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7. GENERAL POPULATION EVACUATION TIME ESTIMATES (ETE) 
 
This section presents the current results of the computer analyses using the IDYNEV 
System described in Appendices B, C and D.  These results cover 21 regions within the 
VCSNS EPZ and the 12 Evacuation Scenarios discussed in Section 6.  
 
The ETE for all Evacuation Cases are presented in Tables 7-1A through 7-1D.  These 
tables present the estimated times to clear the indicated population percentages 
from the Evacuation Regions for all Evacuation Scenarios. The tabulated values of 
ETE are obtained from the PC-DYNEV simulation model outputs of vehicles exiting the 
specified evacuation areas. These data are generated at 10-minute intervals, then 
interpolated to the nearest 5 minutes. 
 
7.1 Voluntary Evacuation and Shadow Evacuation 
 
We define “voluntary evacuees” as people who are within the EPZ in Protective Action 
Zones (PAZ) located outside the Evacuation Region, for which an Advisory to Evacuate 
has not been issued, yet who nevertheless elect to evacuate. We define “shadow 
evacuation” as the movement of people from areas outside the EPZ for whom no 
protective action recommendation has been issued. Both voluntary and shadow 
evacuation are assumed to take place over the same time frame as the evacuation from 
within the impacted Evacuation Region. 
 
The ETE for the VCSNS addresses the issue of voluntary evacuees as discussed in 
Section 2.2 and displayed in Figure 7-1 (same as Figure 2-1).  Figure 7-2 presents the 
area identified as the Shadow Evacuation Region. This region extends radially from the 
boundary of the EPZ to a distance of 15 miles from VCSNS, with a total population of 
41,439 people. 
 
Traffic generated within this Shadow Evacuation Region, traveling away from the 
VCSNS location, has a potential for impeding evacuating vehicles from within the 
Evacuation Region.  We assume that the traffic volumes emitted within the Shadow 
Evacuation Region correspond to 30 percent of the residents there plus a proportionate 
number of employees in that region.  All ETE calculations include this shadow traffic 
movement. 
 
7.2 Patterns of Traffic Congestion during Evacuation 
 
Figures 7-3 and 7-4 illustrate the patterns of traffic congestion that arise for the case 
when the entire EPZ (Region R03) is advised to evacuate during the summer, midweek, 
midday period under good weather conditions (Scenario 1) and for the new plant 
construction period (Scenario 12), respectively.  
 



 
VC Summer  7-2  KLD Associates, Inc. 
Evacuation Time Estimate Rev. 1 

Traffic congestion, as the term is used here, is defined as Level of Service (LOS) F.  
LOS F is defined as follows (2000 HCM): 
 

Level of Service F is used to define forced or breakdown flow.  This 
condition exists wherever the amount of traffic approaching a point 
exceeds the amount that can traverse the point.  Queues form behind 
such locations. Operations within the queue are characterized by 
stop-and-go waves, and they are extremely unstable. Vehicles may 
progress at reasonable speeds for several hundred feet or more, then be 
required to stop in a cyclic fashion.  Level of Service F is used to describe 
the operating conditions within the queue, as well as the point of the 
breakdown.  It should be noted, however, that in many cases operating 
conditions of vehicles or pedestrians discharged from the queue may be 
quite good. Nevertheless, it is the point at which arrival flow exceeds 
discharge flow, which causes the queue to form, and Level of Service F is 
an appropriate designation for such points. 

 
 
This definition is general and conceptual in nature, and applies primarily to uninterrupted 
flow.  Levels of Service for interrupted flow facilities vary widely in terms of both the 
user's perception of service quality and the operational variables used to describe them. 
 
All highway "links" which experience LOS F at the indicated times are delineated in 
these Figures by a red line; all others are lightly indicated. Congestion develops in areas 
with concentrations of population and at traffic bottlenecks.  The analysis network is free 
of congestion at 2 hours after the Order to Evacuate for Scenario 1, as indicated by the 
presence of only white links in Figure 7-3. The absence of congestion on network links 
implies that traffic demand there has decreased below the roadway capacity for a period 
of time sufficient to dissipate any traffic queues. It does not necessarily imply that traffic 
has completely cleared from these roadway sections. 
 
Figure 7-4 presents the congestion pattern 2 hours after the Order to Evacuate for 
Scenario 12.  The additional 3,565 vehicles (construction workers) evacuating from the 
plant results in significant congestion along State Hwy 215 eastbound. 
 
7.3   Evacuation Rates 
 
Another format for displaying the dynamics of evacuation is depicted in Figure 7-5. This 
plot indicates the rate at which traffic flows out of the indicated areas for the case of an 
evacuation of the entire EPZ (Region R03) under the indicated conditions. Appendix J 
presents these plots for all Evacuation Scenarios for Region R03. 
 
As indicated in Figure 7-5, there is typically a long "tail" to these distributions.  Vehicles 
evacuate an area slowly at the beginning, as people respond to the Advisory to 
Evacuate at different rates. Then traffic demand builds rapidly (slopes of curves 
increase).  When the system becomes congested, traffic exits the EPZ at rates 
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somewhat below capacity until some evacuation routes have cleared.  As more routes 
clear, the aggregate rate of egress slows since many vehicles have already left the 
EPZ.  Towards the end of the process, relatively few evacuation routes service the 
remaining demand.   
 
There is no significant congestion within the EPZ; consequently the ETE reflects 
the mobilization activities of the EPZ population.  Specifically, as detailed in Table 
7-1D, the ETE for 100 percent of the population approximates the time required for 
those relatively few persons who need up to 4 hours to mobilize for the evacuation trip. 
Any decrease in this mobilization time will translate to a commensurate reduction in 
ETE. The recommendations in Section 13 address this issue. 
  
This decline in aggregate flow rate, towards the end of the process, is characterized by 
these curves flattening and gradually becoming horizontal. Ideally, it would be desirable 
to fully saturate all evacuation routes equally so that all will service traffic near capacity 
levels and all will clear at the same time.  For this ideal situation, all curves would retain 
the same slope until the end -- thus minimizing evacuation time.  In the real world, this 
ideal is generally unattainable reflecting the variation in population density and in 
highway capacity over the EPZ. 
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7.4   Guidance on Using ETE Tables 
 
Tables 7-1A through 7-1D present the ETE values for all 21 Evacuation Regions and all 
12 Evacuation Scenarios.  They are organized as follows: 
 

Table Contents 

7-1A 
ETE represents the elapsed time required 
for 50 percent of the population within a 
Region, to evacuate from that Region. 

7-1B 
ETE represents the elapsed time required 
for 90 percent of the population within a 
Region, to evacuate from that Region. 

7-1C 
ETE represents the elapsed time required 
for 95 percent of the population within a 
Region, to evacuate from that Region. 

7-1D 
ETE represents the elapsed time required 
for 100 percent of the population within a 
Region, to evacuate from that Region. 

 
 
The user first determines the percentile of population for which the ETE is sought.  The 
applicable value of ETE within the chosen Table may then be identified using the 
following procedure: 
1. Identify the applicable Scenario: 

• The Season 
− Summer (schools not in session) 
− Winter (also Autumn and Spring) 

• The Day of Week 
− Midweek (work-day) 
− Weekend, Holiday 

• The Time of Day 
− Midday (work and commuting hours) 
− Evening 

• Weather Condition 
− Good Weather 
− Rain 
− Ice 

• Special Event (if any) 
− New Plant Construction 

 
While these Scenarios are designed, in aggregate, to represent conditions throughout 
the year, some further clarification is warranted: 

• The conditions of a summer evening (either midweek or weekend) and 
rain are not explicitly identified in Tables 7-1A through 7-1D.  For these 
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conditions, Scenario (4) applies. 
• The conditions of a winter evening (either midweek or weekend) and rain 

are not explicitly identified in Tables 7-1A through 7-1D.  For these 
conditions, Scenario (10) applies. 

• The seasons are defined as follows: 
 Summer implies that public schools are not in session. 
 Winter, Spring and Autumn imply that public schools are in session. 

• Time of Day: Midday implies the time over which most commuters are at 
work. 

 
2. With the Scenario (and column in the Table) identified, now identify the 

Evacuation Region: 
• Determine the projected azimuth direction of the plume (coincident with 

the wind direction).  This direction is expressed in terms of compass 
orientation: From N, NNE, NE, … 

• Determine the distance that the Evacuation Region will extend from the 
VC Summer Nuclear Station. The applicable distances and their 
associated candidate Regions are given below: 

 2 Miles (Region R01) 
 5 Miles (Regions R02 and R04 through R11) 
 to EPZ Boundary (Regions R03 and R12 through R21) 

• Enter Table 7-2 and identify the applicable group of candidate Regions 
based on the wind direction and on the distance that the selected Region 
extends from VCSNS.  Select the Evacuation Region identifier in that row 
from the first column of the Table. 

 
3. Determine the ETE for the Scenario identified in Step 1 and for the Region 

identified in Step 2, as follows: 
 The columns of Table 7-1 are labeled with the Scenario numbers.  

Identify the proper column in the selected Table using the Scenario 
number determined in Step 1. 

 Identify the row in this table that provides ETE values for the 
Region identified in Step 2. 

 The unique data cell defined by the column and row so determined 
contains the desired value of ETE expressed in Hours:Minutes. 

Example 
 
It is desired to identify the ETE for the following conditions: 
 

• Sunday, August 10th at 4:00 AM. 
• It is raining. 
• Wind direction is from the Southwest (SW). 
• Wind speed is such that the distance to be evacuated is judged to be 10 

miles (to EPZ boundary). 
• The desired ETE is that value needed to evacuate 95 percent of the 

population from within the impacted Region. 
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Table 7-1C is applicable because the 95-percentile population is desired.  
Proceed as follows: 

 
1. Identify the Scenario as summer, weekend, evening and raining.  Entering 

Table 7-1C, it is seen that there is no match for these descriptors.  
However, the clarification given above assigns this combination of 
circumstances to Scenario 4. 

 
2. Enter Table 7-2 and locate the group entitled “Evacuate 5-Mile Ring and 

PAZ(s) from 5-mile to EPZ Boundary in the Wind Direction From”.  Under 
“Wind Direction”, identify the SW (southwest) azimuth and read REGION 
R13 in the first column of that row. 

 
3. Enter Table 7-1C to locate the data cell containing the value of ETE for 

Scenario 4 and Region R13. This data cell is in column (4) and in the row 
for Region R13; it contains the ETE value of 2:30. 
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Table 7-2. Description of Evacuation Regions 
Protective Action Zone (PAZ) 

Region Description A-0 A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2 E-1 E-2 F-1 F-2 
R01 2 mile ring                           
R02 5-mile ring                           
R03 Full EPZ                           

Evacuate 2 mile ring and PAZ(s) From 2 mile to 5 miles in the Wind Direction From: 
Protective Action Zone (PAZ) 

Region 
Wind Direction 

From A-0 A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2 E-1 E-2 F-1 F-2 
R04 S, SSW                           
R05 SW, WSW                           
R06 W                           
R07 WNW, NW                           
R08 NNW, N                           
R09 NNE, NE                           
R10 ENE, E                           
R11 ESE, SE, SSE                           

Evacuate 5 mile ring and PAZ(s) from 5 mile to EPZ boundary in the Wind Direction From: 
Protective Action Zone (PAZ) 

Region 
Wind Direction 

From A-0 A-1 A-2 B-1 B-2 C-1 C-2 D-1 D-2 E-1 E-2 F-1 F-2 
R12 S                           
R13 SSW, SW                           
R14 WSW, W                           
R15 WNW, NW                           
R16 NNW                           
R17 N, NNE                           
R18 NE                           
R19 ENE, E                           
R20 ESE                           
R21 SE, SSE                           
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8. TRANSIT-DEPENDENT AND SPECIAL FACILITY EVACUATION TIME ESTIMATES 

This section details the analyses applied and the results obtained in the form of 
evacuation time estimates for transit vehicles (buses). The demand for transit service 
reflects the needs of two population groups: (1) residents, employees and transients 
with no vehicles available; and (2) residents of special facilities such as schools, 
health-support facilities, institutions and child-care facilities. Appendix 4 of NUREG-0654 
indicates that separate ETE should be generated for special facilities due to their “highly 
individualized” transportation needs. 

These transit vehicles merge into and become a part of the general evacuation traffic 
environment that is comprised mostly of “passenger cars” (pc’s).  The presence of each 
transit vehicle in the evacuating traffic stream is represented within the modeling 
paradigm described in Appendix D as equivalent to two pc’s.  This equivalence factor 
represents the longer size and more sluggish operating characteristics of a transit 
vehicle relative to those of a pc. 

Transit vehicles must be mobilized in preparation for their respective evacuation 
missions.  Specifically: 

• Bus drivers must be alerted 

• They must travel to the bus depot 

• They must be briefed there and assigned to a route or facility 

These activities consume time.  Based on experience at other rural plants, it is 
estimated that bus mobilization time will average approximately 90 minutes extending 
from the Advisory to Evacuate to the time when buses arrive at their respective 
assignments. 

During this mobilization period, other mobilization activities are taking place.  One of 
these is the action taken by parents, neighbors, relatives and friends to pick up children 
from school prior to the arrival of buses, so that they may join their families. Virtually all 
studies of evacuations have concluded that this “bonding” process of uniting family 
members is universally prevalent during emergencies and should be anticipated in the 
planning process.  Many emergency plans, however, call for parents to pick up children 
at reception centers to speed the evacuation of the school children in the event that 
buses need to return to the EPZ and evacuate transit dependents.  We provide 
estimates of buses under the assumption that no children will be picked up at school by 
their parents as an upper bound estimate of the transit vehicles needed. 

The procedure is: 

• Estimate demand for transit service 
• Estimate time to perform all transit functions 
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• Estimate route travel times to the EPZ boundary and to the school 
reception centers 

8.1  Transit-Dependent People - Demand Estimate 

The telephone survey (see Appendix F) results were used to estimate the portion of the 
population requiring transit service:  

• Those persons in households that do not have a vehicle available. 

• Those persons in households that do have vehicle(s) that would not be 
available at the time the evacuation is ordered. 

In the latter group, the vehicle(s) may be used by a commuter(s) who does not return 
(or is not expected to return) home to evacuate the household. 

Table 8-1 presents estimates of transit-dependent people.  Note: 
• Estimates of persons requiring transit vehicles include school children.  

For those evacuation scenarios where children are at school when an 
evacuation is ordered, separate transportation is provided for the school 
children. The actual need for transit vehicles by residents is thereby less 
than the given estimates.  However, we will not reduce our estimates of 
transit vehicles since it would add to the complexity of the implementation 
procedures. 

• It is reasonable and appropriate to consider that many transit-dependent 
persons will evacuate by ride-sharing with neighbors, friends or family.  
For example, nearly 80 percent of those who evacuated from 
Mississauga, Ontario, who did not use their own cars, shared a ride with 
neighbors or friends.  Other documents report that approximately 70 
percent of transit-dependent persons were evacuated via ride-sharing. We 
will adopt a conservative estimate that 50 percent of 
transit-dependent persons will ride-share.   

The estimated number of bus trips needed to service transit-dependent persons is 
based on an estimate of average bus occupancy of 30 persons at the conclusion of the 
bus run.  Transit vehicle seating capacities typically equal or exceed 60 children 
(equivalent to 40 adults). If transit vehicle evacuees are two-thirds adults and one-third 
children, then the number of “adult seats” taken by 30 persons is 20 + (2/3 x10) = 27.   
On this basis, the average load factor anticipated is (27/40) x 100 = 68 percent.  Thus, if 
the actual demand for service exceeds the estimates of Table 8-1 by 50 percent, the 
demand for service can still be accommodated by the available bus seating capacity. 

Table 8-1 indicates that transportation must be provided for 222 people. Therefore, a 
total of 8 bus runs are required to transport this population to reception centers. 
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To illustrate this estimation procedure, we calculate the number of persons, P, requiring 
public transit or ride-share, and the number of buses, B, required for the VC Summer 
EPZ: 

830)5.0(
444)1036.0(*410,4

))22.067.0()287.2(580.022.067.0)180.1(224.038.1048.0(410,4 2

=÷×=
==

××−×+××−×+××=

PB
P
P

 

These calculations are explained as follows: 

• All members (1.38 avg.) of households (HH) with no vehicles (4.8%) will 
evacuate by public transit or ride-share.  The term 4,410 x 0.048 x 1.38, 
accounts for these people. 

• The members of HH with 1 vehicle away, who are at home, equal (1.80-1). 
 The number of HH where the commuter will not return home is equal to 
(4,410 x 0.224 x 0.67 x 0.22).  The number of persons who will evacuate 
by public transit or ride-share is equal to the product of these two terms. 

• The members of HH with 2 vehicles that are away, who are at home, 
equal (2.87 – 2).  The number of HH where neither commuter will return 
home is equal to 4,410 x 0.580 x (0.67 x 0.22)2.  The number of persons 
who will evacuate by public transit or ride-share is equal to the product of 
these two terms. 

• Households with 3 or more vehicles are assumed to have no need for 
transit vehicles. 

• The total number of persons requiring public transit is the sum of such 
people in HH with no vehicles, or with 1 or 2 vehicles that are away from 
home. 

8.2  School Population – Transit Demand 

Table 8-2 presents the school population and transportation requirements for the direct 
evacuation of all schools within the EPZ.  The column in Table 8-2 entitled “Bus Runs 
Required” specifies the number of buses required for each school under the following 
set of assumptions and estimates:    

• No students will be picked up by their parents prior to the arrival of the 
buses. 

• Bus capacity, expressed in students per bus, is set to 70 for primary 
schools and 50 for middle and high schools.   

• Those staff members who do not accompany the students will evacuate in 
their private vehicles. 
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• No allowance is made for student absenteeism that is in the neighborhood 
of 3 percent, daily. 

We recommend that the Counties introduce procedures whereby the schools are 
contacted prior to the dispatch of buses from the depot (approximately one hour after 
the Advisory to Evacuate), to ascertain the current estimate of students to be 
evacuated.  In this way, the number of buses dispatched to the schools will reflect the 
actual number needed.   Some parents will likely pick up their children at school, 
although they are asked to pick children up at the relocation schools. Those buses 
originally allocated to evacuate school children that are not needed due to children 
being picked up by their parents, can be gainfully assigned to service other facilities or 
those persons who do not have access to private vehicles or to ride-sharing. 

Table 8-3 presents a list of the relocation schools for each school in the EPZ.  Those 
students not picked up by their parents prior to the arrival of the buses, will be 
transported to these centers where they will be subsequently retrieved by their 
respective families. 

8.3  Special Facility Demand 

Table 8-4 presents the census of special facilities in the EPZ as of the end of 2006. 
There is only one medical facility within the EPZ – the Generations of Chapin nursing 
home with 64 residents.  This data was provided by the South Carolina Department of 
Health and Environmental Control – Division of Health Licensing. The transportation 
requirements for this group are also presented. The number of buses needed assumes 
30 ambulatory patients per trip.  

8.4  Evacuation Time Estimates for Transit-Dependent People 

Based on discussions with South Carolina Electric & Gas and the county offices of 
emergency management for the four counties in the EPZ, additional buses needed to 
evacuate transit-dependent people from the EPZ will be provided by the larger cities 
neighboring the EPZ – Winnsboro, Newberry, and Columbia.  The available resources 
expressed in terms of bus-seats, are sufficient in each county to service the evacuation 
demand in a “single-wave”, assuming drivers are available for all vehicles.  In general, 
the buses will transport the evacuees to the appropriate reception centers and return to 
the EPZ for a second trip if needed. 

In the event that the allocation of buses dispatched from the depots to the various 
facilities and to the bus routes is somewhat “inefficient”, or if there is a shortfall of 
available drivers, then there may be a need for some buses to return to the EPZ from 
the reception center after completing its first evacuation trip, to complete a “second 
wave” of providing transport service to evacuees.  For this reason, the ETE will be 
calculated for both a one wave transit evacuation and for two waves (Table 8-6). Of 
course, if the impacted Evacuation Region is other than R3 (the entire EPZ), then there 
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will likely be ample transit resources relative to demand in the impacted Region and this 
discussion of a second wave would likely not apply. 

For each county, transit resources will be assigned to schools as a first priority.  When 
these needs are satisfied, subsequent assignments of some of these buses to service 
the transit-dependent after the school children are delivered to the relocation centers 
would be sensitive to their mobilization time.  Clearly, these buses, which are available 
within two hours after the Advisory to Evacuate (see Table 5), should be dispatched 
after people have completed their mobilization activities and are in a position to board 
the buses when they arrive at the pick-up points.   

Evacuation Time Estimates for Transit Trips were developed using both good weather 
and adverse weather conditions. Figure 8-1 presents the chronology of events relevant 
to transit operations. The elapsed time for each activity will now be discussed with 
reference to Figure 8-1. 

Activity:  Mobilize Drivers (A→B→C) 

Mobilization is the elapsed time from the Advisory to Evacuate until the time the buses 
are dispatched from their respective depots.  It is assumed that for a rapidly escalating 
radiological emergency with no observable indication before the fact, drivers would likely 
require 90 minutes to be contacted, to travel to the depot, be briefed, and to travel to the 
transit-dependent facilities. Mobilization time is slightly longer – 100 minutes – when 
raining.  

Activity:  Board Passengers (C→D) 

Studies have shown that passengers can board a bus at headways of 2-4 seconds (Ref. 
HCM2000 Page 27-27).  Therefore, the total dwell time to service passengers boarding 
a bus to capacity at a single stop (e.g., at a school) is about 5 minutes. A loading time of 
10 minutes will be used for rain scenarios. For multiple stops along a pick-up route we 
must allow for the additional delay associated with stopping and starting at each pick-up 
point. This additional delay to service passengers expands this estimate of boarding 
time to 15 minutes in good weather, and 20 minutes in rain. 

Activity:  Travel to EPZ Boundary (D→E) 

School Evacuation 

The distance from a school to the EPZ boundary is measured using Geographical 
Information Systems (GIS) software along the most likely route out of the EPZ. The 
travel times to the EPZ boundary are based on evacuation speeds computed by the 
model.  The model outputs indicate that evacuating vehicles are traveling at free flow 
speeds as is to be expected in a low congestion environment.  South Carolina state law 
restricts school buses to a 45 mph speed limit; therefore, this was the speed used to 
calculate the travel time to the EPZ boundary. 
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Travel speeds are reduced by 10 percent for rain scenarios. Tables 8-5A (good 
weather) and 8-5B (rain) present the following evacuation time estimates (rounded up to 
the nearest 5 minutes) for schools in the EPZ: (1) The elapsed time from the Advisory to 
Evacuate until the bus exits the EPZ; and (2) The elapsed time until the bus reaches the 
School Reception Center. The evacuation time out of the EPZ can be computed as the 
sum of travel times associated with Activities A→B→C, C→D, and D→E (For example: 
90 min. + 5 + 5 = 1:40 for Chapin High School, with good weather).  The evacuation 
time to the School Reception Center is determined by adding the time associated with 
Activity E→F (discussed below), to this EPZ evacuation time.   

Evacuation of Transit-Dependent Population 

The buses dispatched from the depots to service the transit-dependent evacuees will be 
scheduled so that they arrive at their respective routes after their passengers have 
completed their mobilization.  As indicated in Section 5, about 90 percent of the 
evacuees will complete their mobilization when the buses will begin their routes, 120 
minutes after the Advisory to Evacuate for both good weather and rain. 

Those buses servicing the transit-dependent evacuees will first travel along their pick-up 
routes, then proceed out of the EPZ; Figure 8-2 maps the proposed bus pick-up routes. 
 Figure 8-2 shows more buses (10 buses) than are estimated (8 buses) in Section 8.1; 
additional buses have been added to assure that each county has sufficient resources 
to evacuate transit-dependent persons. The travel time for each route is estimated as 
30 minutes for good weather and 35 minutes for rain; passenger pickup times are 15 
minutes and 20 minutes for good weather and rain, respectively. 

Table 8-6 presents the transit-dependent population evacuation time estimates for each 
route obtained using the above procedures.  For example, the ETE for Route 1, Bus 1 is 
computed as 120 + 30 + 15 = 2:45 hours for good weather.  The ETE for a second 
wave (discussed below) is presented in the event there is a shortfall of available buses 
or bus drivers.  

 
Activity:  Travel to Reception Centers (E→F) 
 

The distances from the EPZ boundary to the reception centers are measured using 
Geographical Information Systems (GIS) software along the most likely route from the 
EPZ boundary to the reception center.  For a one-wave evacuation, this travel time 
outside the EPZ does not contribute to the ETE.  For a two-wave evacuation, the ETE 
for buses must be considered separately, since it could exceed the ETE for the general 
public. There are sufficient bus resources to evacuate the schools in a single wave, 
based on discussions with the county offices of emergency management; thus, a two-
wave evacuation time for schools has not been estimated.  Two-wave ETE have been 
generated for transit-dependent buses. The travel time from the EPZ boundary to the 
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Reception Center (15 minutes) is estimated using the average distance to the 
Reception Centers (10 miles) measured in GIS and the free-flow inbound travel speeds 
(45 mph). The travel time to the Reception Center will take slightly longer, 20 minutes, 
for Rain scenarios. 

Activity: Passengers Leave Bus (F→G) 

Passengers can deboard within 5 minutes. The bus driver will take a 10 minute break. 

Activity: Bus Returns to Route for Second Wave Evacuation (G→C)  

The buses assigned to return to the EPZ to perform a “second wave” evacuation of 
transit-dependent evacuees will be those that evacuated the first wave since the bus 
drivers will be familiar with the pick-up routes.  The time to return to the EPZ (15 
minutes) is equal to the travel time to the Reception Center (E→F). The bus then travels 
its route and picks up transit-dependent evacuees along the route. The return trip will 
take slightly longer, 20 minutes, for Rain scenarios. 

Analysis of Bus Route Operations 

Route 1 

Buses on this route will pick up evacuees living in less populated areas in the north-
eastern part of the EPZ (Fairfield County).  Two buses will travel west on State Hwy 34, 
then south on State Hwy 215. The first of the two buses will then proceed east on State 
Hwy 213 to pick up passengers, while the second bus will continue south on State Hwy 
215 to pick up transit dependent persons. The buses assigned to this route will begin 
their trip 120 minutes after the Advisory to Evacuate (ATE).  

Route 2 

The bus assigned to this route will pick up evacuees living in the less populated areas of 
Newberry County.  One bus will circulate in the city of Peak and then proceed north on 
Broad River Rd and west on State Hwy 34 out of the EPZ toward the reception center in 
Newberry. 
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Route 3 

The bus assigned to this route will circulate within the city of Pomaria picking up 
passengers. The bus will then proceed out of the EPZ toward the reception center in 
Newberry. 

Route 4 

The bus assigned to this route will circulate within the city of Little Mountain picking up 
passengers. The bus will then proceed out of the EPZ toward the reception center in 
Newberry. 

Route 5 

Buses on this route will circulate through Chapin picking up passengers.  The first bus 
will arrive at 90 minutes to begin picking up transit-dependent persons who have 
already mobilized. The subsequent buses will follow at 30 minute headways; the second 
bus will arrive at 120 minutes, and the third bus at 150 minutes.  The third bus will 
depart the EPZ at 3:15 after the ATA. 

Route 6 

Buses on this route will circulate through the populated areas of Richland County. The 
first bus will arrive at 90 minutes, while the second bus will arrive 30 minutes later.  The 
second bus will depart the EPZ at 2:45 after the ATA. 

These routes are recommended for consideration by local Emergency Management 
(EM) agencies, and serve as a basis for ETE calculations.  If other routes are selected 
by EM agencies, we believe these ETE will not be materially impacted. Table 8-6 
presents the ETE for all transit dependent people. 

Evacuation of Ambulatory Persons from Special Facilities 

Mobilization time is estimated as 90 minutes (100 minutes for Rain) for the Generations 
of Chapin nursing home.  Loading time is estimated as 30 minutes (45 minutes for Rain) 
to account for the additional time needed for employees to assist patients in boarding 
the buses.  The facility is located 2.5 miles from the EPZ boundary, thus a travel time of 
5 minutes is reasonable for good weather and rain scenarios.  

 ETE (Good Weather):  90 + 30 + 5 = 125 min. or 2:05. 

 ETE (Rain): 100 + 45 + 5 = 150 min. or 2:30. 



 
VC

 S
um

m
er

  
 

8-
9 

   
   

 
KL

D
 A

ss
oc

ia
te

s,
 In

c.
 

Ev
ac

ua
tio

n 
Ti

m
e 

Es
tim

at
e 

 
R

ev
.  

1 

                

Ev
en

t 
 

A
 

A
dv

is
or

y 
to

 E
va

cu
at

e 

B
 

B
us

 D
is

pa
tc

he
d 

fro
m

 D
ep

ot
 

C
 

B
us

 A
rr

iv
es

 a
t F

ac
ili

ty
/P

ic
k-

up
 R

ou
te

 

D
 

B
us

 D
ep

ar
ts

 fo
r R

ec
ep

tio
n 

C
en

te
r 

E
 

B
us

 E
xi

ts
 R

eg
io

n 

F 
B

us
 A

rr
iv

es
 a

t S
ch

oo
l R

ec
ep

tio
n 

C
en

te
r 

G
 

B
us

 A
va

ila
bl

e 
fo

r “
S

ec
on

d 
W

av
e”

 E
va

cu
at

io
n 

S
er

vi
ce

 

A
ct

iv
ity

 
 

A→
B 

D
riv

er
 M

ob
ili

za
tio

n 

B→
C

 
Tr

av
el

 to
 F

ac
ilit

y 
or

 to
 P

ic
k-

up
 R

ou
te

 

C
→

D
 

P
as

se
ng

er
s 

 B
oa

rd
 th

e 
B

us
 

D
→

E 
B

us
 T

ra
ve

ls
 T

ow
ar

ds
 R

eg
io

n 
B

ou
nd

ar
y 

E→
F 

B
us

 T
ra

ve
ls

 T
ow

ar
ds

 S
ch

oo
l R

ec
ep

tio
n 

C
en

te
r O

ut
si

de
 th

e 
E

P
Z.

 

F→
G

 
P

as
se

ng
er

s 
Le

av
e 

B
us

; D
riv

er
 T

ak
es

 a
 B

re
ak

 

A
 

B
 

C
G

 
D

E 
F

Su
bs

eq
ue

nt
 W

av
e 

Ti
m

e

Fi
gu

re
 8

-1
. C

hr
on

ol
og

y 
of

 T
ra

ns
it 

Ev
ac

ua
tio

n 
O

pe
ra

tio
ns

 



 
VC

 S
um

m
er

  
 

8-
10

   
 

   
 

KL
D

 A
ss

oc
ia

te
s,

 In
c.

 
Ev

ac
ua

tio
n 

Ti
m

e 
Es

tim
at

e 
 

R
ev

.  
1 

  

Fi
gu

re
 8

-2
. P

ro
po

se
d 

Tr
an

si
t 

D
ep

en
de

nt
 B

us
 R

ou
te

s 



 
VC

 S
um

m
er

 
 

8-
11

   
 

 
KL

D
 A

ss
oc

ia
te

s,
 In

c.
 

Ev
ac

ua
tio

n 
Ti

m
e 

Es
tim

at
e 

 
 

R
ev

.  
1 

  

Ta
bl

e 
8-

1.
 T

ra
ns

it 
Po

pu
la

tio
n 

Es
tim

at
es

 

Su
rv

ey
 A

ve
ra

ge
 

H
ou

se
ho

ld
 S

iz
e 

W
ith

 In
di

ca
te

d 
N

o.
 

of
 V

eh
ic

le
s 

Su
rv

ey
 P

er
ce

nt
 

H
ou

se
ho

ld
s 

W
ith

 

   

Fa
ci

lit
y 

N
am

e 

20
07

 E
PZ

 
Po

pu
la

tio
n 

0 
1 

2 

Es
tim

at
ed

 
N

um
be

r o
f 

H
ou

se
ho

ld
s

0 
   

Ve
h-

ic
le

 

1 
   

Ve
h-

ic
le

 

2 
   

Ve
h-

ic
le

 

Su
rv

ey
 

Pe
rc

en
t 

H
ou

se
ho

ld
s 

W
ith

 
C

om
m

ut
er

s 

Su
rv

ey
 

Pe
rc

en
t 

H
ou

se
ho

ld
s 

W
ith

 N
on

-
R

et
ur

ni
ng

 
C

om
m

ut
er

s

To
ta

l 
Pe

op
le

 
R

eq
ui

rin
g 

Tr
an

sp
or

t

Es
tim

at
ed

 
R

id
es

ha
rin

g 
Pe

rc
en

ta
ge

Pe
op

le
 

R
eq

ui
rin

g 
Pu

bl
ic

 
Tr

an
si

t 

Pe
rc

en
t o

f 
Po

pu
la

tio
n 

R
eq

ui
rin

g 
Pu

bl
ic

 
Tr

an
si

t  

V
C

 S
um

m
er

 
N

uc
le

ar
 

S
ta

tio
n 

11
,8

26
 

1.
38

 
1.

80
 

2.
87

 
4,

41
0 

4.
8%

22
.4

%
38

.5
%

67
%

 
22

%
 

44
4 

50
%

 
22

2 
1.

9%
 



 
VC Summer 8-12    KLD Associates, Inc. 
Evacuation Time Estimate  Rev.  1 

Table 8-2. School Population Demand Estimates 

Sector 
Distance 
(miles) 

Dire-
ction School Name Municipality 

Enroll-
ment Staff 

# of 
Buses 
Req'd 

FAIRFIELD COUNTY 
A-2 10.4 N McCrorey-Liston Elementary School Blair 240 40 4 
C-2 11.1 E Kelly Miller Elementary School Winnsboro 313 54 5 

Fairfield County Total: 553 94 9 
NEWBERRY COUNTY 

E-2 9.1 SW Little Mountain Elementary School Little Mountain 271 37 4 

F-2 6.7 
WS
W 

Pomaria-Garmany Elementary 
School Pomaria 411 45 6 

E-2 10.9 
WS
W Mid-Carolina Middle School Prosperity 553 66 12 

E-2 10.9 
WS
W Mid-Carolina High School Prosperity 667 87 14 

Newberry County Total: 1902 235 36 
LEXINGTON COUNTY 

D-2 9.2 S  Chapin High School Chapin 1200 113 24 
D-2 9.3 SSW Alternative Academy Chapin 120 15 2 
D-2 11.1 S Chapin Middle School Chapin 878 100 13 
D-2 11.2 S Chapin Elementary School Chapin 735 100 11 

Lexington County Total: 2933 328 50 
EPZ Total: 5388 657 95 

 

 

 

 

 

 

 

Table 8-3. School Relocation Schools 
Facility Sector Relocation School  

High Schools 
Alternative Academy D-2 CrossRoads Middle School 
Chapin High School D-2 CrossRoads Middle School 

Middle Schools 
Chapin Middle School D-2 CrossRoads Middle School 
Mid-Carolina High School E-2 Newberry High School 
Mid-Carolina Middle School E-2 Newberry High School 
Chapin Elementary School D-2 CrossRoads Middle School 

Elementary Schools 
Kelly Miller Elementary School C-2 White Oak Conference Center 
Little Mountain Elementary School E-2 Newberry High School 
McCrorey-Liston Elementary School A-2 White Oak Conference Center 
Pomaria-Garmany Elementary School F-2 Newberry High School 

Table 8-4. Special Facility Transit Demand Estimate 

Sector 
Distance 
(miles) Direction Name Municipality 

# of 
Residents Staff 

# of Buses 
Req'd 

Lexington County 
D-2 9.5 S Generations of Chapin Chapin 64 18 2 

EPZ Total: 64 18 2 
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9.  TRAFFIC MANAGEMENT STRATEGY  
 
This section presents the current traffic control and management strategy that is designed 
to expedite the movement of evacuating traffic.  The resources required to implement this 
strategy include: 
 

• Personnel with the capabilities of performing the planned control functions of traffic 
guides. 

• Equipment to assist these personnel in the performance of their tasks: 
o Traffic Barriers 
o Traffic Cones 
o Signs 

• A plan that defines all necessary details and is documented in a format that is 
readily understood by those assigned to perform traffic control. 

 
The functions to be performed in the field are: 
 

1. Facilitate evacuating traffic movements that serve to expedite travel out of the EPZ 
along routes that the analysis has found to be most effective. 

2. Discourage traffic movements that permit evacuating vehicles to travel in a direction 
which takes them significantly closer to the power station, or which interferes with 
the efficient flow of other evacuees. 

 
We employ the terms "facilitate" and "discourage" rather than "enforce" and "prohibit" to 
indicate the need for flexibility in performing the traffic control function.  There are always 
legitimate reasons for a driver to prefer a direction other than that indicated. For example: 
 

• A driver may be traveling home from work or from another location, to join other 
family members preliminary to evacuating. 

• An evacuating driver may be taking a detour from the evacuation route in order to 
pick up a relative. 

• The driver may be an emergency worker in route to perform an important activity. 
 
The implementation of a plan must also be flexible enough for the application of sound 
judgment by the traffic guide. 
 
The traffic management strategy is the outcome of the following process: 
 

1. A field survey of these critical locations. 
   The schematics describing traffic control, which are presented in Appendix 

G, are based on data collected during field surveys, upon large-scale maps, 
and on overhead photos. 
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2. Computer analysis of the evacuation traffic flow environment. 

This analysis identifies the best routing and those locations that 
experience pronounced congestion. 

3. Consultation with emergency management and enforcement personnel. 
   Trained personnel who are experienced in controlling traffic and are aware of 

the likely evacuation traffic patterns should review these control tactics.   
4. Prioritization of TCPs.   

Application of traffic control at some TCPs will have a more pronounced 
influence on expediting traffic movements than at other TCPs. For example, 
TCPs controlling traffic originating from areas in close proximity to the power 
plant could have a more beneficial effect on minimizing exposure to 
radioactive gases than those TCPs located far from the power plant.  Thus, 
during the mobilization of personnel to respond to the emergency situation, 
those TCPs which are assigned a higher priority, will be manned earlier. This 
setting of priorities should be undertaken with the concurrence of emergency 
management and law enforcement personnel.  These priorities should be 
compatible with the availability of local manpower resources. 

 
The control tactic at each TCP is presented in each schematic that appears in  
Appendix G. 
 
The use of Intelligent Transportation Systems (ITS) technologies will benefit the evacuation 
process. Dynamic Message Signs (DMS) can be placed within the EPZ to provide 
information to travelers regarding traffic conditions, route selection, and reception center 
information.  DMS can also be placed outside of the EPZ to warn motorists to avoid using 
routes that may conflict with the flow of evacuees away from the VC Summer Nuclear 
Station.  Highway Advisory Radio (HAR) can be used to broadcast information to evacuees 
enroute through their vehicle stereo systems. Automated Traveler Information Systems 
(ATIS) can also be used to provide evacuees with information. Internet websites can 
provide traffic and evacuation route information before the evacuee begins his trip, while on 
board navigation systems (GPS units), cell phones, and pagers can be used to provide 
information enroute.  These are only several examples of how ITS technologies can benefit 
the evacuation process. 
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10. EVACUATION ROUTES 
 
Evacuation routes are composed of two distinct components: 
 

• Routing from a Protective Action Zone (PAZ) being evacuated to the boundary of 
the Evacuation Region and thence out of the Emergency Planning Zone (EPZ). 

 
• Routing of evacuees from the EPZ boundary to the reception centers. 

 
Evacuees should be routed within the EPZ in such a way as to minimize their exposure 
to risk.  This primary requirement is met by routing traffic to move away from the 
location of the VC Summer Nuclear Station, to the extent practicable, and by delineating 
evacuation routes that expedite the movement of evacuating vehicles. This latter 
objective is addressed by developing evacuation routes to achieve a balancing of traffic 
demand relative to the available highway capacity to the extent possible, subject to 
satisfying the primary requirement noted above.  This is achieved by carefully specifying 
candidate destinations for all origin centroids where evacuation trips are generated, and 
applying the TRAD model effectively.  See Appendices A-D for further discussion. 
 
The routing of evacuees from the EPZ boundary to the reception centers should be 
responsive to several considerations: 
 

• Minimize the amount of travel outside the EPZ, from the points where these 
routes cross the EPZ boundary, to the reception centers. 

 
• Relate the anticipated volume of traffic destined to the reception center, to the 

capacity of the reception center facility. 
 
 
Figure 10-1 presents a map showing the general population reception centers. The 
major evacuation routes for the four counties within the EPZ are presented in Figures 
10-2 through 10-4. 
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11. SURVEILLANCE OF EVACUATION OPERATIONS 
 
There is a need for surveillance of traffic operations during the evacuation.  There is 
also a need to clear any blockage of roadways arising from accidents or vehicle 
disablement.  Surveillance can take several forms. 

 
1. Traffic control personnel, located at Traffic Control and Access Control points, 

provide fixed-point surveillance.  
2. Ground patrols may be undertaken along well-defined paths to ensure coverage 

of those highways that serve as major evacuation routes. 
3. Aerial surveillance of evacuation operations may also be conducted using 

helicopter or fixed-wing aircraft. 
4. Cellular phone calls (if cellular coverage exists) from motorists may also provide 

direct field reports of road blockages. 
 
These concurrent surveillance procedures are designed to provide coverage of the 
entire EPZ as well as the area around its periphery.  It is the responsibility of the 
Counties to support an emergency response system that can receive messages from 
the field and be in a position to respond to any reported problems in a timely manner. 
This coverage should quickly identify, and expedite the response to any blockage 
caused by a disabled vehicle.  
 
Tow Vehicles 
 
In a low-speed traffic environment, any vehicle disablement is likely to arise due to a 
low-speed collision, mechanical failure or exhausting its fuel supply.  In any case, the 
disabled vehicle can be pushed onto the shoulder, thereby restoring traffic flow. Past 
experience in other emergencies indicates that evacuees who are leaving an area often 
perform activities such as pushing a disabled vehicle to the side of the road without 
prompting.  
 
While the need for tow vehicles is expected to be low under the circumstances 
described above, it is still prudent to be prepared for such a need.  Tow trucks with a 
supply of gasoline may be deployed at strategic locations within, or just outside, the 
EPZ.  These locations should be selected so that: 
 

• They permit access to key, heavily loaded, evacuation routes. 
• Responding tow trucks would most likely travel counter-flow relative to 

evacuating traffic. 
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12.  CONFIRMATION TIME  
 
It is necessary to confirm that the evacuation process is effective in the sense that the 
public is complying with the order to evacuate.  Although the counties in the EPZ may 
use their own procedures for confirmation, we suggest an alternative or complementary 
approach. 
 
The procedure we suggest employs a stratified random sample and a telephone survey. 
The size of the sample is dependent on the expected number of households that do not 
comply with the order to evacuate.  We believe it is reasonable to assume, for the 
purpose of estimating sample size that at least 80 percent of the population within the 
EPZ will comply with the order to evacuate.  On this basis, an analysis could be 
undertaken (see Table 12-1) to yield an estimated sample size of approximately 300. 
 
The confirmation process should start at about 3 hours after the Advisory to Evacuate, 
which is when 90 percent of evacuees have completed their mobilization activities. At 
this time, virtually all evacuees will have departed on their respective trips and the local 
telephone system will be largely free of traffic. 
 
As indicated in Table 12-1, approximately 7-1/2 person hours are needed to complete 
the telephone survey.  If five people are assigned to this task, each dialing a different 
set of telephone exchanges (e.g., each person can be assigned a different set of 
protective action zones), then the confirmation process will extend over a time frame of 
about 90 minutes.  Thus, the confirmation should be completed approximately when the 
evacuated area is cleared. Of course, fewer people would be needed for this survey if 
the Evacuation Region were only a portion of the EPZ. Use of modern automated 
computer controlled auto dialing equipment can significantly reduce the manpower 
requirements and the time required to undertake this type of confirmation survey. 
 
Should the number of telephone responses (i.e., people still at home) exceed 20 
percent, then the telephone survey should be repeated after an hour's interval until the 
confirmation process is completed. 
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 TABLE 12-1 
 ESTIMATED NUMBER OF TELEPHONE CALLS REQUIRED 
 FOR CONFIRMATION OF EVACUATION 
 
Problem Definition 
 
Estimate number of phone calls, n, needed to ascertain the proportion, F of households that 
have not evacuated. 
 
Reference: Burstein, H., Attribute Sampling, McGraw Hill, 1971 
 
Given:  
 
No. of households plus other facilities, N, within the EPZ (est.) = 4,500 
Est. proportion, F, of households that have not evacuated = 0.20 
Allowable error margin, e: 0.05 
Confidence level, α: 0.95 (implies A = 1.96) 
 
Applying Table 10 of cited reference,      

 
 
 
 
Finite population correction:  

 
Thus, some 300 telephone calls will confirm that approximately 20 percent of the population has 
not evacuated.  If only 10 percent of the population does not comply with the order to evacuate, 
then the required sample size, nF = 206. 
 
Est. Person Hours to complete 300 telephone calls 
 
Assume: Time to dial using touch-tone (random selection of listed numbers): 30 seconds 
 Time for 6 rings (no answer):  36 seconds 
 Time for 4 rings plus short conversation:  60 sec. 
 Interval between calls:  20 sec. 
 
Person Hours: 300[30+20+0.8(36)+0.2(60)]/3600 = 7.6 

0.75 = p = q  0.25; = e+F = p −1  

288
1

 = 
Nn

nN = nF −+
 

308 = 
e

e+pqA = n
2

2
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13.  RECOMMENDATIONS 
 
The following recommendations are offered: 
 

1. The traffic management plan should be reviewed by state and county emergency 
planners with local and state police (See Section 9 and Appendix G).  
Specifically… 

• The number and locations of Traffic Control Points (TCP) and Access 
Control Points (ACP) should be reviewed in detail. 

• The indicated resource requirements (personnel, cones, barriers, etc.) 
should be reconciled with current assets. 

2. Intelligent Transportation Systems (ITS) such as Dynamic Message Signs 
(DMS), Highway Advisory Radio (HAR), Automated Traveler Information 
Systems (ATIS), etc. should be used to facilitate the evacuation process (See 
Section 9). The placement of additional signage should consider evacuation 
needs. 

3. Counties should implement procedures whereby schools are contacted prior to 
dispatch of buses from the depots to get an accurate count of students needing 
transportation and the number of buses required (See Section 8). 

4. School ETE (Tables 8-5A and 8-5B) do not exceed the ETE for the general 
population. One-wave evacuation of transit dependent people (Tables 8-6A and 
8-6B) also does not exceed the ETE for the general population; however, two-
wave evacuation does. Tables 8-6A and 8-6B should be considered in making 
Protective Action Decisions if there are not sufficient bus resources to evacuate 
the transit dependent population in one-wave. 

5. Counties should establish strategic locations to position tow trucks provided with 
gasoline containers in the event of a disabled vehicle during the evacuation 
process (See Section 11) and should encourage gas stations to remain open 
during the evacuation. 

6. Counties should establish a system to confirm that the Order to Evacuate is 
being adhered to (see the approach suggested by KLD in Section 12). Given the 
recreation areas within the EPZ, one or more helicopters equipped with 
loudspeakers could fly over these areas to alert all transients of the need to 
immediately evacuate. Vehicles equipped with loudspeakers are also 
recommended. 
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7. Examination of the ETE in Appendix J shows that the ETE for 100 percent of the 

population is generally 1 to 2 hours longer than for 95 percent of the population. 
Specifically, the additional time needed for the last 5 percent of the population to 
evacuate can be as much as double the time needed to evacuate 95 percent of 
the population. This non-linearity reflects the fact that these relatively few 
stragglers require significantly more time to mobilize (i.e. prepare for the 
evacuation trip) than their neighbors. This leads to two recommendations: 

• The public outreach (information) program should emphasize the need for 
evacuees to minimize the time needed to prepare to evacuate (secure the 
home, assemble needed clothes, medicines, etc.). 

• The decision makers should reference Table J-1C which lists the time 
needed to evacuate 95 percent of the population, when preparing 
recommended protective actions. 
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 APPENDIX A:  GLOSSARY OF TRAFFIC ENGINEERING TERMS 
 
Term Definition 
Link A network link represents a specific, one-directional section of 

roadway.  A link has both physical (length, number of lanes, 
topology, etc.) and operational (turn movement percentages, 
service rate, free-flow speed) characteristics. 

Measures of 
Effectiveness Statistics describing traffic operations on a roadway network 

Node A network node generally represents an intersection of network 
links.  A node has control characteristics, i.e., the allocation of 
service time to each approach link. 

Origin A location attached to a network link, within the EPZ or shadow 
area, where trips are generated at a specified rate in vehicles 
per hour (vph).  These trips enter the roadway system to travel 
to their respective destinations. 

Network  
 

A graphical representation of the geometric topology of a 
physical roadway system, which is comprised of directional 
links and nodes. 

Prevailing roadway and 
traffic conditions   
  

Relates to the physical features of the roadway, the nature 
(e.g., composition) of traffic on the roadway and the ambient 
conditions (weather, visibility, pavement conditions, etc.) 

Service Rate  
 

Maximum rate at which vehicles, executing a specific turn 
maneuver, can be discharged from a section of roadway at the 
prevailing conditions, expressed in vehicles per second (vps) or 
vehicles per hour (vph). 

Service Volume  
 

Maximum number of vehicles which can pass over a section of 
roadway in one direction during a specified time period with 
operating conditions at a specified Level of Service.  (The 
Service Volume at the upper bound of Level of Service, E, 
equals Capacity.)   Service Volume is usually expressed as 
vehicles per hour (vph). 

Signal Cycle Length  The total elapsed time to display all signal indications, in 
sequence. The cycle length is expressed in seconds. 

Signal Interval  
 

A single combination of signal indications.  The interval 
duration is expressed in seconds.  A signal phase is comprised 
of a sequence of signal intervals. 

Signal Phase   
 

A set of signal indications (and intervals) which services a 
particular combination of traffic movements on selected 
approaches to the intersection.  The phase duration is 
expressed in seconds. 
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Term Definition 
Traffic (Trip) Assignment 
 

A process of assigning traffic to paths of travel in such a way 
as to satisfy all trip objectives (i.e., the desire of each vehicle to 
travel from a specified origin in the network to a specified 
destination) and to optimize some stated objective or 
combination of objectives.  In general, the objective is stated in 
terms of minimizing a generalized "cost".  For example, "cost" 
may be expressed in terms of travel time. 

Traffic Density  
 

The number of vehicles that occupy one lane of a roadway 
section of specified length at a point of time, expressed as 
vehicles per mile (vpm). 

Traffic (Trip) Distribution  
 

A process for determining the destinations of all traffic 
generated at the origins.  The result often takes the form of a 
Trip Table, which is a matrix of origin-destination traffic 
volumes. 

Traffic Simulation 
 

A computer model designed to replicate the real-world 
operation of vehicles on a roadway network, so as to provide 
statistics describing traffic performance. These statistics are 
called Measures of Effectiveness. 

Traffic Volume 
 

The number of vehicles that pass over a section of roadway in 
one direction, expressed in vehicles per hour (vph).  Where 
applicable, traffic volume may be stratified by turn movement.

Travel Mode Distinguishes between private auto, bus, rail, pedestrian and 
air travel modes. 

Trip Table or   
Origin-Destination  
Matrix 
 

A rectangular matrix or table, whose entries contain the 
number of trips generated at each specified origin, during a 
specified time period, that are attracted to (and travel toward) 
each of its specified destinations.  These values are expressed 
in vehicles per hour (vph) or in vehicles. 

Turning Capacity 
 

The capacity associated with that component of the traffic 
stream which executes a specified turn maneuver from an 
approach at an intersection. 
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 APPENDIX B:  TRAFFIC ASSIGNMENT AND DISTRIBUTION MODEL 
 
 
This section describes the integrated trip assignment and distribution model named TRAD 
that is expressly designed for use in analyzing evacuation scenarios.  This model employs 
equilibrium traffic assignment principles and is one of the models of the I-DYNEV System. 
 
To apply TRAD, the analyst must specify the highway network, link capacity information, 
the volume of traffic generated at all origin centroids, a set of accessible candidate 
destination nodes on the periphery of the EPZ for each origin, and the approach capacity to 
each destination node.  TRAD calculates the optimal trip distribution and the optimal trip 
assignment (i.e., routing) of the traffic generated at each origin node, traveling to the 
associated set of candidate destination nodes, so as to minimize evacuee travel times. 
 
Overview of Integrated Assignment and Distribution Model 
 
The underlying premise is that the selection of destinations and routes is intrinsically 
coupled in an evacuation scenario.  That is, people in vehicles seek to travel out of an area 
of potential risk as rapidly as possible by selecting the “best” route.  The model is designed 
to identify these “best” routes in a manner that distributes vehicles from origins to 
destinations and routes them over the highway network, in a consistent and optimal 
manner. 
 
The approach we adopt is to extend the basic equilibrium assignment methodology to 
embrace the distribution process, as well.  That is, the selection of destination nodes by 
travelers from each origin node, and the selection of the connecting paths of travel, are 
both determined by the integrated model.  This determination is subject to specified 
capacity constraints, so as to satisfy the stated objective function.  This objective function is 
the statement of the User Optimization Principle by Wardrop. 
 
To accomplish this integration, we leave the equilibrium assignment model intact, changing 
only the form of the objective function.  It will also be necessary to create a "fictional" 
augmentation of the highway network.  This augmentation will consist of Pseudo-Links and 
Pseudo-Nodes, so configured as to embed an equilibrium Distribution Model within the 
fabric of the Assignment Model. 
 
Specification of TRAD Model Inputs 
 
The user must specify, for each origin node, the average hourly traffic volume generated, 
as well as a set of candidate accessible destinations.  A destination is “accessible” to traffic 
originating at an origin node if there is at least one path connecting the origin to the 
destination node.  There must be at least one destination node specified for each origin 
centroid.  The number of trips generated at the origin node, which are distributed to each 
specified, accessible destination node within this set, is determined by the model in a way 
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as to satisfy the network-wide objective function (Wardrop's Principle). 
 
The user must also specify the total number of trips which can be accommodated by each 
destination node.  This value reflects the capacities of the road(s) immediately servicing the 
destination node. Clearly, we require that the total number of trips traveling to a destination, 
j, from all origin nodes, i, should not exceed the capacities of the approaches to destination 
node, j.  By summing over all destination nodes, this constraint also states that the total 
trips generated at all origin nodes should not exceed the total capacity to accommodate 
these trips at all of the specified destinations. 
 
In summary, the user must specify the total trips generated at each of the origin nodes, the 
maximum number of trips that can be accommodated by each of the specified destination 
nodes and the highway network attributes which include the traffic control tactics.  The 
TRAD model includes a function which expresses travel time on each network link in terms 
of traffic volume and link capacity.  This function drives the underlying trip distribution and 
trip assignment decision-making process.  Thus, the TRAD model satisfies the objectives of 
evacuees to select destination nodes and travel paths to minimize evacuation travel time.  
As such, this integrated model is classified as a behavioral model. 
 
At the outset, it may appear that we have an intractable problem: 
 

• If TRAD retains the basic assignment algorithm, it must be provided a Trip 
Table as input. 

• On the other hand, if the distribution model is embedded within the 
assignment model, rather than preceding it, a Trip Table is not available as 
input. 

The resolution of this problem is as follows: 
 
1. The software constructs an "augmentation" network that allows the user to 

specify the volume for each origin node and a set of candidate destinations 
on the periphery of the EPZ.  The allocation of trips from the origin node to 
each candidate destination node is not specified and is determined internally 
by the model. 

2. Each [real] link of the highway network is calibrated by relating speed to the 
volume:capacity (v/c) ratio. 

3. The software constructs pseudo-links which service the assigned volumes, 
Vj, traveling to the destination nodes, j, in the augmented network. 

This analysis network is comprised of three sub-networks: 
1. The real highway sub-network, which consists of "Class I" Links and Nodes. 
2. A sub-network of "Class II" Pseudo-Links which acts as an interface between 

the highway sub-network and the network augmentation. 
3. The sub-network of "Class III" Pseudo-Links and Nodes which comprises the 
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network augmentation described above. 
 
The need for these Class II links will become clear later.  The classifications are described 
below: 
 
Class I Links and Nodes 
 
These links and nodes represent the physical highway network: sections of highway and 
intersections.  Trips generated at each Origin [Centroid] Node are assigned to a specified 
Class I link via a "connector" link.  These connector links are transparent to the user and 
offer no impedance to the traveler; they represent the aggregation of local streets which 
service the centroidal generated trips and feed them onto the highway network.  The real-
world destination nodes are part of this network.  The immediate approaches to these 
destination nodes are Class I links. 
 
Class II Links 
 
These pseudo-links are constructed so as to connect each specified destination node with 
its Class III Pseudo-Node (P-N) counterpart on a one-to-one basis.  The capacities of these 
Class II links are set equal to the capacities at their respective destination nodes. 
 
Class III Links and Nodes 
 
Class III links and nodes form the augmentation to the basic network.  These Pseudo-Links 
provide paths from the Class II links servicing traffic traveling from the specified [real] 
destination nodes, to the Super-Nodes which represent the user-specified set of destination 
nodes associated with each origin node. 
 
Each Class of links provides a different function: 
 

• Class I links represent the physical highway network.  As such, each link has 
a finite capacity, a finite length and an estimated travel time for free-flowing 
vehicles.  The nodes generally represent intersections, interchanges and, 
possibly, changes in link geometry.  The topology of the Class I network 
represents that of the physical highway system. 

• The Class II links represent the interface between the real highway sub-
network and the augmentation sub-network.  These pseudo-links are needed 
to represent the specified maximum number of vehicles that can be 
accommodated by each destination node.  Instead of explicitly assigning a 
capacity limitation to the destination nodes, we assign the capacity limitation 
of the Class II Pseudo-Links.  This approach is much more suitable, 
computationally. 

• The topology of the network augmentation (i.e., Class III Links and Nodes) is 
designed so that all traffic from an origin node can only travel to the single 
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“Super-Node” by flowing through its set of real destination nodes, thence 
along the links of the augmented network. 

 
The Class II Pseudo-Links and the network augmentation of Class III Pseudo-Nodes and 
Links represent logical constructs of fictitious links created internally by the model that 
allows the user to specify the identity of all destination nodes in each origin-based set, 
without specifying the distribution of traffic volumes from the origin to each destination node 
in that set. 
 
Calculation of Capacities and Impedances 
 
Each class of links exhibits different properties.  Specifically, the relationship between travel 
impedance (which is expressed in terms of travel time) and both volume and capacity will 
differ: 
 

• For Class I links, the capacity represents the physical limitation of the 
highway sections.  Travel impedance is functionally expressed by relating 
travel time with respect to the traffic volume-link capacity relationship. 

• For Class II links, link capacity represents the maximum number of vehicles 
that can be accommodated at the [real] destination nodes that form the 
upstream nodes of each Class II link.  Since Class II links are Pseudo-Links, 
there should be virtually no difference in impedance to traffic along Class II 
links when the assigned traffic volume on these links is below their respective 
capacities.  That is, the assignment of traffic should not be influenced by 
differences in travel impedance on those Class II links where the assigned 
volumes do not exceed their respective capacities. 

• For Class III links, both capacity and impedance have no meaning.  Since the 
Class II links limit the number of vehicles entering the Class III sub-network 
at all entry points (i.e., at the Class II Pseudo-Nodes) and since all these links 
are Pseudo-Links, it follows that the Class III network is, by definition, an un-
capacitated network. 

 
Specification of the Objective Function 
 
It is computationally convenient to be able to specify a single impedance (or "cost") function 
relating the travel time on a link, to its capacity and assigned traffic volume, for all classes 
of links.  To achieve this, we will adopt the following form based on the original "BPR 
Formula": 
 

I + }])
c
v(a+[1+])

c
v(a+[1{T= T b

2
b

1o
21 βα  
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Where, as for the present traffic assignment model in TRAD, 
 

T  =  Link travel time, sec. 
To  =  Unimpeded link travel time, sec. 
V  =  Traffic volume on the link, veh/hr 
C  =  Link capacity, veh/hr 
ai,bi  =  Calibration parameters 
α, ß  =  Coefficients defined below 
I  =  Impedance term, expressed in seconds, which could represent turning 

penalties or any other factor which is justified in the user's opinion 
 
The assignment of coefficients varies according to the Class in which a link belongs: 
 

 
Here, L is a highway link length and Uf is the free-flow speed of traffic on a highway link.  
The values of a1 and b1, which are applicable only for Class I links, are based on 
experimental data: 

a1 = 0.8  b1 = 5.0 
 

The values of a2 and b2, which are applicable for each Class II link, are based upon the 
absolute requirement that the upstream destination node can service no more traffic than 
the user-specified value of the maximum destination node “capacity.”  In addition, these 
parameters must be chosen so that these Pseudo-Links all offer the same impedance to 
traffic when their assigned volumes are less than their respective specified maximum 
attractions. The weighting factor, W, is computed internally by the software. 
 
Of course, it is still possible for the assignment algorithm within TRAD to distribute more 
traffic to a destination node than that node can accommodate.  For emergency planning 
purposes, this is a desirable model feature.  Such a result will be flagged by the model to 
alert the user to the fact that some factor is strongly motivating travelers to move to that 
destination node, despite its capacity limitations.  This factor can take many forms:  
inadequate highway capacity to other destinations, improper specification of candidate 
destinations for some of the origins, or some other design inadequacy.  The planner can 
respond by modifying the control tactics, changing the origin-destination distribution pattern, 
providing more capacity at the overloaded destinations, etc. 

Class α ß To 
I 1 0 L/Uf 
II 0 1 W 
III 0 0 1 
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 APPENDIX C:  TRAFFIC SIMULATION MODEL:  PC-DYNEV 
 
A model, named PC-DYNEV, is an adaptation of the TRAFLO Level II simulation model, 
developed by KLD for the Federal Highway Administration (FHWA). Extensions in scope 
were introduced to expand the model’s domain of application to include all types of highway 
facilities, to represent the evacuation traffic environment and to increase its computational 
efficiency.  This model produces the extensive set of output Measures of Effectiveness 
(MOE) shown in Table C-1. 
 
The traffic stream is described internally in the form of statistical flow profiles.  These 
profiles, expressed internally as statistical histograms, describe the platoon structure of the 
traffic stream on each network link.  The simulation logic identifies five types of histograms: 
 

• The ENTRY histogram which describes the platoon flow at the upstream end 
of the subject link.  This histogram is simply an aggregation of the 
appropriate OUTPUT turn-movement-specific histograms of all feeder links. 

• The INPUT histograms which describe the platoon flow pattern arriving at the 
stop line.  These are obtained by first disaggregating the ENTRY histogram 
into turn-movement-specific component ENTRY histograms.  Each such 
component is modified to account for the platoon dispersion which results as 
traffic traverses the link.  The resulting INPUT histograms reflect the specified 
turn percentages for the subject link. 

• The SERVICE histogram which describes the service rates for each turn 
movement.  These service rates reflect the type of control device servicing 
traffic on this approach; if it is a signal, then this histogram reflects the 
specified movement-specific signal phasing.  A separate model estimates 
service rates for each turn movement, given that the control is GO. 

 
These data are provided for each network link and are also aggregated over the entire 
network. 

• The QUEUE histograms that describe the time-varying ebb and growth of the 
queue formation at the stop line.  These histograms are derived from the 
interaction of the respective IN histograms with the SERVICE histograms. 

• The OUT histograms that describe the pattern of traffic discharging from the 
subject link.  Each of the IN histograms is transformed into an OUT histogram 
by the control applied to the subject link.  Each of these OUT histograms is 
added into the (aggregate) ENTRY histogram of its receiving link. This 
approach provides the model with the ability to identify the characteristics of 
each turn-movement-specific component of the traffic stream.  Each 
component is serviced at a different saturation flow rate as is the case in the 
real world.  The logic recognizes when one component of the traffic flow 
encounters saturation conditions even if the others do not. 
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Algorithms provide estimates of delay and stops reflecting the interaction of the IN 
histograms with the SERVICE histograms.  The logic also provides for properly treating 
spillback conditions reflecting queues extending from its host link, into its upstream feeder 
links. 
 
A valuable feature is the ability to internally generate functions that relate mean speed to 
density on each link, given user-specified estimates of free-flow speed and saturation 
service rates for each link.  Such relationships are essential in order to simulate traffic 
operations on freeways and rural roads, where signal control does not exist or where its 
effect is not the dominant factor in impeding traffic flow. 
 
All traffic simulation models are data-intensive.  Table C-2 outlines the input data elements. 
 This input describes: 

• Topology of the roadway system 
• Geometrics of each roadway component 
• Channelization of traffic on each roadway component 
• Motorist behavior that, in aggregate, determines the operational performance 

of vehicles in the system 
• Specification of the traffic control devices and their operational characteristics 
• Traffic volumes entering and leaving the roadway system 
• Traffic composition. 

 
To provide an efficient framework for defining these specifications, the physical 
environment is represented as a network.  The unidirectional links of the network generally 
represent roadway components:  either urban streets or freeway segments.  The nodes of 
the network generally represent urban intersections or points along the freeway where a 
geometric property changes (e.g. a lane drop, change in grade or ramp). 
 
Figure C-1 is an example of a small network representation.  The freeway is defined by the 
sequence of links, (20,21), (21,22), (22,23).  Links (8001, 19) and (3, 8011) are Entry and 
Exit links, respectively.  An arterial extends from node 3 to node 19 and is partially 
subsumed within a grid network.  Note that links (21,22) and (17,19) are grade-separated. 
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Table C-1. Measures of Effectiveness Output by PC-DYNEV 
Measure Units 

Travel Vehicle-Miles and Vehicle-Trips 
Moving Time Vehicle-Minutes 
Delay Time Vehicle-Minutes 

Total Travel Time Vehicle-Minutes 
Efficiency: Moving Time/Total Travel Time Percent 

Mean Travel Time per Vehicle Seconds 
Mean Delay per Vehicle Seconds 

Mean Delay per Vehicle-Mile Seconds/Mile 
Mean Speed Miles/Hour 

Mean Occupancy Vehicles 
Mean Saturation Percent 

Vehicle Stops Percent 
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 Table C-2.  Input Requirements for the PC-DYNEV Model 
 
GEOMETRICS 

• Links defined by upstream and downstream node numbers 

• Link lengths 

• Number of lanes (up to 6) 

• Turn pockets 

• Grade 

• Network topology defined in terms of target nodes for each receiving link 
 
TRAFFIC VOLUMES 

• On all entry links and sink/source nodes stratified by vehicle type:  auto, car 
pool, bus, truck 

• Link-specific turn movements  
 
TRAFFIC CONTROL SPECIFICATIONS 

• Traffic signals:  link-specific, turn movement specific 

• Signal control treated as fixed time   

• Stop and Yield signs 

• Right-turn-on-red (RTOR) 

• Route diversion specifications 

• Turn restrictions 

• Lane control (e.g. lane closure, movement-specific) 

 

DRIVER'S AND OPERATIONS CHARACTERISTICS 
• Drivers (vehicle-specific) response mechanisms: free-flow speed, 

aggressiveness, discharge headway 

• Link-specific mean speed for free-flowing (unimpeded) traffic 

• Vehicle-type operational characteristics:  acceleration, deceleration 

• Such factors as bus route designation, bus station location, dwell time, 
headway, etc. 



  
VC Summer C-5 KLD Associates, Inc. 
Evacuation Time Estimate Rev. 1 

 

8001 

8011 

3 

6 

9 

12 

14 

15 

16 

19 

17 

2 

8107 

8 

8012 

13 

22 

8009 

8010 

8005 

23 8003 

8104 

5 

10 

11 

8014 

25 

24 

21 

8008 

8007 

8006 

8004 

8024 

20 8002 

Entry, Exit Nodes are 
numbered 8xxx 

Figure C-1: Representative Analysis Network 
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APPENDIX D:  DETAILED DESCRIPTION OF STUDY PROCEDURE 
 
This appendix describes the activities that were performed to compute accurate Evacuation 
Time Estimates (ETE).  The individual steps of this effort are represented as a flow diagram 
in Figure D-1. Each numbered step in the description that follows corresponds to the 
numbered element in this flow diagram. 
 
Step 1.  
The first activity is to obtain data defining the spatial distribution and demographic 
characteristics of the population within the Emergency Planning Zone (EPZ). These data 
were obtained from U.S. Census files and from results of a telephone survey conducted 
within the EPZ.  Transient population data and employee data were obtained through data 
collection forms submitted by County Emergency Management Offices. 
 
Step 2. 
The next activity is to examine large-scale maps of the EPZ in both hard-copy form and 
using Geographical Information System (GIS) software.  These maps were used to identify 
the analysis highway network and the access roads from each residential and employment 
development to the adjoining elements of this network.  This information is used to plan a 
field survey of the highway system and later, to assign generated evacuation trips to the 
correct destinations at the periphery of the EPZ. 
 
Step 3.   
The next step is to conduct a physical survey of the roadway system.  The purpose of this 
survey is to determine the geometric properties of the highway elements, the channelization 
of  lanes on each section of roadway, whether  there are any turn restrictions or special 
treatment of traffic at intersections, the type and functioning of traffic control devices and to 
make the necessary observations needed to estimate realistic values of roadway capacity. 
 
Step 4.  
With this information, develop the evacuation network representation of the physical 
roadway system. 
 
Step 5.  
With the network drawn, proceed to estimate the capacities of each link and to locate the 
origin centroids where trips would be generated during the evacuation process.  
 
Step 6.  
With this information at hand, the data were entered into the computer to create the input 
stream for the TRaffic Assignment and Distribution (TRAD) model.  This model was 
designed to be compatible with the PC-DYNEV traffic simulation model used later in the 
project; the input stream required for one model is entirely compatible with the input stream 
required by the other.  Using a software system developed by KLD named UNITES, the 
data entry activity is performed interactively directly on the computer. 
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Step 7.  
The TRAD model contains software that performs diagnostic testing of the input stream. 
These assist the user in identifying and correcting errors in the input stream. 
 
Step 8.   
After creating the input stream, execute the TRAD model to compute evacuating traffic 
routing patterns consistent with the guidelines of NUREG 0654, Appendix 4. The TRAD 
model also provides estimates of traffic loading on each highway link as well as rough 
estimates of operational performance. 
 
Step 9.   
Critically examine the statistics produced by the TRAD model.  This is a labor-intensive 
activity, requiring the direct participation of skilled engineers who possess the necessary 
practical experience to interpret the results and to determine the causes of any problems 
reflected in the results. 
 
Essentially, the approach is to identify those "hot spots" in the network that represent 
locations where congested conditions are pronounced and to identify the cause of this 
congestion.  This cause can take many forms, either as excess demand due to improper 
routing, as a shortfall of capacity, or as a quantitative error in the way the physical system 
was represented in the input stream. This examination leads to one of two conclusions: 
 

• The results are as satisfactory as could be expected at this stage of the 
analysis process; or 

• The input stream must be modified accordingly. 
 
This decision requires, of course, the application of the user's judgment based upon the 
results obtained in previous applications of the TRAD model and a comparison of the 
results of this last case with the previous ones.  If the results are satisfactory in the opinion 
of the user, then the process continues with Step 12.  Otherwise, proceed to Step 10. 
 
Step 10.    
There are many "treatments" available to the user in resolving such problems.  These 
treatments range from decisions to reroute the traffic by imposing turn restrictions where 
they can produce significant improvements in capacity, changing the control treatment at 
critical intersections so as to provide improved service for one or more movements, or in 
prescribing specific treatments for channelizing the flow so as to expedite the movement of 
traffic along major roadway systems or changing the trip table.  Such "treatments" take the 
form of modifications to the original input stream. 
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Step 11.  
As noted above, the changes to the input stream must be implemented to reflect the 
modifications undertaken in Step 10.  At the completion of this activity, the process returns 
to Step 8 where the TRAD model is again executed. 
 
Step 12.  
The output of the TRAD model includes the computed turn movements for each link.  
These data are required – and – accessed by the PC-DYNEV simulation model. This step 
completes the specification of the PC-DYNEV input stream. 
 
Step 13.  
After the PC-DYNEV input stream has been debugged, the simulation model is executed to 
provide detailed estimates, expressed as statistical Measures of Effectiveness (MOE), 
which describe the detailed performance of traffic operations on each link of the network. 
 
Step 14.  
In this step, the detailed output of the simulation model is examined to identify whether 
problems exist on the network.  The results of the simulation model are extremely detailed 
and far more accurately describe traffic operations than those provided by the TRAD 
model.  Thus, it is possible to identify the cause of any problems by carefully studying the 
output. 
 
Again, one can implement corrective treatments designed to expedite the flow of traffic on 
the network in the event that the results are considered to be less efficient than is possible 
to achieve.  If input changes are needed, the analysis process proceeds to Step 15.  On the 
other hand, if the results are satisfactory, then one can decide whether to return to Step 8 
to again execute the TRAD model and repeat the whole process, or to accept the 
simulation results.  If there were no changes indicated by the activities of Step 14, because 
the results were satisfactory, we can then proceed to document them in Step 17.  
Otherwise, return to Step 8 to determine the effects of the changes implemented in Step 14 
on the optimal routing patterns over the network.  This determination can be ascertained by 
executing the TRAD model. 
 
Step 15.  
This activity implements the changes in control treatments or in the assignment of 
destinations associated with one or more origins in order to improve the representation of 
traffic flow over the network.  These treatments can also include the consideration of 
adding roadway segments to the existing analysis network to improve the representation of 
the physical system. 
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Step 16.  
Once the treatments have been identified, it is necessary to modify the simulation model 
input stream accordingly.  At the completion of this effort, the procedure returns to Step 13 
to execute the simulation model again. 
 
Step 17.  
The simulation results are analyzed, tabulated and graphed.  The results are then 
documented, as required. 



VC Summer D-5 KLD Associates, Inc. 
Evacuation Time Estimate Rev. 1 
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APPENDIX E: SPECIAL FACILITY DATA 

 
The following tables list population information, as of June 2007, for special facilities that 
are located within the VC Summer Nuclear Station EPZ.  Special facilities are defined as 
schools, day care centers, hospitals and other medical care facilities, correctional 
institutions, and major employers.  Transient population data is detailed in Chapter 3; a 
map of recreation areas in the EPZ has been provided in this Appendix. Each table is 
grouped by county.  The location of the facility is defined by its straight-line distance (miles) 
and direction (magnetic bearing) from the nuclear station. 
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