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ABS IRACT

In the event of 4 major accident at & commercial nuclear power station, exposure of the public 1o airborne
radioactive materials can be prevented or greatly reduced by evacuating the arca immediately surrounding
the reactor site. Reactor licensees are required 1o conduct studies 1o estimate the time needed (0 evacuate
the public from the arca surrounding cach nuclear power station. The results of such studies wie used by
regulatory personnel and emergency planners 10 assess the potential effectiveness of protective responses
for the public. The time required 1o evacuate the public from a 10-mile emergency planning radius is
estimated by analyzing the available transportation facilities and other relevant conditions within this
radius. To support the analysis, data must be collected and assumptions must be made regarding the
transportation facilities, the size and characteristics of the population and other conditions in the planning
zone This report describes standard approaches and provides recommendations regerding the televan
information, assumptions and methods 10 be used in performing evacuation time estimate studies.
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INTRODUCTION

Evacuation 1s used as a protective action 1o
remove people from areas potentially affected by
wind-borne radioactive materials released from
nuclear power plants, To prepare for evacuation,
emergency responders can use time estimate
studies to develop appropriate protective
responses for potential events and to find ways to
reduce evacuation time, This report, prepared by
the Pacific Northwest Laboratory for the U. §.
Nuclear Regulatory Commission (NRC), provides
information about what is needed in a useful ime
estimate study. This report discusses both trans.
portation analysis, the primary concern in a time
estimate study, and other considerations, such as
populations with special transportation or housing
needs,

Before 1980, transportation anilysis for naturel
and technological hazards was rarely done, The
determining factors in evacuation times were
considered largely qualitative and rarely quanti
fiable. Techniques for determining evacuation
times were devoid of the expertise that existed in
transportation analysis. In 1980, the NRC ana
the Federal Emergency Management Agency
(FEMA) issued the Criteria for Preparation and
Evaluation of Radiological Emergency Response
Plans and Preparedness in Support of Nuclear
Power Plants, N\UREG/CR-0654 (NRC 1980a and
1980b), This document established planning
standards and evaluation criteria for emergency
response plans, including those relating to
evacuation. Appendix 4 of NUREG/CR-0654
provided limited guidance on preparing evacu-
ation time estimate studies.

Concurrently, the NRC examined techniques for
estimating evacuation times at nuclear power
plants with results documented in Analvsis of
Techmiques for Estimating Evacuation Times for
Emergency Planning Zones, NUREG-CR-1745
(Urbanik et al. 1980). This document made re-
commendations on how to conduct evacuation
time estimates. These recommendations, along
with work by FEMA contractors, were included in
Revision 1 of NUREG/CR-0654,

Because there may be a wide range of potential
accidents, it is impractical to provide time
estimates for each of the possible accident and
condition possibilities. Thus, it is appropriate to
think of evacuation time estimates as part of a
planring basis for cach site, i.e, as part of the
larger plan for responding to a spectrum of
possible accidents. (For detatis about using a
planning basis o develop an emergency response
plan, see NRC [1980b and 1978],) The standard
planning basis includes a plume exposure pathway
emergency planning zone (EPZ) of ebout

10 miles radiug; this is the area for which detailed
evacuation planning is considered appropriate.
Within these spatial limits, evacustion Vine
estimates examine the sensitivity of evacuation
times 1o key variables, including the nature and
imits of transportation facilities in the affected
ares and other factors that may affect evacuation
time, such as the public’s use of public transporta-
tion or need for special transportation (e.g.,
guarded transportation). Both transportation
analysis and ancillary concerns are covered in the
following sections.

TRANSPORTATION ANALYSIS
CONSIDERATIONS

At the most fundamental level, transportation
analysis compares evacuation demand (i.e., the
number of evacuating vehicles) with available
capacity of evacuation roadways. However, the
aualysis is complicated by the fact that capacity
cannot be stored for future use. That is, if
vehicles are delayed in one portion of the
roadway network, it is possible that capacity in
another portion of the network could be unused.

Simple analysis techniques exist (e.g., se¢ the
Transportation Research Board's Highway
Capacity Manual |1985]) for evaluating operations
at various points along a roadway system.
Although not specifically intended for estimating
evacuation time, the techniques can be used 1o
estimate roadway capacity,. However, as the
complexity of 4 roadway network and the number
of evacuees increase, the use of computer wodels
becomes attractive.
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It is important 1o note the inappropriatencss of
using “level-ol-service analyss” 1o do evacuation
planning. Level-of-service analysis is predicated
on the desire to provide capacity in excess of
expected demand. Ensuring that there is
sufficient capacity to provide a high level of
service during an evacuation is not practical in
most cases. Only in very low-population
emergency planning zones will & high level of
service during evacuations be achievable.

The basic methodology for estimating evacuation
times i to compare the evacuation demand (in
numbers of vehicles evacuating per hour) with
available roadway capacity or transportation
service rate. If the transportation service rate
(also typically expressed in units of vehicles per
hour) s greater than the rate of evacration
demand, no significant traffic-related delays
would occur. In such a case, evacuation time is
simply the ime required by evacuees before
beginning 10 evacuate, plus the time required to
drive out of the emergency planning zone.
However, if evacuation demand exceeds capacity,
additional time s required to account for {raffic-
related delays. The following sections discuss the
key factors affecting evacuation time esiim»1es,

Basic Methodology

The hasic method 10 determine evacuation time
18 10 check whether the time-dependent
evacuation demand rate exceeds the available
roadway capacity. If the evacuation demar rate
i less than available roadway capacity, evacuation
time 18 simpliv the time required for the last
evacuee 10 begn evacuating, plus the driving time
10 leave the area. A critical part of evacuation fs
the trip departure time discussed in below. If the
rate of trip departures exceeds available roadway
capacity, the time required by the excess vehicle
demand must be added to the evacuation time,
A simphstic example illustrates the process. If
1000 vehicles attempt to evacuate in a 1-hour
period and available roadway capacity is 2000
vehicles per hour, there is no significant roadway-
induced delay. Evacuation time is essentially

1 hour plus driving time out of the evacuation
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ares. Alternatively, if 3000 « shicies attempt 10
evacuate in a 1-hour period and available
roadway cupacity is 2000 vehicles per huur, the
evacuation time for the last vehicle 10 leave 1« 1.5
hours (which includes 30-minutes delay time) plus
driving time out of the evacuation area.

Obviously, a res! example is more involved due
to the complexities of vehicles leaving many
differert areas at many different times wver many
different roads under a variety of weathor
condidons. Nevertheless, the methodology simply
requires an analysis of all the routes and any
delay becanse of evacuation demand rates
exceeding the capacity of the roadways,

Emergency Planning Zones

A plume exposure emergency planning zone of
about 10-miles radius is required for the area
covered by evacuation planning (see NRC 1980b
and 1978). The EPZ boundary is often increased
or decreased slightly to conform to the

aracteristics of a particular site. Factors
considered in determining an EPZ are
demography, topography, natural barriers land
characieristics, access routes, and loca
jurisdictional boundaries.

Sectors are sub-areas of the EPZ. The sectors,
usually 90 d. grees and sub-divided at 2 and §
miles, provide a convenient frame of reference
within which to carry out partial evacuation of the
EPZ based on wind direcion, The prevailing
wind direction at the time of a radiologica!
release determines the affected sectors. The
sector boundaries are also based on demography,
topography, land characteristics, access routes,
and local jurisdictional boundaries.

Scenarios

Scenarios are the alternative sets of input
viriables that represent combinations of
conditions that might oceur at the time of a
nuclear power plant aceident. For purposes of
evacuation time estimating, key variables are
typically population and roadway capacity. It is

N ——



desirable for the evacuation time estimuic study
1o provide & range of evacuation times based on
the likely ranges of conditions. The evacuation
time for any set of conditions not specifically
analyzed in the study can be inferred, based on
an understanding of how evacuation time is
affected by each of the variat les.

For a given geographic erea, the population 1o be
evacusted is highly time-dependent. For
example, scenarios to be anaiyzed should reflect
different seasons of the year, days of the week,
and times of day. Likewise, roadway capacity is
highly dependent on weather conditions,

Weather conditions to be considered should
include both good conditions (clear) and adverse
conditions (rain, fog, or snow), Adverse weathe
reduces vehicle speeds. (See page §, below.)

The purpose of formulating several different
scenarios is 1o determine if certain combinations
ol conditions cause evacuation demand to exceed
roadway capacity. A range of pccsisle combin.
ations should be considered; however, it is not
useful to analyze illo gical or mutually exclusive
combinations ol conditions, sach as a large
daytime beach population and snow-covered
roads. The analyst should attempt 1o identify
that combination of conditions likely 10 generate
the highest typical demand on a recurning basis.
Scenanos 1o be analyzed should also include
periodic events or conditions that gererate a
large, temporary population in the EPZ.

There s a relationship between evacusation time
and the advisability of certain protective action
decisions. Overestimating evacuation time, for
imnstance, 18 not desirable because such an
estimate might lead the decision-maker not to
order evacuation as a protective action when it is
actually the best allernative, It is also not
necessary or desirable to determine a “worst
case” evacuation time. The worst case would
nearly always be one in which evacuation is
simply not possible.

e
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Demavd Estimation

One of the key aspects of the methodology 18 10
define the number of evacuees. Although the
object of evacuation 18 10 remove peaple from the
EPZ, it is the number of evacuating vehicle. that
determine if any transportation-related delays are
likely. An estimate of the number of evacuating
vehicles can be based on several pos e data
sources. In most cases, the number Is estimated
after estimating the number of evacuees.
Occasionally, it is more appropriate to estimate
the number of evacuuting vehicles direct' " For
example, it may be more accurate 1o determine
the number of velucles a' a beach by counting
them in the parking lots than to count or
estimate the number of individuals on the beach.

Databases may be used to estimate of the
number of evacuating vehicles. The evacuating
population is typically subdivided Into three
groups: permanent residents, transients and
special facility populations. Some individuals may
be members of more than one group.

Permane.i residents ure those persons who live
in the EPZ year-round. The permanent resident
population is typically estimated from census data
(often updated for Jocal growth),

Transients are visitors, including tourists and daily
employc 2s, who live outside the EPZ. Transient
populations are usually derived from other local
sources of data. In some cases, s;oclal field
studies, such as counting the numbers of tourists’
vehicles, may be conducted in specific areas in
order to develop better estimates of those areas’
transient populations,

Special facility populations, including school and
prnson proulations, are estimated on a facility-by.
facit'ty beeis because the transportation needs are
de.ermined by individual facility charactenstics,
Some special-facility populations may require
buses, and others ambulances. Therefore,
consideration of individug! facilities is necessary

NUREG/CR-443]
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However, if the individual was at home (weekend
or night time), the sequence of events is

1 First notification of public
2 Individual's awareness of accident
b Leave home.

The «rip generation time required for individuals
is sL_.iply the sum of the times required for each
activity associated with the sequence of events.
The time required for event sequence 1-2 is the
time requoired for the activity “receive
nciification.” The time required for event
sequence 2-3 18 the time required for the activity
"prepare o eave work.” The time required for
event sequence 3-4 1s the time required for the
activity "travel home.” T ally, the time required
for event sequence 4-5 is the time required for
the activity "prepare to leave home.”

If everyone had the same time requirements for
each activity, the process of estimating trip
generation would be straightforwara, It would be
necessary only to add the times required to
compieee each activity. If roadway capacity is not
a limiting factor, simply adding up *he maximum
times required for each activity weuld vieid the
time required for the last {-2rsor (the one taking
the longest time) 1o be ready to leave.

Because different individuals have different time
requirements, the time required by the person
taking the longest time is obviously longer than
that required by many individuals. If the capacity
of the roadway system is the limiting factor,
assuming everyone requires the maximum trip
generation time will result in overestimating the
evacuation time, because some individuals would
have actually left earlier. The use of time
distributions is desirable to avoid overestimating
evacuation time for EPZs where road capacity
affects evacuation time.

To account for the time required by different
individuals to perform an activity, a time
distribution for the activity must be estimated.
The probability distribution for an activity shows
what fraction of the population will complete the

NUREG/CR-4831

a¢ ty in a given span of time. These probability
distributions are constructed in several ways
depending on the data available. Estimating the
distribution from assumed average and extreme
values (minimum arnd maximem) is a typical
approach. Occasionally, surveys of potential
evacuees can be used to determine the
appropriate distributions,

The vanous distributions for a given activity must
be combined using compound probability, The
following example illustrates the process.

The example assumes an evacuation at night
from herae. The events are: {irst notification,
awareness of accident, and leaving home. Table

1 shows (he warking svitem effectiveness in
providing notification (actl.‘ues 1 and 2). Table 2
shows the assumed time required to prepare
{activities 2 to §). Tabie 3 is the result of
combining the wwo distributions.

Combining the distributions, as in Table 3, shows
that the maximum time required, 45 minutes, is
equal to the maximum notification time

{15 minutes in Table 1) plus the maximum
preparation time (30 minutes in Table 2). The
alternative analysis without distributions would
ignore the roadway capacity available before

45 minutes, Without distributions, all evacuees
are assumed to have left home by 45 minutes
after first notification. The use of distributions is
desirable in estimating evacuation times for EPZs
where roadway capacity causes delays to those
evacuating.

Table 1. Notification Distribution

(Activities 1 and 2)
Elapsed Time Cumulative Percent
(Minutes) Notified
b 20
10 60
15 100
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OTHER CONSIDERATIONS IN
EVACUATION TIME ESTIMATE
SNTUDIES










regularly monitored and updated. Moniloring of
population growth over time is critical. As &
general rule, a 10 percent increase in population
indicates a need to check evacuation times. An
initial assessment wouid involve determining
whather growth had taken place in areas
constrained by roadway capacity, If the
possibility exists for increased evacuation times, a
detailed analysis is necessary. A reevaluation
should rypically be done every 3 1o § years. In
areas of littie growth, the evaluation would
typically involve verification of the accuracy of the
underlying data and assumptions used in the
analysis.
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