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EXECUTIVE SUMMARY 
 

This report describes the analyses undertaken and the results obtained by a study to 
develop Evacuation Time Estimates (ETE) for the William S. Lee Nuclear Station (WLS) 
located in Cherokee County, South Carolina.  Evacuation time estimates are part of the 
required planning basis and provide WLS and State and local governments with site-
specific information needed for Protective Action decision-making. 
 
In the performance of this effort, guidance is provided by documents published by 
Federal Government agencies.  Most important of these are: 
 
• Criteria for Preparation and Evaluation of Radiological Emergency Response 

Plans and Preparedness in Support of Nuclear Power Plants, NUREG 
0654/FEMA-REP-1, Rev. 1, November 1980. 

• Analysis of Techniques for Estimating Evacuation Times for Emergency Planning 
Zones, NUREG/CR-1745, November 1980. 

• Development of Evacuation Time Estimates for Nuclear Power Plants, 
NUREG/CR-6863, January 2005. 

 
Overview of Project Activities 
 
This project began in September, 2006 and extended over a period of 10 months.  The 
major activities performed are briefly described in chronological sequence: 
 
• Attended “kick-off” meetings with Duke Energy personnel, Enercon Services 

personnel and emergency management personnel representing state and local 
governments. 

• Accessed U.S. Census Bureau data files for the year 2000.  Studied 
Geographical Information Systems (GIS) maps of the area in the vicinity of WLS, 
then conducted a detailed field survey of the highway network. 

• Synthesized this information to create an analysis network representing the 
highway system topology and capacities within the Emergency Planning Zone 
(EPZ), plus a “Shadow” area extending 15 miles radially from the plant. 

• Designed and sponsored a telephone survey of residents within the EPZ to 
gather focused data needed for this ETE study that were not contained within the 
census database. The survey instrument was reviewed and modified by State 
and county personnel prior to the survey. 

• Data collection forms (provided to the counties at the kickoff meeting) were 
returned with data pertaining to employment, transients, and special facilities in 
each county. 

• The traffic demand and trip-generation rates of evacuating vehicles were 
estimated from the gathered data. The trip generation rates reflected the 
estimated mobilization time (i.e., the time required by evacuees to prepare for the 
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evacuation trip) computed using the results of the telephone survey of EPZ 
residents. 

• Following Federal guidelines, the EPZ is subdivided into 14 Emergency 
Response Planning Areas (ERPA).  These ERPA are then grouped within 
circular areas or “keyhole” configurations (circles plus radial sectors) that define a 
total of 22 Evacuation Regions. 

• The time-varying external circumstances are represented as Evacuation 
Scenarios, each described in terms of the following factors: (1) Season (Summer, 
Winter); (2) Day of Week (Midweek, Weekend); (3) Time of Day (Midday, 
Evening); and (4) Weather (Good, Rain, Ice).  One special scenario involving the 
construction phase at the WLS site was considered. 

• The Planning Basis for the calculation of ETE is: 

− A rapidly escalating accident at WLS that quickly assumes the status 
of General Emergency such that the Advisory to Evacuate is virtually 
coincident with the siren alert. 

− While an unlikely accident scenario, this planning basis will yield ETE, 
measured as the elapsed time from the Advisory to Evacuate until the 
last vehicle exits the impacted Region, that represent “upper bound” 
estimates.  This conservative Planning Basis is applicable for all 
initiating events. 

 
• If the emergency occurs while schools are in session, the ETE study assumes 

that the children will be evacuated by bus directly to reception centers located 
outside the EPZ.  Parents, relatives, and neighbors are advised to not pick up 
their children at school prior to the arrival of the buses dispatched for that 
purpose.  The ETE for schoolchildren are calculated separately. 

• Evacuees who do not have access to a private vehicle will either ride-share with 
relatives, friends or neighbors, or be evacuated by buses provided as specified in 
the county evacuation plans.  Those in special facilities will likewise be 
evacuated with public transit, as needed: bus, van, or ambulance, as required.  
Separate ETE are calculated for the transit-dependent evacuees and for those 
evacuated from special facilities. 

 
Computation of ETE 
 
A total of 264 ETE were computed for the evacuation of the general public.  Each ETE 
quantifies the aggregate evacuation time estimated for the population within one of the 
22 Evacuation Regions to completely evacuate from that Region, under the 
circumstances defined for one of the 12 Evacuation Scenarios (22 x 12 = 264).  
Separate ETE are calculated for transit-dependent evacuees, including schoolchildren 
for applicable scenarios. 
 
Except for Region R03, which is the evacuation of the entire EPZ, only a portion of the 
people within the EPZ would be advised to evacuate. That is, the Advisory to Evacuate 
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applies only to those people occupying the specified impacted region.  It is assumed 
that 100 percent of the people within the impacted region will evacuate in response to 
this Advisory.  The people occupying the remainder of the EPZ outside the impacted 
region may be advised to take shelter. 
 
The computation of ETE assumes that a portion of the population within the EPZ but 
outside the impacted region, will elect to “voluntarily” evacuate. In addition, a portion of 
the population in the “Shadow” region beyond the EPZ that extends a distance of 15 
miles from WLS, will also elect to evacuate. These voluntary evacuees could impede 
those who are evacuating from within the impacted region.  The impedance that could 
be caused by voluntary evacuees is considered in the computation of ETE for the 
impacted region. 
 
The computational procedure is outlined as follows: 
 
• A link-node representation of the highway network is coded.  Each link 

represents a unidirectional length of highway; each node usually represents an 
intersection or merge point.  The capacity of each link is estimated based on the 
field survey observations and on established procedures. 

• The evacuation trips are generated at locations called “zonal centroids” located 
within the EPZ.  The trip generation rates vary over time reflecting the 
mobilization process, and from one location (centroid) to another depending on 
population density and on whether a centroid is within, or outside, the impacted 
area. 

• The computer models compute the routing patterns for evacuating vehicles that 
are compliant with federal guidelines (outbound relative to the location of WLS), 
then simulate the traffic flow movements over space and time. This simulation 
process estimates the rate that traffic flow exits the impacted region. 

• The ETE statistics provide the elapsed times for 50 percent, 90 percent, 95 
percent and 100 percent, respectively, of the population within the impacted 
region, to evacuate from within the impacted region.  These statistics are 
presented in tabular and graphical formats. 

 
Traffic Management 

 
This study includes the development of a comprehensive traffic management plan 
designed to expedite the evacuation of people from within an impacted region.  This 
plan, which was reviewed with State and local law enforcement personnel, is also 
designed to control access into the EPZ after returning commuters have rejoined their 
families. 
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The plan is documented in the form of detailed schematics specifying: (1) the directions 
of evacuation travel to be facilitated, and other traffic movements to be discouraged; (2) 
the traffic control personnel and equipment needed (cones, barricades) and their 
deployment; (3) the locations of these “Traffic Control Points” (TCP); (4) the priority 
assigned to each traffic control point indicating its relative importance and how soon it 
should be manned relative to others; and (5) the number of traffic control personnel 
required. 

 
 
Selected Results 

 
A compilation of selected information is presented on the following pages in the form of 
Figures and Tables extracted from the body of the report; these are described below. 

 
• Figure 6-1 displays a map of the WLS site showing the layout of the 14 ERPA 

that comprise, in aggregate, the EPZ. 

• Table 3-1 presents the estimates of permanent resident population in each ERPA 
based on the 2000 Census data.  Extrapolation to the year 2007 reflects 
population growth rates in each county derived from census data. 

• Table 6-1 defines each of the 22 Evacuation Regions in terms of their respective 
groups of ERPA. 

• Table 6-2 lists the Evacuation Scenarios. 

• Tables 7-1C and 7-1D are compilations of ETE.  These data are the times 
needed to clear the indicated regions of 95 and 100 percent of the population 
occupying these regions, respectively.  These computed ETE include 
consideration of mobilization time and of estimated voluntary evacuations from 
other regions within the EPZ and from the shadow region. 

• Table 8-5A presents ETE for the schoolchildren in good weather.   

• Table 8-7A presents ETE for the transit-dependent population in good weather. 
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Table 3-1. EPZ Permanent Resident Population 
ERPA 2000 Population 2007 Population 

A-0 509 543 
A-1 2,849 3,074 
A-2 5,065 5,396 
A-3 2,250 2,398 
B-1 290 332 
B-2 1,266 1,362 
C-1 1,049 1,120 
C-2 1,284 1,505 
D-1 2,557 2,726 
D-2 1,323 1,509 
E-2 577 660 
F-2 490 525 
G-2 4,593 4,901 
H-2 20,810 22,198 

TOTAL 44,914 48,249 
Population Growth: 7.4% 
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