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ABSTRACT

The evacuation time estimate (ETE) detailed in this report is an analysis of the time required to
evacuate the Plume Exposure Pathway Emergency Planning Zone (EPZ) for the Clinch River
Nuclear (CRN) Site. The CRN Site is a proposed Small Modular Reactor (SMR) project on
1200 acres of land adjacent to the Clinch River arm of the Watts Bar Reservoir, south of the
U.S. Department of Energy Oak Ridge Reservation (DOE/OR), within the City of Oak Ridge, in
Roane County, Tennessee. The CRN Emergency Plan considers the unique plant design and
margins to safety afforded by a SMR design, while maintaining emergency preparedness at
appropriate levels to protect the health and safety of the public. For the proposed CRN Site, the
| EPZ is an area encompassing an approximate 2 mile radius around the proposed reactor center
point location. NUREG/CR-7002, “Criteria for Development of Evacuation Time Estimate
Studies” (NUREG/CR-7002), provides guidance for the development of ETEs. The guidance
provided in NUREG/CR-7002 can be used to demonstrate compliance with the ETE analysis
development required by the NRC in Section 1V of Appendix E to Title 10 of the Code of Federal
Regulation (CFR) Part 50 (10 CFR 50) and serves as a template for the development of this
ETE study. Typically, the ETE is used to inform protective action decision-making and may also
be used to assist offsite authorities in development of traffic management plans to support an
evacuation. For purposes of the CRN Site Early Site Permit Application (ESPA), the ETE also
serves to satisfy the requirements of 10 CFR 52.17(b)(1), which states that the site safety
analysis report identify physical characteristics of the proposed site, such as egress limitations
from the area surrounding the site, that could pose a significant impediment to the development
of emergency plans and if physical impediments are identified, the application must identify
measures that would, when implemented, mitigate or eliminate the significant impediment..
Consistent with guidance, this ETE has been developed to provide the time to evacuate 90
percent and 100 percent of the‘ total population of the EPZ. The 90 percent ETE provides the
evacuation times that would typically be used to support protective action recommendations and

decision-making.
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EXECUTIVE SUMMARY

This report describes the analyses yndertaken to develop evacuation time estimates (ETE) for
the Clinch River Nuclear (CRN) Site, and the associated results. The Clinch River Property
consists of 1200 acres adjacent to the Clinch River arm of the Watts Bar Rgservoir, south of the
U.S. Department of Energy Oak Ridge Reservation (DOE/OR), within the City of Oak Ridge, in
Roane County, Tennessee that is proposed to be used as the location to construct and operate
a Small Modular Reactor (SMR) project.

Part 5 of the Early Site Permit Application (ESPA) being submitted for the CRN Site includes
two (2) Eniergency Pians (Part 5A and Part 5B) for review by the NRC. Part 5A will address a
site boundary plume exposure pathway Emergency Planning Zone (EPZ) and Part 5B
addresses a 2-Mile plume exposure pathway EPZ. The final EPZ size will be determined at the
time the Combined License Application (COLA) is submitted. For purposes of the CRN Site
ESPA, the ETE serves to satisfy the requirements of 10 CFR 52.17(b)(1), which states that the
site safety analysis report identify physical characteristics of the proposed /site, such as egress
limitations from the area surrounding the site, that could pose a significant impediment to the
development of emergency plans and if physical impediments are identified, the application
must identify measures that would, when-implemented, mitigate or eliminate the significant
impediment. Thi‘s ETE did not identify physical characteristics of the,proposed site that could
pose a significant impediment to the development of emergency plans.

In the event the site boundary EPZ is selected for the CRN Site, the Tennessee Valley Authority
(TVA) has proposed an exemption from the requirements to perform an ETE and an update to

this ETE will not be necessary.

The Clinch River Emergency Plan considers the unique plant design and margins to safety
afforded by a SMR design, while maintaining emergency preparedness at appropriate levels to
protect the health and safety of the public. The ETE are calculations of the time necessary to
evacuate the Plume Exposure Pathway Emergency Planning Zone (EPZ), which is an area
encompassing an approximate 2 mile radius around the proposed reactor center point location.
The exact size and configuration of the EPZ surrounding the CRN Site was developed in
relation to local emergency response needs and capabilities as they are affected by such

conditions as demography, topography, land characteristics, access routes and jurisdictional
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boundaries. Of particular interest in the development of CRN Site plume exposure pathway

EPZ is the overlapping emergency planning zone for the DOE/OR.

Section 1V of Appendix E to Title 10 of the Code of Federal Regulation (CFR) Part 50 (10 CFR
50) requires that an analysis of the time required to evacuate be provided for various sectors
and distances within the EPZ for transient and permanent residents. Consistent with
Supplement 3, “Guidance for Protective Action Strategies,” of NUREG-0654/FEMA-REP-1, Rev.
1, “Criteria for Preparation and Evaluation of Radiological Emergency Response Plans and
Préparedness in Support of Nuclear Power Plants” (NUREG-0654), the Protective Action
Recommendation for an EPZ encompassing an area of approximately 2 miles surrounding the
CRN Site would be consistent throughout‘the EPZ. Therefore, the use of various sectors and
distances within the EPZ is not appropriate for the CRN Site and this ETE only considers an
evacuation of the entire EPZ reflecting the effects of seasonal variations,-day-of-the-week, and
adverse weather conditions. Based on the data obtained from the 2010 U.S. Census, projected
to 2015, there are 856 permanent residents within the EPZ of the proposed CRN Site.

The ETE is primarily used to inform protective action decision-making and may also be used to
assist in developmeht of traffic management plans to support an evacuation, if deemed |
necessary by offsite response organizations (OROs). The ETE is'used as an information tool,
and therefore, no minimum evacuation time must be achieved. The guidance in NUREG-0654
Evaluation Criterion J.10, provides additional information regarding the use of ETE resuits. ETE
are used by OROs when making offsite protective action decisions. This report was prepared
based on guidance provided in NUREG/CR-7002, “Criteria for Development of Evacuation Time
Estimate Studies” (NUREG/CR-7002).

This report provides details on the process used for the development of ETEs for two population

segments, including:
1. Permanent residents and transient pgpulation._
2. Transit dependent permanent residents. :

There are no school populations located within the EPZ.
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This report also provides details on the development of the evacuation demand considered in
the ETE, preparation activities associated with development of the ETE, and the use of traffic
simulation modeling. Other considerations included in this ETE analysis include:

» A shadow evacuation extending to 15 miles from the CRN Site assumes that 20% of the
public outside the boundary of the EPZ to a distance of 15 miles from the CRN Site

would spontaneously evacuate.
¢ Lack of existing emergency preparedness programs and evacuation plans, including:

e The absence of existing registration programs for people with disabilities and those
with access and functional needs who do not reside in special facilities.

o The absence of existing evacuation routes.
e The absence of existing traffic control plans.

» Verification of the future commitment of resources, such as buses and ambulances.

~

e Consideration of the evacuation tail.
s Future ETE updates related to a Combined License Application.

This report includes a discussion of lNTEGRATION, the traffic simulétion model used in
performance of the ETE and a summary of the key inputs, assumptions, outputs, and
computational process associated with the simulation. The INTEGRATION software is listed in
the U.S. Department of Transportation’s (DOT) “Evacuation Management Operations (EMO)
Modeling Assessment: Transportation Modeling Inventory,” developed to support selection of an

appropriate model for use in evacuation analyses (Reference 1).

NUREG/CR-7002 establishes the need to include a 20 percent shadow evacuation in the
analysis. A shadow evacuation is defined as an evacuation of people from areas outside an
officially declared evacuation zone. The shadow population is considered in this analysis to
account for any effect of people from the EPZ boundary to 15 miles impeding the evacuation of
those under evacuation orders. According to the 2010 U.S. Census data, projected to the year
2015, there are approximately 186,500 permanent residents within 15 \miles of the proposed
CRN Site. : !
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The EPZ is sparsely populated with no major commercial facilities. There are no schools,
correctional facilities, licensed day care facilities, nursing home facilities or major retail facilities
located in the EPZ.

To summarize the results of this ETE, T)able 4.13 of this report depicts evacuation times for nine
scenarios (the tenth scenario is for peak construction which is not considered) and provides
evacuation times for 90% of the affected’ population. As shown in Table 4.13, the shortest
evacuation time is 1 hour and 40 minutes and the longest evacuation time is 2 hours and 17
minutes,

Similarly, Table 4.14 depicts evacuation times for 100% of the affected population. As shown in
Table 4.14, the shortest evacuation time is 3 hours and 1 minute and the longest evacuation
time is 3 hours and 52 minutes. '
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PREFACE

NUREG/CR-7002, “Criteria for Development of Evacuation Time Estimate Studies”
(NUREG/CR-7002), provides guidance for the development of Evacuation Time Estimates
(ETE). 1t .also identifies the importance of using approved emergency response plans and
existing traffic control information to reflect the expected response actions during an emergency.
This report describes the analyses undertaken to develop ETE for the populace located within
the Plume Exposure Pathway Emergency Planning Zone (EPZ) of the Clinch River Nuclear

(CRN) Site, and the associated results.

Section 1 provideé an introduction to the ETE, describes the characteristics of the EPZ,
establishes general assumptions, and identifies the evacuation scenarios evaluated in this
analysis. Section 2 provides details considered in developing demand estimates for permanent
residents and transients, transit dependent populations, special facilities, schools, special
events and quantifying a shadow evacuation. Section 3 describes the approach for evaluating
the rogdwa§ capacity and establishes values for use in adverse weather calculations. Section 4
discusses the process for developing trip generation times and provides details on information
included in traffic simulation modeling. Section 5 identifies other considerations including the
need for development of a traffic control plan, potential enhancements to the ETE, and State
and local review. Appendix A of the document provides characteristics for the roadways in the
roadway network and Appendix B includes ETE review criteria contained in Appendix B of
NUREG/CR-7002.

The ETE is primarily used by State and local governments to inform protective action decisi-Qn-
making and may also be used to assist in the future development of traffic management plans to
supporf an evacuation, if deemed necessary by offsite response organizations. The ETE is

used as an informational tool, and therefore, no minimum evacuation time must be achieved.
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1.0 INTRODUCTION

The Clinch River Nuclear (CRN) Site is the location of a proposed Small Modular Reactor
(SMR) nuclear power plant project adjacent to the Clinch River arm of the Watts Bar Reservoir,
south of the U.S. Department of Energy Oak Ridge Reservation (DOE/OR), within the City of
Oak Ridge, in Roane County, Tennessee. To account for the possibility of an emergency at the
CRN Site, a hypothetical, unplanned release of radioactive materials fs considered. This report
describes the analyses undertaken to develop evacuation time estimates (ETE) for the populace
located within the EPZ of the proposed nuclear power plant site, and the aséociated results.
”The ETE analysis is an émergency planning tool that assesses, in an organized and systematic
fashion, the feasibility of taking protective measures for the population in the area surrounding a
nuclear power plant. For purposes of the CRN Site ESPA, the ETE serves to satisfy the
requirements of 10 CFR 52.17(b)(1), which states that the'site safety analysis report identify
physical characteristics of the proposed site, such as egress limitations from the area
surrounding the site, that could pose a significant impediment to the development of emergency
plans and if physical impediments are identified, the application must identify measures that

would, when implemented, mitigate or eliminate the significant impediment.

The. ETE also provides a tool for offsite response organizations (OROs) to use in preplanning as
well as protective action decision making should a radiglogical release requiring offsite
protective action decisions occur. The ETE may also be used to assist in development of future

traffic management plans to suiaport an evacuation, as deemed appropriate by OROs. The ETE
is used as a decision-making tool, and therefore, no minimum evacuation time must be

achieved.

Section IV of Appendix E to Title 10 of the Code of Federal Regulation (CFR) Part 50 (10 CFR
50) requires that an analysis of the time required to evacuate be provided for various sectors

" and distances within the EPZ for transient and permanent residents. Consistent with
Supplement 3, “Guidance for Protective Action Strategies,” of NUREG-0654/FEMA-REP-1, Rev.
1, “Criteria for Preparation and Evaluation of Radiological Emergency Response Plans and
Preparedness in Support of Nuclear Power Plants” (NUREG-0654), the Protective Action
Recommendation fl)r an EPZ encompassing an area of approximately 2 miles surrounding the
CRN Site is expected to be consistent throughout the EPZ. Therefore, the use of various
sectors and distances within the EPZ is not appropriate for the CRN Site and this ETE only
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considers an evacuation of the entire EPZ reflecting the effects of seasonal variations\, day-of-
the-week, and adverse weather conditions. This report was prepared considering the ETE
guidance provided in NUREG/CR-7002, “Criteria for Development of Evacuation Time Estimate
Studies” (NUREG/CR-7002).

. Roane County is [ocated in southeastern Tennessee, encompasses 395 square miles, and has
a population of approximately 54,000 residents distributed between five incorporated
municipalities and its unincorporated areas. Kingston, the County seat, is located approximately
7 miles west-southwest of the proposed CRN Site. The Clinch River surrounds the CRN Site to
the east, south and west. The county boundary is closest to the CRN Site approximately 3
miles to the east of the CRN Site. ‘

The CRN Site is a proposed SMR nuclear power plant site. The CRN Emefgency Plan
considers the unique plant design and margins to safety afforded by a SMR design, while
maintaining emérgency preparedness at appropriate levels to protect the health and safety of -
the public. For the proposed CRN Sité, the EPZ is an area encompassing an approximate 2
mile radius around the proposed reactor center point location. The EPZ encompasses sparsely
populated areas and a portion of the DOE/OR. No major employment areas of the DOE/OR lie
within the EPZ.

Adcording to the U.S. Census 2010 data, projected to the year 2015, there are 856 permanent
residents within the EPZ of the CRN Site. According to the 2010 U.S. Census data, projected to
the year 2015, there are approximately 186,500 permanent residents within 15 miles of the
proposed CRN Site. The EPZ is sparsely populated with no major commercial facilities.. There
are no schools, correctional facilities, licensed day care facilities, nursing home facilities or

major retail facilities located in the EPZ.

Interstate 40 (I-40), located in the southeastern portion of the EPZ, is the primary east-west
traffic route in the vicinity of the proposed CRN Site. [-40 crosses the EPZ boundary
approximately 2 miles east and 2 miles south-southwest of the proposed CRN Site. Tennessee
State Route 58 (Highway 58), located in the northwestern portion of the EPZ, is the primary
north-south traffic route in the vicinity of the proposed CRN Site. Highway 58 crosses the EPZ
boundary approximately 2 miles west and 2 miles north-northwest of the proposed CRN Site.

Numerous local roads are found throughout the EPZ. Figure 1.1 illustrates the area surrounding
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the proposed CRN Site and includes the roadway network, population centers, jurisdictional
boundaries, and significant fopographical features in the area.

Interstate 75 (I-75), although outside of the EPZ, is a major traffic route intersecting with i-40
approximately 7 miles east of the proposed CRN Site.
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Figure 1.1 CRN Site Vicinity Map
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The traffic simulation model INTEGRATION, used in performance of this ETE study, is a
microscopic traffic assignment and simulation software that is well-suited for performance of
ETEs for nuclear power plants. The INTEGRATION software calculates a number of Measures
of Effectiveness (MOEs), which are addressed by NUREG/CR-7002 and it is listed in the U.S.
Department of Transportation’s (DOT) “Evacuation Management Operations (EMO) Modeling
Assessment: Transportation Modeling Inventory,” (Reference 1) developed to support selection

of an appropriate model for use in evacuation analyses.

INTEGRATION performs traffic simulations by tracking the movement of individual vehicles
every 1/10 of a second. The INTEGRATION model computes a number of MOEs, including the
network efficiency. This model has been validated against state-of-the-art delay estimation
procedures using queuing theory and shockwave analysis and against standard traffic flow

theory and has been utilized for the evaluation of real-life applications.

The key parameters gathered on the roadway segments include the length of roadway segment,
the number of lanes on each segment, type of roadway intersection control (stop sign, yield
sign, etc.), lane striping (left turn only, shared through and right turn, etc.), free-flow speed, base
saturation flow rate, jam density, and speed-at-capacity. Additional details regarding the traffic

simulation model utilized in this study are included in Section 4.2.
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Table 1.1 Evacuation Time Estimate Summary Information

‘ ETE Element i Current ETE* ’

Total EPZ permanent resident population

Vehicle ratio (people / evacuating vehicle)

Evacuating vehicles per household

Total transit dependent population

Number of buses

Number of ambulances

Average transient population

Peak Transient population

Total population

Number of buses

0

Number of ambulances

Total population

Total capacity

Number of buses

Capacity (each bus)

Population

Location

Duration

Adverse Weather Summer — Rain
Winter — Snow/Ice
Evacuation Model INTEGRATION
Scenarios 10
Assumptions See Table 1.2

* A previous ETE has not been performed for the proposed CRN Site.
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1.1. Approach

A meeting regarding the development of the ETE was conducted at the Tennessee Emergency
Management Agency (TEMA) in Knoxville, Tennessee on January 9, 2014 and was attended by
representatives of state and local emergency management and law enforcement agencies, local
elected officials and representatives from various state and local government agencies and
private-sector support organizations. The purpose of the meeting was to present the process
used for developing the ETE for the proposed CRN Site and outline associated data and
information needs that would be used as inputs in the ETE analysis. The meeting included a
detailed discussion of the ETE process including the methods used to collect data (roadway

survey, telephone survey and data collection forms).

Following the meeting, a detailed field survey of the EPZ roadway network was conducted to
validate existing mapping and to obtain characteristics of the primary roadways in the EPZ.

Roadway characteristics obtained during the field survey include:

Number of lanes

e Lane width

e Intersection configuration

e Lane channelization and striping
e Geometrics (curves and lengths)
e Posted and actual speeds

e Abutting land use

o Traffic control devices

e Unusual characteristics

The detailed field survey was video archived for reference purposes during subsequent
development of the INTEGRATION model network.
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A random telephone survey of households within the EPZ and surrounding area to 10 miles
from the CRN Site was conducted to interview a statistically representative sample of residents.
The telephone survey resulted in interviews with 604 households and was designed to obtain
information related to household demographics and the commuting habits of residents. This
information was used to identify factors affecting the evacuee trip generation time (mobilization
time) as well as other data to be used in the ETE analyses, including average household size,
vehicles per household, vehicle occupancy and an estimate of the number of transit-dependent
residents. The mobilization time is the major component of the total ETE when the EPZ
population density is low and there is minimal traffic congestion, as is the case for the CRN Site.
The telephone survey provides a statistical confidence interval of plus or minus 4% at the 95%
level of confidence and is a sound, documented basis for the trip generation times needed to

develop the calculated ETEs.

NUREG/CR-7002 defines the transient population as tourists, shoppers, employees, etc., who
do not reside within the EPZ and other people temporarily visiting the EPZ (Reference 4).

Hotel, motel, and campground occupancy rates peak during the summer months and during
special events in the area. A survey of the transient facilities was conducted to obtain
information regarding the number of transients and vehicles expected at these locations. The
survey was designed to obtain information related to the number of units at each facility,
average yearly occupancy, average number of persons per occupied unit and average number
of vehicles per occupied unit. The survey was used to estimate peak attendance at transient
facilities. There are no hotels/motels and 1 campground/RV park within the EPZ. This facility is
addressed in greater detail in Section 2.1.2.

One special facility, the Kingston Academy, currently exists within the EPZ. The Kingston
Academy is a Psychiatric Residential Treatment Facility with living quarters and a capacity of 52
children between the ages of 5 and 17. The facility provides residential treatment and day
treatment services. Special facilities are addressed in Section 2.3.

Data related to major employers (more than 50 total employees) provided in the CRN Site Early
Site Permit Application (ESPA) Environmental Report (ER) was evaluated for use in
development of this ETE. Major employers within the EPZ are addressed in Section 2.5.

8 Revision 0



Clinch River Nuclear Site
Early Site Permit Application
Part 5B, Emergency Plan
Evacuation Time Estimate

There are no schools, correctional facilities, licensed day care facilities, nursing home facilities

or major commercial or retail facilities located in the EPZ.
1.2. Assumptions

According to NUREG/CR-7002, the planning basis for the ETE includes the assumption that a
rapidly escalating emergency is underway, an evacuation is ordered promptly by emergency

management officials and no early protective actions have been implemented (Reference 4).

A 2-mile EPZ is evaluated in this ETE analysis and is included among the regulatory
exemptions requested in the CRN Site ESPA.

Development of potential exemptions for SMRs is based on various design and analysis
considerations. Specifically, the SMR licensing basis events (or Design Basis Events, DBEs)
are expected to have small and delayed source term releases that will result in predicted on-
and off-site radiation doses significantly lower than those considered in the bases for existing
nuclear power plant emergency planning requirements. For Beyond DBEs, analyses would
need to conclude that the slow progression rate of postulated severe event scenarios provides
sufficient time to initiate appropriate mitigating actions to protect the health and safety of the
public.

The following table, Table 1.2, General Assumptions, provides assumptions that the NRC
included in NUREG/CR-7002 and additional assumptions considered in development of the
ETE, as appropriate for the CRN Site. The telephone survey discussed in Section 2.2 of this
report provides information on vehicle usage. Those assumptions that are used exclusively
within individual sections of this report are addressed and discussed in the applicable section.
Assumptions used, beyond those explicitly accepted by NRC in published guidance, are
supported by available technical reports, telephone survey data, documented communications,

and other sources. Scenario-specific assumptions are addressed in section 1.3 of this report.
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Table 1.2 General Assumptions

The ETE is measured from the time that the advisory to evacuate is issued to
the public within the EPZ (e.g., initial emergency alert system (EAS)
broadcast.

Mobilization of the public begins after initial notification and includes all
preparation activities (time for commuters to leave work, time for commuters
to travel home, time to prepare the house)

Evacuation time ends when the last vehicle has exited the EPZ.

Background traffic is on the roadway when initial notification occurs and stops
entering the EPZ upon establishment of Access Control Points at 90 minutes
following the advisory to evacuate.

A 50% capacity is appropriate for buses used in the evacuation of the transit
dependent population.

Shadow evacuation of 20% of the public occurs from the outside boundary of
the EPZ to a distance of 15 miles from the CRN Site.

Permanent residents will evacuate using local roads.

All daytime scenarios assume 90% of the commuters are at work. All evening
scenarios assume 10% of the commuters are at work. All weekend scenarios
assume 10% of the commuters are at work.

Telephone survey results indicate the following:
e The average household contains 2.2 persons.
e The average household has 2.2 vehicles.

e 1.3 vehicles/household would be used during an evacuation
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1.3. Scenario Development

As suggested in NUREG/CR-7002, the evacuation scenarios presented in Table 1.3, below,
were modeled to reflect the effects of seasonal variations, day-of-the-week, adverse weather,
special events, roadway impacts and the peak construction workforce at the proposed CRN site
on the ETE (Reference 4). These scenarios were developed to identify combinations of
variables and events to provide ETE under varying conditions to support protective action
decisions and to provide a range of potential evacuation situations dependent on site-specific

considerations.

Table 1.3 Evacuation Scenarios

Scenario Season Day Time Weather
1 Summer Midweek Daytime Normal
2 Summer Midweek Daytime Adverse*
3 Summer Weekend Daytime Normal
4 Summer Midweek and Evening Normal
Weekend
5 Winter Midweek Daytime Normal
6 Winter Midweek Daytime Adverse*
7 Winter Weekend Daytime Normal
8 Winter Midweek and Evening Normal
Weekend
9 Roadway Midweek Daytime Normal
Impact
10 Peak Midweek Daytime Normal
Construction
* See Table 3.1

A description of each scenario used in the study is provided below.

Scenario # 1 — Summer Midweek Daytime (Normal Weather): This scenario represents a
typical normal weather daytime period when permanent residents are generally dispersed within
the EPZ performing daily activities and major work places are at typical daytime levels. This
scenario includes assumptions that schools are closed and hotel and motel facilities are
occupied at peak levels. The scenario assumes that 1/4 of the transients are in the EPZ for a
single night and 3/4 are staying multiple nights. It is further assumed that 1/4 of the multiple
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night transients remain in hotel rooms and/or campgrounds during the day and 3/4 are
participating in recreational activities within the EPZ. It is further assumed that 1/2 of the 3/4
(3/8 of total transient population within the EPZ) will return to their lodging facilities to retrieve
belongings.

Scenario # 2 - Summer Midweek Daytime (Adverse Weather): This scenario repreSents an
adverse weather daytime period when permanent residents are generally dispersed within the
EPZ performing daily activities and major work places are at typical daytime levels. This
scenario includes assumptions that permanent residents will evacuate from their place of
residence; schools are closed and hotel and motel facilities are occupied at peak levels. The
scenario assumes that 1/4 of the transients are in the EPZ for a single night and 3/4 are staying
multiple nights. Due to adverse weather, it is assumed that 1/2 of multiple night transients
remain in hotel rooms and/or campgrounds and 1/2 are participating in recreational activities
within the EPZ. Of the 1/2 that are participating in recreational activities within the EPZ, it is
assumed that 1/2 (1/4 of total transient population within the EPZ) will return to their lodging

facilities to retrieve belongings.

Scenario # 3 — Summer Weekend Daytime (Normal Weather): This scenario represents a
typical normal weather weekend period when permanent residents are both at home and
dispersed within the EPZ performing typical summer weekend activities. This scenario includes
assumptions that permanent residents will evacuate from their place of residence; schools are
closed and students are at home or with their families; work places are staffed at typical
weekend levels and hotel and motel facilities are occupied at peak summer weekend levels.
The scenario assumes that 1/4 of the transients are in the EPZ for a single night and 3/4 are
staying multiple nights. It is further assumed that 1/4 of the multiple night transients remain in
hotel rooms and/or campgrounds during the day and 3/4 are participating in recreational
activities within the EPZ. It is further assumed that 1/2 of the 3/4 (3/8 of total transient
population within the EPZ) will return to their lodging facilities to retrieve belongings.

Scenario # 4 — Summer Midweek and Weekend Evening (Normal Weather): This scenario
represents a typical normal weather midweek and weekend evening period when permanent
residents are generally at home with fewer dispersed within the EPZ performing evening
activities. This scenario includes assumptions that permanent residents will evacuate from their

place of residence; schools are closed and students are at home; work places are staffed at
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typical evening levels; hotel and motel facilities are occupied at peak summer levels and all

transients are at their lodging facilities.

Scenario # 5 — Winter Midweek Daytime (Normal Weather): This scenario represents a
typical normal weather weekday period during the winter when school is in session, permanent
residents are generally dispersed within the EPZ performing daily activities and major work
places are at typical daytime levels. This scenario includes assumptions that students will
evacuate directly from the schools and hotel and motel facilities are occupied at 50% of the
peak summertime levels. The scenario assumes that 1/4 of the transients are in the EPZ for a
single night and 3/4 are staying multiple nights. It is further assumed that 1/4 of the multiple
night transients remain in hotel rooms and/or campgrounds during the day and 3/4 are
participating in recreational activities within the EPZ. It is further assumed that 1/2 of the 3/4
(3/8 of total transient population within the EPZ) will return to their lodging facilities to retrieve

belongings.

Scenario # 6 — Winter Midweek Daytime (Adverse Weather): This scenario represents an
adverse weather weekday period during the winter when school is in session, permanent
residents are generally dispersed within the EPZ performing daily activities and major work
places are at typical daytime levels. This scenario includes assumptions that students will
evacuate directly from the schools; work places are fully staffed at typical daytime levels and
hotel and motel facilities are occupied at average levels. The scenario assumes that 1/4 of the
transients are in the EPZ for a single night and 3/4 are staying multiple nights. Due to adverse
weather, it is assumed that 1/2 of multiple night transients remain in hotel rooms and/or
campgrounds and 1/2 are participating in recreational activities within the EPZ. Of the 1/2 that
are participating in recreational activities within the EPZ, it is assumed that 1/2 (1/4 of total

transient population within the EPZ) will return to their lodging facilities to retrieve belongings.

Scenario # 7 — Winter Weekend Daytime (Normal Weather): This scenario reflects a typical
normal weather winter weekend period when permanent residents are both at home and
dispersed within the EPZ. This scenario includes assumptions that schools are closed and
students are at home; work places are staffed at typical weekend levels; and hotel and motel
facilities are occupied at average weekend levels. The scenario assumes that 1/4 of the
transients are in the EPZ for a single night and 3/4 are staying multiple nights. It is further

assumed that 1/4 of the multiple night transients remain in hotel rooms and/or campgrounds
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during the day and 3/4 are participating in recreational activities within the EPZ. It is further
assumed that 1/2 of the 3/4 (3/8 of total transient population within the EPZ) will return to their

lodging facilities to retrieve belongings.

Scenario # 8 — Winter Midweek and Weekend Evening (Normal Weather): This scenario
reflects a typical normal weather midweek and weekend evening period when permanent
residents are home and the work force is at a nighttime level. This scenario includes
assumptions that schools are closed and students are at home; work places are staffed at
typical nighttime levels; and hotel and motel facilities are occupied at average winter levels and

all transients are at their lodging facilities.

Scenario # 9 — Roadway Impact Summer Midweek Daytime (Normal Weather): The intent
of this scenario is to represent a variety of conditions that may impact a roadway segment such
as construction, flooding, vehicle accidents, etc. The roadway impact scenario assumes that
during a summer midweek normal weather daytime scenario, one section of an eastbound lane
of 1-40 is shut down near the EPZ boundary, resulting in a reduction in capacity. All
assumptions included in Scenario #1 are included in this scenario. This analysis is conducted
to understand the potential impact of such an event and to support the development of a traffic
control plan by identifying areas where OROs may want to consider additional emergency
planning such as the pre-positioning of response vehicles (e.g., tow trucks). The ETE for this

scenario is not typically used in protective action recommendations or decision-making.

Figure 1.2 illustrates the location of the roadway impact scenario.
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Figure 1.2 Location of Roadway Impact Scenario
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Scenario # 10 — Peak Construction Midweek Daytime (Normal): This scenario represents a
typical normal weather midweek daytime period when the peak number of construction workers
are on-site and permanent residents are generally dispersed within the EPZ performing daily
activities and major work places are at typical daytime levels. Up to 2,700 construction workers
would be required during the peak phase of construction activities for a Small Modular Reactor
plant at the Site. Peak plant staff is expected to be 500 employees. Construction workers and
plant staff are expected to commute because there are no provisions for housing at the Site. A
site plan detailing road access to the Site has not been finalized. Therefore, it was assumed
that driveway access to and from the Site would be along Bear Creek Road. This scenario
includes assumptions that schools are closed and hotel and motel facilities are occupied at peak
levels. Assumptions related to the transient population are identical to Scenario #1. The
existing roadway system was used for this scenario and no roadway improvements were
considered. According to the census data in the area, the overall permanent population
increasing rate from 2015 to 2024 is estimated to be 2.64%. Permanent resident and shadow

populations were extrapolated to 2024 for this scenario.
1.3.1. Staged and Keyhole Evacuation

NUREG/CR-7002 addresses the use of staged and traditional keyhole evacuations when
making protective action decisions. Evacuation research has shown that implementation of a
staged evacuation can be more beneficial to the public health and safety than the traditional
keyhole evacuation (Reference 2). However, NUREG/CR-7002 was developed considering an
EPZ size of an approximately 10-mile radius, where the-benefits of a staged and traditional

keyhole evacuations may be realized, given site-specific characteristics.

In a typical (NUREG/CR-7002) staged evacuation, evacuation times for the 0-2 mile and the 2-5
mile portions of a 10-mile EPZ are calculated separately to support a staged evacuation
protective action decision (i.e., evacuation of the 0-2 mile zone, followed by subsequent
evacuation of the 2-5 mile zone). Because this ETE analysis for the CRN Site considers an
EPZ encompassing an approximate 2 mile radius around the proposed reactor center point
location, staged and traditional keyhole evacuations are not appropriate for the CRN Site and
have not been considered in this analysis. Instead, this analysis considers an evacuation of the

entire EPZ for each evacuation scenario. Based on the data obtained from the 2010 U.S.
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Census, projected to 2015, there are 856 permanent residents within the EPZ of the proposed
CRN site.

1.4. Emergency Response Planning Areas

As described in NUREG/CR-7002, conduct of the ETE typically requires consideration of
discreet planning areas within the EPZ, referred to as Emergency Response Planning Areas
(ERPAs) (Reference 4). ERPAs are defined as local areas within the EPZ for which emergency
response information is provided. The establishment of ERPAs within an EPZ enables
protective action recommendations and decisions to be made at the ERPA level. With a 2-mile
EPZ, during an emergency at the CRN Site, protective actions will be implemented consistently
throughout the EPZ. For this reason, development of ERPA within the EPZ are not necessary
and ERPA are not considered in this analysis. Based on the characteristics of the EPZ for the
proposed CRN Site, ETEs were developed for the complete evacuation of the entire EPZ for

each evacuation scenario considered.

The permanent resident and transient populations for the EPZ are discussed in Section 2 of this

report.
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2.0 DEMAND ESTIMATION

This section of the ETE report details the process for developing an estimate of the number of
people to be evacuated from the EPZ. The demand estimation includes permanent residents,
transients, individuals with special needs, and any other members of the public in the EPZ at the
time an evacuation is ordered. The potential exists for counting individuals in more than one of
these groups (i.e., EPZ resident may also be counted as an employee or transient). To avoid
double-counting permanent residents, and as a result, overestimating the number of evacuating
vehicles, the percent of permanent residents of the EPZ assumed to be at parks, shopping,
places of employment or other locations within the EPZ is identified in appropriate sections of
this ETE report. Demographic data obtained from the U.S. Census 2010 (projected to 2015), a
random telephone survey of permanent residents in the EPZ and surrounding area, and
assumptions detailed throughout this ETE report, have been used to estimate the number of
people and vehicles considered in the ETE. Demand estimates for the following population

groups have been considered separately and account for all of the public in the EPZ:

e Permanent Residents and Transient Population (with access to a vehicle during an

evacuation).

e Transit Dependent Permanent Residents (without access to a vehicle or dependent

on help from outside the home to evacuate).

e Special Facility Residents (Residents of or those confined to nursing homes, jails,
assisted living centers, hospitals, etc.).

e Schools (Public and private educational facilities).

Estimates of the population and number of evacuating vehicles for each of these population

groups have been developed separately and are described in the following sections.
2.1. Permanent Residents and Transient Population

The permanent resident population has been estimated using Census block data obtained from
the U.S. Census 2010 and is projected to 2015 for this analysis. To determine the permanent
resident population, the block data was loaded directly into geographic information systems

(GIS) software and the permanent resident population and number of households were
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calculated based on polar coordinate representation (population rose). The EPZ permanent
residents, by sector, is presented in Table 2.1. Table 2.1 includes residents in the “2 to EPZ
Boundary” to reflect those areas where the EPZ extends irregularly beyond a 2-mile radius. The
EPZ permanent resident population, the number of households and the number of evacuating
vehicles are presented in Table 2.2. The permanent resident population is illustrated by sector
in Figure 2.1.

Table 2.1 Permanent Resident Population By Sector

Distance Direction 2015 Population
1 N 0
1 NNE 0
1 NE 5
1 ENE 8
1 E 8
1 ESE 6
1 SE 8
1 SSE 7
1 S 13
1 SSw 13
1 SwW 13
1 WSW 15
1 w 17
1 WNW 21
1 NW 19
1 NNW 0
2 N 0
2 NNE 0
2 NE 0
2 ENE 8
2 E 13
2 ESE 38
2 SE 41
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Distance Direction 2015 Population
2 SSE 58
2 S 28
2 SSw 30
2 SW 50
2 WSw 66
2 w 105
2 WNW 87
2 NW 24
2 NNW 1
2 to EPZ Boundary N 0
2 to EPZ Boundary NNE 0
2 to EPZ Boundary NE 0
2 to EPZ Boundary ENE 1
2 to EPZ Boundary E 4
2 to EPZ Boundary ESE 21
2 to EPZ Boundary SE 26
2 to EPZ Boundary SSE 9
2 to EPZ Boundary S
2 to EPZ Boundary SSw
2 to EPZ Boundary SW
2 to EPZ Boundary WSW 21
2 to EPZ Boundary W 57
2 to EPZ Boundary WNW 8
2 to EPZ Boundary NW
2 to EPZ Boundary NNW
TOTAL 856
20
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Table 2.2 Permanent Resident Population and Evacuating Vehicles

EPZ Population Households* Evacuating Vehicles*
856 389 506
* Estimated assuming 2.2 persons per household and 1.3 evacuating vehicles

per household as determined by the random telephone survey of households
within the EPZ and surrounding area. This results in an estimate of 1.7

people per evacuating vehicle.
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Figure 2.1 Permanent Resident Population by Sector

2 Miles to EPZ Boundary

Miles

Subtotal by Ring |Cumulative Total

0-1 153 153
1-2 549 702
2 - EPZ Boundary 154 856
Total 856
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The transient population is defined as those people temporarily visiting the area and includes
tourists, shoppers and employees who work in the EPZ but do not reside in the EPZ.

Estimates of the size of the transient population were obtained and used to determine the
associated number of evacuating vehicles. A listing of transient population facilities and special
event data was obtained through a combination of internet research and questionnaires, and
interviews with facility representatives. Data gathering surveys focused on acquiring the
number of hotel/motel rooms and campsites at each transient facility within the EPZ; the typical
number of guests in each hotel/motel room and campsite and the average number of vehicles
per hotel/motel room/campsite. The number of transients at these facilities was estimated

based on the information obtained.

The average EPZ household size of 2.2 persons per household was applied to the transient
population to determine the number of transient units. Transients are assumed to evacuate at
the same value as the EPZ population, 1.7 people per evacuating vehicle. Section 2.1.2
provides estimates of the peak transient population presented by facility type. The peak

transient population is illustrated by sector in Figure 2.2.
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Table 2.3 Peak Transient Population By Sector

Distance

Direction

2015 Population
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Distance Direction 2015 Population

2 NW 0

2 NNW 0
2 to EPZ Boundary N 0
2 to EPZ Boundary NNE 0
2 to EPZ Boundary NE 0
2 to EPZ Boundary ENE 0
2 to EPZ Boundary E 0
2 to EPZ Boundary ESE 0
2 to EPZ Boundary SE 0
2 to EPZ Boundary SSE 0
2 to EPZ Boundary ) 0
2 to EPZ Boundary SSW 0
2 to EPZ Boundary SW 0
2 to EPZ Boundary WSW 0
2 to EPZ Boundary w 0
2 to EPZ Boundary WNW 0
2 to EPZ Boundary NW 0
2 to EPZ Boundary NNW 0

TOTAL 197

Table 2.4 Peak Transient Population and Evacuating Vehicles

Transient Population Evacuating Vehicles*
197 116
* Estimated assuming 1.7 persons per evacuating vehicle as determined by

the random telephone survey of households within the EPZ and

surrounding area.
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Figure 2.2 Peak Transient Population by Sector

. 2 Miles to EPZ Boundary

WNW . ENE
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197
Miles Subtotal by Ring |Cumulative Total
0-1 197 197
1-2 0 197
2 - EPZ Boundary 0 197
Total 197
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2.1.1. Permanent Residents with Vehicles

The estimated number of evacuating vehicles per household (1.3) was adapted from the results
of the random telephone survey of the households in the EPZ and surrounding area. These
data, along with the estimated number of households in the EPZ were used to calculate the

number of evacuating vehicles provided in Table 2.1 in the following manner:
EV = Evacuating Vehicles

HH = Household

" " = EV
Evacuating Vehicles = HH x AJH

As an example, Evacuating Vehicles:

= L3
389 x HH

= 506 Evacuating Vehicles

The actual need for permanent resident vehicles is thereby less than the given estimate.
However, the estimate of permanent resident vehicles is not reduced to account for

schoolchildren outside of the EPZ at the time of an evacuation.
2.1.2. Transient Population

Transient population groups are defined as those people who are not permanent residents and
who enter the EPZ for a specific purpose (camping, recreation, etc.). Transients may spend
less than one day in the EPZ or they may stay overnight or longer at camping facilities, hotels
and motels. The only transient facility in the EPZ identified during development of the ETE is a
campground located approximately one mile south of the CRN Site. Based on information
obtained from the facility’s website, the facility has approximately 90 campsites. This facility is

discussed in greater detail below.
Hotels and Motels

There are no hotels or motels that have been identified within the EPZ.
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Campgrounds

There is 1 campground/RV park within the EPZ. Soaring Eagle Campground is located
approximately 1 mile south of the proposed CRN Site with approximately 90 campsites/RV
parking spots. Figure 2.3 illustrates the location of the campground.

Figure 2.3 Transient Facilities Location Map

Legend

Soaring Eagle Campground

Sources: Esn, HERE, DeLorme, TomTom, Intermap, increment P Corp
GEBCO. USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL
Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo
Mapmyindia, © OpenStreetMap contributors, and the GIS User
Community

This facility is assumed to be at capacity during the summer scenarios, including during the

Smokin’ the Water 4™ of July Celebration discussed in Section 2.5.1. Assuming 2.2 people per
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campsite (equivalent to the EPZ persons per household), the peak attendance at the
campground is estimated as 197 people evacuating in 116 vehicles (assuming 1.7 persons per
evacuating vehicle). Based on the small permanent resident population within the EPZ and the
relatively small transient population associated with this single facility, the impact of double
counting any permanent EPZ residents that may be at this facility is minimal. Therefore, no
permanent EPZ residents are assumed to be at this facility. A summary of the transient facility

population is included in Table 2.5.

Table 2.5 Summary of Transient Facility Populations

Distance Di :
(miles) | Direction » 3.5 . : :
Facility Municipality | Campsites | Population | Vehicles
(from CRN Site)
Soaring Eagle .
1 South Campground Lenoir City 90 197 116

2.2. Transit Dependent Permanent Residents

Transit-dependent permanent residents are those residents within the EPZ who do not have
access to a vehicle or are depe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>