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ABSTRACT

The Protective Action Recommendations (PAR) project provides an evaluation of alternative
protective actions that could potentially reduce consequences during a severe radiological
emergency at a nuclear power plant. The study included an assessment of alternative
protective actions within a range of evacuation times and calculated public health
consequences for these alternative protective actions. PARs identified in this report will aid in
the determination of whether improvements or changes to the Federal guidance contained in
NUREG-0654/FEMA-REP-1, Supplement 3 (NRC, 1996) would be beneficial. Early and staged
evacuations provide alternative protective actions that have the effect of moving the public away -
from the source term in an-expeditious manner. Many off-site response organizations already
institute some level of early protective actions at a Site Area Emergency such as the movement
of school children. Expanding on this concept with staged evacuations. may reduce potential
consequences and may better protect public health and safety under specific conditions. The
effectiveness of the protective action strategy is sensitive to both initial release timing and the
evacuation time, and therefore, it is important to reduce the uncertainties associated with each
of these parameters. Volume | of this NUREG / CR provides the technical analyses of
alternative protective actions. Volume Il of this NUREG / CR will include a detailed assessment
of the anticipated public response.

Paperwork Reduction Act Statement

The information collections contained in this NUREG are covered by the requirements of
10 CFR Parts 50; 52, and 110, which were approved by the Office of Management and Budget,
approval number 3150-0011, -0151 and -0036.

This NUREG also contains additional information collections that are subject to the Paperwork
Reduction Act of 1995 (44 U.S.C. 3501 et seq.). The telephone survey of people living in the
Emergency Planning Zone has been submitted to the Office of Management and Budget for
review and approval of the information collection.

. Public Protection Notification
The NRC may not conduct or sponsor, and a person is not required to respond to, a request for

information or an information collection requirement unless the requesting document displays a
currently valid OMB control number. _
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EXECUTIVE SUMMARY

This Protective Action Recommendations (PAR) project has evaluated the current NRC PAR
guidance contained in Supplement 3 to NUREG-0654 / FEMA-REP-1, Rev. 1, “Criteria for
Preparation and Evaluation of Radiological Emergency Response Plans and Preparedness in
Support of Nuclear Power Plants” (NRC, 1996) and assessed whether implementation of
alternative protective actions could reduce potential health effects in the event of a nuclear
power plant (NPP) accident. The consequence analyses modeled a hypothetical site with a
uniform population density to support assessment of the relative benefits of alternative
protective actions. Analysis was completed for three accident conditions including a rapidly
progressing accident, a progressive accident and a no loss of containment accident. Any core
damage accident is highly unlikely and rapidly progressing accidents are even less likely, but -
are included in the emergency preparedness planning basis. No absolute consequence
numbers are to be inferred from this study. An early result of this project, based largely on the
results of the research conducted on evacuation time estimates (ETESs) is that NRC is pursuing
rulemaking to'enhance ETEs. .

Supplement 3 (NRC, 1996) provides guidance that licensees recommend evacuation of a 3.2
km (2 mile) ring and 8 km (5 miles) downwind for severe accidents with sheltering considered
for unique instances such as severe weather. This PAR study demonstrates that sheltering is a
better option under some circumstances. The study demonstrates that for rapidly developing,
relatively high magnitude source terms, alternative protective action strategies are capable of
reducing dose to the public (i.e., consequences). Based on this analysis, it would be benéeficial
to revise Supplement 3 to include more specific guidance on the use of sheltering. For more
slowly progressing source terms radial evacuation works well, but there can be benefit through
implementation of alternative protective actions. Several conclusions have been drawn from the
PAR project, including:

* The study indicates that shelter-in-place followed by evacuation is more protective than
immediate evacuation for rapidly developing releases.

* Evacuation should remain the major element of protective action strategies.

* Revision of NUREG-0654, Supplement 3, should be considered to better address the use of
alternative protective actions.

* The study indicates that consideration should be glven to protective actlon strategies that.
allow the population to quickly distance themselves from the plant, such as an early or
staged evacuation, because this can reduce public health consequences.

* The study indicates that precautionary efforts during Site Area Emergency are prudent.

* The study indicates that strategies that reduce evacuation time can reduce consequences.

« The study and other ongoing studies indicate that spemal needs populations that do not
reside in special facilities may be under served in evacuation planning. It appears that this
issue warrants further investigation and development of guidance on this issue may be
appropriate.

The effectiveness of protective actions is sensitive to both initial release timing of the source
term and the evacuation time. It is therefore important to reduce the uncertainties associated
with each of these calculations. For sites with short ETEs, evacuation is always the most
appropriate recommendation, barring any constraints to implementation, such as adverse
weather or damage to roadways from external events.



The conclusions from this study support the following protective action strategies when
appropriately selected for an incident:

.+ Immediate radial evacuation,
Shelter-in-place, :

Staged evacuation,

Preferential sheltering for special needs |nd|V|duaIs

Delayed evacuation, until traffic controls are in place,

Early closure of schools, parks, government facilities, etc., at the Site Area Emergency, and
+ Early notification of the general population within the 16 km (about 10 mile) Emergency
Planning Zone (EPZ) to prepare for evacuation.

For rapidly developing radiation releasing events of relatively high magnitude and short
~duration, evacuation is the preferred protective action only if it can be completed in less than
about 4 hours. Otherwise, sheltering-in-place until the plume has passed, followed by
evacuation, results in fewer consequences. Protective action decisions are site specific as
there are some sites with ETEs longer than 4 hours, but with very few people living within 8 km
(5 miles) of the plant. For progressive events, some type of evacuation strategy would be the
preferred protective action, barring any constraints to evacuation. In all cases, staged
evacuation provides greater benefit than a standard radial evacuation, although in some
instances this benefit was not pronounced.

‘Shelter strategies can keep the public out of the plume exposure path during the high
concentration period, but sheltering must be followed by an evacuation to an area outside the
EPZ. To determine whether evacuation or sheltering would be the best PAR, a calculation of
the sheiter time and subsequent evacuation is necessary. The time spent evacuating through a
potentially contaminated area, combined with the shelter period, provides the information
necessary to determine if this would be the most appropriate protective action. The benefits of.
sheltering diminish quickly if the subsequent evacuation is not optimized.

. The results of the PAR study support consideration of revision of Supplement 3, NUREG-
0654/FEMA-REP-1, Rev. 1, (NRC, 1996). This study confirmed, as stated in Supplement 3,
that for all but a very limited set of conditions, prompt evacuation of the area near the plant is
much more effective than sheltering the population in reducing the risk of early health effects in
the event of severe accidents. A revision to Supplement 3 should consider addressing the
following items. )

- Clarification of the conditions for which shelter-in-place is effective.

+ Guidance on the importance tracking the plume passage, communicating with those
sheltered, and directing an effective evacuation immediately upon the termination of the
shelter event.

« Emphasis on the benefits of staged evacuation.

« Guidance and expectations for the transit dependent persons.

If a revision to Supplement 3 is pursued, the effort would benefit from stakeholder input as it
should foster development of protective actions that include the breadth of avallable options
within the context of site specific considerations.

Volume | of this NUREG / CR provides the technical analyses of alternative protective actions,
and Volume Il will include a detailed assessment of the anticipated public response.

X
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1.0 INTRODUCTION

11 Background

The requirement for nuclear plant licensees to develop a range of protective actions for the 16
km, (about 10 mile) plume exposure EPZ, including evacuation, sheltering and consideration of
potassium iodide (KI) is established in 10 CFR 50.47(B)(10). The capability to appropriately
recommend protective actions is inspected during NRC evaluated emergency preparedness
biennial exercises, and is tracked as a Performance Indicator within the Reactor Oversight
Process. This requirement extends beyond EPZ, on an ad hoc basis, should that contingency
ever be necessary. The regulatory basis for reasonable assurance that the public health and
safety can be protected is based, in part, on NRC oversight of the licensee’s capablllty to make
appropnate and timely PARs.

The NRC Emergency Preparedness (EP) program establishes criteria for emergency response
planning in NUREG - 0654 / FEMA - REP - 1, Rev. 1, “Criteria for Preparation and Evaluation of
Radiological Emergency Response Plans and Preparedness in Support of Nuclear Power
Plants” (NRC, 1990). Within NUREG - 0654, a range of protective actions is developed for the
plume exposure pathway EPZ for emergency workers and the public. Since the publication of
NUREG - 0654, extensive studies of severe reactor accidents have been performed which
clearly indicate that for all but a very limited set of conditions, prompt evacuation of the area
near the plant is much more effective in reducing the risk of early health effects than sheltering
the population (NRC, 1996). NRC published Supplement 3 to NUREG-0654 / FEMA-REP-1,
Rev. 1, “Criteria for Protective Action Recommendations for Severe Accidents,” dated July 1996
(“Supplement 3”) to provide emergency response organizations the benefit of the insights
gained from the severe accident studies and to assist them in improving their emergency
response capabilities.

In the case of severe reactor accidents, Supplement 3 to NUREG - 0654 / FEMA - REP - 1,
Rev. 1 (NRC, 1996) would have licensees preferentially recommending evacuation within a 2-
mile radius and five miles downwind, in lieu of sheltering. NRC has reinforced the guidance
contained in Supplement 3 through outreach, training, and inspection. As a result, licensees
have largely accepted the guidance, but as an unintended consequence, some licensees have
restricted the consideration and use of sheltering, as evidenced in the design of their initial and
follow-up notification forms.

NRC staff reviewed the guidance in Supplement 3, and determined a need for further
investigation of alternative protective actions. The review and investigation of alternative
protective actions conducted for this study includes consideration of the following:

» Early evacuation is the best option when there is time to move people before a release
begins. However, this may not be the best option in some scenarios, as there are
considerations that may make sheltering or other strategies more appropriate.

» The PAR regimen should be reviewed for its use and appropriateness during a “rapidly
evolving” emergency. In this case, immediate shelter-in-place may be more appropriate -
than evacuation.



» The establishment of local shelters that would afford more protection than normal homes
has not been given in-depth consideration. Schools, government buildings, and commercial
buildings can offer significant protection as demonstrated in their use as sheiters for natural
hazards and in the Chemical Stockpile Emergency Preparedness Program (CSEPP, 1996,
2001). These types of structures may be only minutes away from the affected population,
whereas evacuation travel time to a location outside of the 10-mile EPZ could be
significantly longer.

+ The most severe public health consequences are estimated to result from narrow plumes,
as this concentrates radioactive nuclides. However, consequences from such narrow

plumes may be avoided by moving short distances at right angles from the plume. There
- may be issues associated with the recommendation and implementation of such a strategy,
* since the technique has not been evaluated for its applicability and use in emergency
situations. ,

Some of these considerations may depend on the relative density of the population distribution
and the design of the supporting transportation infrastructure. Furthermore, their relative
importance to the reduction of consequences and other considerations may be dependent on
the ETE. The possibility of evacuating the public located within the 10-mile EPZ of nuclear
plants has received considerable attention. Some stakeholders in high population density areas
have voiced concerns that evacuation may be difficult to accomplish in a timely manner. These
concerns have highlighted the need to ensure that NRC guidance for PAR development
consider the appropriateness of sheltering and other protective action strategies in response to
certain scenarios. To address practical issues of implementation, stakeholders were involved in
early planning activities as well as in‘discussions on detailed implementation aspects of the -
alternative protective actions considered. The States of Virginia, New Jersey, and llinois
volunteered to support the NRC in discussions on this project and provided valuable input.

1.2  Objectives

The objective of this project is to evaluate the current NRC PAR guidance contained in
Supplement 3 to NUREG-0654 / FEMA-REP-1, Rev. 1, and assess whether implementation of
alternative protective actions could reduce potential health effects in the event of a NPP
accident. To achieve this objective, an evaluation of alternative protective actions has been
conducted. These alternative protective actions have been evaluated in consideration of the
following elements which could affect protective action planning and/or implementation:

Technological advances within emergency preparedness
A spectrum of nuclear plant accidents,
Improvements in accident progression understanding,
The "post-9/11 threat environment”,
Improvements in ETE,
Additional sheltering strategies,

" Additional evacuation strategies,
"Rapidly evolving" accident scenarios, and
Improvements in dose projection techniques.

NRC, in coordination with the Federal Emergency Maynagement Agency (FEMA) will use the
results of this study to determine if a revision to Supplement 3 is warranted.



1.3 Scope

The scope of this project includes activities necessary to perform comprehensive evaluation of
the current NRC PAR guidance for protective actions. The project is divided into two phases,
each documented in a separate volume for this NUREG / CR. Volume | includes the selection
- of the source term, identification of alternative protective actions to be assessed and the .
consequence analyses. Volume ll includes an assessment of likely public reaction for the
population that resides within EPZs. This assessment addresses nuclear power plant
emergency response planning and preparedness and the public’s wnlhngness or ability to
implement protective actions as directed.

The following Volume | activities were conducted to complete this study:

. A comprehensive literature review;

. Selection of accident scenarios and source terms; '

» - Review of technological advances that affect protective action development;

. Determination of the efficacy of the alternative protective action strategies;

. Analysis of protective action implementation issues;

. Assessment of studies of public behavior in response to emergencies; and

. Development of this Volume 1 report which includes the summary and conclusions from

the research and analyses conducted.

Volume Il includes a comprehensive assessment of expected public behavior in response to an
accident at a nuclear power plant and an assessment of the expectations of emergency
responders. The Volume Il sociological assessment includes:

. Conducting public focus group interviews with members of the public to assess their
knowledge of potential emergency response protective actions and their anticipated
response to protective actions in the event these may ordered. Discussions include
alternative protective actions to understand the public’s potential response to these
alternatives.

. Conducting focus groups with emergency response management and personnel to gain
information from these responders on their expectations during a response to an
accident at a nuclear power plant.

.. Conducting a national telephone survey of residents living within EPZs. A telephone
survey instrument will be developed with input from the Volume | activities.
Approximately 800 completed surveys will be obtained and a statistical analysis of the
data will be performed to provide quantitative results on the expected response of the
public to alternative protective actions. '

. Development of Volume Il to this NUREG/CR.






2.0 APPROACH

“To accomplish the Volume | and Volume Il scope of activities, an organized technical approach

was developed. The following Volume | activities were conducted in this comprehensive
assessment of alternative protective action strategies:

A detailed review of literature and technical documentation on protective action planning and
implementation was conducted. An assessment of emergency response planning and

- response experience for non-nuclear incidents was also included on a limited basis to

support completeness of this study. The relevant information and data gained from the
literature is integrated within this study and is referenced where applicable. The extensive
list of references used to support this research is included in Section 9.0 and may be of use
to others performing emergency planning research. .

Source terms were selected for use in the consequence analyses by conducting a review of
the spectrum of accidents that can result in the need for protective actions. Using
information gained from this review, a suite of reactor accidents was developed that are
General Emergencies, using information contained in Nuclear Energy Institute (NEI) 99-01
as the standard emergency classification scheme (NEI, 2003). An assessment was
conducted of the accidents considered "rapidly evolving” or "severe”, in the terminology of
NUREG - 1150, "Severe Accident Risks: An Assessment for Five U. S Nuclear Power
Plants, Final Summary Report" versus those considered to be "not severe" or where there is
time (e.g., four or more hours) to consider and prepare for protective action implementation.
This activity was accomplished using existing-accident progression analyses, such as
NUREG-1150. Where a frequency was not known, a qualitative manner was used. There
was no attempt to quantify the frequency of terrorism-based events; however, this is
considered in the alternative PAR strategies. There was also no attempt to update source
term magnitude or frequency data relative to the individual plant evaluations. The purpose
of the source terms selected for this project is to support the consequence modeling, and
these are not intended to represent source terms for any specific plant.

Technology advancements were evaluated to determine if such advances might improve the
planning and implementation of protective actions. The information gained in this evaluation
was included in the consequence assessment. Advances and improvements were
assessed in the areas of:

» Evacuation time estimate technologies;
« Dose projection techniques;

» Public notification methods; and

« Evacuation dynamics understanding.



IV. Consequence modeling was then conducted to determine the efficacy of alternative
. protective action strategies in terms of reducing consequences from severe accident
plumes. Parameters that were studied in the consequence analyses included:

* Timing of off-site release compared to the ETE;

*  Reduction in consequences for sheltering or evacuation versus plume type;

+ Timing of release versus public notification time;

» Duration of sheltering period for various types of shelter;

» Alternative evacuation strategies, e.g., lateral evacuation and staged evacuation;
+ Sheltering in typical housing; _

» Sheltering in preferential shelters that offer greater shielding benefits;

+  Efficacy of sheltering versus evacuation for various ETE values; and

+ Efficacy of sheltering as an initial action followed by evacuation.

V. An analysis of protective action implementation issues was completed to assess the viability
of those alternative protective action strategies modeled in the consequence analysis. The
protective action strategies evaluated include:

* Radial evacuation;

+ Lateral evacuation;

« Staged evacuation;

» Shelter-in-place followed by radial evacuation;

+ Shelter-in-place followed by lateral evacuation;

* Preferential sheltering followed by radial evacuation; and
* Preferential sheltering followed by lateral evacuation.

VI. Upon identification of aiternative protective actions that had potential for inclusion in the
- emergency preparedness program, an effort was made to understand the behavioral
psychology and sociology applicable to evacuees. This assessment of published literature
provides input into the Volume Il focus group and telephone survey activities and includes
determination of:

« Likely public acceptance of alternate sheltering strategies;

» Likely public acceptance of alternate evacuation strategies;

+ Best methods to communicate advanced PAR strategies to the public; and

» Whether other sociological factors should be considered in the development of PAR
strategies.

V. After completing the above activities, a summary and conclusions on the viability of
implementing alternative protective actions as a means to reduce potential health effects is
presented. ‘

Stakeholders were involved in early planning activities as well as in discussions on detailed
implementation aspects of the alternative protective actions considered. This involvement was
included to support assessment of the practical issues of implementation. The States of
Virginia, New Jersey, and lllinois volunteered to support the NRC in discussions on this project.
Members of cognizant agencies participated in meetings and conference calls to discuss the
project approach and potential alternatives considered. These agencies included emergency
management, health and safety, radiological agencies as well as first response organizations



such as the State Police departments. The information gained from this participation provided
valuable input into the assessment of the alternative protective actions.

The following sections of this report provide the data and analysis used in assessing the
alternative protective actions. The structure of this report follows the approach identified above
with each section building upon the previous section. -






3.0 SOURCE TERM DEVELOPMENT
31 Source Term Analysis

The evaluation of alternative protective actions requires a decision on the source term or source
terms to be used in the analyses. Credible source terms are necessary to support the decisions
on whether alternative PARs should be considered. As stated earlier, any core damage
accident is highly unlikely and rapidly progressing accidents are even less likely, but are
included in the emergency preparedness planning basis. The approach to establishing the
source terms to be used began with a detailed review of NUREG-1150 (NRC, 1990a) followed
by a review of updated information related to source terms and accident frequency (NRC,
1988a; NRC, 1993; NRC 1994a,b; NRC 1995a,b; NRC 1997 a,b,c; NRC 2000; NRC 2001; NRC
2004). The analysis included review of data contained in NUREG-1150 and its supporting
documents (NRC, 1990b; NRC, 1990c; NRC, 1990d; NRC, 1990e; NRC, 1990f;, NRC, 1989)
regarding events requiring PARs for the fleet of NPPs to support the selection of credible source
terms for use in the MELCOR Accident Consequence Code System Version 2 (MACCS2)
consequence modeling. :

3.2 Source Term Selection

The selection of a realistic source term for examination in the PAR project represents a
technical challenge. The timing, energy, and radionuclide release fractions which characterize .
the source term represent a complex combination of severe accidént phenomenology which is
further complicated by the details of the initiating event and overall plant damage state. The
effort required to evaluate the frequency of rapidly progressing severe accident events in some
generic way appropriate to the PAR study and develop the associated quantitative source term
data using modern accident progression models is far beyond the scope and resources
available to this study. It is also unrealistic, at the opposite extreme, to select release
magnitudes and durations for the various important radionuclide groups without regard to
accident phenomenology while maintaining the integrity of the overall PAR analysis.

As an alternative, the Severe Accident Risk (NUREG-1150) Study (NRC, 1990) funded by the
NRC in the late 1980s provides an extensive accumulation of source term data from an array of
severe accidents associated with both pressurized water reactors and boiling water reactors. A
fair criticism of the NUREG-1150 information is that it represents out of date modeling and
“simulation technology; however, it should be remembered that the primary focus of the PAR
study is on the release timing relative to the start of evacuation. The details of the release
magnitude and duration are unlikely to have a dramatic impact on the conclusions of this study
as long as the values used are correct to within an order of magnitude. To make this point
concrete, sensitivity studies were conducted to evaluate the impact of the release magnitude
and duration on the PAR results.

.In addition to the NUREG-1150 study some consideration was also given to low power and shut
down (LP&SD) operations (NRC, 1993). Despite the much lower reactor power and relatively
short duration of LP&SD operations, studies of the Surry and Grand Gulf sites (NRC, 1990c,

- NRC, 1989) indicate that events during these operations may be risk significant relative to

power operations. This is largely due to unisolated containment and the unavailability of various
safety systems during LP&SD operations. Early fatalities resulting from LP&SD operations may
be decreased however due to the decay of short-lived radionuclide species including iodine and



tellurium.

Figure 3.1 summarizes the release timing and relative frequency associated with site specific
source terms at the Surry, Sequoyah, Grand Gulf, Peach Bottom, and LaSalle sites. The
information is drawn largely from NUREG-1150 and the supporting site analysis reports as well
as more recently published studies relating to severe accidents at light water reactor plants
(NRC, 1992b). Each interval on the ordinate of Figure 3.1 represents an -order of magnitude
change in source term frequency. The values have been omitted from the ordinate of Figure
3.1 to emphasize the out-of-date nature of the NUREG-1150 data. While the relative frequency
of the different events summarized in Figure 3.1 may be valid, and sufficient for the purposes of
this study, the absolute magnitude of event frequencies taken from NUREG-1150 are doubtful.
It is also important to note that the release timings shown in Figure 3.1 are relative to the
warning time as specified in the NUREG-1150 report.

From the standpoint of the PAR study, the most interesting source terms are the high frequency
rapidly progressing source terms in the upper left hand corner of Figure 3.1. Figure 3.2 '
provides an expanded view of the rapidly progressing, high frequency portion of Figure 3.1. For
the purposes of selecting representative source terms for use in the PAR study a number of
source terms shown in Figure 3.2 were selected for addmonal consnderatlon These source
terms are indicated by a box in Figure 3.2.

A comparison between the noble gas and halogen release timings for each of the source terms
indicated in Figure 3.2 is provided in Figure 3.3 and Figure 3.4 respectively. The release
magnitude given on the ordinate of Figure 3.3 and 3.4 indicate the fraction of the core inventory
released per second. The two source terms selected for use in the PAR study are shown in bold
in Figures 3.3 and 3.4 and indicated by arrows in Figure 3.2. The details of each source term are
provided in Appendix A. These source terms were selected largely based on the fact that they
start within four hours of warning time and represent at power accident sequences. The other
rapidly progressing events shown in Figures 3.3 and 3.4 corresponded to a low power and shut-
down sequence and was screened from selection given the low release energy and smaller core
inventory typically associated with low power and shut down conditions. The sequences in
Figures 3.3 and 3.4 are identified as follows:

« ST-1: Surry Interfacing System LOCA,;

ST-2: Surry LP&SP with Early Containment Failure;
ST-3: LaSalle Fire with Early Containment Failure;
ST-4: LaSalle Fire with Venting;

ST-5: LaSalle Transient with Venting;

ST-6: LaSalle with Early Containment Failure; and
ST-7: Sequoyah LOCA No Containment Failure.
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Figure 3.1 - Release time corrected to warning time associated with site specific source terms
for the Surry, Sequoyah, Grand Guif, Peach Bottom, and LaSalle light water reactor sites due to
internally and externally initiated events.
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Figufe 3.2 - Higher frequency short time scale source terms for internally and externally initiated
events at Surry, Sequoyah, Grand Gulf, Peach Bottom and LaSalle. Boxes indicate those
source terms evaluated for potential use in the protective action recommendation study.
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Figure 3.3 - Noble gas releases associated with highest frequency and shortest time scale
source terms at Surry, Sequoyah, and LaSalle.
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Figure 3.4 - Haldgen group releases associated with highest frequency and shortest time scale
source terms at Surry, Sequoyah, and LaSalle. '
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3.3 Frequency and Relative Event Magnitude Discussion

Although the "warning time" varies to some extent based on the details of the event, it
corresponds in general to the initiation of core damage. However, current emergency action
level definitions do not necessarily correlate general emergencies with the onset of core
damage. For example, in the case of loss of site power (LOSP) events, the emergency action
level definitions provided by NEI 99-01 call for the declaration of a general emergency when site
power is lost for an extended period of time rather than when core damage occurs (NEI, 2003).
Since the source term frequencies implicitly assume core damage has occurred, it is instructive
to consider how these frequencies may compare to the frequencies of general emergencies
defined in NEI 99-01.

It is difficult to obtain frequency data for the general emergencies described in NEI 99-01
directly but it is possible to consider the frequency of initiating events that are common between
the reactor sites considered in the NUREG-1150 documentation. In this way it is possible to
develop a qualitative feel for the frequency of potential general emergencies relative to the
corresponding core damage and containment failure frequencies.

The initiating event frequency information is drawn from the NUREG-1150 site risk analysis
reports for LOSP events as well as various loss of coolant accident (LOCA) events and is
summarized in Figure 3.5. The horizontal bars in Figure 3.5 represent the range of initiating
event frequencies and corresponding core damage and containment failure frequencies for
LOSP and LOCA events for the Surry, Sequoyah, Grand Gulf, and Peach Bottom reactor sites.
The frequency ranges represent the range of mean frequencies across these sites.
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Figure 3.5 - Ranges of initiating event frequencies and corresponding core damage
and containment failure frequencies for LOSP and LOCA based on NUREG-1150 site
risk analysis reports for the Surry, Sequoyah, Grand Gulf and Peach Bottom reactors.
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While the relative frequency of the different events summarized in Figure 3.5 may be valid, and
sufficient for the purposes of this study, the absolute magnitude of event frequencies taken from
NUREG-1150 are doubtful. An important observation from Figure 3.5 is that the core damage
frequencies for the events shown are two to four orders of magnitude smaller than the
corresponding initiating event frequencies. Containment failure frequencies are an additional
order of magnitude smaller than the core damage frequencies. A qualitative view of these
relative magnitudes is provided in Figure 3.6 where the area of the outer box represents the
frequency of initiating events and the area of the inner most box represents the containment
failure frequencies. ~

. 10 X
(CDF)

1 X
(CFF)

Figure 3.6 - Relative magnitudes of Initiating Event Frequency (IEF), Core Damage Frequency
(CDF), and Containment Failure Frequency (CFF) for LOSPs and LOCAs based on NUREG-
1150 site risk analysis reports for the Surry, Sequoyah, Grand Gulf and Peach Bottom reactors.

In other words, general emergency declarations based on initiating events may be several

orders of magnitude more frequent than general emergency declarations based on the initiation
of core damage. -
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4.0 TECHNOLOGlCAL ADVANCES AND EMERGING IMPROVEMENTS IN EVACUATION
PLANNING

41 Introduction

This section investigates technological advances of systems as well as emerging improvements
in the emergency response community that may affect the performance of alternative protective
actions. There is‘an ongoing emphasis within the emergency response community to improve
response capabilities in many areas. New technologies are being developed and emergency
response agencies are continuously striving to implement ideas, concepts, training, and
technologies to mitigate consequences. Some areas of advancement include computer-related
hardware and software, communication devices, analysis tools and training.

Emerging technologies, capabilities, and other considerations are identified where possible to
provide information that may be considered in development of protective actions. The following
elements of emergency response were reviewed to determine the potential effects onh protective
action decisions.

+ Traffic management;

« Evacuation time;

* Dose projection;

» Public notification;

« Evacuation dynamics; and

» Other areas important to public evacuations.

4.2 Traffic Management

Improvements in traffic management have the potential to improve the evacuation of the public
out of the EPZ. Opportunities to improve the efficiency of an evacuation such as improving
roadway capacity or reducing traffic demand should be considered in the development of
emergency response plans. Two specific areas of interest include mtelhgent transportation
systems (ITS) and communication with evacuees.

Technological advances have been made in ITS, and these systems are now available and
operating in many communities (ITS, 2002). ITS vary in application and capability, and when
integrated in an emergency response plan, can provide relief in the level of manpower and
equipment necessary to manage traffic in an emergency. Common ITS technologies and other
communication techniques have been demonstrated effective in evacuations, such as the
evacuation for Hurricane Katrina.

These technologies include:

* Video surveillance, such as traffic cameras;
+ Dynamic message signs or variable message signs;

+ The 211, 311 and 511 telephone-based traveler information systems (available in most
states);

-+ Highway Advisory Radios; and ‘
« Use of Internet-based traveler information systems.
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An advantage of using ITS is that the information provided to the evacuating public can be
current. Dynamic message signs can be programed and messages changed remotely from a
traffic management center to reflect current status. The information received by emergency
response personnel from the ITS, such as video feedback, is real-time. This allows an efficient
emergency response to situations that are delaying an evacuation, such as unanticipated
accidents or bottlenecks. Resources may then be mobilized to mitigate the cause and improve
the traffic flow in these areas. Mobilizing additional support during a large scale evacuation is
difficult and may require creative means and preplanning to effectively deploy into congested
areas. Components of ITS are operable in most areas of the U.S., including rural locations,
although they are not always utilized at the full capabilities.

Integration of ITS can support traffic management activities; however, fundamental actions such
as manning key intersections during evacuations still provides one of the most effective

methods of managing traffic. Development of a traffic management plan should include
assessment of the transportation network as a system to identify where ITS may be integrated.
To the extent practical, the traffic management plan may be tested to determine time required to .
implement traffic control and to assess the effectiveness of the traffic control system.

Communication with evacuees is during the evacuation provides a form of traffic management
and may include information on what to expect with the evacuation activities such as road
closures, diversions, or contra flow operations. Additionally, communication with those
members of the public who should not evacuate can be equally important for successful traffic
management. Effective communication with those not instructed to evacuate can help reduce a
shadow evacuation which may reduce the evacuation time for the affected area. Existing
systems such as the Federal Communications Commission implementation of nationwide codes
for non-emergency use (FCC, 1997) can be utilized to support these communication needs. A -
211 code is available and frequently coordinated with the United Way to provide information to
individuals during an emergency. A 311 code is available and used in many states for
non-emergency police and other government services. The 511 code is designated for traffic
and transportation information. With many individuals having cell phone availability these"
nationwide codes can be readily accessed by individual as they are in the process of
evacuating. C

—

Although the telephone contact numbers are increasing, telephone use is usually discouraged
during large scale emergencies, thus, having many communication options can potentially have
an adverse impact if the communication system becomes stressed. These systems have been
demonstrated as a valuable resource during the evacuation for Hurricane Rita in 2005, but the
systems do rely on the telephone network as well as the State or local agency to update the
information. Because these telephone services require individual action to call the phone
number, other more proactive methods that reach out to the evacuees should also be
integrated into the communication plan. These additional methods of providing information
include highway advisory radio, news broadcasts, and other means that reach those individuals
who do not utilize the telephone resources.
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4.3 Evacuation Time

Evacuation is a core element of emergency response planning for NPPs and reducing the
evacuation time may reduce consequences. If an evacuation can be conducted prior to the
arrival of the plume, it is 100% effective in reducing consequences. Reducing evacuation time
reduces potential consequences in a severe accident. This is one of the items assessed in the
consequence analyses conducted in the next section.

As an element of emergency response planning, the licensee prepares an estimate of the time
to evacuate the affected sectors of the plume exposure area under a variety of conditions. The
EPZ roadway network and evacuation input data are modeled using commercial software which
provides a suite of evacuation times for the planning scenarios evaluated. Advancements in
these modeling tools provide a valuable opportunity to perform more detailed analyses for
emergency planning. These tools allow the user to simulate traffic control conditions,
infrastructure improvements, or modify other assumptions to determine the associated
evacuation time based on the selected conditions. The detailed assessments can be used to
identify sensitivities in the ETEs and can be used to determine if there are opportunities to
reduce evacuation time. .

Traffic simulation and evacuation analysis tools have rapidly advanced.in the last decade and
are readily available to support virtually all aspects of evacuation planning and evacuation time
estimating. Many of these tools are described in NUREG / CR-6863, “Development of
Evacuation Time Estimates for Nuclear Power Plants” (NRC, 2005a). Traffic simulation and
analysis models offer advantages for emergency planning and may be used to evaluate

+  Optimum traffic control plans; )

» Benefit of infrastructure improvements, such as new roadways mtersectnon modifications,
etc,;

* The benefit of traffic control options; and

« Sensitivity analyses to determine the important parameters and better understand the
uncertainty in the model.

Evacuation time estimates are planning tools and as such, there is no maximum time for
evacuation specified although NUREG - 0654 / FEMA - REP - 1, Rev. 1, Appendix 4, does
require identifying specific recommendations for actions that could be taken to significantly
improve the evacuation time (NRC, 1996). The ETE is factored into the protective action
decisions based on the specific conditions at the time of an incident.

- For large population sites, the investigation required to develop an ETE may be very complex.
Ten years ago, only a small number of commercial companies prepared ETEs and the
methodologies used were similar. With the advancements in this field there are now many
different computer models available to calculate ETEs, and licensees may hire consultants or
perform the calculations in-house. In development of ETEs, it is important that the sensitivities
of the computer models and input parameters be understood by those who work with these
models and interpret the results. This was one of the conclusions of “The Sensitivity of
Evacuation Time Estimates to Changes in Input Parameters for the I-DYNEV Computer Code”
(NRC, 1988b) which identified that ETEs are sensitive to both changes in the input parameters
as well as the characteristics of the transportation network. The study further suggests that use
of the model be limited to analysts familiar with the code. Sensitivity in the ETE calculation was
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also shown in an analysis of evacuation time estimates in a North Carolina hurricane area
(Perkins, et al., 2001). In this study it was determined that the optimum evacuation time
occurred if buses were mobilized within 10 minutes of receipt of the evacuation warning. As the
mobilization time increased to 40 minutes, the en-route travel time increased by 141%
demonstrating the sensitivity of parameters.

Decision makers may use the ETE information when considering protective action decisions
regarding whether or not an evacuation should be implemented. In development of existing
ETEs, input parameters and assumptions may vary depending the site and the technical expert
developing the ETE. Consistency in parameter development and oversight of quality control on
these parameters may reduce uncertainty in ETEs. An early result of this project, based largely .
on the result of the research conducted on ETEs, is that NRC is pursuing rulemaking to

enhance ETEs. :

4.3.1 Evacuation Time When Using Shelter Strategies

Modeling may also support understanding of the evacuation time when shelter strategies are
included in the protective action. The protection offered by sheltering can be substantial by
keeping the public out of the plume exposure pathway during the time when the radioactive
concentration of the plume is high. In a severe accident, sheltering would be followed by an
evacuation. The ETE has historically been calculated only for evacuations; however, to best
determine whether evacuation or sheltering is the most appropriate protective action,
emergency planning activities could include a calculation of the shelter time and subsequent
evacuation. The time spent evacuating through a contaminated area, combined with the shelter
period, provides the information necessary to determine if this would be the most appropriate
protective action.

Evacuation time following a shelter event may not be the same as the evacuation time for an
incident in which there is no shelter period; however, the methodology is applicable and much of
the data is already acquired during emergency planning development of the ETE. When the
order to evacuate is given, after a shelter period, it may be assumed that the vebhicle loading of
the roadway network may be more immediate than the normally distributed loading that is
assumed for a standard radial evacuation. This more immediate loading may affect the
evacuation time. Specific considerations for shelter strategies include:

» - Means and ability to communicate with the sheltered pubhc
+ Termination plan for sheltering;

« Mobilization time to leave the shelters; and

» Evacuation time estimate parameter changes.

To be effective, shelter strategies must include a means of ending the shelter event by notifying
the public when to leave and what direction to travel. The timing of the shelter termination is
important to minimize dose to the public. As the plume passes over the shelters, contaminated
particulate material and radioactive gases may penetrate into the shelters. The amount of
contamination and radiation that enters the shelter is relative to the tightness and shielding of
the shelter; however, some contamination and radiation will enter most shelters. Pressurized
facilities may prevent interior contamination; however, these facilities are typically for chemical
hazard zones, and for this study, it is assumed that pressurized facilities would not be available.
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Implementing a shelter strategy provides residents time to prepare to evacuate as soon as an
order is issued. This will result in a more immediate I6ading of the transportation network.
Some differences in calculating the evacuation time estimate for this strategy include fewer
background vehicles on the roadway network, lack of a shadow evacuation which may be
controlled or complete prior to the end of the shelter, and the more immediate loading of the
roadway network.

4.4 Dose Projection

Some advancements to the MACCS2 model used in this study are currently planned for
completion in the near future. These advancements may provide better understanding of dose
projection and may support improved decisions on protective actions in future analyses. Dose
calculations in this report are performed using MACCS2 to simulate the impact of accidental
atmospheric releases of radiological materials on the surrounding environment. The principal
phenomena considered in MACCS2 are atmospheric transport using a Gaussian plume model,
short-term and long-term dose accumulation by a number of pathways. Changes that may
affect the understanding of PAR development and implementation from improvements in dose
projection include:

Improvements in uncertain parameters;

Input of evacuation speed and direction by grid element;
Increasing the number of cohorts;

Alternatives to the linear, no-threshold model; and
Long-range lateral plume spread and plume rise.

MACCS?2 previously allowed ring by ring specification of the initiation of sheltering and
evacuation. It also allowed three evacuation phases for which evacuation speed can be
specified. A recentimprovement to MACCS2 in 2007 allows the input of evacuation speeds and
direction for each grid element to provide a more realistic representation of the evacuation
process. This will be especially valuable when individual sites are being studied as opposed to
a hypothetical site such as that considered in this PAR study.

For this project, MACCS2 was limited to three emergency response cohorts. Consistent with
NRC practices, two of these were used to represent the large fraction of the population who
evacuate and the small fraction of the population who do not. Recent improvements in 2007
have increased the number of cohorts which may now be used to represent a distribution of the
population who evacuate at different times. This improvement will provide a more realistic view
of the actual evacuation process.

Four optional long-term health effects models are now available in MACCS2: (1) the traditional
linear, no-threshold model; (2) an annual threshold model, which can use a different threshold
for each subsequent year, as suggested in the Environmental Protection Agency’s Protective
Action Guidelines; (3) a lifetime dose threshold in addition to the year-by-year dose threshold,
as given in the Health Physics Society position; and (4) a multiplicative factor in the form of a
set of piecewise-linear segments that cover the entire dose-response range..

An improved model for plume buoyancy has been added to MACCS?2 in the area of plume

modeling and was used in these calculations. This model predicts lofting of an energetic plume
that is less dense than the surrounding air. The second model is for long-range plume
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dispersion, as recommended by Hanna (2002), and is based on a time rate of expansion of the
plume instead of the distance-based approach that had been used in MACCS2.

The above improvements to MACCS2 will provide additional realism to the calculations to
support consequence analyses. Although some of these improvements were completed prior to
the completion of the PAR project, the calculations supporting the PAR project were performed
prior to the release of the MACCS2 version that incorporates these improvements.

4.5 Public Notification

Advancements in public notification methods can provide more immediate awareness to the
public of the hazard and can provide a more direct means of instructing the public on.the
protective action to be followed. Public notification methods have improved with the increasing
capabilities of telecommunication devices and services, and with use of the Internet. In review
of “An Analysis of Evacuation Time Estimates Around 52 Nuciear Power Plant Sites, Vol. 1 & 2,”
NUREG / CR-1856 (NRC, 1981), and in review of more current ETESs, evacuation times can
exceed 20 hours under certain conditions and frequently exceed 8 hours for the public under
normal conditions. The ability to notify the public promptly is important and improvements that
can support notifying the public faster can only benefit the emergency response.

Information is disseminated to residents of EPZs and is provided in the form of brochures,
calendars, utility bill inserts, or in the front pages of the phone book, etc. The information
packets typically contain instructions for evacuation and sheltering along with information for
special needs population groups, such as those dependent on public transportation. An
underlying assumption in emergency planning is that residents who receive these materials are
familiar with the emergency information. Most sites use these notification packages to elicit
information on individuals with special needs to identify this segment of the population that may
require transportation.

Internet websites are also used to provide additional information such as the Massachusetts
Emergency Management Agency website that provides information on preparedness for a
nuclear emergency as well as emergency information calendars for Pilgrim, Seabrook, and .
Vermont Yankee nuclear power plants. Utility and State emergency management web sites
provide emergency response updates which may include specific evacuation routes for use
during an event. This is to supplement the limited information that can be disseminated through
the brief Emergency Alert System (EAS) message and serves as a confirmation for those who
desire such. These websites are not intended to replace other information distribution, but to
supplement these when appropriate.

Notification methods that have historically been used in emergencies have not been formally
updated to consider the effect of the internet. For instance, many emergency response
planning brochures request that the individual refrain from using the telephone to assure
adequate phone lines are available for the emergency responders. Then, the brochure provides
a web address for further information during an emergency. The computer access to the web
address very often requires use of a telephone line.

The structure is in place to assure notification is provided; however, it is necessary that the

notification is received and understood by residents for it to be effective. Effective warnings
within the EPZ should reach, in a timely fashion, every person at risk who needs and wants to
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be warned, no matter what they are doing or where they are located (National Science and
Technology Council, 2000).

Sirens are the primary initial means of public notification, with the exception of some isolated
areas. In some areas where more direct warning is needed, alternative means to notify the
public are implemented. These may include:

« Single station alert radios or tone alert radios that warn residents and businesses to tune
their radio or television to an EAS station for information on the event:

«  Door-to-door or route alerting which includes use of a public address system from a vehicle.
This method is typically used as a backup or secondary method in an NPP event and is
conducted by emergency response personnel. Route alerting has been identified as the
most effective means of communication in non-nuclear related evacuations (NRC, 2005b).

» Alerting devices in special facilities such as nursing homes, schools, industrial plants, etc.;
and,

* Reverse 911 type systems that telephone resndentlal numbers within the EPZ and provide a
recorded message. These systems have proven effective and are rapidly increasing in use.
There are some limitations including the need to maintain current phone numbers for the
targeted population area. Also, residents must be educated to listen to the emergency
message so they do not hang up when they hear the start of a recorded message. The
systems often encounter telephone messaging machines. Lastly, some households have
unlisted numbers or no longer use land line phones instead relying on cellular phones.
Communities that use these reverse 911 systems usually. provide a means to register cell
phones or unlisted numbers for use with notification system.

As suggested by FEMA (FEMA, 1985) the alert and notification method for special facility
populations (i.e., schools, hospitals, etc.) and transient population groups (i.e., recreational
facilities, etc.) should be analyzed on a case-by-case basis. This is commonly performed within
EPZs, and in some communities the administrative procedures requnre notification of these
population groups through direct telephone contact.

4.6 Evacuation Dynamics

In the assessment of evacuation dynamics for natural disasters, technological hazards, and

- malevolent acts, many factors have been identified that influence the behavior of the public
during a response to an emergency. With the heightened awareness of malevolent acts, more
‘recent studies have been performed, providing additional insight into evacuation dynamics and
the reaction of the public in response to hazards.. One of the most relevant factors identified is
that ‘in general’ the population follows the instructions provided by the decision makers (NRC,
2005b). Discussions of relevant studies and sociological issues are provided in this section and - -
a more detailed analysis of evacuation dynamics will be provided in Volume Il of this report.
Evacuation dynamics has been integrated into early planning documents, such as NUREG-
0654 / FEMA-REP-1, Rev.1 (NRC, 1980) and NUREG / CR-4831 (NRC, 1992a), along with
others. These reports identify basic evacuation dynamics considerations such as the

-differences in population groups and guidance on the development of trip generation times. An
assessment of evacuation dynamics is provided herein for the three population groups identified
in Appendix 4, NUREG-0654 / FEMA-REP-1, Rev.1 (NRC, 1980) including permanent -
residents, special facilities, and transnents
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There is very limited data and experience with nuclear emergencies, thus dynamics of the
public response to natural disasters, technological hazards, and malevolent acts provide the
primary basis for assessment of the dynamics of a response to a hazard requiring
implementation of a PAR. An extensive literature review was conducted to gain insight into
actual and predicted responses to evacuations.

4.6.1 Literature Review

Effective implementation relies on the public receiving a warning and responding as planned.
There are differing opinions on whether past experience and past research on other types of
disasters provides a useful guide for predicting how people will behave in a General Emergency
involving release of radioactive materials. The academic community tends to be somewhat
divided, with more traditional disaster researchers arguing that people generally behave in an
orderly, rational fashion in disasters, and this is how they will behave in a radiological
emergency. However, some researchers who have focused more specifically on events
involving toxic materials argue that traditional disasters and an emergency involving an NPP are
different and public reaction will be different. Extrapolating from "conventional” situations and
assuming that the public will respond in a similar manner to a malevolent nuclear event may be
a high-risk approach. While it is often difficult to predict how a population might behave under
these circumstances, there is a general agreement among researchers that the decision of
people to evacuate is influenced by the following four factors:

The individuals belief and understanding of the evacuation warning;

The level of the perceived risk to the individual;

« The existence of an evacuation plan or other means to protect the individual; and
» The desire and ability to evacuate as a family unit. :

In general, public cooperation with established evacuation procedures depends on the public’s
level of confidence in the evacuation plan and the process. Perry (1985) looked at volcanic
eruptions, floods, and nuclear power plant emergencies and noted that the human response
was similar for each event. While, the public’s perceived threat of harm from nuclear power
plants was much greater than for the other disasters, Stallings (1984) found that the voluntary
evacuation at Three Mile Island did not differ significantly from evacuations due to natural
disasters. :

Zelinsky and Kosinski (1991) confirmed a commonly held belief that evacuees tend to move in
the direction that minimizes or cancels the effect of the disaster. Furthermore, Helbing et al.
(2002) found that people have a strong aversion to taking detours or moving opposite to the
desired walking direction, even if the direct way is crowded. Zelinsky and Kosinski (1991) in
their study of 27 military, natural, and industrial disasters between 1937 and 1986, found
evidence to support the following commonly-held evacuation beliefs: \

» * Evacuees are more likely to stay with friends and relatives than public shelters;

» Families tend to evacuate as a unit;

«  Women, children, and the infirm are more likely to evacuate than able- bodled worklng age
males; and

» Families with children are more likely to evacuate than childless families or single
individuals.

22



Zelinsky and Kosinski found evidence that some people may not evacuate and others could
‘linger’ near their homes for a while after the warning to evacuate. The 2005 NRC study on
large scale evacuations, (NRC, 2005b) found that a portion of the public refused to evacuate in
half of the 50 cases they studied, although this generally amounted to less than one percent of
the affected population. '

Zeigler and Johnson (1984), as well as Johnson (1984), concluded from their research that the
public would over-respond (i.e., shadow evacuations) to evacuation orders in the event of a
nuclear power plant accident. Sorensen (1986) questioned those results and suggested that
evacuation response is dictated by awareness of risk, personalization of that risk, evaluation of
alternative actions, and then deciding a course of action. Sorenson (1986) did not believe that
there would be significant shadow evacuations. The NRC study on large scale evacuations
(NRC, 2005b) found that shadow evacuations occurred in 36% of the 50 cases studied. Of
those cases involving shadow evacuations, traffic movement was impacted in only a few large
scale natural disaster evacuations. However, if there is a significant shadow evacuation, there
is the potential for increased evacuation time.

Zelinsky and Kosinski (1991) found that the risk of death or injury during evacuation is less than
that incurred by remaining in place during the disaster period. This finding was confirmed by
NUREG / CR-6864 (2005b) that showed that in 50 evacuation cases studied, people were
safely evacuated from the area, lives were saved, and the potential number of injuries was
reduced. Sorensen (1986) also found that in 293 evacuations due to chemical accidents
between 1980 and 1984, there were no reported injuries due to the evacuations, but several
injuries due to the hazard.

Recent evacuation studies including NUREG / CR-6864 (NRC, 2005b) and previous studies by
other researchers such as Fischer (1994, 1998a, 1998b); Keating (1982), Perry (1985), and
Sorensen (1986) found that, in general, the public did not panic during an evacuation. The
evacuations associated with the September 11, 2001 attacks, the evacuations of Manhattan
during the summer power outage of 2004, and the more recent evacuations in the aftermath of

" Hurricane Katrina were all large scale. In these incidents, there was a high degree of
cooperation among the public and no large scale panic reported.

Lasker (2004) conducted a telephone survey of 2,545 randomly selected households and asked
questions related to a biological terrorist event (smallpox) and a radiological terrorist event (i.e.,
a dirty bomb). The resulits revealed that only 60% would shelter-in-place for as long as told in
the event of a dirty bomb; 20% would not fully cooperate in the dirty bomb situation and would
leave the shelter of their building to take care of their children, other family members, or
because they felt safer elsewhere; and 40% did “not trust what the government said” or did.
One should note that this survey was based on how the public “said” they would respond as
opposed to their “actual” response under such circumstances.

4.6.2 International Guidelines

International guidelines do exist for emergency planning, but national procedures and practices
differ in some areas due to national habits, cultural specificity, and societal needs (IAEA, 1997).
Different national procedures and practices, in the case of a radioactive release affecting two
neighboring countries, may lead to different decisions in the implementation of ’
countermeasures (OECOD, 2003). :Review of international approaches to emergencies showed
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similarities in many areas to those of the United States. For notification and warning, most
countries use a combination of warning sirens, public address systems, and media alerts to
instruct the public on the protective action. Other general response actions, including
implementation of traffic control to prevent entrance into the plume area and distribution of
potassium iodide, are similar to U.S. emergency response. Furthermore, most countries
recognize that special arrangements are necessary for schools, hospitals, and other special
facilities. One item not found in any of the reviewed international literature was the development
of evacuation time estimates.

4.6.3 Permanent Residents

Permanent residents include all people having a residence in the area, other than special
institutions, such as hospitals, nursing homes, prisons, etc. (NRC, 20053, 1992a). For
scenarios in which this population group is at home or work, it can be reasonably assumed that,
upon hearing the warning sirens, or other warning mechanism, they will determine relatively
quickly that it is an actual emergency. However, when people are away from the planning area
(i.e., not at home or work) the expected response to the warning may not be as obvious. The
evacuation dynamics are then affected because the time to receive, comprehend, and act may
be longer than the time considered in the emergency planning. The dynamics of permanent
residents may be more uncertain in other scenarios where the residents are not at home when
the warning is initiated.

A clear understanding of the emergency and clear direction on what to do reduces uncertainty
in the public response. As alternative PAR strategies are developed, scenarios regarding the
proper course of action and means of communicating such actions need to be considered. For
example:

« Residents may not be at home when sirens are sounded and clear direction can assist them
in understanding how to respond. For instance, individuals may be in their vehicles, at local
restaurants, shopping centers, attending special events, etc., These individuals need clear
direction to help them decide whether to return home or evacuate out of the EPZ.

« Some EAS messages state that during a shelter-in-place protective action, residents should
take the potassium iodide that has been provided. Directions may be better understood if
communication includes instructions to those who are not residents, such as tourists, and to
individuals who may not have or may not know the location of their potassium iodide. Those
that do not have potassium iodide available may not understand whether it is still
appropriate for them to shelter. This is State specific as some States stockpile Kl and would
distribute the Kl at reception centers.

+ Residents follow direction from emergency responders when the direction is clear and
understood. In a general emergency caused by a malevolent act, some of the emergency
responders may be redeployed to assist with other aspects of the emergency and may not
be available to immediately establish traffic control along the evacuation route. Without
clear and direct-guidance through traffic management, the public may not evacuate along
the most optimal routes identified in planning.

* Residents with pets require guidance on what to do with their animals. Guidance is typically
provided in emergency planning brochures, but this guidance varies by site and ranges from
leaving the animals at home with food and water to bringing them to the congregate care
center where animal control will assist with further arrangements. Brochures for most sites
state that pets are not allowed at congregate care centers. With each new large scale
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evacuation in the U.S, it is more evident that people place a high family value on their pets,
and in some instances refuse to evacuate if they can not bring their animals. On October 6,
2006 the “Pets Evacuation and Transportation Standards Act of 2006” was signed into law
amending the Stafford Act to ensure that State and local evacuation plans address the

- evacuation of pets. Although this is recognized as an issue, and has been addressed
through Federal reguiation, the emergency planning brochures that provide the evacuation
instructions to individuals have not been updated and are not ailways clear on the
evacuation of pets.

« Many parents can be expected to pick up their children from school. Although this is
discouraged in many EPZs, the desire to evacuate as a family unit is strong and should not
be overlooked. Many of the emergency response planning brochures that are distributed to
the residents of EPZs state that children will be evacuated from school and parents should
meet them at their designated congregate care center. Although most States will close
schools and evacuate children at Site Area Emergency or earlier, it is expected that parents
will receive word of the evacuation through formal or informal channels. Such societal
notification is real and may be anticipated. Evacuation planning could address this issue
through enhanced awareness and planning for parental response. This may include
planning for additional traffic around schools to accommodate parents.

« Evacuation of the population dependent on public transport requires developing site specific
information on the number of persons requiring transportation, any specialized needs, and
the number of vehicles, drivers, and special assistance needed to transport this population
group out of the EPZ. This population group includes (NRC, 2005a) but is not limited to:

Households with no vehicles;

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

Households with minor children at home alone;

Households dependent on 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.

A subset of the permanent resident population group that are those individuals with special
needs that do not reside in special facilities. An attempt is generally made within EPZs to
.identify this population through distribution of registration cards along with the annual
information package, though the registration response rate is generally low. Complicating
registration is the reluctance of individuals to identify themselves as having special needs. This
reluctance to register has been confirmed through discussions with emergency planners and
some of the reasons prov:ded for not registering include:

An assumption that someone (friend or family) will be willing to assist them
Some individuals are sensitive to their disability or their need for assistance
Some individuals are concerned about the security of the data; and

Some individuals simply do not realize they are in the special needs population.

There are Federal requirements on the management and distribution of health related
information which affects the compilation and distribution of such data. In Linn County lowa, the
Linn County Emergency Management Agency has implemented a proactive registration effort
working with various service groups to help educate individuals on completing registration
cards. Since the beginning of this proactive effort, the number of special needs individuals
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registering for assistance has almost doubled.

The population dependent on public transportation need to be informed of any limits on

- personal belongings. Evacuation instructions in most emergency planning brochures state to
bring provisions for a few days. It can be assumed that some persons could have substantial
carry-on items, including household pets, medical supplies, and other accessories. In the
evacuation of Galveston, Texas prior to Hurricane Rita, over 4,000 people used public buses in
the evacuation. In discussions with emergency response personnel who supported the
evacuation, the capacity of each bus, when loaded with evacuees and their belongings, was
approximately 50% of the rated capacity. Planning for the use of buses should include
assessing the capacity and consideration of the time for loading and unloading. In areas where
the public transport may not arrive for lengthy periods of time, the public should be informed on
what to do as they wait, as well as how to determine when the public transport will arrive at their
designated pickup location. Detailed and sound assumptions should be documented in ETEs
when calculating the time for return trips and should include delays that may be encountered
when traveling against the prevailing evacuating traffic. '

Informing the public of particular actions to take in the event that they are within the EPZ and
hear the warning sirens, but are not at their place of residence, may alleviate confusion. Clear
guidance could be provided on whether individuals that are at local restaurants, shopping
centers, or performing other daily activities within the EPZ, should return home, stop at the
nearest building, or evacuate out of the EPZ. For shelter-in-place, it may be reasonable to
define immediate implementation requirements such as stay in place or stop at the neares
building and take shelter. ' '

4.6.4 Special Facilities

Special facility residents include those confined to facilities, such as hospitals, nursing homes,
prisons, etc. Schools are included in the segment of special facilities (NRC, 1980). During
development of emergency planning and ETEs, these facilities are identified and considered as
a separate population group for purposes of assessing protective action needs, and calculating
the ETE. Facilities are identified individually along with any special resource needs, such as
number of buses for schools, ambulances for hospitals, and other transportation needs.
Because of the added detail in preplanning, special facilities are expected to be prepared to’
receive the warning, react promptly, and respond according to plan.

Some special facilities, such as schools, may receive early warning through direct notification
during an emergency. This preplanned activity ensures that the special facilities are notified
immediately and directly to allow reaction and response activities to begin in a timely manner.
Special facilities may also have specific evacuation and shelter plans. When a warning is
issued, these facilities are generally well prepared to receive the warning and respond.

A reasonable planning assumption is that special facilities will respond to the warning very
quickly. Although the warning may be direct and the facility response immediate, the nature of
these facilities requires additional time to implement a protective action strategy, and thus, an.
immediate reaction does not necessarily result in a fast response. Each special facility is
unique and should be addressed on a case-by-case basis that includes consideration of peak
populations in the facilities. Many facilities have local evacuation plans and are prepared to
implement the plans. Evacuation times for special facilities (e.g., hospitals) may be as long as,
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or longer than, the evacuation time for the general public and have been estimated at more than
20 hours depending on the special facility population, number of special facilities affected,
available resources to evacuate the facilities, and number of return trips required.

In the evacuation of special facilities for Hurricanes Katrina and Rita, it was determined that
many of the facilities had independent evacuation plans. As such, these plans frequently
identified the same ambulance or bus service to support a facility evacuation. When all of the
facilities required evacuation, there were not enough resources to support all of the facilities.
Dependence on common resources could be investigated during the emergency response
planning to assure adequate resources are available for the entire EPZ.

4.6.5 Transient Population

The transient population includes tourists, employees not residing in the area, or other groups
that may visit the area (NRC, 1980). As stated earlier, the public tends to follow direction in an
emergency; however, the transient population group may receive less direction due to their
location at the time of the warning. As with the other population groups, if there is not a clear
understanding of the emergency, uncertainty in response may be higher.

Evacuation behaviors of the transient population differ in several ways from people who receive
evacuation notices in their home communities (Drabek, 1996). Tourists and transients are more
likely to receive evacuation warnings from hotel employees or facility staff. Tourists are
considered visitors that may not have any familiarity with the potential hazard or the protective
action requirements. Transients are generally individuals that may have traveled into the EPZ
to work or shop or perform other daily activities and likely would have familiarity with the area.
Because this information is secondhand, rather than directly from the mass media, transient
groups often have less time to act on warning notices and likely have no knowledge of suitable
evacuation routes. Evacuation planning should include a means to communicate specific
information to the transient populations. In EPZs where there are large beach populations or
amusement parks with thousands of tourists, the public needs to be informed of the action
expected. They may need to know whether they should return to their hotel and pack, then
evacuate, or immediately leave the EPZ. These factors point toward potentially different
responses by transient populations than by area households and these differences should be
considered in the development of the PAR strategies especially where there is a large transient
population present within the EPZ.

4.7 Other Areas Important to Alternative PAR Strategies

In determining the benefits of alternative protective actions, several other elements are
considered. In evacuation, shelter, or other PAR strategies, the public will spend some time
inside a vehicle or other structure. Typically, dose calculations provide little or no credit for dose
reduction. This has been based on older studies of vehicles, where little or no protection was
observed (Peterson and Sabersky, 1975). However, more recent studies involving newer
vehicles have shown that a closed vehicle with the ventilation closed provides some level of
protection to the occupants. Studies supporting the Chemical Stockpile Emergency
Preparedness Program (CSEPP, 1990) and Department of Homeland Security programs have
determined newer vehicles have a greater protection factor than older models studied
previously. Although all of the studies evaluated used a noble gas model (i.e., no particulates,
agglomeration, or settling), the concept of a vehicle offering some level of protection was
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validated. To realize the benefit from these newer and less pervious vehicles, instructions could
be provided to the public to keep vents and windows closed during an evacuation where a
release is present or imminent.

48 Summary of Te'chnological Advances and Emerging Improvemeﬁts

An early result of this project, based largely on the result of the research conducted on ETEs is
- that NRC is pursuing rulemaking to enhance ETEs. As described above there are many areas
in which new technologies, advancements in technologies, and improved understanding of
evacuation dynamics that support emergency response planning. Integrating these new tools
and lessons learned can lead to improved planning for nuclear emergencies within EPZs. The
following provides a summary of these advances and emerging improvements.

Traffic Management

Use of ITS has been demonstrated to provide improved communication to evacuees during an
evacuation. It is also important to communicate with individuals who should not evacuate. This
may reduce shadow evacuations or other voluntary evacuations of individuals not affected by
the hazard. :

!

Evacuation Times

Evacuation remains a primary protective action in emergency planning and any efforts that can
reduce evacuation time will benefit the emergency response. Emergency planning can utilize
evacuation modeling to investigate improvements in evacuation times with some suggestions
identified below:

» Population growth may be assessed to determine when evacuation times may change
significantly;

* Roadway and infrastructure umprovements can be assessed to determine where
improvements may improve the evacuation; and

«  Sensitivity analyses may be conducted to determine those elements that are sensitive to
change as well as where to focus efforts to reduce evacuation times.

The ETE provides a key element in NPP emergency preparedness programs because decision
makers may use the ETE information when considering protective action decisions. Defining
the specific criteria by which elements of the ETE will be reviewed and requiring the submittal of
the modeling input data files would help in assuring that the estimates are reasonable and are
developed following a sound basis. '

Dose Projection

Planning improvements in MACCS2 include enhancing the network evacuation model to allow
user friendly input of direction and speed for each grid element. The ability to model additional

cohorts in MACCS2 has also been incorporated into the model. A recommended improvement
to MACCS?2 is the connecting of precipitation with evacuation speed. Currently this requires the
calculations to be set up manually.
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Public Notification

Protective action orders are conveyed using a variety of methods such as EAS messages, route
alerting, reverse 911 systems, etc. Additionally, systems such as web based information
systems and Statewide telephone numbers for non-emergency use such as 211, 311 and 511
are in place. These methods provide a means for potential evacuees to confirm the hazard as
well as obtain additional information on response requirements. When considering these types
of systems, the capacity of the telephone network must be understood. Many emergency
response planning brochures still state that evacuees should refrain from using the telephone to
free up lines for the emergency response. For the local and State planning basis, it may not be
reasonable to request that the public refrain from using the telephone during an emergency.
The public may be expected to rely on telephones and cell phones to confirm evacuation
information and to ensure family members are aware and preparing to evacuate.

Evacuation Dyn'amics

Studies of recent large scale evacuations have provided valuable insights on the evacuation of
the permanent population, special facilities, and the transient population. These lessons
learned can be integrated into emergency response planning guidance documentation.
Specifically, evacuation planning can be |mproved by including some of the following

- suggestions:

* Permanent residents that are in an affected area should be clearly instructed on what
protective action to take while permanent residents that are near the incident, but not within

~an affected area should also be provided clear instructions not to evacuate.

~» Special facilities have existing evacuation plans; however, in Hurricanes Katrina and Rita in
2005, it was discovered that many of these facilities rely on the same resources to support
an evacuation. When all of the facilities needed to evacuate at the same time, there were
not adequate resources to support the evacuation. An integrated assessment should be
conducted during emergency planning to assure that necessary resources are available to
support evacuation needs. _

» The transient population group may need more detailed direction during an emergency
since they may not be familiar with the area. If a sheltering PAR is ordered, the transient
population may not know where to shelter. The unique considerations for the transient
population group should be considered in the development of the PAR strategies especially
where there is a large transient population present within the EPZ.

» The population that is dependent on public transportation requires added detail in
emergency response planning to assure all members of this population group are identified
and adequate resources are available to support their evacuation.

 Individuals with special needs who do not reside in special facilities may be under served
although an attempt is generally made within EPZs to identify this population. Experience
with large scale evacuations has shown that there is inadequate planning for this segment of
the population. Improvements in'identifying this population group and securing the
resources necessary to support the evacuation should be included in emergency response
planning for EPZs.

Evacuation dynamics were reviewed with this project io identify information on potential public

response to an incident in order than emergency managers may consider adjustments in -
planning, where appropriate, to address elements of the expected response. Many of the
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emergency response planning brochures that are distributed to the residents of EPZs were
reviewed during the course of this project. These brochures usually state that children will be
evacuated from school, and parents should meet them at their designated congregate care
center. It can be expected that many parents will attempt to pick their children up from school.
Although this may be discouraged, the desire to evacuate as a family unit is strong and can be
planned for during an incident.
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5.0 CONSEQUENCE MODELING

51 MACCS2 Parametric Study - )

A parametric study was conducted using MACCS2 consequence model to determine the
benefits of alternative protective action strategies in reducing consequences. MACCS2 was
developed at Sandia National Laboratories for the NRC for use in probabilistic risk assessments
for commercial nuclear reactors to simulate the impact of accidental atmospheric releases of
radiological materials on the surrounding environment. The principal phenomena considered in
MACCS2 are atmospheric transport using a Gaussian plume model, short-term and long-term
dose accumulation through several pathways (including cloudshine, groundshine, inhalation,
deposition onto the skin, and food and water ingestion), mitigative actions based on dose
projection, early and latent health effects, and economic costs. The following phenomena can
be incorporated within a single calculation:

Release characteristics; -

Meteorological sampling;

Atmospheric dispersion and deposition considerations;
Exposure pathways and duration;
Protective actions and dose mitigation;
Movement of population as cohorts;
individual and population doses; and
Health and economic consequences.

L ] * L] L] L] L] L -

The goal of the MACCS2 parametric study is to determine the relative advantages of each of

the alternative protective action strategies in terms of reduced early and latent health effects.

The alternative strategies are compared with the baseline evacuation protective action to
.assess relative performance. Specific parameters studied include:

Timing of off-site release vs. public notification time;
ETE values of 4, 6, 8, and 10 hours;

Source terms; ‘

Shelter-in-place;

Preferential sheltering (PS);

Radial evacuation;

Lateral evacuation; and

Adverse weather (precipitation).

The results of the consequence analyses are presented in terms of early and latent fatalities
and are provided in Appendix B, MACCS2 Results. The tabulated results in the appendix are
normalized to the total sum of the early and latent fatalities to present the relative benefits of the
alternative protective actions considered. Normalized values are used in the comparison
because this project addresses reactor sites in general rather than any specific reactor sites.
The early fatalities represent the population that would receive a dose large enough such that
there would be a probable death within one year of exposure. The latent cancer fatalities
represent the delayed health effects causing death over the lifetime of the exposed individuals.
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5.2 Modeling Choices

Standard MACCS2 modeling for NRC assessments uses the parameters in Sample Problem A
which is discussed in the MACCS2 user’'s manual (NRC, 1998). For consistency with NRC
modeling practices, many of the MACCS2 input parameters used in this study are identical to
those in Sample Problem A. The following input parameters differ from those in Sample
Problem A:

. The Kl ingestion model is used in this study. This model assumes that 50% of the
population ingests Kl during the optimum ingestion period and that ingesting Kl
produces a 95% reduction in thyroid dose from inhaled radioiodine. The 50% value was
selected because the effectiveness of Kl is dependent upon the time at which Kl is
ingested prior to any potential exposure. If Kl is not taken at the precise time, the
effectiveness diminishes. Because it is possible people may take the Kl outside of the
optimum timing window for effectiveness or may have difficulty locating their Kl, a 50%
value was used.

. A 16-km (10-mile) radius is used as the outer boundary for dose calculations. For radial
evacuation, members of the population travel directly toward this boundary and receive
no further dose after they cross it. For lateral evacuation, members of the population
travel azimuthally (around the compass) until they emerge from the plume (Figure 5.1).
The plume width is a function of distance from the reactor site and atmospheric stability
class. Thus, the lateral distance traveled before an individual receives no further dose is
variable.
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Figure 5.1 - Lateral evacuation in MACCS2 modeling.

. The delay to shelter for the SIP strategy is 15 minutes, and the delay to shelter for the
PS strategy is 1 hour to allow sufficient time for the public to pack up, secure the home,
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and travel to the PS.

It is assumed that evacuation begins 30 minutes following warning time.

Sheltering periods of 2, 4, and 8 hours were considered, followed by either a radial or
lateral evacuation.

Distance from the plant to the site boundary is assumed to be 0.5 km (0.31 mi). Beyond
the site boundary, a hypothetical 16-km (10-mile) EPZ was established with a uniform
population density of 100 persons per km? (256 persons per mi?). This population
density corresponds to an EPZ population of 80,000. The assumed value of the
population density does not affect the resuits since they are normalized. Simple scaling
would allow the determination of number of consequences for different EPZ population
densities; however, one must remember that this sample site is a uniform d|stnbut|on
which would not be representative of any existing NPP site.

Evacuation time estimates evaluated include 4, 6, 8, and 10 hour ETEs. Travel speeds
are calculated so that a person near the site boundary would reach the 16-km (10-mile)
radius at the prescribed ETE. These values were selected to represent a common
range of ETEs and were based on review of approximately 10 current ETEs.and review
of NUREG / CR-1856, “An Analysis of Evacuation Time Estimates Around 52 Nuclear
Power Plant Sites” (NRC, 1981). Itis not intended to imply that 4 hours is a minimum or
10 hours is a maximum evacuation time.

4-hour ETE - travel speed = 1.08 m/s (2.5 mph)

6-hour ETE - travel speed = 0.72 m/s (1.67 mph)
8-hour ETE - travel speed = 0.54 m/s (1.25 mph)
10-hour ETE - travel speed = 0.43 m/s (1.0 mph)

MACCS?2 allows a change in the travel speed of a cohort between radial distances from
the plant. MACCSZ2 does not allow a percentage of a cohort to stay put while the
remainder moves thus variable speed was used to approximate a staged evacuation.
For the staged evacuation scenario, the evacuation speed was varied over three time
intervals, such that the population would travel a little faster speed for the first 3.2 km (2
miles), slower for the next 4.8 km (3 miles), and even slower for the next 8 km (5 miles).
The overall evacuation times remain the same. These variable speeds included:

e 4-hour ETE - travel speed = 3.02/1 .51/0.75 m/s (6.8/3.4/1.7 mph)

* 6-hour ETE - travel speed = 2.01/1.01/0.50 m/s (4.5/2.3/1.1 mph)

* 8-hour ETE - travel speed = 1.51/0.75/0.38 m/s (3.4/1.7/0.85 mph)
* 10-hour ETE - travel speed = 1.21/0.60/0.30 m/s (2.7/1.3/0.67 mph)

A total of four source terms were considered. As stated earlier, it is not the intent of this
report to validate the magnitude or frequency of these source terms. The source terms
are used to create the consequence analysis files for use in determining the relative
ranking of alternative protective actions. Thus, a rapidly evolving source term and a
progressively evolving source term were selected as described earlier. The source
terms are described as follows:

» Source Term 1 (ST-1):Interfacing System Loss of Coolant Source Term

[Pressurized Water Reactor (PWR) Bypass]; 40 minutes from declaration of a
General Emergency (GE) to release and 6-hour duration, and
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* Source term 2 (ST-2): Fire with Containment Venting Source Term [Boiling Water
Reactor (BWR) Fire]; 3 hours from declaration of a GE to release and 10-hour
duration.

To add depth to the analysis, two additional source terms were created. These are
fictitious accident sequences that utilize the same source term values as ST-1 and ST-2,
but the release timing has been modified such that:

~*+ ST-1M: 3 hours from declaration of a GE to release and 6-hour duration; and
¢ ST-2M: 40 minutes from declaration of a GE to release and 10-hour duration.

Other than the initial timing of the release, ST-1M is identical to ST-1 and ST-2M is
identical to ST-2 in terms of magnitude of release, timing, and duration.

The scheme chosen for meteorological sampling is the weather-binning option for
MACCS2. Under this option, the hourly weather data are binned into a total of up to
forty (40) bins that differentiate wind speed, atmospheric stability class, and precipitation
. rate. Thirty-six (36) bins were defined for this study and are identical to those in Sample

- Problem A described in the MACCS2 user's manual (NRC, 1998). The maximum of 5%
of the samples or twelve (12) were selected from each bin. The weather data are from
Moline, Hllinois, which are the standard weather data used for NRC calculations when
applied to a generic site. These choices resulted in a total of 543 weather trials to
represent the 8,760 hours of data in a 365-day year. These weather trials account for
the uncertainty in the weather at the time of a future, hypothetical accident.

For the adverse weather (precipitation) scenario, only those precipitation events (rain or
snow) that occur before the plume exits the 16-km (10-mile) EPZ are used in the
analysis.

Dispersion is calculated using the standard Tadmor and Gur (1969) lookup tables. This

is identical to Sample Problem A. A scaling factor of 1.27 was used for vertical

dispersion to represent a surface roughness of 10 cm, which is a number typu:ally used

for U.S. sites.

The Briggs (1971, 1972) plume rise model is used to determine the plume rise under

conditions where the plume is significantly more buoyant than the surrounding

- atmosphere. \
A single cohort is used to represent the population within the EPZ. This cohort
represents the large majority, which NRC normally assumes to be 99.5%, that cooperate
with the authorities and responds as instructed. This is consistent with Sample Problem
A and ignores the segment of the population who refuse to evacuate or shelter when

-instructed to do so. The rationale for neglecting this group is that they would receive the
same dose regardless of the emergency response strategy, and therefore, they do not
help to distinguish the efflcacy of the strategy.
A set of protection factors are used to scale the exposures during evacuation (assumed
to be in an automobile), normal activity (a combination of indoor and outdoor activities),
and sheltering. Protection factors are specified for each of the pertinent pathways:
cloudshine, groundshine, deposition onto the skin, and inhalation. The sheitering values
(Table 5.1) vary with time to account for air exchange rates within the shelter structures.
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Table 5.1 - Protection Factors used in MACCS2 Calculations

Activity Cloudshine | Inhalation Skin Groundshine _
Evacuation 1 0.98 0.98 0.5
Normal Activity 0.75 0.41 0.41 : 0.33
2-hours 0.46 0.46
Shelter-in- 1, 1 ours 0.6 0.66 0.66 02
Place . :
8-hours 0.82 0.82
- | 2-hours 0.21 0.21
Preferential s
Shelter 4-hours 0.31 0.37 0.37 Q.O2 |
8-hours 0.57 0.57

The protection factors for preferential sheltering were calculated for a typical high school
gymnasium constructed of concrete blocks and with a metal roof. For an initial, constant
external contaminant concentration, C,, the increase in internal contaminant concentration, C,
with exposure time, t, is related to the air exchange rate per hour (ACH), shown in Equation 1.

C/C, = 1- g~ AcH! * (Eq. 1)

The time-averaged contaminant fraction infiltrating the preferential shelter was calculated for
each shelter duration time using the integral of Eq. 1:

f(t) = 1- [1- e "M (ACH)t (Eq. 2)
Using Figure 5.2, where ACH=0.25 represents PS and ACH=0.7 represents SIP, the

contaminant fractions were calculated using Eqg. 2 to obtain the 2, 4, and 8-hour shelter
protection factors for inhalation and skin dose (see Table 5.1).
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Figure 5.2 - Plot of Equation 1 for a wider range of ACH values, where ACH=0.25 represents
‘ PS and ACH=0.7 represents SIP.

5.3  Calculations

\

The following strategies were evaluated in the MACCS2 calculations:

+ Immediate radial evacuation (Baseline);

+ Shelter-in-place followed by radial evacuation;

« Shelter-in-place followed by laterai evacuation;

» Preferential sheltering followed by radial evacuation;

« Preferential sheltering followed by lateral evacuation; and
« Staged evacuation evaluated as a variable speed. '

Each of the sheiter strategies included calculations of 2, 4, and 8 hour shélter periods. As a

result, 14 scenarios were actually assessed for each of the 4 ETEs. In addition, an adverse
weather scenario was assessed as well as a no containment failure accident.
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5.3.1 Immediate Radial Evacuation (Baseline)

The baseline protective action strategy is immediate radial evacuation where evacuees travel in
a general radial direction away from the plant to exit the EPZ. The evacuation in a general
radial direction is required in NUREG-0654 / FEMA-REP-1, Rev.1 (NRC, 1980). ltis assumed
that evacuation begins 30 minutes following the warning.

5.3.2 Shelter-in-place followed by Radial and Lateral Evacuation_

SIP is defined as a protective action strategy where individuals remain in either their residence
or the facility where they happen to be when the notification to SIP is announced. This strategy
includes SIP for 2, 4, or 8 hour times followed by radial evacuation. There is a 15 minute delay
from the warning until the population is assumed to be sheltered in place. Radial evacuation for
4, 6, 8, and 10 hour times are examined. Lateral evacuation is also examined for each shelter
duration time as well as each evacuation time.

5.3.3 Preferential Sheltering followed by Radial and Lateral Evacuation

The PS strategy requires an individual to go to a designated center, which is located within the
16-km (10-mile) EPZ and provides greater shielding protection than a personal residence.
Schools, government, and commercial buildings offer increased protection over a residence and
may be only minutes away from the affected population, whereas evacuation travel time to a
location outside of the 16-km (10-mile) EPZ could be significantly longer. To account for the
need to pack, secure the home or business, gather the family, and travel to the PS, there is a 1
hour delay from the warning until the population is assumed to be sheltered. This strategy
includes PS for 2, 4, or 8 hour times followed by radial evacuation. Radial and lateral
evacuation times, of 4, 6, 8, and 10 hour times are examined.

5.3.4 Staged Evacuation

A staged evacuation is where one geographic area evacuates while other adjacent areas stay in
place. Staged evacuations occur frequently in the United States and present a structured and
efficient option to a keyhole evacuation. The purpose of staging an evacuation is to allow an
area with the highest risk to be evacuated first with little effect from background traffic on the
roadways. The traffic control is established to limit vehicles entering the roadway or passing
through the area to facilitate movement of those that need to evacuate. Because the number of
evacuees'is limited to the select geographical area and traffic is controlled the evacuating public
can move more quickly on the roadways.

The version of MACCS2 used in this analysis does not allow a part of a cohort group to remain
in place while another part moves. Therefore, to best estimate a staged evacuation within
MACCS2, a variable speed evacuation was modeled. This strategy allows evacuees that are
nearer to the plant to evacuate at a faster speed than those farther away. In the staged
evacuation scenario, the public would evacuate at one rate for the first 3.2 km (2 miles), a
slightly slower rate for the next 4.8 km (3 miles), and an.even slower rate for the next 8 km (5
miles); however, the average evacuation speed assumed for these calculations is equal to the
rate required to produce 4, 6, 8, and 10 hour ETEs. This does not precisely evaluate a staged

* evacuation, but does simulate the effects of moving more quickly from the higher risk areas and
these results can be used as being representative of a staged evacuation.
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‘54 MACCS2 Results

Table 5.2 summarizes the source terms used in the consequence analyses. The results of the
analyses are presented in Tables 5-3 through 5-6 which provide the relative benefit of the
alternative protective actions as compared to the baseline radial evacuation. The full set of
normalized results is presented in Appendix B. Each set of alternative protective actions was
assessed for a 4, 6, 8, and 10 hour ETE. The results are ranked according to the benefit -
provided and includes consideration of early fatalities as well as latent cancer fatalities. In some
instances, the difference in benefit from the alternative protective action and the baseline radial
.evacuation was not significantly different. These instances are noted where the occur.

Table 5.2 - Source Terms Considered

Conditions 40-minute to Release 3-hour to'Release
Short Duration (6.6-
hour) ST ST-1M
Long Duration (10.5- ST-2M ST

hour)

5.4.1 Rapidly Progressing Accident

A rapidly progressing accident is highly unlikely, but is included in the emergency preparedness
planning basis. In a rapidly progressing accident, the results in Tables 5.3 A-D, indicate that
shelter strategies and staged evacuation result in a lower population dose and peak dose than
-the baseline radial evacuation for all ETEs evaluated. Both SIP and PS strategies provide a
greater benefit than the baseline evacuation strategy. For the rapidly progressing accident, the
baseline radial evacuation is the least beneficial for all ETEs evaluated. This analysis is
supportive of a conclusion to revise NUREG-0654, Supplement 3 (NRC, 1996) to include more
detail on the decision process for selecting a shelter based protective action.
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Table 5.3A. Source Term ST-1, 4-hour ETE

Protective Action - Benefit

PS-2hrs/Lateral Evac

PS-4hrs/Lateral Evac
PS-4hrs/Radial Evac Significantly Improved

PS-8hrs/Lateral Evac Benefit
PS-2hrs/Radial Evac

t

SIP-4hrs/Lateral Evac

SIP-2hrs/Lateral Evac
PS-8hrs/Radial Evac
SIP-4hrs/Radial Evac
SiP-8hrs/Radial Evac improved Benefit
SIP-8hrs/Lateral Evac
SIP-2hrs/Radial Evac
Staged Evac .

adial Evacuation (constant speed)| Baseline

-Table 5.3B. Source Term ST-1, 6-hour ETE

Protective Action . Benefit

PS-2hrs/Lateral Evac
PS-4hrs/Lateral Evac
PS-4hrs/Radial Evac

PS-2hrs/Radial Evac_____| ->'gnificantly Improved

- Benefit
PS-8hrs/Radial Evac
SIP-4hrs/Lateral Evac
PS-8hrs/Lateral Evac

SIP-4hrs/Radial Evac

SIP-2hrs/Lateral Evac

SIP-8hrs/Lateral Evac
SIP-8hrs/Radial Evac
Staged Evac
SiP-2hrs/Radial Evac

Improved Benefit

Radial Evacuation (constant speed)| Baseline -
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Table 5.3C. Source Term ST-1, 8-hour ETE
Protective Action ~ Benefit
PS-2hrs/Lateral Evac
PS-4hrs/Lateral Evac
PS-2hrs/Radial Evac o
PS-ahrs/Radial Evac Significantly Improved

PS-8hrs/Radial Evac

SIP-4hrs/Lateral Evac
PS-8hrs/Lateral Evac
SIP-4hrs/Radial Evac
SIP-2hrs/Lateral Evac
SiP-8hrs/Lateral Evac
SIP-8hrs/Radial Evac
SIP-2hrs/Radial Evac
Staged Evac o
[Radial Evacuation (constant speed)| Baseline |

Improved Benefit

Table 5.3D. Source Term ST-1, 10-hour ETE .
Protective Action ~ Benefit
PS-2hrs/Lateral Evac '
PS-4hrs/Lateral Evac
PS-4hrs/Radial Evac o :
PS-2hrs/Radial Evac 7| Stanificantly mproved
- enefit
PS-8hrs/Radial Evac
SIP-4hrs/Lateral Evac
PS-8hrs/Lateral Evac
SIP-4hrs/Radial Evac
SiP-2hrs/Lateral Evac
SiP-8hrs/Radial Evac
SIP-8hrs/Lateral Evac
SIP-2hrs/Radial Evac
Staged Evac
Radial Evacuation (constant speed) Baseline

Improved Benefit

5.4.2 Progressive Accident

For the more slowly progressing source term (ST-2), also a highly unlikely event, and the two
modified source terms (ST-1M and ST-2M) the benefit from alternative protective actions is not
as evident. For the 4 and 6 hour ETEs and source term ST-2 (Tables 5.4A and 5.4B), some
alternative protective actions provide equal benefit to immediate radial evacuation but none of
the alternatives provided greater protection. The longer shelter periods provide less benefit
than radial evacuation. For the 8 and 10 hour ETEs, (Tables 5.4C and 5.4D), a short shelter
period of 2 or 4 hours followed by lateral evacuation provides improved benefit over radial
evacuation. However, this is only a benefit if the subsequent evacuation is lateral. Staged
evacuation also provides improved benefit over radial evacuation for the 8 and 10 hour ETEs.
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For source term ST-1M (Tables 5.5A through 5.5D) where there is a 3 hour warning time, SIP
for 2 hours with subsequent lateral.evacuation always provided the greatest benefit. Again, this
is a benefit only if the evacuation is lateral. Immediate radial evacuation was most beneficial for
. the 4 hour ETE, but ranked lower for 6, 8 and 10 hour ETEs. .

For source term ST-2M (Tables 5.6A through 5.5D), SIP for 2 hours with subsequent lateral
evacuation always provided the greatest benefit. As with the other source terms, thisisa
benefit only if the evacuation is lateral. For all of the remaining ETEs, a short duration shelter
followed by lateral evacuation also provided greater benefit than radial evacuation. Staged
evacuation provided greater benefit than radial evacuation for these ETEs as well.

Table 5.4A. Source Term ST-2, 4-hour ETE
Protective Action Benefit
| SiP-2hrs/Lateral Evac
PS-2hrs/Lateral Evac

Staged Evac

Radial Evacuation (constant speed)| Baseline

- SIP-2hrs/Radial Evac (not significantly different than Baseline)
SIP-4hrs/Lateral Evac
PS-4hrs/Lateral Evac
PS-2hrs/Radial Evac
SiP-4hrs/Radial Evac
SIP-8hrs/Lateral Evac
‘PS-4hrs/Radial Evac
PS-8hrs/Lateral Evac

SIP-8hrs/Radial Evac A o ,
PS-8hrs/Radial Evac Significantly Less Benefit \

Less Benefit
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Table 5.4B. Source Term ST-2, 6-hour ETE

Radial Evacuation (constant speed)

SIP-4hrs/Lateral Evac -

PS-4hrs/Lateral Evac

Protective Action Benefit
SIP-2hrs/Lateral Evac
PS-2hrs/Lateral Evac

Staged Evac Baseline

(not significantly different than Baseline)

SIP-2hrs/Radial Evac

PS-2hrs/Radial Evac

SIP-8hrs/Lateral Evac

SIP-4hrs/Radial Evac

PS-4hrs/Radial Evac

Less Benefit

PS-8hrs/Lateral Evac

Significantly Less Benefit

~SIP-8hrs/Radial Evac

PS-8hrs/Radial Evac

Table 5.4C. Source Term ST-2, 8-hour ETE

Protective Action

Benefit

SiP-2hrs/Lateral Evac

PS-2hrs/Lateral Evac

SIP-4hrs/Lateral Evac

PS-4hrs/Lateral Evac

Staged Evac

Improved Benefit

Radial Evacuation (constant speed)

Baseline

SiP-2hrs/Radial Evac

PS-2hrs/Radial Evac

SIP-8hrs/Lateral Evac

Less Benefit

SIP-4hrs/Radial Evac

- PS-8hrs/Lateral Evac

PS-4hrs/Radial Evac

SIP-8hrs/Radial Evac

Significantly Less Benefit

PS-8hrs/Radial Evac
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Table 5.4D. Source Term ST-2, 10-hour ETE

Protective Action

Benefit

SIP-2hrs/Lateral Evac

PS-2hrs/Lateral Evac

Significantly Improved

SIP-4hrs/Lateral Evac

PS-4hrs/Lateral Evac

Benefit

Staged Evac

Improved Benefit

Radial Evacuation {(constant speed)

Baseline

SIP-2hrs/Radial Evac

SIP-8hrs/Lateral Evac

PS-2hrs/Radial Evac

PS-8hrs/lLateral Evac

Less Benefit

SIP-4hrs/Radial Evac

- PS-4hrs/Radial Evac

SIP-8hrs/Radial Evac

Significantly Less Benefit

PS-8hrs/Radial Evac

Table 5.5A. Source Term ST-1M, 4-hour ETE

Protective Action

Benefit

SIP-2hrs/Lateral Evac

Staged Evac

Baseline

Radial Evacuation (constant speed)

(not significantly different than Baseline)

PS-2hrs/Lateral Evac

PS-4hrs/Lateral Evac

PS-8hrs/Lateral Evac

PS-8hrs/Radial Evac

Less Benefit

PS-4hrs/Radial Evac

SIP-2hrs/Radial Evac

SIP-4hrs/Lateral Evac

SIP-8hrs/Radial Evac

SIP-8hrs/Lateral Evac

SIP-4hrs/Radial Evac

PS-2hrs/Radial Evac

Significantly Less Benefit
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Table 5.5B. Source Term ST-1M, 6-hour ETE

Protective Action

Benefit

SIP-2hrs/Lateral Evac

Significantly Improved

Staged Evac-

PS-2hrs/Lateral Evac

Improved Benefit

PS-4hrs/Lateral Evac

Baseline

Radial Evacuation (constant speed)jnot significantly different than Baseline)

PS-4hrs/Radial Evac

PS-8hrs/Radial Evac

PS-8hrs/Lateral Evac

SIP-4hrs/Lateral Evac

SiP-8hrs/Radial Evac

SIP-8hrs/Lateral Evac

Leéess Benefit

SIP-2hrs/Radial Evac

SIP-4hrs/Radial Evac

PS-2hrs/Radial Evac

Significantly Less Benefit

Table 5.5C. Source Term ST-1M, 8-hour ETE

Protective Action

Benefit

SIP-2hrs/Lateral Evac

Significantly Improved

PS-8hrs/Lateral Evac

PS-4hrs/Lateral Evac

Staged Evac

PS-2hrs/Lateral Evac

- PS-4hrs/Radial Evac

PS-8hrs/Radial Evac

SIP-8hrs/Lateral Evac

SIP-8hrs/Radial Evac

Improved Benefit

Radial Evacuation (constant speed)

Baseline

SIP-4hrs/Lateral Evac

SIP-4hrs/Radial Evac

Less Benefit

PS-2hrs/Radial Evac

SIP-2hrs/Radial Evac

Significantly Less Benefit
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Table 5.5D. Source Term ST-1M, 10-hour ETE

Protective Action

Benefit

SIP-2 hrs/Lateral Evac

Staged Evacuation

PS-4 hrs/Lateral Evac

. Significantly Impro:/ed
Benefit

PS-8 hrs/Lateral Evac

PS-8 hrs/Radial Evac:

SIP-8 hrs/Lateral Evac

PS-4 hrs/Radial Evac

Improved Benefit

SIP-8 hrs/Radial Evac

SIP-4 hrs/Lateral Evac

PS-2 hrs/Lateral Evac

Radial Evacuation (constant speed)

Baseline

SIP-4 hrs/Radial Evac

Less Benefit

SIP-2 hrs/Radial Evac

PS-2 hrs/Radial Evac

Significantly Less Benefit

Table 5.6A. Source Term ST-2M, 4-hour ETE

Protective Action Benefit
Staged Evacuation
SIP-2 hrs/Lateral Evac
Baseline

PS-2 hrs/Lateral Evac

Radial Evacuation (constant speed)

PS-4 hrs/Lateral Evac

SiIP-4 hrs/Lateral Evac

(not significantly different than Base'line)

SIP-2 hrs/Radial Evac

PS-2 hrs/Radial Evac

SIP-4 hrs/Radial Evac

PS-4 hrs/Radial Evac

Less Benefit

SIP-8 hrs/Lateral Evac

PS-8 hrs/Lateral Evac

PS-8 hrs/Radial Evac

SIP-8 hrs/Radial Evac

Significanﬂy Less Benefit
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Table 5. 68 Source Term ST-2M, 6-hour ETE

Protective Action

Benefit

SIP-2 hrs/Lateral Evac
PS-2 hrs/Lateral Evac
PS-4 hrs/Lateral Evac
SIP-4 hrs/Lateral Evac
Staged Evacuation

Improved Benefit

Radial Evacuation (constant speed)

SIP-2 hrs/Radial Evac
PS-2 hrs/Radial Evac
SIP-4 hrs/Radial Evac

Baseline

Less Benefit

PS-4 hrs/Radial Evac
SIP-8 hrs/Lateral Evac
PS-8 hrs/Lateral Evac
PS-8 hrs/Radial Evac
SIP-8 hrs/Radial Evac

Signiﬂcantly Less Benefit

Table 5.6C. Source Term ST-2M, 8-hour ETE

“Protective Action Benefit
SIP-2 hrs/Lateral Evac Significantly Improved
PS-2 hrs/Lateral Evac Benefit

SiP-4 hrs/Lateral Evac
PS4 hrs/Lateral Evac
Staged Evacuation

Improved Benefit

Radial Evacuation (constant speéd)

Baseline

SIP-2 hrs/Radial Evac
PS-2 hrs/Radial Evac

Less Benefit

SiP-8 hrs/Lateral Evac
PS-8 hrs/Lateral Evac
SIP-4 hrs/Radial Evac
"PS-4 hrs/Radial Evac
PS-8 hrs/Radial Evac

SIP-8 hrs/Radial Evac

Significantly Less Benefit
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Table 5.6D. Source Term ST-2M, 10-hour ETE

Protective Action ‘Benefit
SIP-2 hrs/Lateral Evac Sianifica atly lmproved
ignific
PS-2 hrs/Lateral Evac Benefit

SiP-4 hrs/Lateral Evac
PS4 hrs/Lateral Evac
Staged Evacuation
[Radial Evacuation (constant speed) Baseline
SIP-2 hrs/Radial Evac
PS-2 hrs/Radial Evac
SIP-8 hrs/Lateral Evac
PS-8 hrs/Lateral Evac
SIP-4 hrs/Radial Evac
PS4 hrs/Radial Evac
PS-8 hrs/Radial Evac
SIP-8 hrs/Radial Evac

Improved Benefit

Less Benefit

Significantly Less Benefit

5.4.3 No Containment Failure

Typical source terms associated with non-bypass no-containment failure (NCF) events at the
Surry NPP were compared to source term ST-1, which is an ISLOCA source term. As stated
previously, any accident is highly unlikely. This review included the highest probability NCF
source terms of these unlikely events for all major initiating event classes, including events
resulting in vessel breach, as well as those for which the vessel remained intact.

Although some differences could be seen between the NCF source terms, particularly between
events resulting in vessel breach and those for which the vessel remained intact, the relative
comparison between all of the NCF source terms and ST-1 remained the same. In generat:

* On the order of 0.1% of the total noble gas (NG) core inventory is typically released during the
Surry NCF source terms compared to essentially all of the NG inventory for ST-1;

* On the order of 0.001% of the total halogen (I) core inventory is typically released during the
Surry NCF source terms compared to approximately 10% for ST-1;

* Releases of all other species are at least ﬁve orders of magnitude smaller for the Surry NCF
source terms than ST-1; and

« The durations of the Surry NCF source terms are a factor of 10 longer than ST-1 and have a
significant longer lead time between warning and release.
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Figure 5.3 - Comparison of the noble gas (NG) and halogen (l) release rates and durations for a
typical Surry non-bypass no containment failure (NCF) and ISLOCA. The NCF source term is
typical of major internal and external initiating events resulting in vessel breach and no vessel
breach.

MACCS2 calculations were conducted to evaluate the dose to the public for general emergencies
where containment remains intact. The existing source terms and timings were used, and
exposure was evaluated over a 24-hour time period. Based on a review of the literature,
containment leakage rates of 0.1, 0.25, and 0.5% were examined (Table 5.7). The total effective
dose equivalent (TEDE) and thyroid dose were examined for 5 downwind distances 0.8, 1.6, 3.2,
8 and 16-km (0.5, 1, 2, 5, and 10 miles).

Table 5.8 provides the number of hours until the evacuation threshold is exceeded. With the NCF
source term, relatively low doses are received by the public. With a leakage rate of 0.1%/day, the
dose at which evacuation would be required is exceeded:

*  Within 8 hours at a 0.8-km (0.5-mile) radius of the plant; and
* Within 16 hours at a 1.6-km (1-mile) radius of the plant.

With a leakage rate of 0.5%/day, the dose at which evacuation would be required is exceeded the
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. dose at which evacuation would be reqUired is exceeded:

Within 2.5'hours ata 0.8-k
Within 4 hours at a 1.6-km
Within 8 hours at a 3.2-km

m (0.5-mile) radius;
(1-mile) radius; and
(2-mile) radius of the plant.

hrs, 0.045 volume % / day
>24 hrs -

0.1 volume %/day for 0-24

Containment Type Leakagé Rate Comments
0.1 volume %/day for 0-24
hrs, 0.05 volume %/day > Comanche Peak FSAR
24 hrs
Large Dry

Indian Point FSAR

Subatmospheric

0 volume %/day

By Definition

_ Ice Condenser

0.25% of the containment
free air volume per day at
accident pressure of 12

.. bpsig

Sequoyah FSAR: Pressure
of 12 psig

0.5 volume %/day at 56

psig

"BWR MARK-I osig Peach Bottom FSAR
BWR MARK-II Unknown See IPE/FSARS
- 0.437 volume %/day at T oa
11.4 psig (current FSAR Grand Gulf IPE. 0.385
; , volume % / Day
reduces this to
! 0 .
BWR MARKAII 0.65 volume %/day at 9 Clinton (GGNS IPE)

0.325 volume %/day at "the
calculated peak
containment pressure”

River Bend FSAR

Table 5.7 - Containment Leakage Rates for Various Types of Containment
amination (IPE) Reports and Final Safety Analysis Reports

Source: Individual Plant Ex
(FSAR). :

49




’ e . Leakage Rate (%/da

Dose (rem) Distance [km (mi)] . 310 9 035 ( y) 05
0.8 (0.5) 8 ‘ 4 25

1.6 (1.0) 16 7 4

TEDE 3.2(2.0) >24 15 8
8.0 (5.0) >24 >24 >24
16.0 (10.0) >24 >24 >24

0.8(0.5) 8 4 25

Thyroid Dose - 1.6(1.0) 16 6.5 4

3.2(2.0) >24 14.5 8

Table 5.8 - Approximate Number of Hours until Evacuaﬁon Threshold is Exceeded

As the calculations indicate, off-site dose from an NCF accident can still exceed the threshold for
evacuation from leakage through the containment. Table 5.8 shows that the evacuation threshold
at the 3.2 km (2 mile) boundary would-take 8 hours at a rate of 0.5% per day and longer for
leakages of lesser magnitude. Because of the slow rates of leakage, the evacuation threshold at
points farther from the plant take even longer and can be greater than 24 hours at the 16 km (10
mile) EPZ boundary. This provides additional time for the implementation of protective actions.

5.5 - Other Considerations -

This parametric study included testing of parameters to assess the potential effects on the
alternative protective actions. In addition to the above calculations, an adverse weather condition
was tested. The range of ETEs that were used were based on review of existing ETEs as well as
NUREG / CR-1856 which is a comprehensive assessment of ETEs performed by the NRC in
1981 (NRC, 1981). Although this document is dated, review of existing ETEs indicates that the
ranges of ETEs identified in NUREG / CR-1856 are still applicable.

| 5.5.1 Adverse Weather

The impact of adverse weather (precipitation) was assessed to determine how this would affect
radionuclide transport and potentially impact the PAR options. Adverse weather was isolated
from “average” weather by selecting only those weather sequences in which there was
precipitation before the trailing edge of the initial plume moved beyond 12 km (the midpoint of the
grid element extending from 8 km to 16 km) from the plant. Adverse weather, using this
definition, comprises about 8.6% of the annual weather for Moline, lllinois. Favorable weather
sequences are the set of the annual weather sequences in which no precipitation occurs before
the trailing edge of the initial pilume moves beyond 12 km from the plant. The intersection of
these two sets of weather trials is null and the union forms the entire year of data, which
represents the “average” weather.

The results of the adverse weather calculations revealed no demonstrable effect on the relative
ranking of PAR options. The analysis indicates that precipitation tends to yield lower population
dose and peak dose than the average weather scenario, assuming the ETE is held constant.
Moisture may confer added benefits by enhancing radiation shielding directly, or by washing out
radioactive particulates and gases and changing the dynamics of resuspension. Allowing for a 2
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hour increase in evacuation time due to the adverse weather does not change this result.
5.5.2 Implications for Evacuation Time Estimate Studies

The results from this study show that selection of the most appropriate protective action is often
-dependent upon the evacuation time, and therefore, it is important to reduce the uncertainty
associated with the ETE. When licensees prepare an ETE study, scenarios are developed to
identify the combination of variables and events for normal and off-normal conditions to provide
emergency planners with a realistic estimate of the time to evacuate under varying conditions.
The ETE may be used by State and local authorities in making protective action decisions on
whether to shelter or evacuate. The sequence of events for the ETE scenarios are usually
include notification, preparation, and evacuation of the public. Although any nuclear power plant
accident is unlikely, it may be beneficial to expand upon the ETE concept to address a potential
accident with a rapidly progressive source term. The ETE could be calculated to include
sheltering followed by evacuation in the sequence of events for the ETE scenario. The
evacuation time may be different for a scenario that includes sheltering, because while individuals
are sheltering, they would be preparing to evacuate. Upon receipt of instructions to evacuate,
vehicles would immediately load the transportation network, as compared to a distributive loading
that is currently assumed. Understanding any differences in evacuation time for scenarios where
sheltering is recommended initially would help support the most appropriate protectwe action

. decision.

To assure the ETE is current when a protective action decision may be required, ETEs should be
updated whenever changes occur that may affect the ETE, (NRC, 2005a) such as when EPZ
populations are projected to increase or decrease, or when ssgmﬂcant improvements are made to
roadway and supporting infrastructure.

5.5.3 Modeling Uncertainty

The use of the MACCS2 model applied to a hypothetical site supports the qualitative approach
conducted in this study. An extensive uncertainty analysis was not within the scope of this

- project, although uncertainty was addressed in some areas. MACCS2 is the NRC accepted
model for calculating potential consequences, and the model was used in accordance with the
guidance provided in the MACCS2 User's Manual (NRC, 1998). The objective of the project is to
analyze the relative efficacy of a suite of alternative protective actions that may be implemented
during a nuclear power plant emergency event. These events are low probability, and the
protective actions considered are one element of a defense in depth program.

‘This project modeled a hypothetical reactor site including a range of source terms and a range of
response parameters to produce consequence values. These values were then used to develop
~ aqualitative ranking of alternative protective actions. Epistemic uncertainties within the modeling
" apply to all of the calculations. This project did not attempt to define the effect of any epistemic
uncertainties, but recognizes that these uncertainties may exist. As stated frequently within this
_report, site specific analyses are necessary when developing protective action strategies.

In conducting the consequence modeling, aleatory uncertainty is accounted for through weather
sampling. Sampling of the weather is essential because of the effect of stability class on the
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_ lateral extent of the plume and the potential for rain to wash out the plume contents over a
population center. Some modeling values were varied parametrically including the magnitude of
the source term, timing of the source term, evacuation times, evacuation speeds, sheltering
durations, and shielding parameters. These parameters are the focus of the study and were
varied to support the ranking of the alternative protective actions. Parameters that were not
varied directly include the dispersion parameters and deposition velocities. It should be noted
that while the dispersion parameters were not sampled directly, the magnitude of dispersion did
vary over the weather trials since each trial uses its own set of hourly stability classes. While
explicit sampling of dispersion parameters and deposition velocities was not performed, doing so
would not have altered the relative ranking of the alternative protective actions.

1

The normalized values in Appendix A that were used to rank the alternative protective actions is
applicable to the hypothetical site and supports a conclusion that alterative protective actions may
be beneficial. When determining the most appropriate protective action, site specific data is
needed, because there are site specific factors that may influence the protective action decision.

5.6 Summafy of Consequence Modeling

Any core damage accident is highly unlikely and rapidly progressing acudents are even less
likely, but are included in the emergency preparedness planning basis. The MACCS2 modeling
was conducted for three accident conditions including:

« Rapidly progressing accident;
» Progressive accident; and
* No loss of containment accident.

5.6.1 Rapidly Progressing Accident

This modeling results indicate that in scenarios with a rapidly developing event of relatively high
magnitude and short duration alternative protective action strategies are capable of reducing
consequences. For ST-1, all of the alternative protective actions performed better than the
baseline radial evacuation. :

5.6.2 Progressive Accident

For releases of lesser magnitude and greater warning time, such as ST-1M, ST-2, and ST-2M,
benefits from alternative protective actions would be more site specific because the benefits are
frequently dependent on the ETE and the ability to conduct a lateral evacuation. The staged
evacuation alternative resulted in fewer early and late consequences than the constant-speed
evacuation scenario, indicating that it may be beneficial to take measures that will increase
evacuation speed at early times. These measures might include staging the evacuation to allow
certain at-risk populations to evacuate more quickly.
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5.6.3 No Loss of Containment Accident

In an NCF accident, the leakage through the containment structure can be great enough to
exceed the threshold for evacuation. The evacuation threshold at the 3.2 km (2 mile) boundary
can be exceeded in 8 hours at a rate of 0.5% per day. Exceeding the evacuation threshold would
take longer for leakages of lesser magnitude. Because of the slow rates of leakage, the
evacuation threshold at points farther from the plant take even longer and can be greater than 24
hours at the 16 km (10 mile) EPZ boundary This provides additional time for the implementation
of protective actions.

5.6.4 General Conclusions from the Consequence Mddelihg

The following general conclusions have been developed based on the results of the consequence
modeling:

* The results from the modeling show that PAR selection is dependent on the evacuation time,
and therefore, it is important to reduce the uncertainty associated with the ETE. The ETE
should be reevaluated whenever conditions change that may effect the ETE, such as a

., population increase or decrease, roadway improvements, or when alternative protective
actionls are integrated into the emergency planning.

+ The modeling results indicate that there is a benefit to implementing alternative PAR
strategies, including sheltering, lateral evacuation, and staged evacuation.

» The use of PS clearly results in fewer-.consequences for ST-1. However, the benefits are not
as evident for all other source terms. For source terms ST-1M, ST-2 and ST-2M, PS is not
typically more beneficial than the baseline evacuation. This lack of a significant benefit from
PS should be factored into the consideration of a protective action that requires the level of
infrastructure and support that PS would require.

» Although the modeling demonstrates that PS is not a significant benefit to the general public,
sheltering of special needs individuals is similar in concept. In this case, most of the
infrastructure necessary for PS is in place. When considering special needs facilities, the
results indicate that it can be beneficial to shelter special needs individuals in their existing
facilities. Sheltering not only provides time for these individuals to be prepared for evacuation,
but also offers the time for emergency response teams to better assess the accident
conditions which may affect whether there is any need to evacuate the special facilities.

* The modeling of shelter-in-place for the general public can also be viewed as delaying the
evacuation. In this context, it is found that sheltering for short periods may be beneficial in
allowing the local emergency responders to establish traffic control to facilitate an evacuation.
This may have an added effect of reducing the evacuation time because traffic control can be
fully established prior to the start of the evacuation.
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6.0 ANALYSIS OF PROTECTIVE ACTION IMPLEMENTATION ISSUES
6.1 Alternative Protective Action Strategies

The consequence analysis identified that use of alternative protective actions can reduce
consequences for some incidents. These alternative protective actions have been reviewed
herein to assess potential issues related to implementation. In general, alternative protective
actions should be limited to a few effective options because decision makers may not have
sufficient time and / or information to sort through several different and potentiaily complex
protective action strategies (EPA, 1991). Key considerations in deciding upon the appropriate
PAR include the expected duration of the release and the anticipated dose to the public. There
may be a high degree of uncertainty surrounding this information, including the precise magnitude
and release timing of the source term, complexity of the terrain, or adverse weather conditions, all
of which may make it difficult to accurately predict the plume (NRC, 1990a). Detailed
consequence calculations and analysis were performed to identify and rank alternative protective
actions that offer potential benefits. The following seven strategies were evaluated in the

"~ MACCS2 calculations: :

* Radial evacuation;

« Lateral evacuation;

» Staged evacuation;

+ Shelter-in-place followed by radial evacuation;

» Shelter-in-place followed by lateral evacuation;

» Preferential sheltering followed by radial evacuation; and
» Preferential sheltering followed by lateral evacuation.

6.1.1 Radial Evacuation

The baseline protective action assessed in this study is radial evacuation. Radial evacuation is
the movement of people outward, away from the plant toward the EPZ boundary which is about
16 km (about 10 miles) away from the plant. Evacuation plans that generally direct the population
radially are in place for all EPZs. '
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Figure 6.1 - Approximation of the emergency planning zone for a nuclear power plant showing
radial roadway networks.

According to NUREG-0654 / FEMA-REP-1, Rev. 1 (NRC, 1980), evacuation should be based on
general radial dispersion. This approach ensures that the evacuating public is getting further from
the NPP regardless of the wind direction. There is a combination of later