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routes and alternative routes. This approach considers load balancing of the vehicles to
efficiently move traffic out of the EPZ. Reversing lane direction is also an effective method for
increasing capacity in the outbound direction. Use of reverse laning should be carefully
considered and should address emergency vehicles, public transit vehicles, and returning
commuters going against traffic.

ITS are implemented in many communities, including rural areas; however, they are not available
everywhere and the complexities of the systems vary. The integration of ITS with standard
traffic control practices provides an opportunity to improve traffic flow and should be considered
when developing an ETE or updating an existing ETE.

2.7.1 Intelligent Transportation Systems

ITS are the application of computers, communications, and sensor technology to surface
transportation (ITS America, 2002b). These systems are advancing and becoming standard
operation for all sizes of transportation networks in both rural and urban areas. The extent of ITS
within the EPZ should be well understood and integrated into any modeling and ETE
calculations. ITS considered in the ETE should be coordinated with transportation and
emergency response officials to ensure that the operation of the systems as used in the ETE
calculations is consistent with the expected operation during an evacuation. Some agencies may
override ITS with manned traffic control, and it is the actual evacuation conditions that must be
included in the ETE calculation.

ETE development should consider and utilize the benefits offered through integration of ITS
technology in evacuation planning. ITS support advanced transportation management to
intelligently and adaptively manage the flow of vehicles through the physical infrastructure,
relying on systems that enable traffic surveillance and detection, rapid acquisition of traffic flow
data, real-time evaluation of traffic flow, and evaluation of operational responses to traffic flow
changes (ITS America, 2002b).

It may be possible to reduce the ETE through implementation of ITS technologies. Depending
on the level of ITS within the EPZ, ITS can provide data and tools for analyzing the
transportation system, identifying vulnerabilities, and planning in advance for contingencies (ITS
America, 2002a). The data from these systems can also provide input for ETE models, providing
a potential source for transportation data.

Common ITS technologies and other communication techniques that may be considered to
improve traffic control and potentially reduce the ETE include:

*  Use of dynamic message signs or variable message signs to provide current traffic
information. These signs may be permanent at key transportation points or may be
transportable and placed during the event (Tierney, 2001);

*  Video surveillance for remote management of intersection signalization;

*  Video surveillance at predetermined sites to improve efficiency of detecting, responding,
and clearing accidents;

*  Use of the 511 telephone-based traveler information system, where available;

*  Use of Highway Advisory Radios; and

*  Use of Internet based traveler information systems to post evacuation routes, roadway
conditions, and other transportation evacuation information.

ITS technologies are evolving rapidly and current technologies should be investigated during the
development of the ETE. The local transportation and emergency response officials may provide
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detail on the current and planned implementation of ITS within the EPZ and the support it may
provide during an evacuation. The Federal Highway Administration manages the federal ITS
program and maintains current information on technologies (U.S. Department of Transportation
FHWA, 2003).

2.8 Roadway Construction

Roadway construction activities slow traffic movement and can affect the ETE. The sensitivity
of construction impacts on critical path roadways should be understood. The use of computer
models in developing ETEs provides a means to assess the impact of construction, much like
traffic accidents, and provides the planners with the information necessary to address the issue.
The modeling and assessment of construction activities may be considered as a transportation
node, or segment, with a constraint that reduces traffic flow. The reduction in flow will depend
on the magnitude of construction (e.g., lane closures, reduced speed, etc.), the type of roadway,
and whether it is a critical roadway. The HCM identifies methods to account for capacity
reduction during short-term and long-term construction activities.

It may not be necessary to implement advanced planning and contingencies for all construction
activities. The analyses may indicate that only long-term construction on select roadways
requires consideration in evacuation planning. In a detailed study of evacuations, Dotson and
Jones (2004) found that construction activities did not generally impact evacuations, although
roadways closed due to the hazard did impact some evacuations.

2.9 Driver/Individual Behavior

Development of the ETE is dependent on the effectiveness of the transportation network along
with the ability to anticipate, to an extent, the behavior of drivers operating vehicles under the
stress of an emergency evacuation. Once mobilized, the driver should be capable of
understanding the directions received for the evacuation, capable of following those directions,
and have an ability to respond to change during the evacuation. These changes may be the result
of messages on dynamic message signs, traffic accidents, or obstructions in the initial route.

The primary task of the driver is to navigate the vehicle through the evacuation route. A
significant percentage of drivers may attempt to communicate with family and friends using cell
phones while driving. Cell phones may also be expected to be used for calling the state traveler
information systems or other emergency numbers to receive information on the evacuation. The
distraction from cell phone use while driving has been studied extensively and continues to be
assessed. Studies have shown that the use of a cell phone while driving increases the risk of a
collision by up to four times more than a driver not using a cell phone (Redelmeier, 1997).
Assumptions regarding driver behavior could be improved, and uncertainty associated with the
ETE could be reduced, by collecting information and data on driver behavior. If surveys are
conducted to support demand estimates, or to develop information on population groups, it may
be beneficial to also gather information on driver behavior.

The manner in which the area population responds to evacuation notices affects the number of
vehicles loading the traffic network at any given time. The majority of social science studies of
disasters have been conducted only since 1950 (Perry, 1984). Prior to that time, attention was
focused on the disaster event itself (i.e., flood or hurricane, volcanic eruption, chemical spill or
explosion) and on relating specific consequences of the event. At this level of generality, nearly
every disaster is different, and classification would be limited to superficial characteristics.
However, more recent research has shown that human response to disasters (e.g., flood warnings)
is highly comparable across similar events. This observation has led social science researchers to
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further examine some generalizations about evacuation behavior based on both natural and man-
made disasters. As information on human behavior during evacuations becomes available, it may
help in development of more realistic assumptions for the ETE.

2.9.1 General Findings

Dotson and Jones (2004) found that evacuations proceed much more smoothly when the public is
familiar with the evacuation procedures, the alerting methods being used, and the hazard that
forced the evacuation. In addition, cooperation from evacuees was repeatedly cited as
contributing to safe, efficient, and effective evacuations. In approximately half of the
evacuations studied, no one refused to evacuate and in the other half, only a very small portion of
the population refused to evacuate (Dotson and Jones, 2004).

Zelinsky and Kosinski (1991) analyzed several cases, including Three Mile Island (TMI), and
found that:

» The propensity to evacuate varies inversely with actual or perceived distance from the site of
a disaster.

» The distance-decay principle generally applies to movements of evacuees, so that the number
temporarily residing at a given point will be inversely proportional to the distance from the
disaster site or zone of actual or perceived danger.

» Evacuees tend to move in whatever direction(s) are believed to minimize or cancel the effects
of the disaster.

» Social relationships and previous travel experience can markedly affect choice of destination
by the evacuee.

Evidence from the study strongly confirmed the tendency of evacuees to seek out familiar
persons and places for their temporary lodgings. Given a range of options, most evacuees
avoided the discomforts and impersonality of official congregate care centers or availed
themselves of such facilities for very short periods. During the TMI event, more people
evacuated from a much wider zone than emergency response officials deemed necessary. In this
instance, concern of the unknown seemed to be a more powerful factor than attachment to
familiar surroundings.

2.9.2 Travelers and Transient Populations

Nearly all research on evacuations has focused on the evacuation of households. However, the
transient population also requires evacuation and inclusion in the determination of the ETE.
Drabek (1996) interviewed tourists, business travelers, migrant workers, and homeless people, as
well as lodging industry representatives and local pubhc officials, to determine if a behavior
pattern could be detected in response to evacuation warnings. The results showed that
evacuation behaviors of the transient population differ in several important ways from people
who receive evacuation notices in their home communities. Tourists and transients are more
likely to receive evacuation warnings from hotel employees or facility staff. Because this
information is secondhand, rather than directly from the mass media, transient groups often have
less time to act on warning notices. Transient populations usually have no knowledge of suitable
evacuation routes and rely on local staff for recommendations. When evacuating, transients tend
to rely more on public congregate care centers for temporary lodging but may also seek hotels
away from the hazard or leave the area with no plans to return. These factors all point toward
significantly different responses by transient populations than by area households and should be
considered in the development of the ETE.
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2.10 Radial Dispersion

Evacuation planning should be based on moving the population away from the hazard in the most
expedient manner possible. This generally equates to a radial dispersion away from the NPP.

The local road network will, to a large extent, dictate the evacuation direction in the immediate
vicinity of the NPP. It may be impractical or not possible for all routes to be radially away from
the hazard.

As the distance from the NPP increases and additional roadways are available within the EPZ for
routing of traffic, calculations may show that balancing the traffic load to optimize the
evacuation routing requires travel in the direction of the hazard for a given distance. Justification
should be provided for any routing that is not radially away from the hazard.

2.11 Congregate Care Centers

Congregate care centers are established for the evacuated public to provide a place to stay during
the emergency. These centers are frequently managed by the American Red Cross and are often
schools or large public facilities that are designated as congregate care centers in the event of an
emergency. In most cases, it is preferred to locate congregate care centers a minimum of 8 km (5
miles) and preferably 16 km (10 miles), beyond the EPZ evacuation area. However, actual
distance will depend on site-specific characteristics.

Dotson and Jones (2004) found that a relatively small percentage of the evacuated public
registered at congregate care centers. Frequently, evacuees would go to the residence of relatives
or friends outside the evacuation zone. However, with the unique factors of a nuclear power
plant evacuation, the awareness level of the residents within the EPZ, and the desire for the
evacuating public to be assured they have not been exposed to contamination, a larger percentage
of the evacuees could be expected to go to a designated congregate care center when directed to
do so. The public should be well informed, typically through public information brochures, on
the locations and routing to congregate care centers.

The selection and planning for offsite congregate care centers should include traffic management
in the immediate vicinity of the centers to reduce the potential for overloading any portion of the
evacuation network.

2.12 Shelter-in-Place

There are situations where shelter-in-place may be advantageous, and the public should be
educated and aware of its benefits and appropriateness. The public should be aware of any
actions to be addressed at the home or business, such as closing windows and turning off
ventilation systems. This information is generally distributed within the EPZ through public
information brochures and calendars.

Previous studies have assessed the benefits of shelter-in-place and provided guidance on how to
determine the benefits based on type of home construction in the EPZ (Aldrich, 1978). Ifa
shelter-in-place strategy is to be considered, detailed analysis of the local residential and
commercial facilities could be performed and an educational program established to clearly
convey the benefits of shelter-in-place to the responding public.
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2.13 Trip Generation Time

The trip generation time is the total time estimated for an individual or family unit to prepare to
leave the EPZ. The trip generation times should be based on site specific information which may
be obtained through telephone, Internet, or mail-in surveys. In some instances use of
assumptions or generalized data may be sufficient; however, in those instances, the basis for
using this data must be provided.

The trip generation time varies depending on the scenario evaluated and the method used in the
evaluation. NUREG- 0654/FEMA-REP-1, Rev. 1 provides two approaches for estimating the
evacuation time, including a simple approach that considers all events sequentially, and an
approach that uses distribution functions for the various evacuation time components. The
selected approach should be based on the size and complexity of the EPZ to be evacuated.

Developing the trip generation time requires:

» Identifying the sequence of events,

» Obtaining defensible data for each event,

» Developing statistical distributions for analysis, and

» Calculating trip generation times.

The first step in establishing trip generation times is to identify the different sequences of events
for the various population groups. For example, for an event during a normal working day, a trip
generation time may include the following elements:

Notification of the public,

Preparation to leave work,

Travel from work to home, and

Preparation to leave for the evacuation (Urbanik, 2000).

Each element will have a distribution of times for the population. The time distributions vary for
numerous reasons. Notification of the public is the length of time between when the evacuation
was ordered and when evacuees received this information. Some people will be notified
immediately, while others may be at work and notified by coworkers or through announcements.
In addition, transient populations may be notified secondhand through park rangers or hotel staff.

Preparation to leave work is the time between receipt of notification to evacuate and when
individuals actually leave the workplace. Some individuals can leave immediately while others
should shut down operations, feed or shelter farm animals, etc., in preparation for the evacuation.

Travel from work to home is the time it takes to reach home after leaving work. This parameter
varies based on the distance from the workplace to the home, direction of travel, and the mode of
transportation. Most workers drive to work while some depend on public transit or car pooling
for commuting to work. A smaller percentage of commuters that should be included are those
that walk, run, or bicycle to work.

Preparation to leave home includes the time to pack and prepare the home for an extended
absence prior to leaving. Public information brochures inform people on items to pack, including
medicines, pets, personal necessities, and how to secure the home for a prolonged evacuation.
The time to prepare varies dependmg on the size and characteristics of the family. Furthermore,
some congregate care centers do not allow pets. Arrangements for pet care may increase the trip
generation time and should be considered during development of the ETE.
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Because of the diverse characteristics of transient populations and special facility populations,
these populations should be evaluated specifically to assess their unique considerations. The
transient population is important in the trip generation time because there may be areas where
notification of persons is difficult, including campgrounds, hunting or fishing areas, parks, and
beaches. These assessments should also consider that some residents will return home to prepare
for the evacuation. Discussions with emergency responders, park service, and other agencies to
determine the anticipated means of notifying the transient population will help to establish time
estimates for this group.

The trip generation time for the special facilities should include the time for mobilization of
drivers and vehicles, preparing the evacuees (e.g., patients, prisoners, etc.), loading the vehicles,
and traveling out of the EPZ. In some instances, return trips may be required. Surveys of special
facilities may provide information to support development of trip generation times.

With the wide range of times for each of the above trip generation time elements, the best
approach is to develop probability distributions. The use of distribution functions may result in
reduced time estimates due to more realistic assumptions (NRC, 1980a). Furthermore,
conservatively assuming that trip generation times are the same can produce extremely inaccurate
ETEs (Sorenson, 1987).

Other scenarios to consider include residents that leave directly from home, evenings when
persons would generally be at home, car-owning populations, and non-car-owning populations
dependent on public transportation. Each scenario has a sequence of dependent and independent
temporal events. For dependent events that should occur in series, the times are summed. For
independent events, consideration may be given to activities that can occur in parallel, thus
reducing the total time required.

Statistically defensible data should be obtained for each element of the sequence for the
calculation to provide meaningful results. There are a variety of ways to develop data, including
telephone surveys, elicitation from experts, and bounding the maximum and minimum values.
The method selected should be documented and performed in a transparent manner to facilitate
validation through technical review.

Once the data are compiled, statistical distributions can be constructed either by using
commercial software or best scientific judgment. As discussed previously, if the calculation
outcome is not sensitive to the value of a particular uncertain parameter, a best estimate value can
be assigned to that parameter, thereby avoiding a probabilistic calculation. Commercial codes
used for evacuation time estimates allow input of parameters as fixed values or as probability
distributions.

The trip generation times are then calculated. It may be beneficial to perform a sensitivity
analysis to identify parameters or conditions, such as characteristics of the transportation
network, that have a large impact on the trip generation times. Parameters that are particularly
sensitive should be evaluated to potentially reduce the uncertainty associated with them.

2.14 Analysis Tools

Commercial computerized analysis tools are readily available to support virtually all aspects of
evacuation planning and can be beneficial and cost effective even for small population areas.
Use of computer modeling allows for detailed input of evacuation conditions and will provide
more realistic results in the calculation of the ETE. It is very important that the analyst
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understand the analysis tools and the sensitivities of input parameters. Computer models are
available for use in:

» Evacuations — models are available to calculate optimal evacuation routing, evacuation
scenarios, and ETEs;

» Transportation — models are available to assess dynamic characteristics of traffic flow,
calculate optimal evacuation routing, recommend improvements to solve traffic problems,
calculate roadway LOS, optimize signal phasing, intersection performance, and freeway on-
ramp capacities for urban and rural transportation networks; and

* Geographical Information Systems — systems are available to integrate evacuation and
transportation data with the geospatial data and mapping of the area.

Modeling can provide a powerful tool for comprehensive evacuation planning studies, including
estimate of evacuation times, development of traffic management and control strategies,
identification of evacuation routes, identification of traffic control points and other elements of
an evacuation plan (ORNL, 2003). Many of the models can be developed at the macroscopic or
microscopic levels, depending on the needs of the assessment, and some models allow interactive
use to vary the simulations.

The selection of the model or models used to calculate the ETE depends on the complexity of the
EPZ. In using models, the analyst should identify any disparity between data needs and data
availability and should document the selection of data for input into the system. All input data
should be transparent and available for review, and models used in the analysis should be tested
and validated to establish credibility of the simulation and analysis results.

The ETE will be sensitive to changes in input parameters, as well as to the characteristics of the
transportation network (NRC, 1988; 1992). For some input parameters, the sensitivity may be
extreme. The selection of parameters and their sensitivity should be discussed in the ETE.

Analysis tools that calculate ETEs allow comparison of evacuation plans for varying scenarios.
These tools give analysts the means to simulate alternate routes, destinations, weather conditions,
traffic control and management strategies, and evacuee response rates. The input may be in the
form of probability distributions, such as traffic loading distribution curves or trip generation
time distribution curves, which are then statistically sampled in the uncertainty analysis. The
iterative capabilities allow the analyst to determine optimum routings and conditions for the
ETE.

Transportation analysis tools consist of those used for planning and those that can guide real-time
decisions about changes in traffic patterns. Transportation planning tools can be used to predict
day-to-day evolutions of travel demand and road network conditions and same-day patterns of
traffic flows and travel times, and to compare different alternatives. They also can be used to
assist in evaluating proposed changes to local and regional transportation networks.
Transportation planning models have some benefit in developing the ETE; however, the analyst
should fully understand the algorithms of the model, as some transportation planning models are
not necessarily appropriate for evacuation studies.

The analyst should be competent and knowledgeable about the analysis tool, its capabilities and
limitations. Furthermore, the analyst should have a thorough understanding of evacuation time
estimating and the sensitivity of input parameters. Although these tools can provide direct
calculations of the ETE, the results require analysis to ensure that they are accurate and represent
the scenarios evaluated.
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All models used in the development of the ETE should be qualified and tested for use in
evacuation time estimate studies. Documentation of the code, model assumptions, and input
parameters should be maintained and available for review.
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3.0 Other Considerations in Evacuation Time Estimate Studies

3.1 Assumptions about Evacuation Time

The ETE study can be extensive and have many site-specific assumptions, and all assumptions
should be documented (NRC, 1980a). All assumptions should be technically sound, defensible,
and when possible, quantified with a level of certainty.

The confidence in the assumptions may increase based on the thoroughness of the public
awareness program and surveys of the EPZ population regarding the public's knowledge of
actions to be taken in the event of an emergency and expected response. Some high level
assumptions may include:

*  All persons within the affected area will evacuate;

»  Large or small population groups can be evacuated effectively with minimal risk of injury or
death (EPA, 1992);

»  Evacuees will follow the instructions of the notification to evacuate;

»  Evacuees will follow instructions of emergency responders and traffic control barricades and
signs (Dotson and Jones, 2004);

* A percentage of the population dependent on public transport will ride share, leaving the
area with friends, neighbors, or relatives;

»  Panic and hysteria are not observed when evacuation of large areas is managed by public
officials (EPA, 1992);

*  Emergency responders carry out their required duties in response to hazardous incidents;

*  Some double counting of populations will occur with school children who are included in
the special facility population and as permanent residents (NRC, 1992);

»  Evacuations will be conducted in accordance with the state and local emergency response
plans; and

»  Existing infrastructure may be supplemented with pre-planned traffic control by law
enforcement at key intersections.

It is important to identify the certainty of assumptions through a defensible means. Use of
conservative assumptions in all cases may result in unrealistic ETE projections. As a planning
tool for protective action decisions, unrealistically high ETEs may result in a decision to shelter-
in-place rather than evacuate, when evacuation may be the better option.

3.2 Populations Dependent on Public Transport

Planning for public transportation should be considered for the population that does not have
access to a vehicle. This population group may include:

Households with no vehicles;

Households with one vehicle that is at work and would not return;

Households with minor children at home alone;

Households dependent on public transit or specialized transportation, such as wheelchair vans
or ambulances; and

* Business commuters using public transport or those who bike, run, or walk significant
distances to work.

The population of this group should be estimated to determine the quantity and types of public
transport necessary for evacuation. A consideration in determining the public transport
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requirements is that a portion of the population may ride share during an evacuation, leaving the
area with friends, neighbors, or relatives. Where ride sharing is formalized in local emergency
response plans, better data may be available in determining public transportation needs.

This population group needs to be specifically identified to support development of the public
transportation plan. Surveys are helpful in identifying the specifics of this population group,
including number of individuals, specialized transport needs. The buses, vans, and ambulances
required to transport this population and trained drivers should then be identified. Dotson and
Jones (2004) identified that there was a lack of trained drivers to support the evacuations in some
evacuations studied. Depending upon the specifics of the EPZ, a contingency plan for reserve
drivers may be justified. Care should be taken not to double count resources when calculating
transportation needs for populations dependent on public transport and the transportation needs
for special facilities.

Considerations in determining the ETE for this population group should include the following:

Number of persons requiring transportation;

Special needs of these persons;

Number and types of vehicles required;

Number of trained drivers required;

Time and means to notify, mobilize, and brief the drivers;

Time to fuel the vehicles;

Time for vehicles to travel from a transportation depot to the initiation of the route;
Time for loading individuals;

Time to drive to the EPZ limit and on to the congregate care center;
Time to unload at a congregate care center; and

Return time against outbound traffic for repeat trips, if needed.

The evacuation order will occur prior to the mobilization of public transportation drivers.
Information from emergency response plans may be available to support the trip generation times
and ETE calculations. It will be necessary to inform the public dependent on this transportation
mode of the expected time before the vehicles will arrive at the transportation stops. This may be
hours for some routes where the public vehicles must make multiple trips.

Additional considerations for public transport should be assessed. Although the public will be
aware of the need to limit personal belongings, it can be assumed that some persons could have
substantial carry-on items including household pets, medical supplies, and other accessories.
Thus, additional time may be necessary in the calculation of loading and unloading vehicles and
the calculation of vehicle capacities should consider this additional load.

Once the input parameters are defined, the sensitivities of vehicle capacity and travel times can
be iterated to identify combinations of activities that stress the transportation system. Mitigating
measures may then be defined, where appropriate, and modeled to determine the preferred
transportation plan.

When there are enough specialized vehicles and drivers to complete the transport in a single trip,
the calculations and analysis are simplified. The calculations become much more difficult and
require additional information when multiple trips are required. Where multiple trips are
required, information from response agencies will be needed to identify which vehicles return to
which routes such that accurate modeling may be performed. In the multiple-trip scenario, the
travel speeds that are attainable may be limited by evacuation traffic on portions of the route for
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both outbound and inbound transport vehicles. The travel time estimates for buses, vans, or
ambulances should account for delays due to evacuation traffic.

The assessment of the population dependent on public transport depends primarily on the number
of persons requiring evacuation, their specialized needs, and the number of vehicles and drivers
needed to move this population group out of the EPZ. There are numerous alternatives that
should be considered in calculating the ETE for public transport. It is important that this be
coordinated with the response agencies to ensure that the data modeled reflects the evacuation
planning.

3.2.1 Use of Mass Transit and Alternate Forms of Transport

Many NPPs are located in rural areas and typically are not dependent on mass transit capabilities.
When the EPZ does include areas where multiple transportation modes are used to ensure an
effective evacuation, each of these modes should be assessed. Mass transit may include bus
networks, rail, and other locally available transit. Assumptions on use of mass transit in the ETE
should include reference to local emergency response plan agreements that specify response
commitments and may identify limitations.

3.3 Special Facility Populations

Special facility populations represent a population group that, by definition, has unique
characteristics. A comprehensive assessment and tabulation of special facilities is required to
identify the transportation needs for this group and to determine if this group will take longer to
evacuate than the general public. Special facilities include, but are not limited to, schools, day
care centers, nursing homes, hospitals, correctional facilities, and special events centers. Each of
these facilities is unique and should be addressed on a case-by-case basis including consideration
of peak population in the facilities. The facilities should have local evacuation plans, which may
provide useful information. Evacuation times for large special facilities (e.g., hospitals) may be
as long as, or longer than, the evacuation time for the general public (NRC, 1980b).

Contacting the Chamber of Commerce, school boards, and local or regional municipal agencies
can help in identifying these facilities. Once the list of facilities is identified, the population of
each facility and the characteristics of the population should be assessed. This includes
determining the number of patients, bed-ridden individuals, wheelchair individuals, and other
characteristics, such as security, that may require additional time to mobilize in an evacuation.

Once the facilities, populations, and special considerations are identified, the number and types
of vehicles available to support these facilities should be determined and would likely include
buses, ambulances, wheelchair vans, and other special vehicles. The methodology is similar to
that used for populations dependent on public transport. The time to mobilize the vehicles
should be determined. This includes identifying the method of communication with the drivers,
the time needed to contact the drivers, and the expected response time of drivers. Unique
considerations include the distance that drivers should travel to obtain the vehicle, factoring in
weather conditions and the possibility that a percentage of trained drivers may be unavailable to
respond. Dotson and Jones (2004) noted that in some evacuations there was a lack of trained
drivers for special needs vehicles.

With the special facility populations, vehicles, and drivers identified, the number and duration of
trips may be determined. A trip includes loading the vehicle, traveling out of the EPZ to the
drop-off point, unloading passengers, and returning to the facility for a second trip, if necessary.
Depending on the location of the facility and projected point in the traffic queue, the second and
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subsequent trips may not be the same time as the initial. For multiple trips, returning to the
facility should also include potential delay caused by moving against the evacuation traffic.

Some special facilities have additional unique requirements and evacuation planning should
consider special arrangements that may be necessary, such as security for the movement and
subsequent sheltering of prisoners or the transfer of hospital patients to more distant hospital
facilities for special care.

Schools, day care centers, and most special facilities, with the exception of correctional facilities,
present another unique characteristic with the expectation that a percentage of the residents will
be picked up by parents, relatives, or friends. Although this is discouraged in some emergency
response plans, the desire to evacuate as a family unit is strong and should not be overlooked.
This should be considered and reviewed on a case-by-case basis for each facility. Plans may
include establishing offsite pick up areas to reduce traffic congestion of buses and other special
vehicles.

Schools and day care centers are typically double-counted (NRC, 1992; Urbanik, 2000) with the
students included in the special facility population and in the family unit population. The double
counting approach for students remains valid to ensure all students are evacuated. The purpose of
assuming a percentage of students will be picked up from special facilities is not to reduce the
transport estimates, but to plan for the additional traffic in the event of an evacuation.

3.4 Confirmation Time

Confirmation that the evacuation process is effective is necessary to ensure the public is
following the order to evacuate, and to ensure that the entire population has been notified
(Urbanik, 2000) and has the opportunity to evacuate. The time required for confirmation of
evacuation shall be estimated (NRC, 1980a), and the approach for estimating it should be
included in the ETE. For shorter duration ETEs, where mobilization times may be longer than
transportation times, special consideration may be necessary to provide timely confirmation of
the evacuation.

Dotson and Jones (2004) evaluated large-scale evacuations and found that in over half of the
evacuations studied, a portion of the public refused to evacuate. The purpose of the confirmation
is to ensure that the public did receive the order to evacuate and to ascertain whether those
individuals that remain behind require assistance. Based on the size of the evacuation, it may not
be possible to confirm that everyone has evacuated and a statistical sampling method may be
applied.

Statistical analysis can be used to determine the appropriate sample size (NRC, 1992), which
would vary by sector, depending on the population density within the sector. The statistical
analysis is used to determine the sample size to generate the desired confidence that the expected
population has evacuated.

The confirmation process requires preplanning and can be a significant effort depending on the
size of the evacuation. The timing of the confirmation calls should be staged, based on when the
notice to evacuate began and on the ETE. Calling too soon will result in data that does not
provide confirmatory results as individuals may still be mobilizing for the evacuation. Callers
should have a communication link with emergency responders to report on those individuals who
do need additional assistance to evacuate.
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The telephone sampling approach may be supplemented by emergency vehicles passing through
the EPZ along preplanned routes looking for signs of people that have not evacuated. Depending
on the site-specific characteristics, this may be the primary means of confirmation. For remote
areas, including campgrounds, fishing and hunting areas, and large parks, it may be necessary to
plan for aerial coverage to ensure there are no persons in those areas.

Development of the confirmation time should include a means to communicate the results to
emergency responders to facilitate timely evacuation of those persons that require additional
assistance. Where Internet sites that compile information from congregate care centers are
established, this data may be used to support the confidence that everyone has evacuated.

3.5 Shadow Evacuations

Dotson and Jones (2004) studied shadow evacuations, which are defined as evacuations by
persons outside of any officially declared evacuation zone, and identified shadow evacuations in
approximately one third of the cases examined. The shadow evacuations impacted traffic
movement in only a few of the cases and there was no impact on congregate care center capacity
in any event. However, in some large-scale evacuations, the transportation impact from shadow
evacuations was significant.

The impact of shadow evacuations occurs when the vehicular traffic of the shadow evacuees
converges with the traffic from the population leaving the EPZ and should be considered in
developing the demand estimation. The estimated population of shadow evacuees should be
included in the demand estimation. Traffic control measures can be preplanned to alleviate
congestion that may occur in the event of a shadow evacuation. For example, law enforcement
could be stationed at key intersections to help coordinate swift passage of vehicles through these
intersections. Shadow evacuation may be controlled through appropriate traffic management
plans that direct traffic away from the evacuation (Urbanik, 2000; NRC, 1992).

Sorenson's (1987) model suggested that evacuation response is dictated by awareness of risk,
personalization of that risk, and evaluation of alternative actions, followed by a decision on the
best course of action. Evacuation behavior would thus be normal and predictable and not based
on dread of radiation. Furthermore, Sorenson concluded that the public would not panic during
such an event.

Tierney, Lindell, and Perry (2001) summarized the findings from additional studies of the TMI
event and of radiation hazards in general (Houts et al., 1984; Lindell and Perry 1983; Lindell and
Barnes 1986). These studies concluded that shadow evacuations probably occur because
individuals not included in specific evacuation warnings identify themselves as being in danger
because of confusing and conflicting information from authorities, geographic proximity to the
NPP, and/or similarity to demographic groups targeted in the warning messages.

While Zeigler and Johnson (1984) concluded that shadow evacuations are limited to radiation
hazards, other examples of this phenomenon have been documented. Lindell and Perry (1992)
attributed shadow evacuations to a chlorine tank car derailment at Mississauga, Ontario, in 1979
and the eruption of the Mount St. Helens volcano in 1980. As an indication that shadow
evacuations are not limited to technological hazards, Gladwin and Peacock (1997) also found
evidence of a significant shadow effect in their study on Hurricane Andrew where approximately
one-fifth of the households in coastal areas that were not under an evacuation warning left

anyway.

23



Shadow evacuations should be considered on a case-by-case basis for each ETE. Plans to
address the shadow evacuation population should be developed when calculations indicate that
the traffic from the shadow evacuation will constrain the traffic from the EPZ evacuation. This
can be mitigated through advanced planning and implementation of traffic control measures.

3.6 State and Local Review

The purpose of the ETE is to provide a tool for preplanning as well as protective action decision
making. In the development of the ETE, interaction with state and local agencies should begin
early and is necessary to obtain local and regional data, understand the operations of the
emergency response capabilities, and understand the traffic management system. For
development of realistic time estimates, the calculations must include the planned response
conditions.

NUREG-0654/FEMA-REP-1, Rev. 1 (NRC, 1980a) recognizes that the evacuation planning
process should be a cooperative effort between federal, state, and local authorities. There is an
emphasis on multi-jurisdictional coordination that transcends the needs of development of an
ETE. Participation in these reviews should include, but not be limited to, law enforcement, fire
protection, emergency response, city engineers and planners, public works departments, and
transportation management centers. These agencies understand the resource availability,
response plans, local traffic conditions, and site-specific attributes, and can provide valuable
input into the development of the ETE.

State and local agencies should review the concepts and decisions of the traffic management plan
used in the ETE calculations to ensure consistency with current agency status and vision. These
agencies should be able to provide information on growth in the region, long-range master plans
that identify infrastructure and development improvements, flood plain maps for consideration in
adverse conditions, and details of traffic management center capabilities. Engaging state and
local agencies in the development and review of ETEs will provide some assurance that the ETE
is consistent with the capabilities of the agencies (e.g., traffic control requirements).

3.7 Reporting

The ETE study presents detailed analyses and calculations of the time to evacuate affected
sectors of the EPZ under specified conditions to support preplanning efforts and decision
making. The results of the ETE are presented as a suite of ETEs covering all impacted ERPAs
for each scenario as discussed in Section 2.3. The quantity and variety of data, calculations, and
underlying assumptions can be daunting and should be presented such that emergency responders
can understand and use the information as intended in an emergency. To ensure this, the ETE
should be developed in a user-friendly format to facilitate response decisions. The ETE will
have a number of scenarios and multiple ETEs for each scenario. The protocol for using the ETE
study should be presented in a format amenable to all users of the document.

The ETE study is typically incorporated into the emergency plan by direct reference or by citation
of select requirements. A summary document may provide an effective means of presenting
findings to decision-makers. A summary document might contain only that information likely to
be used by a decision-maker, such as:

Evacuation time estimates for each scenario,

Guidance on selecting the appropriate ETE,

Sensitive variables at evacuation time,

Key assumptions used in estimating evacuation time, and

24



» Traffic control considerations.

It is important to clearly identify how to select an ETE and carry out the proper actions necessary
to achieve the predicted time estimate. If a summary document is used, a separate technical
report should be prepared to provide thorough documentation of the study.

Typical reporting formats include population and vehicle data by evacuation area, summarized by
sectors and distances of about 3.2, 8, and 16 km (about 2, 5, and 10 miles) from the NPP.
Alternatively, data may be provided by geographic areas (i.e., the emergency planning areas
defined in the study).

The roadway network used in the analysis should be documented, including a detailed map of the
evacuation roadway network. The characteristics of the roadway network, including roadway
type, traffic control features, and capacity, should be keyed to the evacuation map. Significant
data and information should be provided in tabular form for review, and all sources of data
should be documented. Where computer models are used, summary tables should be included in
the report with detailed outputs provided in separate appendices. The data input and output
results should also be provided in readily usable electronic media for computer models in a
format that is transparent to allow validation. It may be beneficial to provide mapping in
electronic format as well as in the report. Electronic mapping will allow layers of data to be
incorporated to easily identify ETE conditions.

The use of computer models provides the analyst powerful tools to assess scenarios under
various conditions. A summary of the model documentation and supporting information,
including mathematical basis, assumptions, software quality assurance, and industry acceptance
(e.g., peer review) should be provided. Furthermore, a separate section of the report should
address sensitive parameters and should include the bases for the values used in the calculations.
The detailed documentation for these models should be available for review, including the
underlying algorithms and assumptions for all codes. The documentation could be in the form of
references to readily available documents or may include detailed documentation in the
appendices to the ETE study. Traffic management strategies used to reduce evacuation time
should also be documented.

3.7.1 Recommendations to Improve the ETE

Through the assessment of the scenarios and varying conditions for each scenario, the optimum
evacuation times will be determined under specified conditions. These evacuation times may be
dependent on improvements in the transportation system or response activities that are not
currently in place, but if implemented, would reduce the ETE. Specific recommendations for
actions that could be taken to significantly improve evacuation time shall be given and where

significant costs may be involved, preliminary estimates of these costs shall be provided (NRC,
1980a).

During an evacuation event, there is a small portion of the population that requires a significantly
longer time to evacuate. This segment of the population skews the evacuation time estimate to
the high side (e.g., 90% of the population may evacuate in 4 hours and the remaining 10%
require an additional 2 hours). Therefore, steps should be taken to first identify this population
(i.e., who are the last people to leave the evacuated zone); second, identify the reasons for the
increased evacuation time; and finally, identify if practical measures can be implemented in the
planning stages to reduce the amount of time required for this population to evacuate in order to
reduce the overall ETE.
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3.8 Updating

Emergency planners depend on the accuracy of the ETE to support evacuation decisions;
therefore, whenever the possibility exists that the ETE would change significantly, (increase or
decrease) a detailed update should be performed. The ETE is an estimate based upon a snapshot
of information assessed at the time of the ETE and should consider the impact and timing of
changes that could affect the evacuation time. The primary elements in the ETE, population, and
roadway capacity, should be periodically evaluated and updated to determine if there is an impact
on the ETE. The population review should not only address increases in population, but also
assess the age demographics and special needs population as well. The roadway capacity
assessment should include review of transportation improvements, constraints, traffic flow, and
changes in transient traffic flow through the EPZ. Additional elements that should be considered
are:

+ an increase in special facilities or special events;
* implementation of intelligent transportation systems within the EPZ; and
 jurisdictional changes in response authority.

Computer modeling allows most parameters to be assessed for sensitivity to the ETE. Sensitivity
analyses allow planners to better determine what parameters are important or worthy of a detailed
analysis. Obviously, jurisdictional changes cannot be modeled and should be monitored to
ensure that the response agencies have the resources required to support an evacuation under the
predetermined scenarios.

The development of the ETE will include working with local and regional planners to understand
the long-range master plans for development and transportation. ETE calculations can be
performed using higher population scenarios and modified transportation networks to compare
the calculated ETE with projected ETEs under various scenarios. As a general rule, a 10 percent
increase in population would indicate a need to revisit the ETE (NRC, 1992). Assessing the
sensitivity of a 10 percent increase will help determine the key factors that drive the timing of an
ETE update and may reduce the frequency of a detailed update or drive the need for more
frequent updates.
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4.0 Conclusion

The complexity of an ETE varies depending on the infrastructure and population density of the
site and should be developed following a graded approach. The ETE provides a tool for
preplanning and public action decisions and should include current technologies and
understanding of estimating evacuation times. The ETE provides information to emergency
planners to support decisions on whether an evacuation should be implemented.

This report updates previous guidance on how to conduct evacuation time estimates provided in
NUREG/CR-4831, State of the Art in Evacuation Time Estimate Studies for Nuclear Power
Plants (NRC, 1992). Advancements in evacuation modeling are identified, along with improved
transportation and communications techniques, that may help in the development of an ETE.
Furthermore, the development of an early site permit (ESP) application, 10 CFR 52.17(b)(1)
requires that applicants “identify physical characteristics unique to the proposed site, such as
egress limitations from the area surrounding the site, that could pose a significant impediment to
the development of emergency plans.” The ETE is one method for identifying significant
impediments to the development of emergency plans, should they exist for the site.

Since the publication of NUREG/CR-4831, major advancements have been made in
transportation technologies, communication systems, and in modeling of transportation networks,
evacuation scenarios, and evacuation time estimates. As advancements in technologies that
support evacuations and evacuation planning continue, it is important that these technologies be
considered during development of an ETE.
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