf damage to waste water,
communication, and other utility facilities.

Table 28: Utility Faciliies Damage for Arkansas™

Utility Facilities Total Facilities At Least Moderate Complete Damage
Damage
Potable Water Facilities 69 6 0
Waste Water Facilities 2,107 349 0
Natural Gas Facilities 422 47 0
Oil Facilities 96 14 0
Electric Facilities 800 147 0
Communication Facilities 4,626 633 0

Table 29: Utility Pipeline Damage for Arkansas

Pipeline System Total Miles Leaks Breaks Total Repairs
Potable Water Local 118,700 19,532 27,649 47,181
Waste Water Local 71,200 15,448 21,868 37,316
Natural Gas Local 47,500 16,513 23,376 39,889
Natural Gas Interstate 9,700 340 1,092 1,432

Oil Interstate 2,200 62 214 276

11 please reference footnote 3.
12 please reference footnote 3.
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Utility pipelines carry mucimeeded commodities to other parts of the country as well as
individual homes in Arkansas. Both local distribution and major interstate pipeline
repairs are quantified imable 29. Local distribuion networks for potable water, waste
water, and natural gas require a combined 124,000 repairs. Restoring the networks to
their preevent status will take weeks or months depending on the availability of spare
parts and accessibility of damaged pipelinasaddition, over 1,700 repairs are needed

on interstate pipelines which transport vital commodities to the upper Midwest and east
coast. Without timely restoration these portions of the country that are not directly
impacted by the earthquake will exparce significant indirect affects as natural gas and
oil are unavailable, or in scarce supply. Damage to utility infrastructure also leaves
hundreds of thousands without power or water immediately after the event.
Approximately 330,000 households are withpower and 190,000 households without
water after the event. Over 80% of all households in Craighead, Poinsett, Mississippi,
Cross, and Crittenden Counties are without power immediately after the event.

There are over 3,000 other critical facilitiesArkansas and over 100 are damaged by the
scenario earthquak&alde 30 shows that nearly 60 dams are damaged, all of which are
located in Poinsett County. The 20 damaged levees are located in Craighead, Greene,
Mississippi, and Binsett Counties. Very intense ground shaking is required to damage
hazardous materials facilities and such levels of shaking occur in small portions of
northeast Arkansas. All damaged hazardous materials facilities are located in Mississippi
County.

Table 30: Other Critical Facilities Damage for Arkansas

Facility Type Total Facilities Damaged
Dams 1,228 55
Levees 124 20
Hazardous Materials 1,834 69

Infrastructure damage generates 9.4 million tons of debris in Arkansas.xfpately

4.1 million tons are attributed to steel and concrete, while the remaining 5.3 million tons
is comprised of wood, brick, and other building materials. Nearly two million tons of
debris is created in Craighead County, with another 1.5 million tonglississippi

County and one million tons in Crittenden County. Poinsett, Pulaski, and Greene
Counties also have debris estimates between 650,000 and 750,000 tons. Over 375,000
truckloads® are required to remove all the debris generated by the scenenib ev

Table 31: Casualties at 2:00AM for Arkansas
Level 1 Level 2 Level 3 Level 4 Total
Casualties at 2:00AM 11,245 3,075 344 641 15,305

Table 32 Direct Economic Loss for Arkansag($ millions)
Buildings Transportation Utilities Total
Direct Economic Loss $18,167 $2,347 $18,515 $39,029
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Damage from the scenario event causes 15,300 total casualties throughout the state. As
illustrated inTable 31, nearly 75% of all casualtiese minor injuries that do not require
hospitalization. Nearly 650 deaths are expected as well and nearly all are estimated to
occur in the impacted counties. Crittenden, Mississippi, and Craighead Counties are most
severely impacted as each county isnested to incur 2,000 to 3,000 total casualties for

the 2:00 AM scenario earthquake.

Total assets in Arkansas include more than $180 billion in building value, nearly $75
billion in transportation infrastructure value, and approximately $210 billiontiiityu
infrastructure value. This equates to more than $465 billion in total infrastructure value
throughout the statd.able32 illustrates losses by infrastructure group which shows that
buildings and utility lielines experience nearly identical economic losses, about $18
billion. Transportation lifelines constitute a smaller portion of state economic loss at
nearly $2.5 billion. With total economic losses reaching nearly $40 billion Arkansas will
require substaral assistance to rebuild after the disaster.

Impact Assessment Results for lllinois

The impacted counties, or those impacted most severely, in lllinois are:

o Alexander o Jefferson e Pulaski

e Bond e Johnson e Randolph

e Clinton e Lawrence e Saint Clair
o Fayette e Madison e Saline

e Franklin e Marion e Union

e Gallatin e Massac e Washington
e Hamilton e Monroe e Wayne

e Hardin e Perry e White

e Jackson e Pope e Williamson

There are approximately 3.7 million buildings in the State of lllinois, of which
approximately 3.5 million are residences. Of the500 at least moderately damaged
buildings over 95% are residences. Building damage by occupancy type is illustrated in
Table 33. Nearly 50% of all moderate and more severe damage is complete damage.
Furthermore, 20,700 complegedamaged buildings are residences. Over 2.6 million
buildings are wood frame structures and another 780,000 are URM structures. Steel,
precast, and cast-place concrete buildings comprise a much smaller portion of the state
building inventory. Table 34 details damage by building type and shows that wood
structures, URMs, and manufactured housing experience the most cases damage across
all building types. Approximately 60% of all complete damage occurs in wood structures,
thoughonly 40% of all moderate and more severe damage occurs with this building type.
St. Clair and Madison Counties incur the greatest number of damaged buildings largely
due to the high density of buildings in these more urban areas. The percentage of
buildings damaged in these counties is less than in the southernmost counties where more
80% of all buildings are damaged, such as Alexander, Massac, and Pulaski.
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Table 33: Building Damage by Occupancy Type for lllinois*
General Building Damage by Occupancy Type for lllinois

General Occupancy Total Buildings At Least Moderate Complete Damage
Type Damage

Single Family 3,079,900 26,700 16,600
Other Residential 455,900 15,900 4,100
Commercial 78,300 1,200 400
Industrial 22,500 300 100

Other 19,200 400 100

Total 3,655,800 44,500 21,300

Table 34: Building Damage by Building Type for lllinois®
General Building Damage by Building Type For lllinois

General Building Type | Total Buildings At Legztml\gggerate Complete Damage
Wood 2,626,400 17,700 12,600

Steel 38,100 1,000 200
Concrete 41,800 900 300
Precast 11,300 200 <50
Reinforced Masonry 8,300 100 <50
Unreinforced Masonry 783,300 10,100 5,000
Manufactured Housing 146,600 14,500 3,200

Total 3,655,800 44,500 21,300

Southern lllinois medical and fire fighting services, as well as law enforcement
capabilities are drastically reduced after the scenario event. Over 100 fire and police
stations are moderately or more severely damaged. Several hospitalyeand00
schools are damaged in southern lllinois, many are completely danfadpel35 details
essential facilities damage for lllinois. It is expected that essential facilittlexander,
Johnson, Massac, Pope, Pulaski, $aland Union Countiesre severely damaged while
facilities in Gallatin, Jackson, and Williamson Countiase damaged but some may
remain functional after the event.

Road, rail, air and water transportation are heavily damaged in southern lllinoid.as wel
The airports in Alexander, Johnson, Massac, Pulaski, and Union Counties experience
severe damage, leaving these counties without many functioning facies. 150
bridges are damaged in southern lllinois, and almost 70 bridges are completely damaged
as shown inTable 36. Most bridges along Interstate 57 in Alexander and Pulaski
Counties are heavily damaged and likely impassible the day after the earthquake. Also,
the Interstate 24 bridge in Massac County is damaged andinaiioning immediately

after the earthquake. Roughly 10 major bridges are damaged in southern lllinois, limiting
traffic between lllinois and the neighboring states of Kentucky and Missblost
damaged majobridges are located in Alexander and Massaarfies, though a major
bridge in Jackson County is damaged as well. Among the damaged bridges are the

14 please referencednote 1.
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Mississippi and Ohio River bridges in Cairo, lllinois, thB7 bridge at Cairo, lllinois,
and the 424 bridge at Metropolis, lllinois.

Table 35: Essential Facilities Damage for lllinois®

Essential Facility Total Facilities At Least Moderate Damage | Complete Damage
Schools 5,795 114 47
Fire Stations 1,822 60 17
Police Stations 1,082 34 14
Hospitals 413 7 1
EOCs 221 8 3

Table 36: Transportation Lifeline Damage for lllinois*’

T_ran_sportatlon Total Facilities At Least Moderate Complete Damage
Lifelines Damage

Highway Bridges 29,967 157 66
Railway Bridges 1,030 11 0

Railway Facilities 304 7 0

Bus Facilities 120 2 0

Port Facilities 517 20 0

Airport Facilities 935 20 0

Though most utility facilities in lllinois are not completely damaged, moderate damage is
common and affects the operational capabilities of these damaged facilgtde.37

shows that over 1,700 communication facilities and 600 wastewater facilities are
damaged in southern lllinois. The majority of these damaged facilities, and all other types
of utility facilities, are located in Alexander, Jaum, Massac, Pope, Pulaski, Union,
Gallatin, Hardin, Jackson, Saline, and Williamson Counties. Local pipelines for potable
water, waste water, and natural gas require nearly 26,000 repairs, most in southern
lllinois. In addition, interstate pipelines thearry natural gas and oil require roughly
1,500 repairsTable38 details pipeline damage by pipe type for lllinois.

Table 37: Utility Facilities Damage for lllinois*®

Utility Facilities Total Facilities At Legst Moderate Complete Damage
amage
Potable Water Facilities 242 14 0
Waste Water Facilities 9,807 616 5
Natural Gas Facilities 3,778 150 3
Oil Facilities 41,105 755 0
Electric Facilities 2,231 75 0
Communication Facilities 36,436 1,715 30

Damage to utility infrastructure leaves hundreds of thousands of lllinois households
without utility services. Nearly 100,000 households in southern lllinois are without water
immediately after the event. Over 90% of households in Alexander, Pulaski, Magsac, a
Jackson Counties are without water after the event, though services outages may last
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several days to weeks. Additionally, 235,000 households are without power as a result of

damage from the scenario event. Union, Johnson, Alexander, Pulaski, and Massac

Counties experience the greatest percentages of power loss with over 80% of households
without power immediately after the event.

Table 38: Utility Pipeline Damage for lllinois

Pipeline System Total Miles Leaks Breaks Total Repairs
Potable Water Local 164,800 4,396 5,372 9,768
Waste Water Local 98,900 3,480 4,252 7,732
Natural Gas Local 74,200 3,651 4,516 8,167
Natural Gas Interstate 15,000 371 955 1,326
Oil Interstate 8,400 37 111 148

Damage to other critical infrastructuiee most common in the southernmost counties of
lllinois. All damaged dams are located in Johnson, Massac, Union, Pope, and Pulaski
Counties. Additionally, damage to levees occurs in Union, Pope, Alexander, Massac, and
Pulaski Counties. Hazardous materfalsilities require substantially more intense ground
shaking than dams and levees for damage to occur, levels of ground shaking that occur
only in the southernmost parts of lllinois. Nearly 40 hazardous materials facilities are
damaged in Alexander, Massaand Pulaski CountiesTable 39 details the state
inventory and damage to other critical infrastructure.

Table 39: Other Critical Facilities Damage for lllinois

Facility Type Total Facilities Damaged
Dams 1,562 31
Levees 576 34
Hazardous Materials 17,130 36
Table 40. Casualties at 2:00AM for lllinois

Level 1 Level 2 Level 3 Level 4 Total

Casualties at 2:00AM 4,597 1,270 146 271 6,284
Table 41: Dir ect Economic Loss for lllinois($ millions)

Buildings Transportation Utilities Total

Direct Economic Loss $8,105 $1,303 $34,764 $44,172

Infrastructure damage generates nearly 2.8 million tons of debris in lllinois. Steel and
concrete account for 1.3iltion tons of debris, while 1.5 million tons is attributed to
brick, wood, and other building materials. Slair County producesore debristhan

any single county, roughly 850,000 tons. Massac and Madison Counties produce roughly
300,000 tons of totalebris each. Three additional counties generate more than 100,000
tons each: Alexander, Jackson and Pulaski Couritiesse six counties alone generate a
total of 2 million tonsof debris, or more than 70% of all debris in the st@teer 110,000
truckloads'® are required to remove all the debris created by the earthquake event.

19 please reference footnote 7.

56



Damage from the scenario event causes nearly 6,300 total casiialtikes10 shows that
nearly 300 are fatalities and over 1,400 casualties are injhaésetquire hospitalization
(Levels 2 & 3). The largest number of casualties, 2,500 in total, occurs in St. Clair
County.Massac, Madison, Pulaski, and Alexander Counties also incur large numbers of
casualties at 500 to 600.

Total assets in lllinois inakde more than $1 trillion in building value, nearly $170 billion

in transportation infrastructure value, and approximately $1 trillion in utility
infrastructure value. This equates to more than $2.2 trillion in total infrastructure value
throughout the sta. As Table 41 shows, utility lifelines losses account for just under
80% of all economic losses in lllinois. Building losses comprise a little less than 20%,
while the remaining 3% are attributed to transportation losses. databmic losses of
more than $44 billion are among the largest in the etgie study region.

Impact Assessment Results for Indiana

The impacted counties, or those impacted most severely, in Indiana are:

e Crawford e Lawrence e Posey

e Dubois e Martin e Spencer

e Gibson e Orange e Vanderburgh
e Harrison e Perry e Warrick

e Knox o Pike

There are approximately 2.2 million buildings the State of Indianaof which
approximately 2.1 million aregesidencesOnly 14,200 buildings are expected to incur
damage throughout the sta#pproximately half of all at least moderate damage is
attributed to single family homes and 45% is attributed to other residential structures.
Nearly all building damage is experienced by residential structures, both moderate and
complete, as shown imable 42. Nearly 1.6 million of all Indianabuildings are wood

frame structures and another 420,000 @RM structures. Steel, precast, and gast

place concretbuildingscomprisea much smaller portion of the stdeilding inventory.

Table 43 shows that manufactured housing incurs the most cases of moderate damage,
though very few cases of complete damage. Wood structures experience nearly 70% of
all complete damage. Vandergh, Gibson, Marion, and Posey Counties incur the
greatest numbers of damaged buildings of all counties in Indiana. Marion County shows a
higher number of damage buildings than the surrounding counties, though the 1,400
damaged buildings in this countyeaa very small portion of the total inventory of
290,000 buildings.

Damage to essential facilities is confined to southwestern Indiana. Ground shaking
throughout the remainder of the state is not sufficient to cause measurable structural
damage.Table 44 details damage to essential facilities throughout the state and it is

evident that very few facilities are damaged. Most damage is moderate and confined to
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Posey, Vanderburgh, Gibson, Pike, Warrick, Dubois, Spencer, Perry, @tattéorison,
Orange, and Lawrence Counties

Table 42 Building Damage by Occupancy Type for Indian&’

General Building Damage by Occupancy Type for Indiana

_(r5eneral Occupancy Total Buildings At Least Moderate Complete Damage
ype Damage

Single Family 1,883,300 6,800 5,600

Other Residential 251,700 6,400 1,000
Commercial 41,200 600 100
Industrial 13,600 200 <50

Other 12,200 200 100

Total 2,202,000 14,200 6,800

Table 43 Building Damage by Building Type for Indiana®*

General Building Damage by Building Type For Indiana

General Building Type Total Buildings At Legztml\g(;(élerate Complete Damage
Wood 1,587,800 4,800 4,700
Steel 21,800 600 100
Concrete 6,200 100 <50
Precast 6,300 100 <50
Reinforced Masonry 3,200 <50 <50
Unreinforced Masonry 416,500 2,600 1,300
Manufactured Housing 160,200 6,000 600
Total 2,202,000 14,200 6,800

Table 44: Essential Facilities Damage for Indian¥

Essential Facility Total Facilities At Least Moderate Damage | Complete Damage
Schools 2,874 6 0
Fire Stations 1,247 4 0
Police Stations 537 2 0
Hospitals 1,285 5 0
EOCs 113 1 0

Both transportation and utility lifelines are largely undamaged throughout Indiana.
Moderate or more severe @wttural damage is not expected, though minor structural
damage to transportation infrastructure, utility facilities and facility equipment. In some
cases equipment at some facilities may be inoperable due to small deformations of
supports or other structir componentsTable 45 and Table 46 indicate that the
thousands of bridges, transportation and utility facilities do not incur significant structural
damage.
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Table 45: Transportation Lifeline Damage for Indiana®

T_ran.sportatlon Total Facilities At Least Moderate Complete Damage
Lifelines Damage

Highway Bridges 20,387 0 0

Railway Bridges 92 0 0

Railway Facilities 149 0 0

Bus Facilities 46 0 0

Port Facilities 100 0 0

Airport Facilities 675 0 0

Table 46: Utility Facilities Damage for Indiana®*

Utility Facilities Total Facilities At Legst Moderate Complete Damage
amage
Potable Water Facilities 203 0 0
Waste Water Facilities 4,531 0 0
Natural Gas Facilities 3,556 0 0
Oil Facilities 5771 0 0
Electric Facilities 975 0 0
Communication Facilities 22,806 0 0

Pipeline repairs for the entire state of Indiana are detail&ahlobe 47. Local pipelines
require neasl 4,800 repairs, mostly in southwestern Indiana or major metropolitan areas
where distribution pipelines are most dersgble47 also shows that over 150 repairs are
needed to restore major natural gas and oil pipelines. Witheae critical repairs the

flow of commodities to the east coast will be severely reduced. Additionally, 15,000
households are without water immediately after the event. All water outages occur in
Gibson, Posey, and Vanderburgh Counties. Approximately0O2@0households are
without power as a result of the scenario earthquslieeion and Vanderburgh Counties
show the greatest number of households without power at roughly 50,000 and 32,000
households, respectively. Additionally, Clark, Delaware, Hamiltomdreks, Madison,
Monroe, Tippecanoe, Vigo, and Warrick Counties each report between 5,000 and 10,000
households without power at Day 1.

Table 47: Utility Pipeline Damage for Indiana
Pipeline System Total Miles Leaks Breaks Total Repairs
Potable Water Local 111,400 727 1,080 1,807
Waste Water Local 66,800 575 854 1,429
Natural Gas Local 44,600 615 913 1,528
Natural Gas Interstate 10,200 9 24 33
Oil Interstate 4,600 28 102 130

Damage to dams, levees, and hazardous mater@itid¢a is unlikely in Indiana. Ground
shaking is not intense enough to cause significant structural damage and thus no release
of water or hazardous material is expect&dble 48 shows that none of the several
thousand critical facilities incur damage, though minor cracking or damage may occur.
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Table 48. Other Critical Facilities Damage for Indiana

Facility Type Total Facilities Damaged
Dams 1,187 0
Levees 101 0
Hazardous Materials 5,112 0

Infrastructure damage generates over one million tons of debris in Indiana. Nearly
500,000 tons is attributed to steel and concrete while the remaining 550,000 tons is
attributed to brick, wood, and other building materidlearly 50% of all debriss
generated in three countigSibson, Marion, and Vanderburgh Counties. Marion County
alone, where Indianapolis is located, generates nearly 230,000 tons of debris. Though the
shaking beneath Marion County, and Indianapolis, is relatively low, smaliramof

debris generated by minor damage are amplified due to the density of housing and
infrastructure. Nearly 42,000 trucklo&dare required to remove all the debris generated
from the event.

Table 49: Casualties at 2:00AM for Indiana

Level 1 Level 2 Level 3 Level 4 Total
Casualties at 2:00AM 1,458 395 43 80 1,976
Table 50: Direct Economic Loss for Indiana ($ millions)
Buildings Transportation Utilities Total
Direct Economic Loss $3,472 $464 $8,355 $12,291

Approximately 2,000 total casualties are expected in Indidable 49 shows that less

than 100 casualties are fatalities and nearly 1,500 casualties do not require hospitalization.
A large number of camlties occur inGibson, Vanderburgh, Marion and Tippecanoe
Counties Nearly all casualties in Tippecanoe and Marion Counties are minor injuries that
do not require hospitalization while the other two counties have greater numbers of
serious injuries.

Total assets in Indiana include nearly $500 billion in building value, nearly $115 billion
in transportation infrastructure value, and approximately $430 billion in utility
infrastructure value. This equates to more than $1 trillion in total infrastrucilwe v
throughout the state. Total direct economic losgesoughly $12 billion for the entire

state, as shown ihable50. Utility lossesare a large portion of all state economic losses
accounting fomearly 70% of all ecomic lossesBuilding losses comprise nearly 30%

of all losses and the remaining losses are attributed to transportation lifelines. Losses in
Indiana are far less than many states included in the NMSZ study region.
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Impact Assessment Results for Kentucky

The impacted counties, or those impacted most severely, in Kentucky are:

e Ballard e Graves e Marshall

e Caldwell e Henderson e Muhlenberg
e Calloway e Hickman e Trigg

o Carlisle e Hopkins e Union

e Crittenden e Livingston e Webster

e Daviess e Lyon

e Fulton e McCracken

There are appximaely 1.54 million buildings in the State of Kentucky, with
approximately 1.52 million residenceBable 51 shows that nearly 95% of all moderate

and more severe damage is incurred by residential structures, many being single famil
homes. Moreover, 65% of all complete damage is attributed to single family homes.
There are alsower 1.1 million wood frame structurda Kentucky while another
170,000 areURM structures. Steel, precast, and gagtlace concrete buildings
comprise anuch smaller portion of the state building inventdrgble52 details damage

by building type. Wood structures experience the greatest amount of damage at both
moderate and complete damage levels. Manufactured housing and UMsaur
significant amounts of damage. The largest number of damaged buildings occurs in
McCracken County where 24,100 structures are damaged. Graves and Marshall Counties
also incur substantial building damage at 9,000 and 5,100 buildings, respectively.
Conversely, over 90% of all buildings in Ballard and Hickman Counties are expected to
experience damage. Additionally, 80% to 90% of buildings in McCracken and Carlisle
Counties are damaged.

Table 51: Building Damage by OccupancyType for Kentucky?®®

General Building Damage by Occupancy Type for Kentucky
General Occupancy Total Buildings At Least Moderate Complete Damage
Type Damage
Single Family 1,194,800 42,100 16,100
Other Residential 305,100 22,800 7,100
Commercial 28,100 2,200 900
Industrial 7,900 700 200
Other 8,000 600 200
Total 1,543,900 68,400 24,500

Substantial structural damage occurs in hundreds of essential facilities in western
Kentucky. AsTable53 shows, nearly 100 schools, overfit@ stations, 20 police stations

and several hospitals experience moderate or more severe structural damage. A
significant portion of that damage is complete damage which renders many facilities non
operational. BallardCalloway, Carlisle, Daviess, Futin, GravesHickman, Livingston,
Marshall, and McCracken Countiesmprise the majority of damaged essential facilities.
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These counties will likely require assistance from other counties in Kentucky or

neighboring states.

Table 52: Building Damage by Building Type for Kentucky”’

General Building Damage by Building Type For Kentucky

General Building Type | Total Buildings At Legztml\gggerate Complete Damage
Wood 1,106,000 36,100 12,700

Steel 14,100 1,700 500
Concrete 3,900 300 100
Precast 4,000 300 100
Reinforced Masonry 2,000 100 <50
Unreinforced Masonry 170,100 9,400 5,000
Manufactured Housing 243,800 20,500 6,100

Total 1,543,900 68,400 24,500

Various modes of transportation are also compromised in western Kentuickyirfg
the NMSZ scenario event. Over 250 bridges are damaged; numerous airports and port
facilities are also heavily damaged.able 54 details the estimate of damaged
transportation infrastructure in Kentuckylany damaged bridgeare located in Ballard
and McCracken Counties. Numerous bridges alongUS3JS60, and U$45 are heavily
damaged and likely impassible the day after the earthquadditionally, damage to
major river bridgesluring the event severely limitraffic betveenKentucky andllinois,
Tennessee, and Missouri. It is estimated that several bridges from Qlams, to
Kentucky are damaged as well as tH#&41Bridge from Metropolis, lllinois, and the Irvin
S. Cobb Bridge at Paducah, Kentucky, are substgntlamaged and unusable after the
event.Extensive damage to many infrastructure types occuBsliard, Carlisle, Fulton,
Hickman, Livingston, and McCracken Counties

Table 53: Essential Facilities Damage for Kentuck$?

Essential Facility Total Facilities | At Least Moderate Damage Complete Damage
Schools 1,871 99 40
Fire Stations 1,066 71 25
Police Stations 407 22 10
Hospitals 189 9 3
EOCs 146 10 5

Utility infrastructure in heavily damaged and limits the flow of commoditied a
availability of critical utility services throughout the state. Of the thousands of damaged
facilities highlighted inTable 55, most are located imBallard, Caldwell, Calloway,
Carlisle, Crittenden, Fulton, Graves, Hickmatopkins, Livingston, Lyon, Marshall,
McCracken,Union and Trigg CountiesDamage to pipelines in Kentucky also limits the
availability of key services. Local distribution networks for water and natural gas require
30,000 repairs, many of which are needed @stern Kentucky where gaining access to
damaged pipes may be extremely difficult. In addition, major interstate transmission lines
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may be down for an extended period of time while the over required 400 repairs are
completed.Table 56 details the type and extent of damage to various pipelines in
Kentucky. Over 75,000 of the 1.6 million households in Kentucky are without water
immediately after the event. Furthermore, 330,000 households are without power.
Western Kentucky is most serely impacted and may remain without these utility
services for days or weeks depending upon how rapidly damaged infrastructure is

repaired.

Table 54: Transportation Lifeline Damage for Kentucky?®

T_ran.sportation th_ql At Least Moderate Complete Damage
Lifelines Facilities Damage

Highway Bridges 15,418 262 64
Railway Bridges 166 3 0

Railway Facilities 125 17 0

Bus Facilities 26 1 0

Port Facilities 301 61 0

Airport Facilities 222 13 0

Table 55: Utility Facilities Damage for Kentucky”®

Utility Facilities Total Facilities At Legst Moderate Complete Damage
amage
Potable Water Facilities 179 17 0
Waste Water Facilities 9,447 650 5
Natural Gas Facilities 22,146 77 0
Oil Facilities 34,492 175 0
Electric Facilities 1,976 202 2
Communication Facilities 17,099 1,373 24

Table 56: Utility Pipeline Damage for Kentucky

Pipeline System Total Miles Leaks Breaks Total Repairs
Potable Water Local 120,800 5,834 5,572 11,406
Waste Water Local 61,600 4,614 4,408 9,022
Natural Gas Local 41,100 4,932 4,712 9,644
Natural Gas Interstate 7,400 72 214 286
QOil Interstate 1,200 37 105 142
Table 57: Other Critical Facilities Damage for Kentucky
Facility Type Total Facilities Damaged
Dams 1,196 53
Levees 90 10
Hazardous Materials 2,865 43

Over 50 dams are damaged and all are located in Carlisle, Ballard, Hickman, McCracken,
and Graves Counties. Fulton and McCracken County are expected to incur damage to
levees, whilemost hazardous materials facilities damage is confined to Ballard and
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McCracken Counties. Many of these counties are at risk of flooding from dam and levee
failure or hazardous materials releasable 57 shows critical infrastruare damage
estimates for Kentucky.

Over 4.8 million tons of debris is generated in Kentucky due to infrastructure damage.
Two million tons is attributed to steel and concrete and the remaining 2.8 million to brick,
wood, and other building materials.esfically, McCracken County generates nearly 2.1
million tons of total debris. Nearly 550,000 tons of debris is generated in Graves County
and roughly 350,000 tons are generated in both Marshall and Daviess Counties. A total of
193,000 truckloads (usingp2on trucks) are required to remove all debris.

Table 58: Casualties at 2:00AM for Kentucky

Level 1 Level 2 Level 3 Level 4 Total
Casualties at 2:00AM 5,042 1,358 153 287 6,840
Table 59: Direct Economic Loss for Kentucky ($ millions)
Buildings Transportation Utilities Total
Direct Economic Loss $11,369 $1,131 $40,261 $52,761

Nearly 7,000 total casualties are expected in Kentu@laple 58 shows that roughl

5,000 are minor injuries, approximately 1,500 casualties require hospitalization, and
nearly 300 fatalities are expected. The largest number of total casualties, approximately
2,750, occurs in McCracken County. Graves, Ballard, Daviess, and MarshaligSoun
each incur roughly 500 total casualties as a result of building and infrastructure damage.

Total assets in Kentucky include nearly $290 billion in building value, approximately
$135 billion in transportation infrastructure value, and nearly $87rbiin utility
infrastructure value. This equates to approximately $1.3 trillion in total infrastructure
value throughout the statBirect economic losses, as showrTiamble 59, are nearly $53
billion for the NMSZ scenario eventility losses of $40 billion comprise 75% of state
economic losses, while the $11 billion in building losses is roughly 20% of all economic
loss in Kentucky.

Impact Assessment Results for Mississippi

The impacted counties, or those impacted mostreyveén Mississippi are:

e Alcorn e Panola e Tippah

e Benton e Pontotoc e Tishomingo
e Bolivar e Prentiss e Tunica

e Coahoma e Quitman e Union

e Desoto e Sunflower e Yalobusha
e Lafayette e Tallahatchie

e Marshall e Tate
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There are approximately 1.06 million buildings in the State of Mipgsswith
approximately 1.03 million residencefpproximately 57,400 buildings are at least
moderately damaged throughout the state and over half of them arefamiili
dwellings (other residential). Alsd,able 60 shows thasingle family homes experience

more complete damage than any other occupancy type. Furthefrable61 shows that

over half of all at least moderately damaged buildings are manufactured housing. Only
35% of this type of damages iattributed to woodframe structures. The majority or
complete damage, however, occurs with this building type. Desoto, Marshall, Tate,
Lafayette, Panola, and Coahoma Counties experience the largest numbers of damaged
buildings.

Table 60: Building Damage by Occupancy Type for Mississippt
General Building Damage by Occupancy Type for Mississippi

_(r5eneral Occupancy Total Buildings At Least Moderate Complete Damage
ype Damage

Single Family 814,000 22,700 17,400
Other Residential 222,000 31,500 4,200
Commercial 17,400 1,900 500
Industrial 4,600 700 100

Other 6,000 600 100

Total 1,064,000 57,400 22,300

Table 61: Building Damage by Building Type for Mississippt?

General Building Damage by Building Type For Mississippi

General Building Type Total Buildings At Legztml\gg(élerate Complete Damage
Wood 794,700 19,900 16,800

Steel 8,600 1,500 200
Concrete 2,600 300 100
Precast 2,600 400 100
Reinforced Masonry 1,200 100 <50
Unreinforced Masonry 64,500 5,000 1,500
Manufactured Housing 189,800 30,200 3,600

Total 1,064,000 57,400 22,300

Essential facilities in northern Mississippi are severely damaged and unable to provide
key services to local victims. Over 100 schools and fire stations are daraageell as
several police stations and hospitals (3edble 62). The majority damage occurs in
Alcorn, Benton, Bolivar, Coahoma, Desoto, Lafayette, Marshall, Panola, Pontotoc,
Prentiss, Quitman, Tallahatchie, Tate, Tippatnica Union, and Yalobusha Counties
Local fire and law enforcement services are limited oreastent. Medical services are
largely unavailable in the impacted counties and most patients and earthquake victims
must be transported out of northern Mississfppiany sort of prolonged medical care.
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Levels of ground shaking and deformation are not sufficient, even in northern Mississippi,
to cause widespread structural damage to transportation infrastructure. As si@ablein

63, only a few bridges are damaged in Mississippi. All other transportation infrastructure
are not expected to incur significant structural damage. Minor structural damage and
equipment damage is possible, though these types of damage are not includett feerein.
estimated however that the Charles W. Dean BridgEom Arkansas City, Akansasis
damaged and unusable after the event. Transferring commodities and providing aid into
the heavily impacted area of northern Mississippi via the highway/interstatansyst
hindered by the severe damage to this major bridge in Bolivar County.

Table 62: Essential Facilities Damage for Mississippt

Essential Facility Total Facilities At Least Moderate Damage | Complete Damage

Schools 1,297 140 0

Fire Stations 984 104 0

Police Stations 365 42 0

Hospitals 163 23 2

EOCs 121 15 2

Table 63: Transportation Lifeline Damage for Mississipp?
'II_'.ran.sportatlon Total Facilities At Least Moderate Complete Damage
ifelines Damage

Highway Bridges 18,293 6 0

Railway Bridges 63 0 0

Railway Facilities 76 0 0

Bus Facilities 41 0 0

Port Facilities 222 0 0

Airport Facilities 257 0 0
Thousands of utility facilities are | ocated
are damaged byhe scenario event. Nearly 150 waste water facilities and over 450
communication facilities are damaged.

3 please reference footnote 3.
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Table 64 also shows that several natural gas, oil, and electric power facilities are
damaged with most damagpccurring in Desoto, Marshall, Tate, and Tunica Counties.
Extensive pipeline damage is also a concern especially in northern Mississippi. Many of
the 28,300 repairs required along local distribution pipelines are located in the northern
portion of the site.Table65 also details major transmission line damage for natural gas
and oil. These pipelines carry product from processing centers along the Gulf Coast to the
Midwest and east coast, and any downtime will impact statesdiar the rupture zone

since these commodities will be in short supply. In addition, services outages on the order
of 80,000 households without water and 230,000 households without power are expected
immediately after the event. Many of the impacted courtiesexpected to have 60% or
more of their population without power.
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Table 64: Utility Faciliies Damage for Mississippt”

Utility Facilities Total Facilities At Least Moderate Complete Damage
Damage
Potable Water Facilities 17 0 0
Waste Water Facilities 3,406 145 0
Natural Gas Facilities 3,442 19 0
Oil Facilities 7,405 4 0
Electric Facilities 853 36 0
Communication Facilities 9,915 467 0

Table 65: Utility Pipeline Damage for Mississippi

Pipeline System Total Miles Leaks Breaks Total Repairs
Potable Water Local 106,200 4,281 6,454 10,735
Waste Water Local 63,700 3,386 5,104 8,490
Natural Gas Local 42,500 3,620 5,456 9,076
Natural Gas Interstate 10,200 169 586 755
Oil Interstate 3,500 21 68 89
Table 66: Other Critical Facilities Damage for Mississippi
Facility Type Total Facilities Damaged
Dams 3,544 0
Levees 50 0
Hazardous Materials 2,042 0

Table66 shows that no facilitieare damaged, mainly due to their location. The facilities
do not experience significant ground shaking and thus are largely undamaged. Minor
cracking of dams and levees may occur, though it is unlikely that flooding will occur.
Furthermore, it is unlikelyhat hazardous materials are released in Mississippi.

Induced damage includes 3.4 million tons of debris in the State of Mississippi. Steel and
concrete comprise 1.5 million tons of total debris while the remaining 1.9 million tons are
attributed to brik, wood, and other building materials. Over 136,000 truckSae
required to remove all the debris generai@elsoto County produces the most debris by
far, generating roughly 1,256,000 tons of total debris. Coahoma, Tate, and Panola
Counties produce 23000, 184,000, and 161,000 tons of total debris, respectively.
Additionally, Tunica and Harrison Counties produce roughly 125,000 tons each.

Casualty and economic loss estimates for Mississippi are significant, though not as severe
as several other NMSZtates. As shown iTable 67, over 6,000 total casualties are
expected, though nearly 4,600 are minor injuries. Less than 200 fatalities are estimated
and many of those are expected to occur in the impacted esuwnliere infrastructure
damage is more commobBesoto County incurs the greatest number of total casualties,
approximately 2,100. Coahoma and Tate Counties incur substantial casualties as well,
with roughly 680 and 400 total casualties, respectively.

% please reference footnote 3.
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Totd assets in Mississippi include nearly $160 billion in building value, approximately
$72 billion in transportation infrastructure value, and more than $290 billion in utility
infrastructure value. This equates to nearly $525 billion in total infrastrustle
throughout the statelTable 68 details direct economic losses by infrastructure group.
Losses total nearly $17 billion with building and utility losses comprising large portions
of all state losses.

Table 67: Casualties at 2:00AM for Mississippi

Level 1 Level 2 Level 3 Level 4 Total
Casualties at 2:00AM 4,588 1,181 104 183 6,056
Table 68: Direct Economic Loss for Mississippi ($ millions
Buildings Transportation Utilities Total
Direct Economic Loss $7,305 $660 $8,759 $16,724

Impact Assessment Results for Missouri

The impacted counties, or those impacted most severely, in Missouri are:

e Bollinger o Mississipp e St. Francois

e Butler ¢ New Madrid e St. Louis

e Cape Girardeau e Oregon e Ste. Genevieve
e Carter e Pemiscot e Scott

e Dunklin e Perry e Stoddard

e [ron e Reynolds e Wayne

o Jefferson ¢ Ripley e City of St. Louis
e Madison e St. Charles

Please note that the City of St. Louis is not a county, but rather a separate jurisdiction. It
is included in theist of impacted counties, thus creating a list of 23 impacted areas, all of
which are referred to as impacted counties in this repbere are approximately 2.1
million buildings in the State of Missousith approximately 2.0 milliorareresidences.
Nearly 87,000 buildings are moderately or more severely damaged, over 70% of which
are single family homeg.able69 also shows that nearly 44,000 buildings are completely
damaged. Residential buildings, both single family homes raalti-family dwellings

(other residential) comprise over 95% all complete building damage. Furthermore,
roughly half of all damage is attributed to wood structures. Manufacture homes only
account for 20% of damage at moderate and complete damage @R&sbuildings
comprise another 30% of all building damage at both levels presentebl@70. The

largest number of damaged buildings, nearly 106,700, are damaged in Scott County.
Nearly 10,000 buildings are damaged in Dunklwu@ty, 8,200 in Stoddard County, and
approximately 7,000 in Cape Girardeau and Pemiscot Couftes.largest building
damage percentages occur in Mississippi, Pemiscot, and New Madrid Counties where
93%, 86%, and 83% are damaged, respectively.

69



Table 69: Building Damage by Occupancy Type for Missour’

General Building Damage by Occupancy Type for Missouri

_(I._Eeneral Occupancy Total Buildings At Least Moderate Complete Damage
ype Damage

Single Family 1,753,400 61,700 31,800
Other Residential 292,600 21,900 10,400
Commercial 35,300 2,000 1,000
Industrial 9,600 600 300

Other 10,900 600 300

Total 2,101,800 86,800 43,800

Table 70: Building Damage by Building Type for Missourt®

General Building Damage by Building Type For Missouri

General Building Type Total Buildings At Legztml\g(;(élerate Complete Damage
Wood 1,418,000 40,200 20,300

Steel 17,500 1,200 500
Concrete 5,200 300 200
Precast 5,200 300 200
Reinforced Masonry 2,900 200 100
Unreinforced Masonry 460,200 26,800 14,300
Manufactured Housing 192,800 17,800 8,200

Total 2,101,800 86,800 43,800

Table 71: Essential Facilities Damage for Missour?

Essential Facility

Complete Damage

Schools

Fire Stations
Police Stations
Hospitals
EOCs

Total Facilities At Least Moderate Damage
2,871 136
1,399 69
654 53
208 7
84 13

90
45
40
1
11

Intense ground shaking and extensive liquefaction cause widespread damage to all types
of critical infrastructureTable71 details essential facilities damage for Missouri. While a
great number of facilities are moderately or more severely damaged, a large percentage of
those facilities are completely damaged. This is mainly due to the highly liquefiable soils
in southastern Missouri where shaking is most severe. These soils liquefy during the
earthquake and cause significant ground deformations that damage infrastructure. Most
damaged facilities are confined to the impacted counties, specifizaitiglin, Pemiscot,

New Madrid, Mississippi, ScottButler, Cape Girardeguand Stoddard Counties
Transportation infrastructure experiences moderate damage though very few facilities are
completely damaged. ABable 72 illustrates, over 1,000 highwayidges are damaged.

In addition, t is estimatedthat several major bridges are damaged includihg,

37 Please reference footnote 1.
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% please refence footnote 3.

70




Caruthersville Bidge which is unusable after the event. Th&7 Bridge between Cairo,
lllinois, and Mississippi County, Missouri, and the Bill Emerddemorial Bridge in
Cape Girardeau, Missouriare also heavily damagedAirports, ports and ralil
infrastructure are damaged and inoperablBunklin, Pemiscot, New Madrid, Pemiscot,
Mississippi, Scott, and Cape Girardeau Counties

Table 72: Transportation Lifeline Damage for Missouri*’

T_ran_sportatlon Total Facilities At Least Moderate Complete Damage

Lifelines Damage

Highway Bridges 27,258 1,004 545

Railway Bridges 200 2 0

Railway Facilities 139 23 0

Bus Facilities 72 5 0

Port Facilities 232 52 0

Airport Facilities 562 28 0

Table 73: Utility Facilities Damage for Missouri**

Utility Facilities Total Facilities At Legst Moderate Complete Damage
amage

Potable Water Facilities 357 28 0

Waste Water Facilities 7,816 519 0

Natural Gas Facilities 354 64 0

Oil Facilities 167 7 0

Electric Facilities 1,855 117 0

Communication Facilities 21,789 1,536 0

Southeastern Missouri also experiences extensive utility infrastructure damage.
Specifically, hundreds dhcilities are damaged and inoperable as a result of the NMSZ
earthquake. Most damaged facilities are confined to the impacted counties listed
previously. Dunklin, Pemiscot, Butler, Stoddard, New Madrid, Mississippi, Scott,
Bollinger, Cape Girardeau, an@idy Countiesare the most heavily impacted counties in
the state with regard to utility facility damage. In addition, widespread damage to
pipeline networks limits the flow of commodities and services to customers. All local
distribution networks requireearly 96,000 repairs which is far more than most other
Central US states included in this study. Major transmission lines are heavily damaged
and require nearly 1,200 repaifi@ble 74 details damage estimates for various types o
utility networks. LastlyOver 310,000 households are without poaed nearly 125,000
households are without watatr Day 1 as the result of damagautibity infrastructure

Table 74: Utility Pipeline Damage for Missouri

Pipeline System Total Miles Leaks Breaks Total Repairs
Potable Water Local 165,900 14,964 21,624 36,588
Waste Water Local 99,500 11,842 17,098 28,940
Natural Gas Local 66,400 12,653 18,275 30,928
Natural Gas Interstate 4,100 217 727 944

40 please reference footnote 3.
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Qil Interstate 6,400 52 176 228

Table 75: Other Critical Facilities Damage for Missouri

Facility Type Total Facilities Damaged
Dams 5,408 55
Levees 369 25
Hazardous Materials 3,040 32

Secondary flooding and hazardous materials release arg ikkebutheastern Missouri
where dams, levees, and hazardous materials facilities are damaged. Most damage occurs
in Pemiscot, New Madrid, and Mississippi Counties.

Debris resulting from infrastructure damage totals nearly 6.5 million tons. Approximately
three million tons is comprised of steel and concrete while the remaining 3.5 million tons
is attributed to brick, wood, and other building materials. Scott and Dunklin Counties
produce the most debris, roughly 935,000 and 835,000 tons, respectivelyWiaikid,
Stoddard,and Pemiscot Countieglus the City of St. Louis produce roughly 500,000
tons of total debris each. Nearly 260,000 truckl§aae required to remove all debris
generated by the NMSZ scenario event.

Table 76. Casualties at 2:00AM for Missouri
Level 1 Level 2 Level 3 Level 4 Total
Casualties at 2:00AM 10,179 2,898 361 687 14,125

Table 77: Direct Economic Loss for Missouri ($ millions)
Buildings Transportation Utilities Total
Direct Economic Loss $13,512 $1,789 $33,700 $49,001

Over 14,000 casualties are expected throughout Missouri. Nearly 700 fatalities are
estimated to occur all in southeast Missodiable 76 details the number of casualties
expected byseverity level. Nearly 1,900 total casualties occur in both Dunklin and Scott
Counties, while New Madrid and Pemiscot Counties are each estimated to incur 1,300
total casualtiesAdditionally, Jefferson and St. Louis Counties, along with the City of St.
Louis, incur large numbers of casualties.

Total assets in Missouri include more than $400 billion in building value, nearly $125
billion in transportation infrastructure value, and approximately $770 billion in utility
infrastructure value. This equatesrnmre than $1.3 trillion in total infrastructure value
throughout the statd.otal direct economic losses are estimated at $49 billion and losses
by infrastructure group are shownTiable77. Nearly 70% of all losses are attribaite

utility infrastructure, though buildings also comprise a sizeable portion of losses, over
25% of the state total.

2 please reference footnote 7.
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Impact Assessment Results for Tennessee

The impacted counties, or those impacted most severely, in Tennessee are:

e Benton e Hardeman e Madison
e Carroll e Hardin e McNairy
e Chester e Haywood e Obion

e Crockett e Henderson e Shelby

e Dyer e Henry e Tipton

o Fayette o Lake e Weakley
e Gibson e lLauderdale

There are approximately 2.1 million buildings in the State of Tennessee, with
approximately 2.0 million residenceghe number of damaged buildings in Tennessee is
far greater than all other states in the egfate study region. Over 264,000 buildings are
moderately or more severely damaged and nearly 107,000 of those buildings are
completely damaged.able78 details building damage by occupancy type.
Approximately 75% of all building damage occurs in single family homes. It is evident in
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Table79 that wood structures incur more damage than othestatautypes, though they

also comprise a large portion of the inventory. Conversely, URM buildings comprise a
much smaller portion of the inventory, only 10%, though they account for nearly 20% of
all at least moderate damage and 15% of all complete darRagiermore, Shelby
County, Tennessee, comprises half of all building damage in the state primarily due to the
major metropolitan area in and around Memphis. Additionally, substantial building
damage occurs in Gibson, Dyer, Tipton, and Obion Counties.

Table 78: Building Damage by Occupancy Type for Tenness&e

General Building Damage by Occupancy Type for Tennessee
General Occupancy Total Buildings At Least Moderate Complete Damage
Type Damage
Single Family 1,715,800 193,300 84,700
Other Residential 348,400 55,200 16,700
Commercial 40,500 10,100 3,500
Industrial 10,800 2,800 1,000
Other 11,100 2,800 1,000
Total 2,126,600 264,200 106,900
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Table 79: Building Damage by Building Type for Tennesseé

General Building Damage by Building Type For Tennessee

General Building Type | Total Buildings At Legztml\gggerate Complete Damage
Wood 1,619,800 163,600 75,400

Steel 19,500 5,700 2,100
Concrete 5,500 1,400 500
Precast 5,600 1,600 600
Reinforced Masonry 2,800 700 200
Unreinforced Masonry 209,000 48,900 16,600
Manufactured Housing 264,400 42,300 11,500

Total 2,126,600 264,200 106,900

Table 80: Essential Facilities Damage for Tenness&e

Essential Facility Total Facilities At Least Moderate Damage | Complete Damage
Schools 2,352 608 44
Fire Stations 1,110 242 25
Police Stations 424 119 24
Hospitals 232 54 7
EOCs 171 44 15

Hundreds of essential facilities are damaged in western Tenndsdde.80 details
damage for the entire State of Tennessee, though nearly all damaged facilities are located
in the impacted counties. Many facilities @arroll, Chester, Crockett, Dyer, Fayette,
Gibson, Hardeman, Haywood, Hendersdenry, Lake, Lauderdale, Madison, McNairy,
Obion, Shelby, Tipton, and Weakley Countege damaged and inoperable as a result of

the scenario event. Many completely damaged facilities are located on counties along the
western border of Tennessee.

Similarly, transpaiation infrastructure damage is focused in western TennebEkeee

are approximately 23,000 bridges in the State of Tennessee and roughly 6,700 bridges in
the 20 impacted counties. More than 1,000 bridges are damaged in western Tennessee,
and almost 250riges are completely damagé@tlmerous bridges alongbh, 40, US

51, US412, and USI5W are heavily damaged and likely impassible the day after the
earthquakeTable 81 also shows that numerous airports, ports and railwalitiesiare
damaged, primarily irObion, Dyer, Lake, Lauderdale, Shelby, and Tipton Counties
Damage to major river crossings also inhibits travel across the Mississippi River to
Arkansas and Missourit is estimated that the Harahan, Frisco, and Memplksifsas

bridges into Memphis, Tennessee, are substantially damaged and unusable after the event.
The Caruthersville Bridge in Dyersburg is heavily damaged as well.

Substantial damage to utility infrastructure causes hundreds of thousands of service
outage throughout the state. Over 4,000 communication facilities are damaged severely
limiting cellular and landline communication in western Tennessee. Also, hundreds of

4 please reference footnote 1.
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electric power facilities are damaged causing massive power outages throughout the state.
Table 82 also details damage to other types of facilities in Tennessee. Nearly 104,000
repairs are required to fully restore the local potable water, waste water, and natural gas
networks. Nearly 2,000 additional repairs are regguifor major interstate transmission
lines. Completing all the repairs quantifiedTiable83 will take several weeks or months
depending upon the availability of parts and labor after the earthquake. The
aforementioned damageales over 500,000 households without water and over 700,000
households without power immediately after the event. Service outages are more frequent
in western Tennessee where direct infrastructure damage is most severe. Such extensive
power and water seme interruptions will also impede the response efforts in the state
and region.

Table 81: Transportation Lifeline Damage for Tennesse®

T_ran.sportatlon Total Facilities AtLeast Moderate Complete Damage
Lifelines Damage

Highway Bridges 22,897 1,035 244
Railway Bridges 151 2 0

Railway Facilities 141 58 0

Bus Facilities 58 7 0

Port Facilities 202 82 0

Airport Facilities 318 45 0

Table 82: Utility Facilities Damage for Tennesse¥

Utility Facilities Total Facilities At Legst Moderate Complete Damage
amage
Potable Water Facilities 98 11 1
Waste Water Facilities 2,001 453 7
Natural Gas Facilities 183 61 0
Oil Facilities 160 43 0
Electric Facilities 574 96 2
Communication Facilities 17,156 4,024 61

Table 83: Utility Pipeline Damage for Tennessee

Pipeline System Total Miles Leaks Breaks Total Repairs
Potable Water Local 117,400 15,258 24,051 39,309
Waste Water Local 70,500 12,067 19,022 31,089
Natural Gas Local 47,000 12,900 20,334 33,234
Natural Gas Interstate 4,600 351 1,232 1,583

Oil Interstate 1,000 71 234 305

There is a larger inventory of dantfsan leveesn western Tennessee thus the larger
number of damaged facilities. The majority of dam damage occurs in DyeDland
Counties though a small number of dams in Gibson and Cakmtiesare damaged as
well. Most levee damage is confined fyer, Lake, and Shelby CountieSome
hazardous materials facilities in Dyer, Lake, Lauderdale, Gibson, Obion, and Tipton
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Counties are likely to incur some damage to tank suppavidespread leakage of

hazardous materials is unlikely though still possible in limited amounts

Table 84: Other Critical Facilities Damage for Tennessee

Facility Type Total Facilities Damaged
Dams 1,215 133
Levees 11 7
Hazardous Materials 4,080 73

The amount of debris generated in Tennessee far exceeds all other states mainly due to
the density of infrastructure in the heavily damaged City of Memphis. Approximately
21.6 million tons of debris is generated statewide, though over 13 million tons is
produced in Shelby County alone. Additionally, Dyerd Gibson Counties produideb

and 11 million tons, respectivelyMadison, Obion, and Tipton Counties produce
between 775,000 ar@i75,000 tons of total debris eadkoughly 9.3 million tons of all

debris is steel and concrete, while the remaining 12.3 million tons is brick, wood, and
other building materials. More than 860,000 truckld8dse required to remove all
debris generateith Tennessee.

Infrastructure damage and falling debris cause more than 34,200 total casualties. Over
1,300 of these casualties represent fatalities while another 7,500 are injuries requiring
hospitalizationShelby County experiences the greatest nurabtatal casualties, nearly
21,500. Dyer, Tipton, and Gibson Counties incur substantial casualties as well, with
2,100, 1,500 and 1,500, respectivalgble85 details total casualties by severity level for

the entire state.

Total assets in Tennessee include nearly $400 billion in building value, approximately
$95 billion in transportation infrastructure value, and nearly $185 billion in utility
infrastructure value. This equates to more than $675 billion in total infrastruetiure
throughout the stateTable 86 illustrates direct economic losses for Tennessee by
infrastructure group. Building losses comprise more than 70% of all economic losses
with utility losses comprising less than 25% of the tdiedct economic loss estimate.

Table 85. Casualties at 2:00AM for Tennessee

Level 1 Level 2 Level 3 Level 4 Total
Casualties at 2:00AM 25,431 6,765 715 1,319 34,230
Table 86: Direct Economic Loss forTennessee ($ millions
Buildings Transportation Utilities Total
Direct Economic Loss $49,392 $2,898 $16,121 $68,411
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Impact Assessment Results for the EighBtate Study Region

The entirety of the eigkdtate region included in the NMSZ earthquakepact

assessment is affected by the scenario earthquake. As previously mentioned in each state
discussion there are numerous counties selected by researchers due to the severity of
impacts in these specific counties. The most catastrophic damage toucfrast loss of

facility functionality, social impacts and direct economic losses occur in these 140
impacted counties. These counties are listed previously in each state results section. A

map of these impacted counties is provide#igure16. There are no impacted counties

in Al abama, though a set of &ésocially i mpac-
6sociallydé i mpactedrigred@ nt i es are not shown i
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Figure 16: Impacted Counties in EightState Study Region

Table 87: Building Damage by State for EightState Study Region

State Total Buildings | Buildings Damaged | URM Damage | Wood Damage
Alabama 1,758,300 15,400 400 3,000
Arkansas 1,325,400 162,200 29,100 68,800
Illinois 3,655,800 44,500 10,100 17,700
Indiana 2,202,000 14,200 2,600 4,800
Kentucky 1,543,900 68,400 9,400 36,100
Mississippi 1,064,000 57,400 5,000 19,900
Missouri 2,101,800 86,800 26,800 40,200
Tennessee 2,126,600 264,200 48,900 163,600
Total 15,777,800 713,100 132,300 354,100

Overall, there are more than 713,000 buildings moderately or severely damaged in the
eightstate study regiorl.able87 describes the distribution of damage by state. Ag&an
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and Tennessee experience the greatest amounts of damage while Alabama and Indiana
incur relatively little damage in comparison. Additionally, more than 130,000 URMs and
354,000 woodframe structures are damaged in the-sigte regionFigure 17 illustrates

the distribution of total building damage throughout the study region. It is evident that
Shelby County, Tennessee, incurs the most damaged buildings by far, though numerous
other counties in Arkansas and Tennessee, asasedbme in Kentucky, Missouri and
lllinois experience large numbers of damaged structures. It is also important to note that
building damage counts are represente&igure 17, which differ from percentages of
buildings damageger county. When considering damage percentages counties far from
the rupture zone would not appear so heavily damaged since the building inventory in
those counties is quite large.
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Figure 17: General Building Damage in EightState Study Region (No. of Buildings Damaged)
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Table 88 Essential Facilities Damage for EightState Study RegiofY’

Essential Facility

Total Facilities

At Least Moderate Damage

Complete Damage

Schools

Fire Stations
Police Stations
Hospitals
EOCs

20,291
10,346
4,480
2,825
1,093

1,322
729
379
129
116

277

177

136
32
44

The scenario event leaves thousands of essential facilities damaged in the Central US. In
addition, Table 88 shows that nearly 700 faciks are completely damaged in the study
region. Many are schools, fire stations and police stations indicating that numerous
potential shelters are unavailable and firefighting and law enforcement services are nearly
nonrexistent close to the rupture zoragure 18 illustrates the likelihood of structural
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damage to hospitals as a result of the NMSZ scenario event. It is evident that southeastern
Missouri, northeastern Arkansas, western Kentucky, and western Tennessee are most
critically impacted and most hospitals are severely damaged. These portions of the study
region also incur the most severe damage to other essential facility types.
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Figure 18 Hospital Damage for EightState Study Region

Major river crossings in the Central US are those that cross the lllinois, Mississippi,
Missouri, Ohio, and Arkansas Rivers. These bridges are unique structures and carry high
volumes of traffic as well as major pipelines and communication lines. It is estimated tha
roughly 15 major bridges are damaged and impassgtidere 19 illustrates the locations

of damaged major river crossings in the Central US. Numerous damaged bridges lie
along the Mississippi River, effectively separating thghestate study region into two
individual sections along the river. It is unlikely that response workers, evacuees and
supplies can be moved from across the river for several hundred miles south of St. Louis,
Missouri, to south of Memphis, Tennessee .

Table 89: Transportation Lifeline Damage for Eight-State Study RegioR’

'II_'_ran_sportatlon Total Facilities At Least Moderate Complete Damage
ifelines Damage

Highway Bridges 165,771 3,547 1,255
Railway Bridges 1,888 29 0

Railway Facilities 1,118 119 0

Bus Facilities 405 16 0

Port Facilities 2,004 232 0

Airport Facilities 3,773 143 0

%0 please reference footnote 3.
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Damage to highway bridges in general drastically limits transportation within the 140
impacted counties in the study region. Over 3,500 bridges aneg#al moderately or
more severely while roughly 1,250 bridges are completely damaged and almost certainly
impassibleTable89 also details damage to other transportation infrastructure. Hundreds
of ports and airports are damagedhe impacted counties and limit water and air travel.

A lack of functioning airports will impede the movement of response workers, relief
supplies, and evacuation efforts. Furthermore, railway bridges and facilities are damaged
in the impacted countiebmiting the movement of people and goods over rail lines.
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Figure 19: Major River Crossing Damage for EightState Study Region

Utility infrastructure is also compromised throughout the esghte region.Table 90

details facility damage totals for all eight states. Well over 9,700 communication facilities
are damaged leaving many in the impacted counties without communication services
which includes aid workers attempting to coordinate responsetsefforeover,
thousands of water, oil, natural gas, and electric power facilities are damaged, mainly in
the impacted counties of lllinois, Missouri, Kentucky, Tennessee, and Arkansas. Damage
to utility pipelines also limits regional utility service cadaia@s postevent. AsTable91
details, local distribution lines for water alone require over 280,000 repairs. Additionally,
local natural gas lines require over 130,000 repairs. Restoring local pipelines is vital
though repairinghe more than 7,500 breaks and leaks to interstate natural gas and oll
pipelines severely impacts commodities distribution to other parts of the country. There
will be limited availability of spare parts and labor to complete the necessary repairs and
thus all repairs must be prioritized. Service outages are widespread as many facilities and
pipelines are damage by the scenario evEigure 20 illustrates the percentage of
households in each county that are without electric posegevice. It is clear that
numerous counties in Kentucky, Tennessee, lllinois, Missouri, and Arkansas have
extensive electric service outages. A total of 2.6 million households in theseadgnt
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study region are without power immediately after the evEatthermore, 1.1 million
households are without water. These outages may last several weeks or months
depending upon the extent of damage to infrastructure.

Table 90: Utility Facilities Damage for Eight-State Study Region®

Utility Facilities Total Facilities At Least Moderate Complete Damage
Damage
Potable Water Facilities 1,195 76 1
Waste Water Facilities 48,430 2,732 17
Natural Gas Facilities 34,339 418 3
Oil Facilities 89,621 998 0
Electric Facilities 10,893 673 4
Communication Facilities 145,722 9,748 115
Table 91: Utility Pipeline Damage for Eight-State Study Region
Pipeline System Total Miles Leaks Breaks Total Repairs
Potable Water Local 1,030,000 65,452 92,094 157,546
Waste Water Local 607,100 51,776 72,837 124,613
Natural Gas Local 413,200 55,273 77,829 133,102
Natural Gas Interstate 66,500 1,534 4,841 6,375
Qil Interstate 29,100 310 1,015 1,325
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Figure 20: Electric Power Outages at Day 1 for EighiState StudyRegior

2

Damage to facilities that generate secondary hazards are of particular concern near the
rupture zone. Though there are tens of thousands dams and levees in tistatEght

51 please reference footnote

3.

*2 ElectricPowerOutages are based solely on the likelihood of any structural damage to electric substations
and do notnclude impact due to damatmelectric power plants alistribution networks.
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region roughly 400 are damaged by the scenario event. Not all of thesgedhdans

and levees are likely to cause flooding, though several along the Ohio, Mississippi, and
other smaller rivers may incur damagevere enough to flood neighboring areas and
damage other infrastructure and homes. Additiondllgble 92 shows that over 250
hazardous materials facilities are damaged. Only a small fraction of these facilities near
the rupture zone are likely to release any hazardous materials.

Table 92: Other Critical Facilities Damagefor Eight-State Study Region

Facility Type Total Facilities Damaged
Dams 17,573 327
Levees 1,326 96
Hazardous Materials 39,759 253

Damaged infrastructure generates roughly 50 million tons of debris throughout the region.
Approximately 22 million tos are attributed to steel and concrete while the remaining 28
million tons are attributed to brick, wood, and other building materials. Over 40% of all
debris occurs in Arkansas, roughly 30% is generated in Tennessee, and just over 20% in
Kentucky. Most otthis debris is located in the impacted counties within each state. Over
two million truckloads® are required to remove all debris generated by the earthquake.

The catastrophic nature of this scenario earthquake event is depicted best by the number
of casualties estimated iifable 93 and illustrated inFigure 21. Nearly 86,000 total
casualties are expected for the 2:00AM event. A large portion of these casualties are
minor injuries, approximately 63,30€hough 3,500 fatalities are also expected. Most
fatalities are confined to the impacted counties. Furthermore, emergency medical services
must accommodate the 19,000 estimated injuries that require hospitalization. Many of
these injuries occur in areas &b hospitals and urgent care facilities are damaged so an
evacuation plan must account for the transportation of these victims and their
compromised health. A large number of total casualties, nearly 21,500, are expected in
Shelby County, Tennessee, alon&dditional counties in Tennessee, Arkansas, and
Missouri experience large numbers of casualties and will likely need substantial external
assistance immediately after the event.

The eightstate study region includes $8.6 trillion in building, transggart lifeline, and

utility lifeline assets. Over 25% of all study region assets are located in lllinois though
only 15% of all economic losses occur there. Conversely, only 8% of regional asset value
is located in Tennessee but nearly 25% of all econtasses occur there. Kentucky and
Missouri each incur roughly 17% of all direct economic losses in the study region. The
State of Arkansas comprises only 5% of all economic assets in the eight states, though
13% of all economic losses occur there. Ovethlk NMSZ scenario event generates
approximately $300 billion in direct economic lossEsble94 describes economic losses

by infrastructure type. Nearly 60% of all economic losses are attributed to utility lifelines
and nearly 4% are attributed to buildings. Less than 4% of all economic losses are
attributed to transportation lifelines.

53 Please reference footnote 7.
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Table 93: Casualties at 2:00AM for EightState Study Region

Level 1 Level 2 Level 3 Level 4 Total

Casualties at 2:00AM 63,266 17,121 1,882 3,496 85,765

Legend
Total Casualties
Event Occurs at 2:00 AM

Chicago
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Figure 21: Total Casualties for 2:00AM Event in EightState Study Region

Table 94: Direct Economic Loss for EightState Study Region ($ millions)

Buildings Transportation Utilities Total

Direct Economic Loss $113,080 $10,866 $172,101 $296,047

Flood Risk Analysis

Flood risk modeling involved the identification of potential flood risk zones in the
Central US. Based on direct damage results for dam infrastrudtere, dre five states

that are potentially affected by floods including Arkansas, lllinois, Kentucky, Missouri,
and Tennessee, while the three remaining states, Alabama, Indiana, and Mississippi, are
not expected experience any secondary flooding. Thewfly is a comprehensive list

of counties at risk for flooding in each state, while the regional flood risk is presented in
Figure22.

Arkansas: Poinsett County

lllinois: Massac, Pope, and Pulaski Counties
Kentucky: Ballard, Cdisle, and Hickman Counties
Missouri: Scott County

Tennessee: Dyer, Gibson, and Obion Counties
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Figure 22 NMSZ Flood Risk Due to Dam Damage

Inventory that is located either completely or partially inside a flooded region bhguada
considered at risk for secondary flooding. Overall, the most impacted facilities include
communication facilities, fire stations, waste water facilities, and highway bridges.
Tennessee has the largest amount of infrastructure in flood risk aredarhg anargin

when compared to the four other at risk states. The region summary regarding potentially
flooded facilities is presented ihable 95, while Figure 23 illustrates the mapping of
essential fadities flood potential for Tennessee. As illustrated, there is significant flood
risk to police stations, fire stations, and schools.

Essential Facilities

*« EOC

* Fire Station
Hospital

* Police Station
School

Elevation - r : y
- High : 674.332
. Low:34 3 -

Figure 23: Tennessee Essentidacilities Flood Risk
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Table 95 Flood Risk Results- Region Summary

Inventory o Number of Pot(_a.n.t lally Total by
Category Facility Type Flooded Facilities Facility Type
AR | IL | KY | MO | TN
EOC 0 0 0 0 2 2
Essential Fire Stgtions 2 1 1 0 7 11
Facilities Hospitals o e R R 1
Police Stations 0 0 0 0 7 7
Schools 0 1 0 1 8 10
Airports 0 0 0 0 2 2
Bus Facilities 0 0 0 0 1 1
. Highway Bridges 25 2 23 2 132 184
Transportation Ports 0 0 0 0 0 0
Railway Bridges 0 0 0 0 0 0
Railway Facilities 0 0 0 0 0 0
Commurication Facilities 0 0 4 1 59 64
Electric Power Facilities 0 0 0 0 1 1
Utilities Naturgl Ga_s_EaciIities 0 0 0 2 1 3
Oil Facilities 0 0 0 0 1 1
Potable Water Facilities 0 0 0 0 2 2
Waste Water Facilities 0 2 3 0 15 20
Total Facilities by State 27 6 31 6 239 309

Network Models

Transportation Network Model

The NLA module is implemented in the latest version of MAEViz and demonstraézd

the transportation netwaskin the metropolitanarea of St. Louis Missouri, and
Memphis, Tennesse&or denonstration purpose this sectiononly gives the results of
the traffic analysis of the netwalbefore and aftethe scenaricearthquake (day 0).
Performance at other time frames such as3Jayd day 7 can be obtained by using time
dependent functionalit restoration relationship (Padgett and DesRoches, 2007).
Components of the MAEViz traffic model are illustratedrigure24 andFigure25.

The changes of travel delays before and after earthquakén@ne sn Figure 26 and
Figure 27 for the cities of St. Louis and Memphis, respectivdlyavel delays on the
segments of the interstate highway#4l 55, 170, 64, 70, 255, and 4270 in the

City of St. Louisareestimatedo increase significantly after the earthquake, while travel
delays in other regions increase moderately or slighttydel results indicate thahany
major arterials in St. Louis County atite City of St. Louiexperience severcongestion.
Highways and mjor arterials connecting St. Louis and surrounding counties also
experience high density traffamdsevere congestion.
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Figure 27 gives the posearthquake level of service of the road segments in Memphis,
Tennessee. Note that most major arterials in the Memphis area are predicted
experience minimal congestion. Only segments240 and 440 in the City of Memphis
experience high density traffic and severe congestion. Several major and minor arterials
in the City of Memphis and Shelby County are expected to have significaotgased

travel times after the earthquake.

It is noted that the changes in travel delays in the St. Louis area are more
severe than those in the Memphis area, though St. Louis is farther from the
NMSZ ruptures and has a smaller percentage of significat@tinaged bridges. One

possible explanation for this is that the Memphis MPO includes the City of Memphis, the
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entirety Shelby County and other parts of adjacent counties only and is a much smaller
region than the St. Louis MPO that contains of the CitgtofLouis and entirety seven
neighboring counties. The total travel demand in the Memphis area is much smaller and
can only be used to reflect the local traffic within the MPO boundary. Unlike Memphis,
the St. Louis MPO area is a much larger region wghicantly higher travel demand.

The travel demand data can be used to provide the travel pattern changes at a broader
scale. The other possible reason is the static assumptions of travel behavior and demand
are unrealistic. Dynamic traffic assignmenfT® models which can provide much more
realistic traffic simulation results will be utilized to address the issue in a future MAE
Center study.
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Figure 26: PostEarthquake Changes of Travel Delay (Day 0) (St. Louis MPO)
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Utility Network Model

Analysis of St. Louis, Missouri

The St. Louis utility network inventory contains the natural gas pipelines and the electric
power transmissionetwork in the City of St. Louis, St. Louis, St. Charles, and Jefferson
Counties; and the water network for the City of St. Louis. Natural gas pipelines consist of
approximately 250,000 segments and total 8,622 miles in length. The water pipelines are
1,485 miles in total length and consist of 56,102 segments. There are two water treatment
plants, two water reservoirs, six power plants, and 43 substations serving these St. Louis
networks. The expected damage caused by the New Madrid Seismic Zone sogalario t
approximately 480 repairs on both networks, with about 175 repairs caused by leaks, and
305 by pipe breaksrable96).

Table 96: St. Louis, Missouri Pipeline Damage

. Ground Shaking Liquefaction
St. Louis Inventory Total pipe Induced Pipeline Induced Pipeline Total Total

length (miles) . . Leaks Breaks
Repairs Repairs
New Madrid Seismic Zone Scenario (Mw=7.7)

Water Pipelines 1,485 27 138 49 116
Natural Gas Pipelines 8,622 102 211 124 189

Pawer Network: Feclllbles Damage

=]
i exb-rrmplz
-l

Figure 28 St. Louis Power Network Damage for NMSZ Event

Expected damage due to the New Madrid Seismic Zone earthquake scenario is relatively
low for the water facilities. All water facilities are expected to experience approximately
10% probability of at least moderate damage in St. L&ascer facilities of St. Louis are
expected to experience relatively lower damage in the New Madrid Seismic Zone
earthquake scenario. Damage due to New Madrid Seismic Zone scenario is higher in
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facilities in St. Louis City or south, along Mississippi RivEiglre 28). Due to the New
Madrid Seismic Zone earthquake, connectivity losg {€ the electric power network is
expected to be 2.5% and service flow reductigg)(B the network is expected to be less
than 1% for St. Louis power networks. The connectivity las$o€the water network is
expected to be 7.7%; the surface flow reductigniSexpected to be 39.2%.

Analysis of Memphis, Tennessee

The analysis inventorgonsists of the entire electric power, natural gas, and water
systems in Shelby County, Tennessee, where Memphis is located. The electric power
network in Shelby County has 28 substations providing electric power. The natural gas
network contains 3 gatéagions, 120 pressure regulator stations, and 6,773 miles of main
and service pipelines. Shelby County also has 192 water wells, 17 water tanks, 39 water
pumps, and 27 booster stations in the potable water network. The water pipelines have a
total length 64,350 miles with 202,294 pipe segments.

As a result of the scenario earthquake, 13,500 repairs are required in the water pipeline
system, and a total of 9,000 repairs to natural gas pipelliadse97). A total of 17,500

repars in the water and natural gas systems are expected due to liquefaction effects,
whereas approximately 5,000 repairs are expected as the result of pipe leaks.

Table 97: Memphis, TN Pipeline Damage

Total pipe Ground Shaking Liguefaction Total Total
Memphis Inventory lenath (ﬁwﬁes) Induced Pipeline Induced Pipeline Leaks Breaks
9 Repairs Repairs
New Madrid Seismic Zone Scenario (Mw=7.7)
Water Pipelines 4350 452 13097 2981 10568
Natural Gas Pipelines 6773 435 8606 2069 6972

Network facilities are expected to experience significant damage from the New Madrid
Seismic Zone earthquake as well. All facilities in the power, natural gas, and water
network are expected to have at least 50% probability of moderate or more severe
damag (Figure 29). Due to New Madridscenarioearthquake Shelby County utility
networks are expected to suffer extensive damage and disrupRedsiction in the
natural gas network performance is quantified witho€9.2% and & of 75.8%. G for

the water network is expected to be 99%; 16 be 96%.

89



Network Facilities Damage
m none

m slight-mod (C)
1 mod-extens

m ext-comple
m complete

Memphi

il

Figure 29: Structural Damage Estimates for Shelby County
(a) Natural Gas, (b) Hectric Power, (c) Potable Water Network Facilities

Uncertainty Analysis

Uncertainty Characterization Approach 1

As a brief summary of the uncertainty analysis results, the total losses in thetaight

study region (i.e. the eight states combina@ givenin Table 98 thru Table 100 nSI o

and ANo SI o0 respectively indicate the <case:
intensity is considered and those inwhitcisn ot consi der ed. AL/ Bo an
the lower and upper bounds of the confidence intervals, respgctivis observed that

some of the deterministic loss estimation results by HAZUS do not match with the

average values calculated based omtléodology in th&dAZUS TechnicalManual In

this preliminary study, the quantified uncertainties in the nurbelamaged buildings

(Table98) are relatively small, compared with the other types of losses because this is not
affected by the variations in damage measufrable 99 and Table 100 show that the

uncertainties from the variations of damage measures are dominant in this study.

Decision makers, intuitively or from experience, understand that any loss estimate is
subjected to uncertainties and thus entails the risk of undewverestimation. Therefore
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it is important for regional loss assessment software to provide the quantified uncertainty
for risk-informed decision making. However, there have been not many research efforts
to quantify the uncertainties in the regional lesgimation in a systematic manner,
especially with the consideration of the implementation to loss assessment software such
as HAZUS. The attempt in this study demonstrates that it is possible to quantify- the un
certainties efficiently without repeatednsiof HAZUS. More research efforts are needed

for quantifying actual level of the uncertainties and for software implementations.

Table 98: Number of Damaged Buildings

mage No SI Sl
Sta Mean L/B u/B Mean L/B U
None 14,315,64 | 14,312,228 14,319,121 14,452,735 14,449,167 14,456,303
Slight 757,057 753,634 760,494 509,585 506,479 512,707
Moderate 314,080 311,954 316,220 439,955 437,299 442,625
Extensive 93,060 91,915 94,220 199,321 197,550 201,107
Complete 298,080 296,027 300,146 176,357 174,943 177,784
Total 15,777,951 15,765,758 15,790,202 15,777,952 15,765,439 15,790,527
Table 99: Capital Stock Loss(in Thousands ofDollars)
pe No SI Sl
Mean L/B U/B Mean L/B U/B
Structural 16,358,686 13,798,67 | 19,348,000, 13,830,992 12,093,246| 15,764,180
Non-Str. 60,044,367] 51,909,584 69,283,276 40,377,776 35,820,385 45,364,800
Contents 29,669,858 26,522,801 33,119,070 18,024,815 16,332,882 19,834,995
Inventory 905,229 753,495 1,085,617 480,642 397,525 576213
Total 106,978,140 92,983,947| 122,835,962 72,714,225 64,644,038 81,540,189
Table 100 Number of DisplacedHouseholds
No SI SI
Mean L/B U/B Mean L/B U/B
Displaced HH 250,312 170,643 355,279 128,476 78,184 199,837

Uncertainty Characterization Approach 2

The eight states in the Central US include more than fifteen structure types. However, a
demonstration of the proposed framework considers three structural types of buildings
only, i.e. wood for light frame (W1), unreinforeed masonrybearingwalls for low-rise
buildings (URML), andmobile homes(MH), because they occupy more than 96 percents

in the number of buildings. Also, it includes three occupancy classes of buildings, i.e.
single-family dwelling (RES1) mobile home(RES2), and multi-family dwelling (RES3).
Uncertainty propagation analysis was conducted for impacted counties in the eight states.
Since only a select number of building types and occupancy types are included in this
investigation impact estimates attributedthe HAZUS model are less than the estimates
shown in earlier state and regional results sections since all building and occupancy types
are included in those estimates.
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Table 101 Structural Damage of Buildings for the Eight Sates

Damage State Moderate tq Total No.
State | Statistic ) X Complete | Damaged
None | Slight |Moderatg Extensive Complete Damage | Buildings
Alabama |Mean 461,441| 20,798 | 6,653 1,195 165 8,014 28,812
St. Dev. | 6,768 240 68 13 1 69 249
HAZUS' | 484,462| 4,222 1,327 82 3,464 4,875 9,097
Arkansas |Mean 77,043 | 40,695 | 43,937 | 28,736 | 71,370 | 144,044 184,739
St. Dev. 816 376 398 260 713 857 936
HAZUS | 87,896 | 59,529 | 41,110 | 16,663 | 57,885 | 115,657 175,187
lllinois Mean 259,680| 58,969 | 45,883 | 22,668 | 21,188 89,739 148,708
St. Dev. | 4,095 643 410 187 180 485 805
HAZUS' | 323,594| 50,253 | 15,615 | 4,817 | 18,880 39,303 89,561
Indiana Mean 155,454| 24,199 | 14,130 | 4,526 2,262 20,918 45,117
St. Dev.| 1,966 475 261 78 47 277 550
HAZUS' | 168,902| 25,254 | 3,768 484 2,770 7,025 32,277
Kentucky |Mean 72,624 | 38,481 | 37,735 | 23,357 | 26,241 87,334 125,815
St. Dev.| 1,095 438 394 254 348 584 729
HAZUS' | 103,857| 36,798 | 25,532 | 9,809 | 23,018 58,359 95,159
Mississippil Mean 110,836| 38,075 | 28,793 | 13,658 | 9,385 51,835 89,910
St. Dev.| 1,168 474 409 213 184 497 686
HAZUS' | 116,496| 42,819 | 19,404 | 5,951 | 16,572 41,927 84,747
Missouri | Mean 618,117| 57,881 | 43,068 | 22,921 | 42,164 108,153 166,034
St. Dev. | 13,356 612 373 199 433 605 861
HAZUS' | 640,381| 69,176 | 30,259 | 7,624 | 39,044 76,930 146,110
Tennessee Mean 106,942| 101,151| 119,465| 78,082 | 100,247| 297,794 398,945
St. Dev.| 2,488 | 2,600 2,964 1,784 2,088 4,041 4,805
HAZUS | 79,351 | 191,196| 103,227| 32,191 | 101,343| 236,766 427,959
" HAZUS results represent damage of building for residential occupancy classes of RES1 throug

Table101andTable102 summarize numbers structurally damaged buildings and their
ratios to total number of buildings for the eight states, respectiv@sble103shows the

Table 102 Percentage of Building Damage for the Eight States

Mean HAZUS
State Moderate to Damaged Moderateto Damaged
Complete Building Complete Building
Alabama 1.6 5.9 1.0 1.8
Arkansas 55.0 70.6 44.0 66.6
lllinois 22.0 36.4 9.5 21.7
Indiana 104 22.5 3.5 16.0
Kentucky 44.0 63.4 29.3 47.8
Mississippi 25.8 44.8 20.8 42.1
Missouri 13.8 21.2 9.8 18.6
Tennessee 58.9 78.9 46.7 84.4

lower and upper bounds of the 90% confidence interval for direct economic loss due to

strucural damage. It can be seen that the proposed framework gives consistent and
reasonable estimates comparing with the HAZUS results. Fothaigdrd states, such as

“Not e

t hat

t he

0 HAZ US* Gable0atyaighTablglo2represent damdgd e d
economic loss to building types W1, URML, and MH and occupancy types RES1, RES2, and RES3 only.
The numbers in these tables are less than those presented previously in the state-atadeeighion
results sections. Previous sections include damagatities for all HAZUS building and occupancy types.
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Arkansas, Missouri, and Tennessee, the difference between the probabilistic estimates
and tle HAZUS results are not significant. This means that both approaches can give
fairly reasonable estimates in a higgismicity area.

Table 103 Direct Economic Losses Due to Structural Damage of Buildings for the Eight States

($ millions)
State Lower Bound Upper Bound HAZUS
Alabama 37.62 61.31 123.72
Arkansas 3,096.86 6,239.14 2,359.75
lllinois 1,053.12 1,957.62 868.47
Indiana 191.99 259.85 158.86
Kentucky 1,199.00 2,001.76 1,501.98
Mississippi 526.83 1,281.85 878.10
Missoui 1,699.67 3,488.51 1,801.92
Tennessee 4,766.44 7,170.25 7,251.58

" HAZUS results represent direct loss for all buildings.

Social Impacts and Requirements Analysis

This section summarizethe findings of the study as it relates potential social
vulnerabilitiesof the NMSZ along with estimated impacts of the earthquake scenario on
security, water, energy, accessibility, and telephone (SWEAT) in the region. Because
social vulnerability and SWEAT analysis provide insight into the scope of the ngcessar
disaster response, those metrics are used in the Response Requirements section to
estimate the resource requirements and needs for the proper execution of a timely,
organized, and efficient emergency operation.

Social Vulnerability Analysis

The social vulnerability analysis focuses on the interpretation of four metrics that
contribute to the overall social vulnerability. These four metrics are disability, age (i.e.
people younger than 5 years and older than 65 years), poverty, and English proficiency.
These criteria are important because they provide emergency planners information related
to the geographical distributions of potential vulnerability hotspots, which could be
mitigated with proper prpositioning of equipment and resources.

Disability

Disability is an important indicator of social vulnerabilities. Disabled individuals are
often at a disadvantage during emergencies and disasters, especially when the individuals
are limited in their mobility, have special needs, or require ongoing carel€éEus and
expectations of the disabled population must be taken into consideration during disaster
response planning and requirements analysis.

The natural breaks (Jenks) method is used to develop thestaggtvulnerability map in
Figure 30. Planning areas with 13.920.5% of the population having a disability are
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considered to have a low disability rate. Similarly, areas with a 2046%9%% of the
population having a disability are considered to have a medium disability mdteyeas

with 25%-35% are considered to have a high disability rate. As showigure 30, this

region has a scattered distribution of disabled people. Disability is less of a problem in
the northern portion of the region thangtin the southern areas. It is evident that most
parts of northern Missouri, Illinois, and Indiana have a relatively low disability level,
whereas Arkansas, Kentucky, Tennessee, southeast Missouri, and Alabama have a
relatively medium to high percentagedisabled people.

All States - New Madrid Seismic Zone - Disability

MM Scale
L .
S & F ot

% of Population Disabled
I Low 13.9% - 20.5%
[ ] Medium 20.6% - 24.9%

- ngh 25006 - 350% 0 60 120 240 360 48n0.'|iles
Figure 30: Distribution of Disabled Populationin NMSZ Planning Areas

The natural breaks method is also used to examine the impacted counties. In these
counties with 12.5920.2% of the population having &dbility are considered to have a

low disability rate. Similarly, areas with a 20.3%%6.6% of the population having a
disability are considered to have a medium disability rate, and areas with-38.7%

are considered to have a high disability rate.hWithe impacted counties, the southern
Missouri counties of Iron, Madison, Carter, Reynolds, Oregon, Ripley, Butler, Wayne,
Dunklin, and Pemiscot, and almost all Arkansas counties have relatively high disability
levels. In the State of Mississippi, Coalmnlunica, Quitman, Tallahatchie, Panola,
Yalobusha, Benton, Tippah, Alcorn, and Tishomingo Counties have a relatively high
disability rate. In Tennessee, the counties of Dyer, Luke, Lauderdale, Crockett, Haywood,
McNairy, Hardin, and Benton have relatiyehigh disability levels. In Kentucky,
Hickman, Lyon, Trigg, Webster, and Muhlenberg Counties have relatively high levels of
disability (SeeFigure31).
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Figure 31: Distribution of Disability in NMSZ Impacted Counties

Vulnerable Age Groups

Vulnerable age groups include individuals younger than 5 years and older than 65 years.
Children less than 5 years old are considered to be a vulnerable portion of the population
because they are largely dependenttlogir parents, or other adults, to satisfy their
immediate needs for food, shelter, security, and other care. The elderly are considered
vulnerable because they carry a higher risk of diminished physical strength, mobility
limitations, agerelated diseaseand special prescription medication needs. Therefore, in
locations with a significant presence of vulnerable people due to age, requirements and
needs assessments must include the special needs associated with these groups.

The natural breaks (Jenks) tined is used to develop the eigdiate vulnerability map in
Figure 32. Planning areas with 17.012%9.22% of the population within the vulnerable
age groups, are considered to have a low percentage of age vulnerability. Siariéady,
with a 19.23%21.07% vulnerable age population are considered to have a medium
vulnerability, and areas with 21.0828.83% vulnerable age population are considered to
have a high vulnerable age population rate (Sgere32).
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All States - New Madrid Seismic Zone - Vulnerable Age Groups
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Figure 32 Distribution of Vulnerable Age Groupsin NMSZ Planning Areas
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Figure 33: Distribution of Vulnerable Age Groupsin NMSZ Impacted Counties
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Again, the natural breaks (Jenks) method is eygaldo examine the impacted counties
specifically. Counties with 16.69%9.8% of the population within the vulnerable age
ranges are considered to have a low percentage of age vulnerability. Similarly, impacted
counties with a 19.9922.5% vulnerable age polation are considered to have medium
age vulnerability, and counties with 22.6%28.4% vulnerable age population are
considered to have high age vulnerability. An interesting overlap between highly
vulnerable counties and those counties impacted by thlegeake scenario is shown.
Figure 33 suggests that it is useful to determine a common strategy to deal with the
special needs of the age vulnerable population in many adjacent counties near the
intersection of Missouri, lllinoisand Kentucky. This strategy must also take into account
the highly vulnerable counties of Prairie, Monroe, Phillips, and Arkansas in southern
Arkansas, the impacted counties of Henry, Benton, Carroll, Gibson, McNairy and Hardin
in Tennessee, and YalobusB&nton, and Tishomingo in Mississippi (S&gure33).

Poverty

Poverty is an important indicator of social vulnerability. Research has shown that it is
more difficult for economically disadvantaged communities to cope witlintpacts of
disasters when compared to communities with more stable economic conditions. This is
partially explained by the strong correlation between poverty and the lack of resources
for preparedness and recovery, as well as access to education, irdoy@madi awareness.

The natural breaks (Jenks) method is employed to construct thes&itgghtvulnerability

map in Figure 34. Planning areas where 7%4.5% of the population is living below
poverty level are considered to haselow poverty rate. Areas with a 14.620.8%
poverty rate are classified as medium, and areas with 283886 poverty rate are high

in terms of percent of population in poverty. Geographical distribution of poverty within
the NMSZ is comprised of threestinct clusters. Nearly all of Indiana, lllinois, and
Missouri (except the southern portion) have low poverty rates. Central and western
Arkansas, Alabama, most of Tennessee, and the western part of Kentucky have medium
levels of poverty. Conversely, soetistern Missouri, eastern Arkansas, nearly all of
Mississippi, southwestern Tennessee and eastern Kentucky have high poverty rates (See
Figure34).

The natural breaks (Jenks) method is employed to examine the impacted couatas he
well. Counties where 4.49%4% of the population is living below poverty level are
considered to have a low poverty rate. Impacted counties with a 2B poverty

rate are considered medium, and impacted counties with 220688%6 poverty rate are
considered high in terms of percent of population in poverty. One interesting observation
among impacted counties is that a significant number of relatively high poverty counties
are located in areas where infrastructure damage and social impacts aee Ehese
counties include Jackson, Alexander and Pulaski Counties in lllinois; Mississippi, New
Madrid, Pemiscot, and Dunklin Counties in Missouri: Mississippi, Poinsett, Jackson,
Woodruff, Monroe, Phillips, Lee, St. Francis, and Crittenden Counties imnAds;
Bolivar, Coahoma, Tunica, Quitman, Panola, Tallahatchie, and Yalobusha Counties in
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Mississippi; Lauderdale, Haywood, Hardeman Counties in Tennessee; and Fulton County
in Kentucky. There is also a separate cluster of impacted counties with reltiyely
poverty in Missouri, which includes Iron, Reynolds, Wayne, Carter, Ripley, and Oregon
Counties (Se€igure35).

All States - New Madrid Seismic Zone - Poverty
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Figure 34: Distribution of Poverty in NMSZ Planning Areas
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English Proficiency

The last social vulnerability metric covered in this study is English Proficiency. Lack of
proficiency in English is an indicator of potential social vulnerability, as latk
proficiency with the local language tends to cause difficulties in communicating with
others and socialization issues, which lead to isolation from the community and its
support networks. From an emergency response planning perspective, in aredackhere

of proficiency in English is common, communication with those communities before,
during, and after emergencies can be difficult. It is important that communications in
such areas take into account the language barrier as well as the underlyingl cultur
barriers. Close cooperation with the representatives of these communities during early
stages of planning is critical to understanding needs, and to developing strategies that
reduce this vulnerability.

The natural breaks (Jenks) method is used tméeélative English proficiency levels in

the eighistate region. Areas where 0.32d% of the population is not proficient in
English are considered to have a low English {Rooficiency rate. Areas with a 1.2%
3.7% English No#Proficiency rate are congced medium, and areas with 3.8%4%
English NonProficiency rate are considered high in terms of percent of population that
are not proficient in English. Most areas in the NMSZ area have a relatively low English
Non-proficiency rate. The only exceptias the Chicago Metropolitan Area in lllinois,
which is not only the single highest English N@roficiency area in the region, but it has

an English NorProficiency rate of 7.1% which is very high even on an absolute scale
(SeeFigure36). While the area surrounding Memphis, Tennessee, is only categorized as
having a medium NoRroficiency rate, planners must still pay attention to this area due
to its high populatiordensity as well as the high level of physical impacts from NMSZ
earthquake.

English proficiency in the impacted counties is delineated with the natural breaks (Jenks)
method as with all other social vulnerability factors. Counties wheré.6% of the
population is not proficient in English are considered to havewa Hoglish Non
Proficiency rate. Counties with a 0.6%2% English NofProficiency rate are considered
medium, and counties with 1.331% English NofProficiency rate are considered high

in terms of percent of population that are not proficient in Enghdbst impacted
counties in the NMSZ have a relatively low English Nwooficiency rate. Impacted
counties with relatively higher English Ndiroficiency rate are scattered around the area
without an apparent cluster pattern. Those impacted counties &woldaCounty in
lllinois, Dubois County in Indiana, Webster and Graves Counties in Kentucky, Union
County in Mississippi, and Shelby and Crockett (with the highest value of all counties,
3.1%) Counties in Tennessee ($agure37).
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All States - New Madrid Seismic Zone - Non-Proficiency in English
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Figure 36: Distribution of English Non-Proficiency in NMSZ Planning Areas
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Figure 37: Distribution of English Non-Proficiency in NMSZ Impacted Counties
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SWEAT Analysis

SWEAT is an abbreviation for:Security, Water, Energy, Accessibility, and
Telecommunications. The aim of a SWEAT analysis is to estimate potential impacts of a
hazardous event on the aforementioned services, commodities, and infrastructure. To
further detail the analysis, security is Baad in terms of damage to emergency
operation centers (EOC) including 911 call centers, police facilities, fire facilities, and
hospitals. Water is decomposed into impacts to potable water, and waste water facilities.
Energy includes electricity and neadli gas facilities. Accessibility includes major river
crossings, highway bridges, and schools. Telephone includes the telecom infrastructure.
The impact of the earthquake on the capacity of each of those resources has been
estimated for each impacted copon a standardized scale. This catoded scale uses

the following three levels/colors to describe available capacity:

e Red: No Capacity/Capability (0939% of typical operating capacity)
e Yellow: Reduced Capacity/Capability (4698% of typical operatingapacity)
e Green: Full capacity/Capability (809400% of typical operating capacity)

The SWEAT matrix for each state lists the impacted counties in a single column, each
measured item in its own column, and each cell in the matrix is assigned a
capacity/caability level based on the colopded scale. The matrix can be interpreted
twofold: (1) from the perspective of impact to counties and, (2) from the perspective of
impact to each infrastructure/service type. A SWEAT diagram is provided for each of the
NMSZ states with the exception of Alabama. None of the counties in Alabama qualified
as highly impacted and all of the cells of the Alabama SWEAT diagram are green.
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IC . . X
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Figure 38 SWEAT Analysis for the Impacted Counties of Arkansas
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The Arkansas SWEAT analysis appearsFigure 38. The matrix illustrates that all
Arkansas counties except White, Independence, and Arkansas County are significantly
impacted by a lack of SWEAT resources and infrastructure e@dén County receives

the highest impact, losing its entire capacity for services, resources, and infrastructure.
From the perspective of resources and infrastructure, all SWEAT elements in Arkansas
except major river crossings and highway bridges expegisignificant impacts from the
earthquake. Most of those impacts occur in the form of full capacity loss, which generally
takes longer to repair.

The lllinois SWEAT analysis is shown Figure 39. It reveals that Alexander, Jaon,
Pope, Pulaski, Union, and Williamson Counties receive more significant SWEAT impact
than other counties. Similarly, the matrix reveals that waste water facilities, electricity
infrastructure, natural gas facilities, and telecom infrastructure impaetaore severe
when compared to the impacts experienced by other resources and services.
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Figure 39: SWEAT Analysis for the Impacted Counties of lllinois
The Indiana SWEAT analysis is illustrated kigure 40. With the exception of the red

capacity loss of EOC resources in Posey County, no other counties in Indiana are
significantly impacted under the SWEAT assumptions.
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Figure 40: SWEAT Analysis for the Impacted Counties of hdiana

The Kentucky SWEAT analysis appearsHigure 41. The matrix shows that Ballard,
Calloway, Carlisle, Fulton, Graves, Hickman, Livingston, Marshall, and McCracken
Counties incur significant SWEAT capacity losses in almbbsteavices, resources, and
infrastructure. Caldwell, Crittenden, Lyon, and Trigg Counties also receive significant
impacts, but those impacts are limited to waste water facilities, electricity infrastructure,
natural gas facilities, and telecom. From therspective of services, resources, and
infrastructure waste water facilities, electricity, natural gas facilities, and telecom
infrastructure incur the most damage. EOC, police, fire, hospital, potable water facilities
and schools also incur comparablendge, but in fewer counties.
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Figure 41: SWEAT Analysis for the Impacted Counties of Kentucky
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The Mississippi SWEAT analysis is shown kigure 42. Desoto and Tate Counties
experience the most signifint impact. These two counties lose all SWEAT capacity
except for major river crossings and highway bridges. Benton, Coahoma, Lafayette,
Marshall, Panola, and Tunica Counties also lose significant capacity, but in most
instances, those capacity losseslianged to EOC, police, fire and hospital facilities, and

to a lesser extent potable water, waste water, electricity infrastructure, and schools. While
service, resource, and infrastructure capacity losses are not as widespread in Mississippi
as in other tates, the single most impacted resource is hospitals. EOC, police, fire, and
school infrastructure damage also lead to reduced capacities. Waste water facilities,
natural gas facilities, major river crossings, highway bridges and telecom experience
minima impact in many instances.
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Figure 42 SWEAT Analysis for the Impacted Counties of Mississippi

The Missouri SWEAT analysis is illustrated kigure 43. The matrix shows that Cape
Girardeau, Dunklin, Misissippi, New Madrid, Pemiscot, Scott, and Stoddard Counties
sustain the most significant impact. These counties experience total SWEAT capacity
losses in almost all services, resources and infrastructure. Bollinger, Butler, Perry and
Wayne Counties alsmcur some SWEAT impact, but in most cases those impacts are
partial capacity losses in waste water, electricity, natural gas and telecom facilities. For
Missouri, it is difficult to generalize a cluster of services, resources, and infrastructure
that sustin specific impacts. While it is observed that electricity infrastructure is the most
frequently damaged infrastructure in Missouri, damage is more scattered and dependent
on the overall physical damage the county incurs for other SWEAT components.

The Tennessee SWEAT analysis appears Figure 44. Tennessee has the most

widespread and significant SWEAT impacts within the entire NMSZ region. With the
exception of Benton and Hardin Counties, the impacted counties in Tennessemnegpe
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full SWEAT capacity losses. The only service, resource and infrastructure that does not

incur significant capacity losses are major river crossings and highway bridges.
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Figure 43: SWEAT Analysis for the Impacted Countiesof Missouri
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Figure 44: SWEAT Analysis for the Impacted Counties of Tennessee
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Mass Care Needs Models

Mass care and emergency requirements comprise the commodities (water, ice, food) and
shelter requirements of the A t RPomaldtian. A A t RPomil&tion is defined as
displaced households (due to structural damage) and those without water prvaer

for 72 hours. Shelteseeking population is a subset of thédt  Rapidakiod based on
demographi@ndsociceconomic charderistics such as ethnicity and income levdie

details of the methodology and models used to estimate mass care quantities have been
detailed in previous sections.

Location and Size of AAt Risko and Displ aced

The #HAt Ri s k 0 ingd@$ thel camibinel mumbes of Hoaideholds who were

displaced due to structural damage to their residence and those without water and/or
power for at |l east 72 hours. The estimates
population is expected to ee@d seven million peopl&able 104 shows the distribution

of AAt Risko population by state. Wi th over
the greatest mass care needs. Ar karkoas, wi t
people, is a distant secoritable105d i s pl ays the distribution of
seeking population for the impacted counties in each state. As expé&eiad,105

reveals that more than 50% o i At Ri sk o popul ation resides i

than half (3.8 million) of the residents in
Tablel04 Di stri buti on of BéekingRopsldtian byaStatt Shel t er

FEMA | State Total Day L Day 3

Region| Total |Population . #She!ter . #She!ter

# at risk| seeking|# at risk| seeking

Alabama 4,447,100 9,645 3,081 601,561 173,412

Kentucky 4,041,769 53,860 14,952] 850,615| 233,909

Region 1M _Mississippi 2,844,658] 61,997 18,345 705,032] 205,507

Tennessee 5,689,283 316,681 91,103| 2,072,942] 562,468

Total RIV 17,022,8101 442,183|  127,481| 4,230,150| 1,175,296

Illinois 12,419,293 50,285 15,588 650,247| 185,139

Region V| Indiana 6,080,485 9,932 2,701 579,627| 153,570

Total RV 18,499,779 60,217 18,289| 1,229,874 338,709

Region V Arkansas 2,673,400 124,730 38,827| 937,518 285,865

Total RVI 2,673,400 124,730 38,827| 937,518 285,865

. Missouri 5,595,211 103,665 30,074| 842,002| 237,991

Region VI -
Total RVIi 5,595,211 103,665 30,074] 842,002] 237,991
Total 43,791,199 730,795| 214,671 7,239,544| 2,037,861

Table 105 Distribution of A At  RandsSkelber-Seeking Population in Impacted Counties
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'mpaCt,ed Population Day 1 Day 3
Counties . . # shelter . # shelter
inIC # at risk . # at risk .
(IC) seeking seeking
Alabama | - - - - -
Arkansas 558,495 113,222 35,070 478,639 147,618
lllinois 1,093,665 48,104 14,939 404,993 118,916
Indiana 535,588 4,129 1,171 176,235 49,396
Kentucky 490,909 53,603 14,879 328,130 90,386
Mississippi 553,719 47,841 14,066 359,367 107,176
Missouri* 2,288,445 95,145 28,851 684,838 198,038
Tennesseq 1,488,071 316,555 91,088 1,388,861 399,621
Total IC 7,008,892 678,599 200,064| 3,821,063 1,111,151

Location and Size of Shelt&eeking Population

Table 104 and Table 105 include tke information on the sheltseeking population in

each state as well as a regional total of all impacted counties. Accordirapl®104,

more than two million people are expected to seek shelter by day 3. With more than
560,000seeking shelter, Tennessee is the most heavily impacted among all states. Out of
the two million sheltesseeking people within the NMSZ, more than 1.8 million reside in
impacted counties. Along with the aforementioned shshkeking population,
approximéaely 815,000 dogs and 738,000 cats are displaced and will need shelter. This is
an important consideration since many people will refuse to leave their homes without
taking their pets.

Location and Size of Population Without Power and/or Water

Figure 45 shows the severity of water outages within the NMSZ. Accordiigabde 106,
more than one million households are expected to be without water service following the
earthquake.

Householdg
FEMA Total
. State w/o Water
Region Households
(Day 1)
Alabama - 1,737,080
Kentucky 76,170 1,590,647
Region IV | Mississippi 80,128 1,046,434
Tennessee 507,346 2,232,905
Total RIV 663,644 6,607,066
lllinois 94,626 4,591,779
Region V | Indiana 14,577 2,336,306
Legend Total RV 109,203 6,928,085
Water:Cistagen:- Dy Y . Arkansas 193,248 1,042,696
% Households w/o Service] Region VI
. 0% - 19.9% Total RVI 193,248 1,042,696
¥ 20%-59.9% Mi i 123,719 2,194,594
+ -0 - 100% Region VIl = ’ —
Total RVIi 123,719 2,194,594
0 3 7 Total 1,089,814| 16,772,441

Figure 45: Distribution of Water Outages on Day  Table 106 Distribution of W ater Outages on
1in NMSZ Day 1 in NMSZ

107



Figure 46 shows the severity of water outages within the impactedhtces of NMSZ.
According toTable 107, more than one million households within the impacted counties
are expected to be without water service one day after the earthquake. Outages in the
impacted counties represent the majoritalboutages in the region.

All States - New Madrid Seismic Zone - Water Outages

Impacied Households Total

Counties Households
w/o Water
(1C) (1C)
Alabama - -

Arkansas 174,743 213,587
lllinois 94,626 425,860
Indiana 14,577 210,873
Kentucky 76,169 197,823
% of Households without Water | Mississippi 80,068 200,674
— Sl : + Missouri 123,719 898,507
B 1% - 100% o s m = 34 Tennessee 507,346 566,153
Total IC 1,071,248 2,713,477

Figure 46: Distribution of Water Outages on Day 1 Table 107: Distribution of Water Outages on
in NMSZ Impacted Counties Day 1 in NMSZ Impacted Counties

Figure47 illustrates the severity of power outages within the NMSZ. While there is still a
strong correlation between the areas that suffer power losses and the local intensity of the
earthquake, power outages cover a much larger geographicahareavater outages.

Also, while water outages as obsenmd-igure 45 alternatebetween severe or none, a

large area of moderate power outages is observed at moderate distances from the rupture
zone. It is shown ifmable 108 that nearly 2.5 million households are expected to lose
power service following the earthquake.

Householdg
FEMA Total

. State w/o Power

Region Householdg
(Day 1)
Alabama 234,842 1,737,080
Kentucky 328,756 1,590,647
Region IV | Mississippi 232,990 1,046,434
Tennessee 709,325 2,232,905
Total RIV 1,505,913] 6,607,066
Illinois 236,677 4,591,779
Region V | Indiana 106,853 2,336,306
Legend Total RV 343,530 6,928,085
Electric Outa, -Day1

%:w:eh s v sl Region VI Arkansas 329,655 1,042,696
0% - 19.9% Total RVI 329,655 1,042,696
) 10080 Redion Vi | Missour 302,173 2,194,594
9 Total RVIi 302,173 2,194,594
Total 2,481,271| 16,772,441

Figure 47: Distribution of Power Outages on Day Table 108 Distribution of Power Outages on
1in NMSZ Day 1in NMSZ

Figure 48 illustrates the severity of power outages within the impacted counties of

NMSZ. Similar to the distribution of power service impacts within the entire NMSZ, the
location of impacted amties with 60%100% power service interruption on day 1 is

108



illustrated by the red areas in the map. Accordingable 109 more than 1.25 million
households within the impacted counties are expected to be without power senkce.

half of the households that suffer power outages are located within an impacted county.
HAZUS calculates lectric outages are solely on the likelihood of any structural damage
to electric substations and eknot account for damage to electric powéngs or the
electric grid (power lines)Therefore, network outages would most likely be much
greater than estimated.

All States - New Madrid Seismic Zone - Power Outages

Impactled Households Total

Counties Households
w/o Power
(1C) (1C)
Alabama - -

Arkansas 151,259 213,587
lllinois 140,402 425,860
Indiana 63,028 210,873
Kentucky 124,895 197,823
% of Households without Power M ississippi 104,936 200,674
— Lkl ¢ g jL Missouri 243,763 898,507
B 1% - 100% o ws n = 0 Tennessee 440,194 566,153
Total IC 1,268,477 2,713,477

Figure 48: Distribution of Power Outages on Day 1 in Table 109 Distribution of Power Outages on
NMSZ Impacted Counties Day 1 in NMSZ Impacted Counties

Location and Size of Other Relevant Populations

Il n estimating the numbseekiag pbpolationfithetbas® datak 0
used is primarily permanent residences. Theeegftite numbers estimated do not take
into account other relevant populations that use facilities and services of a more
temporary nature, such as visitors and individuals who reside in dormitories, nursing
homes, and institutions.

Visitors include businesand leisure travelers as well as others that are temporarily
within the earthquake zone. Dormitories include, but are not limited to, school
dormitories, military quarters, and homeless shelters. Nursing homes provide temporary
or permanent housing todrelderly. Institutions include correctional facilities, juvenile
facilities, and others. Since these entities are not included in previous estimations, it is
important to have at least a hitgvel understanding of their presence in order to make
necessar adjustments when planning for an extreme evéable 110 provides an
overview of the additional population for each of the facility categories.

As delineated iTable110, the other relevant populationcludes nearly 325,000 people.
While is wunlikely that this entire group
the earthquake, requirements planning should make plausible assumptions regarding how
these populations are provided with the basie they may need in the aftermath of the
earthquake.
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Table 110 Distribution of Other Relevant Populations

Impa.med Dorms Nursing Institutions| Visitors Total
Counties (IC Homes

Alabama - - - - -
Arkansas 6,056 4,863 7,298 7,744 25,961
Illinois 12,236 11,569 19,696 9,373 53,681
Indiana 7,010 5,379 2,550 3,790 18,729
Kentucky 5,792 5,304 4,642 536 16,274
Mississippi 9,534 2,994 7,578 17,138 37,244
Missouri 20,159 19,659 8,782 47,231 96,427
Tennessee 13,158 10,322 17,873 35,288 76,641

Total (IC) 73,945 60,090 68,419 121,100( 324,957

Response Requirements Models

Response requirement models estimate resources necessary to respond to a given a
disaste scenario. Typical inputs to these models are outputs from damage estimation
models and other quantitative information relevant to the physical, social, economic and
medical impacts of the disaster along with the scope of the response triggered. Details o
these models are covered in previous sections. This section summarizes the outputs of

such models as they relate to the NMSZ earthquake scenario.

Commodities Required

The estimates calculated for commodities required include the immediate needs of the

AAt Risko population within the first 72
for water, M R-t6-6at) and me \mele scalculatea hased on methodologies
adapted by the American Red Cross, USACE, Sphere Standards, and FEMA.
Tablell: Commoditi es Required to Support -State RegiinAt Ri sk o
Commodities (First 72 hours)
FEMA State Water MREs Ice
Hogl Liters [Truckloads Number |Truckload$ Pounds |Truckloadd
Alabama 1,823,169 102 1,215,446 56 4,861,784 122
Kentucky 2,641,557| 147 1,761,038] 81 7,044,152, 176
Region I Mississippi 2,225,166/ 124 1,483,444 68 5,933,776 148
Tennessee | 6,765,444 376 4,510,296 207 18,041,184 451
Total RIV | 13,455,336| 749 8,970,224 412 35,880,89 897
lllinois 2,044,269 114 1,362,846 63 5,451,384 136
Region Indiana 1,755,087 98 1,170,058] 54 4,680,232 117
Total RV 3,799,356/ 212 2,532,904 117 10,131,611 253
Redgion V Arkansas 3,045,516 169 2,030,344 93 8,121,376 203
eglon Total RVI 3,045,516 169 2,030,344 93 8,121,376 203
. Missouri 2,706,450 150 1,804,300 83 7,217,200 180
Region VI -
Total RVIi| 2,706,450 150 1,804,300} 83 7,217,200 180
Total 23,006,658| 1,280 15,337,772 705 61,351,088 1,533
As shown inTable 111, the logistics of providing the commodities for the entire NMSZ
requires 3,500 truckloads. I iestimated that 23 million liters (1,280 truckloads) of
water, 15.3 million (705 truckloads) MREO®Ss
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of i ce are necessary to support the HAAt Ri
assumed that each trucksha 25ton capacity. The water estimate only includes the

required amount for drinking water, though up to four times the amount of drinking water

may be required for washing and other uses.

Table 112 summarizes the commoditiesquired within the impacted counties. For each

of the commodities, more than 50% of the re
Ri sko population within the i mpacted counti e

Tablell12Commoditi es RequirttedRitosk®SuPppultatihen AIAnN | mpact

Impacted Water MREs Ice
Counties -

(I0) Liters |Truckloadg Number |Truckload$ Pounds |Truckload
Alabama - - - - - -
Arkansas | 1,646,337 92| 1,097,558 68| 4,390,232 148
llinois 1,304,613 68 869,742 34| 3,478,968 81
Indiana 521,913 27 347,942 12| 1,391,768 30
Kentucky | 1,073,664 92 715,776 33| 2,863,104 72
Mississippi| 1,162,497 65 774,998 36| 3,099,992 77
Missouri* | 2,227,620 119| 1,485,080 68| 5,940,320 148
Tennesseq 4,713,111 262 3,142,074 145| 12,568,296 314
Total IC | 12,649,755 723| 8,433,170 396] 33,732,680 872

Search and Rescue Teams and Personnel Required

Search and Rescue (S&R) requirements are calculated based on a methodology
developed by D. Bauscfihe methodology considers four categories of S&R teams and

it estimates the number of different teams required as well as the required number of
personnel. The details of the methodology are details in previous sections.

Table113summarizes the number of collapsed buildings for the fourrdiifecategories
which are based on construction material. With more than 10,000 collapsed buildings,
Tennessee is the most heavily impacted state within the NMSZ region. Arkansas and
Missouri follow with more than 8,000 and 5,000 total collapses, respictiv

S&R teams are organized into four groups based on their capabilities. Type | Teams are
the most sophisticated teams with advanced S&R training, possession of advanced search
equipment and heavy rescue equipment. Type IV teams are the least stiphistic are
equipped to provide search and rescue efforts in light frame construction buildings. The
typical size of a Type | team is 70 people. Sizes of Type I, lll, and IV teams are 32, 22,
and 6, respectively. While a Type | team can perform S&R tipason 2 buildings per

day, on average, a typical Type IV team can respond to as many as 16 buildings per day.
The estimated need for each type of team is summarized by stateléi14

Based on these estimates, approxinyate)500 S&R teams, comprised of 42,000
personnel, are necessary to perform search and rescue activities at the more than 32,000
collapsedbuildings in the NMSZ. With 28 federalynded national search and rescue
teams (FEMA, 2009)and around 1,150 localearch and rescue teams throughout the
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nation (Denver et al., 200%he large number of S&R teams needed to respond to a
NMSZ earthquake incident of this magnitude will inevitably mandate deployment of
international S&R teams, as well as the spontaneausatmn of teams comprised of

people located within the impacted area.

Table 113 Distribution of Building Collapse Types by State
FEMA Type | Type Il Type Il Type IV
. State Collapsed | Collapsed Collapsed | Collapsed| Total
Region g o L o
Buildings | Buildings| Buildings | Buildings
Alabama 7 3 62 212 284
Kentucky 84 47 1,491 1,120 2,742
Region IM Mississippi 39 18 452 1,227 1,736
Tennessee 355 201 4,964 5,215 10,735
Total RIV 485 269 6,969 7,774 15,497
Illinois 74 19 1,486 950 2,529
Region Indiana 3 2 151 138 294
Total RV 77 21 1,637 1,088 2,823
. Arkansas 454 289 4,643 3,040 8,426
Region VI
Total RVI 454 289 4,643 3,040 8,426
Region VI Missouri . 78 47 4,079 1,562 5,766
Total RVIi 78 47 4,079 1,562 5,766
Total 1,094 626 17,328 13,464 32,512
Table 114 Number and Type of S&R Teams by State
FEMA State Type | Type Il Type llI Type IV Total
Region Teams|Personne] Teams|Personne] Teams| Personne] Teams|Personne] Teams|Personne
Alabama 2 140 1 32 3 66 5 30 11 268
Kentucky 21 1,470 6 192 68 1,496 26 156 121 3,314
Region I Mississippi 10 700 2 64 21 462 28 168 61 1,394
Tennessee 89 6,213 25 804 226 4,972 119 714 459 12,703
Total RIV 122 8,523 34 1,092 318 6,996 178 1,068 652 17,679
llinois 19 1,330 3 96 68 1,496 22 132 112 3,054
Region Indiana 4 280 32 18 396 8 48 31 756
Total RV 23 1,610 4 128 86 1,892 30 180 143 3,810
Region V. Arkansas 114 7,980 36 1,152 211 4,642 69 414 430 14,188
Total RVI 114 7,980 36 1,152 211 4,642 69 414 430 14,188
Region VI Missouri : 20 1,400 6 192 195 4,290 39 234 260 6,116
Total RVIi 20 1,400 6 192 195 4,290 39 234 260 6,116
Total 279 19,513 80 2,564 810 17,820 316 1,896| 1,485 41,793

Shelter Capacity, Sher Space Requirements and Staffing Requirements

Shelter capacity, space, resources and staffing requirements providelavilgheeds
assessment of the essential components of temporary accommodation for the shelter
seeking population in the NMSZ. Meothan 10,000 shelters, each with a capacity of 200
people, are necessary to accommodate the estimated number of people seeking temporary
shelter. This is equivalent to almost one billion square feet of shelter space. To operate
these shelters, a staff approximately 220,000 is necessary. Tasks performed by shelter
staff include operations, feeding, and bulk distributibable 115 provides an overview

of the shelter capacity and staffing requirements for all states. All shaltedations are

based on shelters with a 2p@rson capacity.
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As described iMable115 approximately 1100 shelters or less will be sufficient for most
states, with the exceptions of Tennessee and Arkansas. For these two states
approximately 2,800 and 1,400 shelters are necessary to accommodate theestiahgr
population, respectively.

Table 115 Shelter Capacity and Staffing Requirements by State

Number of Space Staffing
Region State Shelt_ers Sleeping Total . . Bulk
(capacity of Operations| Feeding| .. .
200) (sq ft) (sq ft) Distribution
Alabama 867 10,404,720 83,237,760 8,671 3,468 6,936
Kentucky 1,170 14,034,540 112,276,320 11,695 4,678 9,356
Region IV Mississippi 1,028 12,330,420 98,643,360 10,275 4,110 8,220
Tennessee 2,812 33,748,080 269,984,640 28,123 11,249 22,499
Total RIV 5,876 70,517,760 564,142,08( 58,765 23,506 47,012
Illinois 926 11,108,349 88,866,720 9,257 3,703 7,406
Region V Indiana 768 9,214,200 73,713,600 7,679 3,071 6,143
Total RV 1,694 20,322,540 162,580,320 16,935 6,774 13,548
Region VI Arkansas 1,429 17,151,900 137,215,200 14,293 5,717 11,435
Total RVI 1,429 17,151,900 137,215,200 14,293 5,717 11,435
Region VIl Missouri 1,190 14,279,460 114,235,680 11,900 4,760 9,520
Total RVIi 1,190 14,279,460 114,235,680 11,900 4,760 9,520
Total 10,189| 122,271,660, 978,173,280 101,893 40,757 81,514

Table116 provides shaér requirements for the impacted counties only. Once again, it is
observed that for almost every shelter requirement, more than 50% of the need is
generated within impacted counties.

Table 116 Shelter Capacity and Staffing Requiements for Impacted Counties

Number of .
Impacted Shelters Space Staffing
Counties (1] (capacity of| Sleeping Total Operations| Feeding . 3U|k_
200) (sq ft) (sq ft) Distribution

Alabama - -
Arkansas 738 8,857,080 70,856,644 7,381 2,952 5,905
Illinois 595 7,134,960 57,079,68] 5,946 2,378 4,757
Indiana 247 2,963,760 23,710,080 2,470 988 1,976
Kentucky 452 5,423,160 43,385,28(9 4,519 1,808 3,615
Mississippi 536 6,430,560 51,444,480 5,359 2,144 4,287
Missouri 990 11,882,280 95,058,249 9,902 3,961 7,922
Tennessee 1,998 23,977,260 191,818,080 19,981 7,992 15,985

Total 5,556 66,669,060 533,352,480 55,558 22,223 44,446

Figure49 provides a spatial gap analysis of shelter availability and expected shelter needs
within the NMSZ. The data concerning available shelters comes from the NSS database.
Unfortunately, theNSS database is somewhat incomplete and many data entries are
incomplete and/or incorrect as was presented in previous sections. The green color in
Figure 49 represents planning areas where there is no shelter gap, meaningsthere i
sufficient shelter capacity in these locations. The yellow color represents areas where
there is a shelter gap, however with a shelter demand is less than double the available
shelter capacity. The red color represents areas with significant sheltevigapsshelter
demand is more than double the available shelter capacity.
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All States - New Madrid Seismic Zone - Shelter Gaps
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Figure 49: Shelter Gaps in NMSZ Planning Areas

There are significant shelter gaps throughout the entire NMSZ except for the northern
parts of lllinois ad Indiana, as well as Missouri. While some areas such as Alabama and
southern Mississippi experience very little physical impact, shelter gaps still exist due to
the number of people who are without power and/or water 72 hours post event. The
shelter gapglentified inFigure49 should be validated by prior to developing appropriate
strategies to reduce those gaps shown. Once the NSS database has been validated, the
shelter gap analysis can be used to determine strategies subk assdtion of a
transportation plan to relocate people seeking temporary shelter in areas with large shelter
gaps to areas with greater shelter capabilities.

Table 117 provides the quantities of shelter resources other thasiqahyspace and
staffing. These resources include blankets, cots, sinks, portable toilets, and trash cans.

More than four million blankets, two million cots, 25,000 sinks, 50,000 portable toilets,
and 40,000 trash cans are necessary to achieve an atedetel of service based on
general shelter standardSable 117 reveals that compared to other states, resource
requirements for shelter resources are significantly greater in Tennessee than the other
seven states included ihi¢ study.Table 118 provides the same shelter resource needs

for the impacted counties.
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Table 117 Shelter Resource Needs (Except for Physical Space and Staffing) by State

Port-a-
. . Trash
Region State Blankets Cots Sinks Pottys
. Cans
Toilets
Alabama 346,824 173,412 2,170 4,333 3,467
Kentucky 467,818 233,909 2,926 5,851 4,682
Region IV| Mississippi 411,014 205,507 2,567 5,144 4,109
Tennesses] 1,124,936 562,468 7,030 14,064 11,244
Total RIV 2,350,592 1,175,296 14,693 29,392 23,502
lllinois 370,278 185,139 2,313 4,630 3,704
Region V| Indiana 307,140 153,570 1,920 3,840 3,073
Total RV 677,418 338,709 4,233 8,470 6,777
. Arkansas 571,730 285,865 3,574 7,151 5,713
Region VI
Total RVI 571,730 285,865 3,574 7,151 5,713
. Missouri 475,982, 237,991 2,972 5,946 4,755
Region VI -
Total RVIi 475,982, 237,991 2,972 5,946 4,755
Total 4,075,722| 2,037,861 25,472 50,959| 40,747
Table 118 Shelter Resource Needs (Except for Physical Space and Staffing) for Impacted Counties
Impacted Port-a-
Counties| Blankets Cots Sinks Pottys |Trash Can
(IC) Toilets
Alabama - - - - -
Arkansas 295,236 147,618 1,845 3,692 2,950
lllinois 237,832 118,916 1,486 2,973 2,380
Indiana 96,640 48,320 605 1,209 968
Kentucky 180,772 90,386 1,131 2,259 1,808
Mississippi 214,352 107,176 1,340 2,680 2,144
Missouri* 396,076 198,038 2,476 4,950 3,959
Tennessee) 799,242 399,621 4,994 9,991 7,991
Total (IC) 2,220,150 1,110,075 13,877 27,754 22,200

Medical Response Requirements

Overall, the scenario generates approximately 82,000 injuries and 3,500 deaths. Those
estimates include casualties resultingnir structural building and bridge damage only.
Therefore, the estimates do not included injuries and fatalities related to transportation
accidents, fires, or hazmat exposure. This section deals only with injuries. Fatalities are
addressedinder mortuary eyvices.The injuries and casualties estimated by the model

are only for those thatccur at the time of the everfthe model does not provide for
increases in these numbers that occur post event. For example, those that sustain injuries
may dielater, orinjuries incurred as a result of response activities may result in fatalities.

Table119shows that Tennessee and Arkansas have the largest number of injuries. Many
of these regire hospital care and are lfereateningBoth d these states also incur a
large numberof damaged health care facilities that correspond to a large number of
hospital beds being unavailableis clear that these states will need to not only evacuate
hospitals to other areas but will also need toccese a number dhe people sustaining
injuries. While Missouri also has a high number of people injured, a larger percentage of
their health care facilities remain functional.

115



Table 119 Injuries and Hospital Status

Injuries (2 AM) Hospitals
State Medical Aid| Hospital Life Total Total Loss
Needed Care [Threatening Facilities Beds [Facilited Beds
Alabama 726 179 16 921 210 23,107 - -
Arkansas 11,245] 3,075 344| 14,664 125 11,592 24 2,094
llinois 4597 1,270 145| 6,011 413 52,153 7 951
Indiana 1,457 395 43| 1,896 1,285 92,092 5 190
Kentucky 5042| 1,358 153| 6,553 189 20,755 9 1,593
Mississippi 4588 1,181 104] 5,872 163 18,288 23 1,913
Missouri 10,177] 2,897 360| 13,434 208 27,343 7 846
Tennessee 25,431] 6,765 715| 32,911 232 29,985 54 8,003
Total 63,265 17,119 1,880| 82,264 2,825 275,315 129 15,590
Table 120 Cases of lllnesses
"At Risk" . Heart Hyper- Mental Pulmonar
SIElE Population CEMSER IDIEREIES Disease tezgion e Disorders Condition)s/
Alabama 601,561] 26,469  41508]  52,336]  99,258| 5414 49,930 104,672
Arkansas 937,518 43,126 43,126 76,876 141,565 11,250 95,627 173,441
lllinois 650,247 22,759 27,961 43,567 80,631 5,852 58,522 108,591
Indiana 579,627| 19,707|  26,663]  41,154]  80,568] 5,796 58,542 106,072
Kentucky 850,615| 35726] 45083  67,199] 125040 7,656 78,257 210,953
Mississippi 705,032 31,021| 48647|  61,338]  116,330] 6,345 58,518 122,676
Missouri 842,002 27,786 33,680 69,044 119,564 8,420 87,568 152,402
Tennessee 2,072,942] 91,209 122,304 161,689 310,941 20,729 221,805 414,588
Total 7,239,544] 297,803| 388,970 573,202 1,073,898 71,463|  708,768] 1,393,394
Table 120 shows the number of cases of ahioc i | | ne s s e s opulationt he A At
While the majority of these illnesses are often able to be treataddayto-day basis by
the mtient themselves, this will most likely not be the case indénes following the
earthquakeT he @ At Ri sko population wil/ either b

structural damage or will find themselves without power and/or water in the days
following the event. This will severely limit their ability to carer ftheir illnesses
themselvesAnother complicating factor will be the availability of prescription medicine

to treat these illnesses. Due to phwicies ofhealthcare insurance compasiregading

the number of days of medications that a patient may have on hand, combined with the
cost of prescription medications, approximately 50% of this populatibrhave less

than a 14day supply of medication on the day following the event.

Mortuary Sevices

Approximately 3,500 people die as a resulthdd initial eventlt is to be expected that

this number will increase as a result of injuries to first responders as well as the inability
to treat lifethreatening injuries post eventable 121 shows the number of initial
fatalities by state. The mortuary services required, such as victim identification and the
establishment of temporary morgue facilities, will quickly overwhelm local resources
even enhanced bylortuary Operabnal Response Teams (DMORTS)
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Table 121: Fatalities

Fatalities (2 AM)
Alabama 28
Arkansas 641
lllinois 271
Indiana 80
Kentucky 287
Mississippi 183
Missouri 686
Tennessee 1,319

Total 3,494

Security Needs

In this section, statistics of prison population within the NMSZ are discussed as a
potential indicator of security needs. Baseddata from the Federal Buneaf Prisons
(2009), Department of Corrections for different states (2009) and the Census of Jalil
Inmates, 2005 (U.S. Department of Justice 20@@¢re are approximately 350,000
prisoners in the NMSZigure 50 provides the distibution of prisoners throughout the
eight states.

Figure 50: Distribution of Prison Population in Planning Areas

Table122 provides the distribution of prisoner population in each state for the follpwi
facilities: local jails, state prisons, and federal prisons.
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