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1. Introduction

1.1  Importance of SOARCA Peer Review

. The Nuclear Regulatory Commission (NRC) is conducting the State-of-the-Art Reactor

f@
b

o
N

ot

Consequence Analysis (SOARCA) to update evaluations of hypothetical severe accident
progression and offsite consequences in nuclear reactors. SOARCA was born out of efforts to
assess nuclear power plant response to security-related events. The project aims to provide more

realistic assessments of the risks posed by nuclear power plants by reducing excessive
. ex € _

conservatisms in earlier evaluations and incorporating the most recent plant information and

e et
analysis technologies. ticipated It 1 ajor change in the general public’s perceptions
ysis technologies. An anticipated result is a maj g the general public p/_L

of nuclear reactor safety.

R —

In this context, the SOARCA incorporates insights and analysis techniques which -are
significantly different from those used in previous consequence analyses, along with updated
information on plant improvements and security-related enhancements. The advances and
changes in these areas represent major improvements in the knowledge of severe accidents and
risks to the public health. '

The SOARCA Peer Review Committee has been appointed to provide an independént review of

‘these updated analyses. Technical experts from industry, consulting, academia, and research

laboratories have been assembled to assess all aspects of the project in an impartial manner and
provide guidance and suggestions. The Committee represents a wealth of knowledge regarding
plant design, operation and maintenance, safety and security-related equipment, severe accident
phenomenology, emergency preparedness and radiological health consequences and analysis
thereof.

The SOARCA integration of analysis tools and techniques, along with incorporation of recent
plant improvements and security-related enhancements, represents a new application of the state-
of-the-art analysis techniques. The Peer Review Committee fills the essential role of reviewing
the technical work performed under the SOARCA. The scope of review includes correctness of
information used, assumptions, analysis methodologies, application of current standards and
practices and interpretation of results.

1.2 Peer Review Objectives

‘The main objective of the Peer Review Committee is to provide independent reviews by each

Committee member of the technical work conducted within the SOARCA project. The primary
focus is to assure that the SOARCA study is technically accurate.

Guidance with respect to specific issues, as requested by NRC staff, and comments on the
effectiveness of presentation within the SOARCA NUREG documents to the public may also be
offered by the Committee members. '

4®
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Peer Review Committee Members

‘The Peer Review Committee is comprised of the following eleven technical and scientific

Ken Canavan, a Senior Program Manager in the Risk and Safety Management (RSM)
program for the Electric Power Research Institute (EPRI), reviewed accident sequence
selection and progression. For the last 24 years he has worked in the risk and safety
discipline for nuclear utilities, consultants and most recently the research institute on the
development of probabilistic risk assessments (PRA), PRA methods, risk-informed
applications, peer certification process, and several unique applications of risk technology.

* Mr. Canavan earned a Bachelors of Engineering in Chemical Engineering with a nuclear

sequence from Manhattan College.

Bernard Clément, senior expert at France’s Institut de Radioprotection et de Streté
Nucléaire, reviewed accident progression and radiological release. His 30-plus years in
nuclear safety research have examined light-water reactor design-basis and beyond
design-basis accidents as well as liquid-metal fast-breeder reactor safety. Clément has
chaired the scientific analysis working groups of the Phebus FP and International Source
Term Programs. He is a graduate of the French Ecole Centrale de Paris.

Jeff R. Gabor, vice president of the risk management group for ERIN Engineering,
reviewed accident progressmn and radiological release. In more than 25 years of nuclear
power plant safety experience, he has worked on numerous Level 2 Probabilistic Safety
Analysis (PSA) updates, supported several utilities’ severe accident and thermal-
hydraulic analyses, developed severe accident mitigation guidance, and was a principal
author of the Boiling Water Reactor Modular Accident Analysis Program. He eamed a
Bachelor of Science in nuclear engineering and a Master of Science in mechanical

. engineering from the University of Cincinnati.
Robert E. Henry, senior vice president and co-founder of Fauske and Associates,

reviewed accident progression and radiological release. Henry’s more than 40 years of
nuclear safety and engineering experience include work on light-water reactor response
to severe accidents and severe accident management guidelines for all commercial U. S.
reactors. He earned his bachelor’s, master’s and doctoral degrees in mechanical
engineering from the University of Notre Dame.

Roger B. Kowieski, president of Natural and Technologlcal Hazards Management
Consulting, Inc. (NTHMC), reviewed off-site emergency planning and response. His 30
years of experience cover a very broad spectrum of emergency planning and
preparedness including reviews of radiological and chemical hazards assessment reports;

-development of protective actions decision making trees; development of lesson -plans

and trainee manuals; conducting of training sessions for facility personnel; design and
evaluation of Radiological Emergency Preparedness (REP) exercises for nuclear power
plants for FEMA. While with FEMA until 1988, he served as a FEMA expert witness
before the NRC Atomic Safety and Licensing Boards (ASLBs) in connection with
licensing actions on the Indian Point and Shoreham Nuclear Power Stations. He
currently serves as the Regional Coordinator, assisting FEMA Region 3 in the planning -
and execution of all REP exercises in this region. Kowieski earned his Master of Science
degree in Environmental Engineering from Wroclaw Polytechnic, Wroclaw, Poland.
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David E. W. Leaver, a senior vice president and principal at-WorleyParsons Polestar,

reviewed radiological release, emergency response, and offsite radiological consequences.

He performed some of the earliest PRA studies of nuclear plants during his more than 30
years in reactor safety, risk assessment, radiological source term and accident analysis,
emergency planning support to the nuclear industry, and meteorological analysis. Leaver
earmned his Bachelor of Science in -electrical engineering from the University of
Washington, and earned his Master of Science in engineering economic systems and a
doctorate in mechanical engineering from Stanford University.

Bruce B. Mrowca, vice president and manager for nuclear system analysis operations of -

Information Systems Laboratories, reviewed probabilistic risk assessment (PRA)
sequence selection and mitigation measures. His more than 25 years of experience in
commercial nuclear power include PRA development and application, instrumentation
and control design and fire protection analysis. He earned his Bachelor of Science in
electrical engineering from the University of Maryland.
Kevin R. O’Kula, of Washington Safety. Management Solutions, reviewed offsite
radiological consequences. For more than 26 years O’Kula has examined topics including
accident and consequence analysis, source term evaluation, commercial and production
reactor PRA and severe accident analysis, and safety software quality assurance. He
earmned his Bachelor of Science in applied and engineering. physics from Cornell
University, and his Master of Science and doctorate in nuclear engineering from the
University of Wisconsin. '
John D. Stevenson, a senior consultant at JD Stevenson Consulting Engineering
Company, reviewed structural and seismic issues. His 35 years of experience include
developing structural and mechanical construction and design criteria for qualifying
nuclear power plants, structures, systems and components applications to resist extreme
natural and man-induced hazards. Dr. Stevenson earned his Bachelor of Science in civil
engineering from Virginia Military Institute, and his Master of Science and doctoral
degrees in civil engineering from Case Institute of Technology. He currently is chairman
of the Technical Advisory Committee to the International Atomic Energy Agency
Seismic Safety Center. - _
Karen Vierow, associate professor of nuclear engineering at Texas A&M University,
chaired the Committee and reviewed severe accident modeling. Her 20 years of
" experience in nuclear engineering focus primarily on thermal hydraulics, reactor safety,
severe accidents and reactor design. Vierow earned a Bachelor of Science in nuclear
engineering from Purdue University and a Master of Science in nuclear engineering from
~ the University of California at Berkeley. She earned her doctorate in quantum
engineering and system sciences from the University of Tokyo.
Jacquelyn C. Yanch is Professor of Nuclear Science and Engineering at the
Massachusetts Institute of Technology where she has been a member of the faculty since
1989. Dr. Yanch reviewed the off-site radiological consequences. Her research deals
with the production, detection, applications, and health effects of ionizing radiation and
involves both physical experimentation and computational dosimetry applied to human
irradiations. Current experimental work involves long-term irradiations of cell and
animals at low dose-rates. As of 2009 Professor Yanch also became a member of the
MIT Department of Biological Engineering. Dr. Yanch has served on the MIT Reactor

(3
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Safeguards Committee and the Committee on Radiation Exposure of Human Subjects
and has been a member of the MIT Radiation Protection Committee for 20 years.

1.4 Report Organization

Section 2 of this report describes the Peer Review Committee charter and scope of review. The
.coverage of SOARCA topics is explained. Finally, the peer review approach is discussed.

Each Committee member’s individual assessment of the SOARCA effort is included in Section 3.

The Appendices include comments and suggestions that the Peer Review Committee members
have provided to the SOARCA point of contact throughout the review process.
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2. Peer Review Process
2.1 Committee Charter

The Peer Review Committee’s charter is to provide independent reviews of the technical work
conducted by the NRC and Sandia National Laboratories for the SOARCA project. The primary
focus is to assure that the SOARCA study is technically accurate. The Committee is also to
assess whether the conclusions and the Executive Summary are supported by the underlying
technical work presented in the draft SOARCA NUREG report. '

Guidance with respect to presentation within the SOARCA NUREG documents of the results to
the general public may also be offered by the Committee.

The final deliverable is this technical report documenting the ﬁndings of individual Committee
members.

The Committee began its work in July 2009 and is scheduled to submit the final version of this
report in May 2010.

2.2 Peer Review Scope

‘The scientific and technical experts on the Committee were requested to assess the
methodological approach, underlying assumptions, results and conclusions obtained for Peach
Bottom and Surry reactors. The Committee members may also comment on the presentation of
the SOARCA evaluations within the SOARCA NUREG documents.

The documents reviewed included draft SOARCA NUREG documents, presentation materials
provided at Peer Review Committee meetings, comment resolution documents and supporting
documents that were supplied at the Committee’s request. The draft SOARCA NUREG
‘document dated Feb. 14, 2010 is the latest version available to the Committee at the time of
preparation of this report.

The scope of the review does not include an Uncertainty Quantification and Sensitivity Analysis.
Nor does it include editorial review of the SOARCA documents.

2.3 Coverage of SOARCA Topics by Committee Members’> Areas of Expertise

‘Peer Review Committee members reviewed the SOARCA according to their areas of expertise
as follows: '

Accident sequence selection
Ken Canavan
Bruce Mrowca

Accident progression
Ken Canavan
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Bernard Clément
Jeff Gabor
Robert Henry

Mitigation measures
Jeff Gabor
Robert Henry
Bruce Mrowca

Radiological release
Bernard Clément
Jeff Gabor
Robert Henry
David Leaver

Off-site emergency planning and response
Roger Kowieski
David Leaver

-Off-site radiological consequences
‘David Leaver
Kevin O’Kula
Jacquelyn Yanch

Seismic 1ssues
John Stevenson

.Structural issues
John Stevenson

Probabilistic Risk Assessment applications
Ken Canavan
Bruce Mrowca

Severe accident modeling
Jeff Gabor
Robert Henry
Karen Vierow

2.4  Peer Review Approach and Methodology
Three meetings were conducted between the Peer Review Committee members and the

SOARCA team. Prior to each meeting, SOARCA documentation was transmitted to the
‘Committee for review.
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The first meeting between the Committee members and the SOARCA team was held in
Rockville, MD on July 28-29, 2009. A draft of the SOARCA NUREG document, dated July
2009, was received for review prior to the meeting. The SOARCA team presented the project to
the Committee members and initial comments and questions were discussed verbally. Following
the meeting, the Committee provided written comments on the SOARCA document and
information presented at the two-day meeting, as documented in Appendix A.

The second meeting was conducted on September 15-16, 2009 in Bethesda, MD. Prior to this
meeting, supplemental materials including reports of MELCOR and MACCS external review
committees, the 1982 Sandia Siting Study and a memo from Dana Powers on fission product
retention in steam generator tubes were transmitted to the Committee members. The SOARCA
team presented the project to the Committee members and initial comments and questions were
discussed verbally. Following the meeting, the Committee provided written comments on the
SOARCA document and information presented at the two-day meeting, as documented in
Appendix B.

The third and final meeting was conducted on March 2-3, 2010 in Rockville, MD. A draft of the
SOARCA NUREG document, dated February 14, 2010, was received for review prior to the
‘meeting. Presentations by the SOARCA team on the first day focused on comment resolution
and plans for Uncertainty Quantification and Sensitivity Analysis. Through discussion with the
SOARCA team, the latter effort was determined to be outside of the Committee’s charter. The
second day of meetings was primarily for discussions amongst the peer reviewers and small-
group meetings with members of the SOARCA team, as requested by the peer reviewers.

Several action items arose from this meeting. First, the Committee members were asked to
provide written comments on the description of the SOARCA in the draft NUREG. These
‘comments-are included in Appendix C. Second, several issues arose for which the SOARCA
team requested guidance on a time scale shorter than that for preparation of the Committee’s
final report. This memo is attached as Appendix D. Third, the Committee members were asked
for their insights into the Uncertainty Quantification and Sensitivity Analysis, an issue which
several members were interested in but which was determined to be outside of the review scope.
This memo is attached as Appendix E.

~ The final deliverable of the Peer Review Committee is a report to the SOARCA team
‘documenting the technical findings of the individual peer reviewers. The report has been
assembled and coordinated through the Peer Reviewer Committee chair.

A consensus opinion of the Committee has not been pursued or documented throughout the
review process. All of the written materials described above, which -were provided to the
SOARCA team by the reviewers, have been assembled by and coordinated through the Peer
Review Committee chair. Each reviewer’s assessment of SOARCA has been transmitted as
received, without editing or other modification.
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3. Individual Assessments from Peer Review Committee Members

Individual assessments of the SOARCA by each Peer Review Committee member are included
in the next page, in alphabetical order by reviewers’ last names. These assessments are included

exactly as they were transmitted to the Chair of the Committee and have not been edited in any
manner. :
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Individual Input from Review of State-of-the Art Consequence Analysis (SOARCA)

Ken Canavan, Senior Program Manager
Risk and Safety Management (RSM)
Electric Power Research Institute

Overview

As stated in “State-of-the-Art Reactor Consequence Analysis (SOARCA) Project
SOARCA Methods” the overall objective of SOARCA is to develop a body of
knowledge regarding the realistic outcomes of severe reactor accidents. The
corresponding and supporting objectives are summarized as follows:

* incorporate plant improvements and updates not reflected in earlier assessments

* incorporate state-of-the-art integrated modeling of severe accident behavior

= evaluate the potential benefits of recent security-related mitigation improvements
in preventing core damage and reducing an offsite release should one occur;

= enable the NRC to communicate severe-accident-related aspects of nuclear safety
to stakeholders and, ‘

= update quantification of offsite consequences found in earlier NRC publications
such as NUREG/CR-2239, “Technical Guidance for Siting Criteria Development”.

In overview, the SOARCA analysis and report has met its goals and objectives. Plant
improvements and significant changes have been incorporated into the SOARCA models
for the specific plants that are evaluated by SOARCA. The state-of-the-art severe
accident modeling and behavior, has not only been implemented in SOARCA, but the
state-of-the-art has actually been extended by the significant amount technical work and
research developed and implemented in the study. In the area of severe accident
communication, the technical community will benefit from the developments in
SOARCA. The benefits and communication with other stakeholders beyond the
technical community is beyond the scope of this review. The last objective, the
quantification of offsite consequences was also met.

While the goals and objectives of SOARCA appear to be largely achieved, and in some
cases the expectations actually exceeded, there are some observations worthy of note.
The scope of this reviewer’s comments are limited to the assigned topical area of accident
sequence analysis. The individual observations are provided, in detail, in the next few
paragraphs. -

Consequence Analyses

One of the objectives of SOARCA is to develop current and realistic estimates of the
potential site-specific offsite consequences from the more likely severe accidents for
operating nuclear power plant. However, as is the case of all consequence analyses,
SOARCA does indeed focus on only the most significant accident sequences. As such,
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the discussions of the impact of non-dominant or individually non-significant accident
sequences in inevitable. . 4

- For examplg, there j£ the possibility that certain accident sequences, while not-dominant,
may have ingrease risk in terms of increased consequence. While these sequences may
not dominagt'the risk, in terms of either frequency and/or consequence, they could be
contributors. Collections of several lower order sequences could have higher
consequence than SOARCA evaluated and could also contribute. While SOARCA did
indeed capture the most likely sequences and did accurately capture the consequence
from these sequences. ' '

As stated previously, this discussion of “completeness” is typical issue with consequence
analyses. That is, for consequence analyses it can be difficult to demonstrate
completeness. The benefits to a frequency weighed approach, such as a level 3
probabilistic risk analysis (PRA), is that the accident sequence frequencies and
consequences can be used in the determination of risk. The results of the PRA accident
sequence frequencies and the related consequences can be evaluated both individual and
collectively. It is realized that the frequency weighed approach can be both a benefit as
well as a detriment. The detriment occurring where the results are misinterpreted, taken
out of context, or manipulated without proper basis. However, this reviewer feels that the
benefits of demonstrating completeness outweigh the potential for intentional or
unintentional misuse.

A level 3 PRA performed for a SOARCA plant would have the benefit of reduced
resources (due to work performed for SOARCA) as well as the benefits of validation of ‘
the SOARCA approach and demonstration of completeness. e
V@‘w) . <h} L‘Q‘” &E’%v{ '
Plant Specific Nature of SOARCA W""f“ s 2t p o
N <i-r' |

g
The SOARCA analysis and report is developed by a}pplying a method to two specific
plants Surry and Peach Bottom. The application of the methods to two specific plants has
both positive and negative aspects. The positive glépects are that with plant specific
information, plant specific conclusions can be dr/awn and can be based on the specific
design features, maintenance and operation practices at that particular site. The downside_ _,W;Z'
to this approach is that not all the plant sgesd’f' '1_5' features, both those features that reduce { {',W“'{ﬁ be
conseWsthse that might ificrease consequUENCEs, are represented.in-the /"“ﬂ/;{@“g;" ST
two plants ¢ ws%s,omﬁ.gwapWyﬁmd e c Lo
the esults may nof be typical | M

For example, in the case of Peach Bottom, the drywell does not have a curb ihside the
drywell and therefore direct containment heating as a result of corium contact with the
liner is possible. In other BWR Mark I containments, the liner may prevent or reduce the

likelihood of corium contact with the liner. ai M
~
o

While an alternative to the current approach or analysis is not recommended or sought by
this comment the results can be influenced in a material way by plant specific features.

10
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Individual Accident Sequences

As part of the review of accident sequences in SOARCA the criteria used in the study
were applied generically to various accident sequences in previously published PRA
studies. The conclusion of this informal comparison was that no new accident sequences
were identified that should have been included in SOARCA. However, it should be
noted that this review was informal and generic. Plant specific application could produce
different results. The comparison does provide some assurance that the criteria was
correctly applied at the same time the items discussed in the “Consequence Analysis”
section apply. 4

Safety valves and pilot operated relief valves play a significant role in the accident
sequences analyzed in SOARCA. Both the successful operation as well as the failure
modes under beyond design basis conditions are clearly significant in the analysis. The
failure modes considered in the SOARCA analysis are, in the opinion of this reviewer
likely however this illustrates another advantage of a frequency weighed approach where
competing and important phenomena could be frequency weighed resulting in a more
holistic view of risk and the key contributors.

Summary

The SOARCA analysis has met is primary goal of developing current and realistic
estimates of the potential site-specific offsite consequences from the more likely severe
accidents for operating nuclear power plant.

In addition, the other objectives of the study were also achieved including incorporation
of plant improvements and updates, state-of-the-art integrated modeling of severe
accidents, and incorporation of the benefits of recent security-related mitigation
improvements. SOARCA is a state-of-the-art consequence analysis.

However, SOARCA is a consequence study and, as such, has issues associated with
demonstrating completeness. Consequence studies are also limited in the ability to obtain
the most utility from the final results. This is a result of the fact that they are difficult to
change or modify to implement advancements in the technology or changes in the state of
knowledge. In addition, SOARCA is plant specific which has the benefit of reflecting the
specific plant and the detriment of not reflecting the range of potential designs or the
magnitude that these alternate designs might influence the results. In the accident
sequence analysis, changes in assumptions or the state of knowledge of certain
phenomena could influence the results of the analysis are not quantified and further limit
the usefulness of the final result. ‘

11
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Evaluation by B. Clément

Summary

o

The reviewer looked at all the documentation provided by the SOA@ Project. His
evaluation mainly focussed on the domains related to his personal background: (i) objectives
and approach, (ii) accident scenario analysis, (iii) uncertainty analysis. Finally,
recommendations for possible work continuation are given.

The SOARCA Project succeeded to achieve the objective of updating quantification of offsite
consequences. This was done by using best-estimate simulation tools on a limited number of
“accident sequences. The selected scenarios result in containment failure, very large leakage or
bypass representing a class of accidents with quite large but not early releases. This is
considered as being correct and overall the SOARCA methodology proved to be useful.

The accident progression is calculated using the MELCOR state-of-the-art code. In the
calculations, a creep rupture of the hot leg nozzle occurs before induced failures in other
locations of the RCS and before failure of the lower head of the reactor pressure vessel. The
reviewer considers that uncertainties exist concerning the first failure location. This was
addressed for SGTR but not for RRV_failure. A recommendation in that sense was made
during the review meetings. The MELCOR code does not yet incorporate all the outcomes of
recent R&D programme on fission products behaviour especially as far as iodine is
concerned. To overcome this difficulty, a superimposition of gaseous iodine source term
directly coming from Phebus experimental results was superimposed to the one calculated by
MELCOR. This gives consistent results for the sequences that were studied but it might not
be the case for other sequences.

Addressing the uncertainties issue within the frame of the SOARCA Project will certainly
increase the robustness of the results and the confidence we can have in the conclusions.
Given the important amount of work needed, the Project proposes to conduct the uncertainty
study on one sequence for one power plant. This is considered as being acceptable and a good
start-point. Besides, the foreseen methodology for uncertainty analysis is valid.

For work continuation, it is recommended: (i) to proceed in the future to a revision of part of
the SOARCA documentation according to new PRA results if their outcomes make it useful,
(ii) to address other pilot plants representative of other designs using the SOARCA
methodology, (iii) to benchmark SOARCA evaluations of some selected sequences with a
new MELCOR version incorporating significant new features when it becomes available.

12
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Introduction

Given his background, the reviewer mostly focussed on general'documents describing the €
SOAECA objectives and methodology as well as on accident progression and source teg\/

analyses. For the same reason, more input will be found for the Surry PWR than for the Peach
Bottom BWR. -

SOARCA Objectives and Approach

Among the different objectives assigned to the SOARCA Project, the most important in the

reviewer’s opinion is to “update quantification of offsite consequences found in earlier NRC

publications”. Indeed Wﬁ} NUREG/CR-2239 were likely overly pessimistic.
—

The SOARCA study takes into account significant plant improvements and updates not
reflected -in earlier assessments and evaluates the potential benefits of mitigation
improvements. In that sense, it is up-to-date.

 SOARCA uses an integrated approach based on the use of two best-estimate simulation tools,
MELCOR and MACCS2. These two codes incorporate to a large extent the current status of
knowledge on severe accidents.

For fully answering the question: “is SOARCA a best-estimate study” one needs to consider
the accident scenario selection procedure. This is discussed in the next section.

Overall, the reviewer considers that the SOARCA approach is useful and valid.

Accident Scenario Selection

SOARCA being not a full level 3 PRA study, only a limited number of scenarios has been
selected. The accident scenario selection is based on Core Damage Frequency criteria.
Though radio-nuclide release frequency criteria would have been preferable, the results of
level 2 and level 3 PRA results made available to the Project at its initiation were probably not
enough numerous and/or complete to do so. As a result of the chosen screening criteria,
~ sequences with Large Early Release Frequency were not considered due to their very low
occurrence probability. All the unmitigated SOARCA scenarios result in containment failure,

very large leakage or bypass representing a class of scenarios with quite large but not early -

releases. Release is much smaller for mitigated scenarios. It is considered that the screening
method used leads to a correct selection of scenarios.

Accident Progression and Source Term Analysis

The accident progression is calculated with MELCOR that is undoubtedly a state-of-the-art
tool for core degradation but that not yet incorporates all the recent outcomes of researches on
Source Term.

Concerning the accident progression for Surry, one of the most important results of the
analysis is that a creep rupture of the hot leg nozzle occurs before induced failures in other
locations of the RCS and before failure of the lower head of the reactor pressure vessel. It is
also considered that the rupture of the hot leg nozzie results in a large break. This has
important consequences for what happens next. First, the depressurisation of the RCS allows
injection of water by the accumulators that delays the progression of the accident. Secondly,

13
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this avoids any high pressure melt ejection. In addition to this base case, scenarios with
thermally-induced steam generator tube rupture were considered. Although the base case
scenario is credible and corresponds to the best-estimate philosophy of SOARCA,
uncertainties on different failure modes and locations must be taken into account.

The analysis shows that hydrogen combustion by jet ignition becomes possible after the hot
leg rupture. Bounding cases are given for AICC and detonation. It would be interesting to see
if we are far or not from the ¢ criterion .for flame acceleration and the A criterion for
detonation in order to evaluate . Those are given in the following document:

Again for the Surry analysis, the releases are due to containment’s overpressure. The
basement failure and the associated release path were not considered. In most of the analysed
sequences, the duration between debris discharge to cavity (followed shortly by cavity dryout)
and increased leakage of containment is probably sufficiently short to consider that release
through the failed basement will not be an important contributor to the overall release. This
might not be the case for the unmitigated long-term station blackout where this time
difference is about 24 hours. This point could be addressed in the future through a sensitivity
study. ’

As for Peach Bottom accident progression, the same general comments about MELCOR can
be made. The question of uncertainties on mechanical failures is also relevant: it applies for
Peach Bottom to the rupture of the main steam line.

Concerning the release of fission products from the fuel, MELCOR uses CORSOR-Booth
models with diffusion coefficients adjusted on a large number of experimental data. One can
consider that the results obtained are reliable. One can draw the same conclusion for the
transport of aerosol in the RCS despite the fact that some phenomena are not modelled. The
chemical aspects, especially for iodine are more complex. No transport of gaseous iodine in
the RCS is considered although this was experimentally evidenced. There is also no treatment

of gas iodine chemistry in the containment. The Project made a sensitivity study to cope with -

this modelling lack: gaseous iodine concentrations.observed in the Phebus FPT-1 experiment
were added to the containment inventory. As the calculated iodine releases are already high,
this addition does not make a big difference. It should however not be forgotten that this
would probably not be true for other sequences with lower releases. Also, it is expected that

gaseous iodine releases due to gas phase chemistry phenomena in the containment could last

for a Tonger time that the 48 hours idered 1n the studies.
T e T T e

Uncertainty analysis

Addressing the uncertainties issue within the frame of the SOARCA Project will certainly
increase the robustness of the results and the confidence we can have in the conclusions.
Given the important amount of work needed, the Project proposes to conduct the uncertainty
study on one sequence for one power plant. This is con31dered as being acceptable and a good
start-point.

Uncertainties are generally classified in two categories: epistemic and random. In principle,
their treatment should be different. However, the practical way to cope with uncertainties
when using physical/numerical models is to assign a probability disfribution function to a
number of selected parameters and/or model options, not making any distinction between the
different types of uncertainties. This is also acceptable. There is nevertheless a type of
uncertainty that cannot be treated that way: it is the case when you know that some physical

phenomena, potentially important, are not modelled in the tools you are using. Then, a

solution can be to make a sensitivity analysis by superimposing “by hand” (using side

14
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" calculations and/or considerations) the hypothesized effect of such phenomena and looking at
how much it impacts the overall results of the study. An example of such an approach is what
was already done for gaseous iodine using results from Phebus FP. If not giving an
uncertainty, the method the method can allow to get a qualitative measurement of the impact

- of non modelled phenomena.

As for the statistical method, Monte Carlo sampling_should be preferred to Latin Hypercube,

not only for tl}g%r_easons, but also for practical ones: tools are available i MELCOR
and work well. T~

A most important part of the work is the selection of parameters to be examined and the
determination of their probability density functions. This needs to be done based on expert
judgment and reviewed not necessarily outside of the Project.

At a first glance, the list of parameters presented during the march 2010 review meeting for
Peach Bottom accident progression seems to be adequate. One difficulty is that some of them

: might not lly inde hereas they should be 0 lo sampling. A special
AN attemmMMﬁm
\ﬁ\\(:h}/ &‘y \ suspected by the reviewer. = ,

v - - .
o, &)' Concerning the probability density functions, the choice of finite ones is supported because
' " sampling in the tails of infinite distributions may lead to select a parameter’s value falling
- largely outside of the validation rangg of the model. In addition to uniform and triangular
‘Zé distributions, truncated Gaussian and truncated log-normal could also be selected for some

cases. M‘/;j 41;"”')‘

"V | W
v, 7 ) A
}/ \!\(é}/Rec'ommendations for work continuation P/’ M

7,
\P\r % = ,The objectives of the SOARCA Project were not to develop a full level 3 PRA. There is
%%Z('o however a non deniable interest in developing level 2 and level 3 PRAs. Such actions, if
er possible, should be made in parallel with the continuation of SOARCA Project. Depending on
0/( ' the outcomes of new PRAs, it would be useful, or not, to proceed to a revision of part of the
SOARCA documentation.

N % The SOARCA methodology has now been applied to two pilot plants representative of two

y)f f major classes of US operating Nuclear Power Plants. Before deciding on an extension to the
7 whole US fleet, it would be interesting to address other pilot plants representative of other

< y{rﬁ/ designs such as BWRs with Mark 2 containment of PWRs with ice-condensers containments.

may appear unimportant and should be treated with fewer details in the future; on the
contrary, some other aspects may appear more important than initially foreseen and looked at.

o w:'/ The outcomes of the uncertainty analysis may have two different consequences: some aspects
/T) with a deeper attention in the future. -

Progress has been made in the recent years in the knowledge of accident progression and
\[fm(g v,)j"c/ source term evaluation. Not all the outcomes have been incorporated in MELCOR models and
\\ﬁ@ advances in knowledge are still ongoing. It should be valuable, when a MELCOR version
ey’/\ incorporating significant new features becomes available, to benchmark the present SOARCA

d/p ' results with this new version for some selected sequences.

)“ \\;& ' . ‘15
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Individual Input from Peer Review Committee Members

Jeff R. Gabor — ERIN Engineering and Research, Inc.

Summary

The State-of-the-Art Reactor Consequence Analysis (SOARCA) project has applied modern
analysis tools and advanced methodologies to assess the potential consequences from selected
hypothetical severe. reactor accidents. The SOARCA project is a significant step forward in
severe accident consequence analysis which in the future will provide valuable input to risk
assessments. These risk assessments that support the operation of current reactors and the
licensing of new reactors must be based on best-estimate evaluations and not unduly biased by
conservative assumptions.  The SOARCA project objectives are stated as:

e Develop a body of kﬂowledge regarding the realistic outcomes of severe reactor
accidents

¢ Incorporate significant plant improvements and updates not reflected in earlier
_ assessments

Evaluate benefits of mitigation improvements

Enable NRC to communicate severe-accident—related aspects of nuclear safety to
stakeholders

Update quantification of offsite consequences found in NUREG/CR-2239

The independent Peer Review Team that was formed includes experts in all phases of severe
accident analysis. The majority of my comments on the SOARCA project have been focused on
severe accident progression and radionuclide release. My attention has been applied to the use of
the MELCOR code in modeling the plant response to severe accident conditions and any
modeling assumptions used in the evaluation. From my past experience with a significant
number of severe accident analyses, the SOARCA accident progression analysis work represents
an advancement of the state-of-the-art in severe accident analysis. The accident progression
analysis is thorough and addresses the key severe accident phenomena identified by experts
throughout the world. The evaluation makes excellent use of available experimental evidence
from a vast array of international programs. Where it is true that the details of any such study are
dependent on the specific plant and scenarios being evaluated, the methods and underlining
modeling techniques applied in the SOARCA accident progression analysis could apply to any
LWR. '

Overall, SOARCA successfully addressed the major objectives of the proj ?related to severe
accident progression by using state-of-the-art deterministic methods //:: modeling severe
accident plant response. However, due to the primarily deterministic approach taken, great care
must be taken in communicating these results in any context that include'a_discussion of risk to

the public. The project and associated documentation detdils a more realistic assessment of the™

potential consequences associated with operating nuclear reactors for the accident progression
‘scenarios evaluated and portrays a more up-to-date understanding of the key accident
phenomena.
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It should be noted that the focus on individual accident progression scenarios in a deterministic
framework has limitations. As identified in my specific comments below, the consequences of
specific severe accident scenarios can be strongly influenced by the selection of the accident
progression paths. While the SOARCA team focused primarily on the important (or more likely)
" path, the ¢ consequences computed are a strong function of the path selected. This is why the
Qresentatlon of nisks must be made n a fully probablllme—ﬁ"éf'n?vm-'rather than a guam-
probabilistic framework like the one adopted by the SOARCA project. As the SOARCA project
did not evaluate a full spectrum of scenarios, great care must be taken in the communication of ‘
‘these results. While potentially representative, these results are plant-specific, limited in scopj CBMJ \
and do not fully characterize plant risk. - <A

The original consequence analyses portrayed in NUREG/CR-2239 preceded the NRC’s adoption
of a Severe Accident Policy Statement and PRA Policy Statement, both of which encourage the
staff to adopt a risk perspective in.considering severe accidents. While SOARCA has advanced
the understanding of severe accident progression and provides representative results for selected

seyere accident scenanos it is unfortunate that it was beyond the scopé of the project to provide
w
-a com sults in the context of an It isk perspective.

The following sections outline more specific observations and comments associated with my
individual review.

Peer Review Assessment

The starting point for accident progression analysis is the selection of the representative
sequences that could lead to severe accident conditions. The SOARCA development team
utilized a screening technique to identify those sequences with the highest likelihood to lead to
core damage conditions and to result in a significant release to the environment for the specific
plants being studied and for the limited scope of severe accident scenarios considered. My initial
comments related to sequence selection were focused around demonstrating completeness in the
study. The current executive summary adequately describes the sequence screening criteria and
explains how this method is capable of capturing the most significant contributors to offsite
consequences. Where more traditional Level 1 PRA techniques can identify a wider range of
sequences and provide additional insights, the SOARCA screening methods are judged to
adequately capture the major contributors to off-site consequences for the plants analyzed.

The accident progression analysis represents a state-of-the-art deterministic evaluation and
makes significant use of available experimental programs. Several of my initial comments on
the accident analysis are provided here along with any resolution provided by the SOARCA
development team.

Lower Head Penetration Failure — comments were provided as to the omission of lower head
penetration failure as a possible vessel failure mode. The SOARCA analysis did not include
these failure mechanisms based on the fact that the majority of BWR accident sequences are
assumed to result in the RPV being depressurized prior to core relocation into the lower head. It
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is acknowledged that the likelihood of these failure mechanisms is reduced at lower RPV
pressures. ’

SRV failing in the open position - the SOARCA analysis identified SRV sticking open during
core heat-up as the dominant mechanism for causing RPV depressurization. Competing
phenomena includes the heat-up and potential failure of the Main Steam Line nozzle. As a result
of my comments, Section 5.6 of the Peach Bottom Integrated Analysis includes a substantial
analysis of the uncertainty associated with the SRV failure mode. Cases were included assuming
an early failure of the SRV, a failure but with only %% of the relief area, and a case without SRV
failure but with subsequent creep failure of the main steam line nozzle. These sensitivity cases
provide valuable insights and show that the highest release of iodine to_the environment is
associated with the MSL creep failure case.” Where it is understood that the SOARCA
development team believes that SRV failure case represents the best-estimate, it would be useful
to show the consequence impact due to the MSL failure case. In addition, the impact of the hot

gas on the potential for Drywell head failure resulting from the MSL failure was not considered.
Th’é’sﬁgiﬁg/ﬁyfof the results to this failure mode are further evidence that focus on the analysis
‘and reporting of individual-aceident progression scenarios can be misleading. This is why a fully
risk-informed approach to the presentation of consequence information is preferable.

Hydrogen ignition in SBO - comments were provided to identify the source for hydrogen
ignition in the station blackout sequences. Section 5.1.3 of the Surry Accident Analysis was
updated to include a more thorough discussion of ignition sources. Hot gases exiting the reactor
vessel upon hot leg creep rupture and at the time of lower head failure were shown to have
sufficient energy to ignite the hydrogen. An additional investigation was performed to study
‘hydrogen combustion upon mitigation using containment sprays. Prior to spray recovery the
containment atmosphere can be inerted by the steam present, however, as the steam fraction is
reduced from spray actuation, small burns are shown to occur. My review comment addressed a
possible delay in hydrogen ignition upon spray actuation and Section 5.1.3 was revised to
include this sensitivity.

There was a considerable amount of discussion relating to accident progression on several other
topics, however, the items mentioned above were judged to potentially have the most significant
-impact on the consequence analysis and reflect the great care that is needed in characterizing the
comprehensiveness and applicability of the SOARCA results.

Conclusion

This review specifically addressed severe accident progression and radionuclide release. I
reviewed the SOARCA documentation based on over 25 years experience with similar accident
analyses and primarily looked to answer the following 5 questions:

1. Did SOARCA address the important accident progression phenomena?
Does the analysis represent a best-estimate approach making use of available
experimental data? o :
3. Does the study adequately address the uncertainty in severe accident phenomena?

18
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Does the SOARCA modeling represent an integrated approach by accounting for the
interactions between the primary system, containment, secondary buildings, mitigation
systems, and related phenomenology? ' »

Does the documentation accurately reflect the analysis performed?

result of my review of the documentation and through interactions with the SOARCA

development team, I would judge each of these questions to be adequately addressed in the
analysis, with the exception of item 3 which is being addressed as part of a separate program.
Specific to each of the questions above, my review concluded the following:

1.
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Table 4.5.9-3 of the ASME Standard for Probabilistic Risk Assessment (ASME RA-Sb-
2005) provides a detailed list of Large Early Release Frequency (LERF) contributors to
be considered in the containment performance evaluation of a PRA. This represents one
of the most concise lists of Level 2 PRA phenomena that can impact the timing and
release of radionuclides in the event of a severe accident. With the exception of items
that were screened out due to low frequency (e.g. containment isolation failure, ATWS-
induced failure), the other phenomena have been addressed in the SOARCA evaluation.
In addition, the IAEA Draft Safety Guide, DS393, on Development and Application of
Level 2 Probabilistic Safety Assessment for Nuclear Plants includes a similar list in Table
5 identifying key severe accident phenomena. Again, except in cases where the low
frequency threshold was exceeded, the key phenomena have been addressed in the
SOARCA evaluation. Based on these references and the screening out of lower
likelihood contributors, the SOARCA analysis addresses the important accident
progression phenomena. ( '
The SOARCA evaluation does represent a best-estimate analysis of the limited set of
selected severe accident scenarios with focus omn the current mitigation capabilities at the
plants. In addition, relevant experimental results relating to severe accident progression
appear to have been reviewed and applied to the overall modeling of the plant.

Given the substantial uncertainties in severe accident progression analysis, it is not

single accident progression analysis, even if it is felt to e the best estimate case. AS
demonstrated by the sensitivity studies requested by the peer review team;—accident
progression can be strongly influenced by assumptions regarding potentially beneficial
failures (e.g., SRV sticking open). A one-at-a-time sensitivity analysis can demonstrate
the robustness of the analysis and also identify critical modeling assumptions and inputs.
[ As part of the SOARCA project and as a result of comments provided by this Peer
Review Team, several sensitivity analyses have provided a better understanding of the
controlling phenomena and identified areas of potential future investigations. These

sensitivities were performed in a one-at-a-time manner, which is helpful, but they fall

sthing all potential outcomes. AMreciation of the results and
'uncertainties can only be accommodated ‘in @ fully probabilistic assessment addressing

the applicable aleatory and epistemic uncertainties, which was outside the scope of the

SOARCA project. _

Dating back to the original Individual Plant Examinations (IPE), the industry and the

NRC have observed the importance of performing a fully integrated analysis. For

example, the interaction between fission product transport and the thermal-hydraulic
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conditions can be shown to provide a dominant feedback when calculating the source
term release to the environment. The use of MELCOR to model all important
phenomena and system interactions applicable to the selected severe accident progression
scenarios evaluated has provided a more realistic analysis.

S. The four (4) volume SOARCA documentation provides a clear plcture of the major

"~ assumptions and methodology used to perform the analysis. The executive summary
adequately provides the overall conclusions of the analysis with the appropriate details
contained in separate appendices.

SOARCA represents a major advancement in our understanding of severe accident progression
and radionuclide release. Through the adoption of a risk-informed regulatory environment,

'severe accident response has become a significant consideration for operating reactors. It will be

important that this technology be applied beyond just the confines of the research departments
and can be used to provide needed input to risk-informed regulatory decision-making. To this
end, it is important that the largely deterministic analytical techniques employed in the SOARCA

‘project be extended into truerameworks (i.e.,a Level 2 PRA) i in order to more completely

characterize the results and commumcate rlsks

[l f / |
W
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Comments of Robert E. Henry

.The SOARCA Program is a major step forward in developing a credible, integral, technical basis

for evaluating the consequences of possible radiological releasesgthat carries forward all of the ~
lessons that have been learned from industrial experience, as well as large scale international
experiments and analyses. In this regard, there are two major comments that | believe need to

be addressed. These are given below.

1. Throughout the report, there are numerous places where the “Objective” of the SOARCA
assessment is defined. These all reiate to the best estimate nature of the evaluations
but the-statements are not identical. For something as important as the objective of the
study, the wording should be agreed upon and either be repeated exactly, or referenced,
(to another part of the study), every place where this needs to be discussed. From my
perspective, the important aspects of SOARCA are as foliows:

e The central estimate/calculation of every aspect of the study is focused on the
best estimate which is an appropriate focus for a state-of-the-art examination.

e This study is supported and directed by the Nuclear Regulatory Commission so it
should be clearly stated that this study is specific to the U.S. fleet of commercial
nuclear power plants. Clearly these are representative of a BWR and a PWR,
with each having one of the important containment types used in the U.S.

¢ The studies include several plant specific features associated with the RCS and
containment design, EOPs, SAMGs, etc. Hence, this shows the important
influence of several plant specific features that have been included as operator
actions, etc. that are taken during the accident progression.

Therefore, | suggest that the objective statement for the SOARCA be something like what
is in the Abstract of the Summary document, but with some additional text. My
suggestion is as follows: '

The primary objective of the SOARCA project is to provide a best estimate evaluation
of the likely consequences of important severe accident events at reactor sites in the
U.S. civilian nuclear power reactor fleet. To accomplish this objective the SOARCA.
project has applied integrated modeling of accident progression and off site
consequences using both state-of-the-art computational analysis tools to two
previously analyzed reactor sites (Peach Bottom and Surry). To meet the state-of-

~ the-art objective, the analysis tools utilized best modeling practices drawn from the
collective wisdom of the severe accident analysis community. Equally important, the
analyses for both of the reactor sites also represented the implemented procedures in
the main control room and elsewhere, that are relevant to the response for the
important accident conditions rvelated to highly unlikely, but possible radiological
releases. '
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2.  The inclusion of a MELCOR “best practices” document is a very important feature of the

"SOARCA evaluation. It defines the manner in which the accident progression for both BWRs

and PWRs was evaluated as part of these central estimate calculations and also provides some
of the features that are to be explored through the upcoming uncertainty analyses. In that
regard, it is necessary that the best practices document describeg the manner in which the
evaluations were performed. It is important that the review committee reviews and comments
on the controlled features associated with the MELCOR calculations.

In the current draft, there is a good description on the manner in which “breakout” of molten

‘zirconium through a thin layer of oxidized cladding is evaluated in the MELCOR code for these

analyses. This relocation of metaliic zirc is an important feature associated with the overall melt
progression. In addition, there is an extensive discussion of the dominant chemical states of the
fission products and how these are evaluated in terms of the release rates from the oxide fuel
and into the high temperature gas space of the Reactor Coolant System (RCS). There is also
an extensive discussion on the modeling approach for cesium molybdate release rates for the
fuel. In the current version, much of this appears to be written as part of the PWR description.
However, these features are common to all of the BWRs and PWRs in the U.S. commercial fleet

‘and should be clearly described as such in the write-up.

In addition to restructuring the outline of the “best practices” document, there are some other
features that should be included to document the manner in which the central estimates have
been evaluated. Thesev additional items are discussed below.

e The release fractions of the dominant chemical states provides the manner in which the
fission products from the fuel become airborne in the core region. The transport of these
fission products from the core, thorough the RCS and into containment, as well as their
deposition in these regions is determined by the aerosol model. Typically, the aerosol
densities within the reactor coolant system can be in excess of 100 grams per cubic
meter, which is a very dense_aerosol. Hence, the deposition within the RCS can be '
quite large and the manner in which this is calculated needs to be documented as part of
the “best practices”. | suggest that the benchmarks of the aerosol model with
experiments such as the large scale ABCOVE tests, the DENONA test, etc., where
available, be included in this “best practices” document. This is important to capture
since the aerosol transport and deposition model is that feature of the calculation that
determines the extent of airborne fission products in the containment that could be
released to the environment. It is particularly key that this discussion be included, along
with the benchmarks that are relevant to the aerosol densities typically encountered in
the RCS and containment, to be assured that indeed a central estimate is justified.

e The accident progression within the core region from the intact fuel rods with “breakout”
of molten zirconium that drains to the lower core region, eventual relocation of the
molten debris from the core to the lower plenum and the controlfing heat transfer to the
RPV lower head need to be described. With the differences in geometry between the
PWR and the BWR, as well as some potential differences between the U.S. commercial
fleet PWR designs, for example upflow versus downflow core bypass, this should be
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described in the “best practices” document since this will be consulted, evaluated and
referenced in future studies. Furthermore, only through an understanding of this core
melt progression and relocation to the lower plenum can the features that should be
investigated through uncertainty analyses be clearly defined.

The general public is well aware of the severe core damage accident that occurred in the
Three Mile Island Unit 2 reactor. Any integral thermal-hydraulic model that is used to
assess the timing for the onset of core damage, the release of fission products from the
core, the extent of hydrogen generated in the core degradation, the transport of molten
core debris to the lower plenum, etc. needs to be benchmarked with this accident. This
benchmark evaluation needs to be either part of the SOARCA documentation or, at the
minimum, referenced extensively in the other SOARCA reports. My preference would
be the former, but | leave this to the judgment of the authors. In either case, the
SOARCA reports should reference the insights/lessons learned from this benchmark and
how this knowledge base is manifested in the analyses that are perform for the
reference PWR in the SOARCA study. A~

Evaluating accident progression of severe accidents in BWRs and PWRs involves the
physical modeling of many complicated and interrelated processes. Given that these
are both complicated and interrelated means that there are numerous uncertainties that -
need to be considered in developing best estimate analyses. These uncertainties need
to be identified in the documentation and their mﬂuence on the conclusions of the study
must be included in the final assessment.
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To: Karen Vierow, Chair

SOARCA Peer Review Committee

From: Roger B. Kowieski, P.E.
Member, SOARCA Peer Review Committee

Date: March 30, 2010

Subject: Review Comments of the SOARCA NUREG Documents with
Respect to Emergency Response Modeling

OVERVIEW

In my review of the SOARCA documents, | mainly concentrated on the Emergency
.Response Sections as they related to the Surry and Peach Bottom nuclear power plants. For
‘each site, the modeling was performed for six (6) cohorts, which were established for each
population subgroup, representing a meaningful number of individuals. The population data
was obtained from the U.S. Census Bureau from the 2000 census data. The population was
projected to 2005 using a multiplier of 1.053, also obtained from the Census Bureau.

The WIinMACCS network evaluation application was used in the modeling, which accounts
for site specific travel direction and speed. For both plants, the travel direction and speed
parameters were derived from the Evacuation Time Estimates (ETEs) prepared by each utility,
as required by 10CFR50.47, Appendix E. The SOARCA project used a normal weather
‘weekday scenario that includes schools in session. The SOARCA documents correctly state
that the Off-site Response Organizations (OROs) generally do not develop detailed protective
action plans for areas beyond the 10-mile Emergency Planning Zone (EPZ). For the 50-mile
Ingestion Exposure Pathway, the states with support from the Federal Government are
responsible for taking protective actions in the event that an incident causes the contamination
of human food or animals’ feed. The Protective Action Guides (PAGs) are published in the EPA
Manual of Protective Actions for Nuclear Incidents, EPA 400-R-92-001 dated October 1991.

‘The emergency response timelines presented for both plants identified the following:

¢ Notification of emergency classification levels to the ORO

* Actions taken by the State and local organization such as the siren sounding, and
broadcast of Emergency Alert System message

¢ Evacuation times for six (6) cohorts of population

 Based on my participation and evaluation of several exercises at the Surry and Peach
Bottom sites, | concur with the response timelines used in the SOARCA emergency response
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modeling. The emergency response timelines used in modeling are consistent with the actual
response action times observed and documented in the previous exercises.

in my i.nitial review of the draft SOARCA documents, | have made several comments
which were satisfactorily addressed in the revised SOARCA documents, Rev. 1-2/15/2010.
Details of my comments and subsequent resolutions are provided in the attached two (2) tables.

| appreciate the opportunity to serve on the SOARCA Peer Review Committee.
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Why is siren used as particular points? It
gives the impression that people move at this
time. Suggest changing to “siren + ES
message”.

SOARCA Peer Review Rep.ort - Béé/April 30, 2010

Comments on Emergency Response Sections by Roger B. Kowieski

And Subsequent Resolution of Those Comments

Peach Bottom SOARCA Docﬁment

The figures and associated text describing
evacuation timing have been updated to clarify
population motion. .

Page 1 of 2

B

The revised figures and text now correctly reflect the
Alert and Notification sequence.

Reconsider the 1 hour allowed to evacuate
after second siren. (SOARCA team
requested feedback from the committee on
this 1-hour time.) Peach Bottom long term
station blackout.

The data available to the SOARCA analysis team
is consistent with the time lines provided in the
documentation to within 15 minutes. 1 hour is also
standard in evacuation time estimates.

Sensitivity study #3 was performed which includes
a delay of an additional 30 minutes in the response
of the public.” This delay did not result in any
changes in the off-site consequences relative to
the baseline case.

Sensitivity study (analyses) satisfied the reviewer's
comment.

The evacuation time of the Special Facilities
is late and will not go over well with the
public.

The relevant text has been updated to clarify that
these groups shelter earlier in the event and then
evacuate the time specified.

The revised text clearly states that the sheltering is
valuable protective action for the Special Facilities in
the early stages of the nuclear power plant incident,
prior to an evacuation.

it appears ihat the existing documents do not
address the notification of public in case of a
siren failure.

Data has been added to section 6.2.5 justifying the
assumption that sirens operate correctly.

The sirens operability records show that that the
Peach Bottom sirens are 99.8% reliable.

The seismic analysis time line suggests that
after declaration of GE by the plant, sirens
and EAS message could be activated within
45 minutes. Based on the actual field
experience, it takes approximately 15
minutes for the nuclear power plant to notify
the state authorities, and may take an
additional 38-40 minutes, before the sirens
activation and EAS message are completed.
Therefore, total time required to complete the
A/N sequence may vary between 53-55
minutes.

The timelines used in the analyses are very near
the times experienced in exercises. To address
any difference in timing, Sensitivity #3 was
performed increasing the initial delay in the
notification of the public by 30 minutes.

The sensitivity analysis properly incorporated the
timelines experienced during the actual exercise

events. The results of the sensitivity analysis are
reasonable and acceptable.

H:\research\NRC SOARCA\peer reviewer report\5 Kowieski 2010_SOARCA_PB Surry.docx
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Comments on Emergency Response Sections by Roger B. Kowieski Page 2 of 2
And Subsequent Resolution of Those Comments ’

Surry SOARCA Document
1. e accident progression time lines he timelines used in the ana yses are very nearly The sensitivity analysis properly incorporated the
suggests that after declaration of GE by the the times experienced in exercises. To address timelines experienced during the actual exercise
plant, sirens and EAS message could be any difference in timing, Sensitivity #3 was events. The results of the sensitivity analysis are
activated within 45 minutes. Based on the performed increasing the initial delay in the v reasonable and acceptable.
actual field experience, it could take up to 60 | notification of the public by 30 minutes.
minutes to complete the A/N sequence
(Sirens/EAS message). _
2. It appears that the existing documents do not | The siren operating rates-were reviewed under the | The sirens operability Tecords $how that the Peach
address the notification of public in case of reactor operations program (ROP) and found to be | Bottom sirens aré 99. 9% reliable.
siren(s) failure. Should a siren fail, it may 99.9% at Surry which would correspond to the loss
take additional 45 minutes to notify the of about 1 siren. Route alerting for this one area QVLQ u ,
affected public by Route Alerting procedures. | would not affect the total evacuation time of the M ?62
public. Text has been added to Section 6.2.5 to
reflect the performance of the sirens.
3. There is a strong precedent for presenting Resuits in older studies went out to much longer The final determination by the NRC staff to limit the
only out to 50 miles of data. Consider not distances: 500 mi in the citing study and 1000 mi conseguence prediction to a 50-mile radius is
showing the 100-mile data. (Bixler 1* pres. | in NUREG-1150. SOARCA takes a dramatic reasonable and considered to be adequate. The
Slide 18) ' departure from these earlier works by limiting current planning for the ingestion exposure EPZ is
consequence analysis results to much shorter limited to about 50 miles from the power plant,
distances. The final determination by the NRC because the contamination will not exceed the
staff is to limit the consequence predictions to a 50 | Protective Action Guides (PAGs) published by EPA
mile radius which is reflected in revision 1 and and FDA. ltis estimated that much of the
subsequent revisions of the documentation. particulate material_in the radioactive plume would
, : have Been deposited on the ground within about 50-
: miles from the nuclear power plant.
4. The evacuation time of the Special Facilities | The relevant text has been updated to clarify that The revised text clearly states that the sheltering is
is late and will not go over well with the these groups shelter earlier in the event and then valuable protective action for the Special Facilities in
public. (Bixler 1* pres. Slide 20) evacuate the time specified. the early stages of the nuclear power plant incident,
prior to an evacuation.
5, Too much time is spent on the non- Consequence results for the non-evacuating cohort | If the non-evacuating public is properly informed,
evacuating public. will continue to be included in the overall and elects not to follow the public officials Iy re
consequence calculations but a short paragraph recommendations to evacuate, they should be v %
has been inserted to describe the fraction of the - SW fve conseauences. 1~
emergency phase risk within 10 miles of the plant NI 0' ¢
that is attributed to the non-evacuating coh L 2
some of the slowly developing sequences, 100% of \p\‘(\"b’;) Qﬂ: %\/0*
the emergency phase risk is from non-evacuees. é‘*‘? \V

H:\research\NRC SOARCA\peer reviewer report\5 Kowieski 2010_SOARCA_PB Surry.docx
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Individual iInput on SOARCA Report
David Leaver

March 31, 2010

‘This note is to record my overall impressions of the SOARCA project and associated documentation. As a
peer reviewer, | have had the benefit of reviewing drafts of the four volume report (a July, 2009 draft
and a revised draft issued in February, 2010). There were also three meetings, all of which | attended,
where SOARCA team members (NRC staff and Sandia contractors) presented information developed in
the SOARCA project. As part of the peer review process, | and other peer reviewers prepared a number
of written comments on the draft documents which are provided, along with the NRC resolution, in the
appendices to this peer review report.

There is also to be an uncertainty analysis performed by SOARCA. The methodology to be used in the
uncertainty analysis was discussed in the last peer review meeting and comments on this methodology
were generated by the peer review team. | had not, however, seen the uncertainty results at the time of
preparation of this individual input.

In preparing this note on my overall impressions of SOARCA, | have not repeated my written comments
which were submitted as described above. Rather, this note provides my general assessment of the
-quality and completeness of the SOARCA effort, and presents some broad observations on reactor
safety and public health risks associated with operation of U.S. commercial reactors in light of what has
been learned from SOARCA.

My overall impression of the SOARCA project and associated documentation is that it is a substantive,
high quality effort which makes a significant contribution to the understanding of U.S. commercial
reactor risk. in particular:

1. The technical quality of the SOARCA work is high and in my view it provides a major
“advancement in the state-of-the-art of characterization of integrated severe accident risk in
Level 2 and Level 3. In addition to the fact that NRC had access to the resources necessary for
such a multi-year, substantive effort (funding, skifled and experienced personnel, peer review
resources), the high quality is the result of a number of things that were done leading up to and
during the SOARCA project, including:

a. Improved computational analysis tools (an updated version of MELCOR including, for
example, validation against recent experimental data on fission product release; a new,
Windows-based version of MACCS2, WinMACCS); methodical consideration of choices
among alternative modeling options for addressing important, but uncertain aspects of
severe accident behavior per the SOARCA volume entitled, “MELCOR Best Modeling
Practices”) '
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b. Assessing the impact of severe accident mitigative features and operator actions to .
mitigate accidents (explicit consideration of such features and operator mitigation
actions, developed over the last few years, had not been done in risk assessments prior
to SOARCA) .
¢. Modeling emergency response in a realistic and practical manner using site-specific
information and taking advantage of advancements in the consequence model
(Wi'nMACCS) which allowed detailed integration of protective actions into consequence
analysis, providing significant advancement over previous studies

An additional, non-technical point indirectly supporting the quality of the SOARCA project is the
transparency which has been and continues to be a key objective. This is evident from
information presented by NRC at the Regulatory Information Conference in 2008 and 2009,
previous NRC meetings with the ACRS as well as upcoming meetings where the draft
documentation will have been made available to ACRS members, an extensive outside peer
review (resulting in this peer review report), an upcoming public comment period and public
meetings which are being scheduled, and a very complete set of reports to be issued once
Commission approval is obtained. It is apparent that full, open communication on SOARCA is an
extremely high priority to NRC, to the benefit of all stakeholders.

The internal event Level 1 work, while not advancing the state-of-the-art, utilized the latest

Level 1 information available (NRC's plant-specific SPAR models and Surry and Peach Bottom

licensee PRAs). In addition, the NRC interfaced closely with the Surry and Peach Bottom plant .
staffs during development of the Level 1 information, and the plant staffs are to be asked to

review the documents for fact checking.

Regarding external event Level 1 work, while utilizing the best available external events
information, the selection process in SOARCA for external event sequences was less clear.
SOARCA does acknowledge that detailed sequence characteristics are more difficult to specify
for external event scenarios, and further indicated that because of their potential for risk, large
seismic events should be assessed as part of a separate, future study which is to be integrated

into the NRC seismic research program. Gt 7-Gre- ‘b*.mw .
ﬂ/l\é'/\-“ aa' '\/('\/‘;4 mo iy £

On the matter of completeness of scope, the SOARQA'{;roject has taken an approach that in my Co(f
judgment is technically sound. In risk asseSsments/éompIeteness is never perfect, and SOARCA

does not address every aspect of reactar risk non[does it purportt}gil_t. has, however, identified
those classes of accident events which were not-considéred as part of SOARCA. Based on a

review of the Summary volume discussion in this area, my judgment is that none of these

dnrred =

classes of accident events is likely to substantially alter the SOARCA findings on reactor risk.

However, as indicated in the Summary volume, there would be béhefitstoapplying more

detailed best estimate, SOARCA-like methods to at least some of these classes of accident

events. In addition, it would be beneficial if SOARCA were to be extended to other LWR plant

types (e.g., BWR Mark Il and PWR ice condenser containments) which would further strengthen

the completeness of the effort. _ ) : .
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On the matter of completeness of sequence selection, the Level 1 (cdf) screening process used

in the SOARCA project as part of sequence selection is reasonable from a technical standpoint.

Again, while not perfect, in my mind there are several points supporting the SOARCA process

and the fact that risk-significant scenarios were not overlooked: '

a. The process was not so much a black and white, above the line-below the line process

as it was use of the cdf frequency screens as guidance with intelligence applied in
looking below the frequency screens for higher consequence events that could impact
risk (in fact, exameles were cited where scenarios below the screen would not have Ny,

ne¥-
M\\consequences high enough to offset the lower frequency). : dl ""‘f“ﬂ““’“

b. High consequences in previous risk assessments, such as WASH-1400 and NUREG-1150, ‘)*‘l'Q’) <
were the result of bypass sequences and severe accident phenomena (e.g., steam f"b@.«/\(;\,l(a‘\(_
explosion, direct containment heating, hydrogen detonation) assumed to cause early
containment failure. Bypass sequences are explicitly addressed in SOARCA. With respect ( Q"QL“"Q{

to severe accident phenomena leading to containment failure, as a result of the Sl LC/F‘)
investment of significant time and resources in a number of experimental and analytical Tﬂxw\’%«.{
studies over the last several decades, these phenomena have been shown to be 2t (Y
essentially impossible in an LWR severe accident environment. be
c. Mitigative actions not previously considered in risk assessments have a significant effect ot 70 4R '
in mitigating consequences and providing confidence in the risk results. The Asdesg
. " . . ¥ o
An additional point is that a full-scope Level 3-oriented process to determine those sequences 1 u’-&/
important to risk would have required a substantially greater commitment of resources than ' ob e

what was done for SOARCA. Having said this, the SOARCA screening process will likely not be
. without controversy in the minds of some stakeholders, and further work on full-scope Level 3 Nt
may be beneficial for confirmatory purposes. ' @1}6’“&0’4'(;

commercial reactors in light of what has been learned from SOARCA are as follows:

While it has long been recognized, or at feast strongly suspected, within the nuclear power
community that the characterization of commercial LWR risk in previous studies was excessively \)’vwe%.p

conservative, the SOARCA project has now provided very strong, convincing evidence of this. = [ S
N— N . . . 13 . .

More work remains to be done, but in my view there is little doubt that fission product releases Aske o

are dramatically smaller and delayed (even without the mitigative measures discussed below) ‘*”“Wé‘%‘

and thus that the associated public health risks are greatly reduced, much lower than perceived M“’M

in many quarters. ot bre L(,f[’u/" vt f"‘

The B.5.b mitigative measures considered in SOARCA are in my view very important, partly Lo y

because of the risk impact (though even without B.5.b measures the risks are predicted to be &L’Mo 4 e
very small, zer aﬂy fatality risk and very low latent cancer risk), but also because of the fact P GMJ”'“
that these measures provide margin for uncertainties in sequence selection and analysis, and 0 )
make the risk predictions even more robust . These measures were put in place relatively epo-dart
recently andhad not been considered in previous risk studies. SOARCA has not attempted to
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quantify the probability of success of these mitigative measures but a human reliability study
that incorporates the measures into the SPAR models is scheduled to be released later this year.
SOARCA objectives included updating earlier risk assessments, incorporating state-of-the-art
analytical tools and insights from nearly three decades of research, and communication of
severe accident-related aspects of reactor safety to stakeholders. While SOARCA was (properly
so) performed with no agenda with regard to regulatory applications of the resuits, it would be
appropriate, at some point after the final results are issued, to begin consideration of how the
SOARCA methods and results could be used by licensees and in the regulatory process. Risk-
informed regulations provide a framework for considering this, and the potential benefit is even

better optimization of resources for assuring safety.
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Bruce Mrowca '
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The object of this task was to perform an independent/technical review of {he approach and underlying woerzs
assumptions and results obtained for the Peach Bottc}m and Surry SOARCA analyses. The review gw

wﬁ”""""‘&;é_

Review Objective bo L) ?%

focused on determining if the assumptions and results are defensible and represent the state-of-the-art. As
this reviewer’s expertise is related to probabilistic fisk assessment (PRA) techniques, the review

_addressed by this docurment is focused on the selection and characterization of analyzed scenarios or /\,FL___&_’ ’K !
sequences, and the treatment of mitigation measures and operator actions. Review comments are based WW N,
on the SOARCA Project Report, Revision 1, dated February 15, 2010.

SOARCA Objective

As stated in the SOARCA Executive Summary, “[t}he overall objective is to develop a body of
knowledge regarding the realistic outcomes of severe reactor accidents.” The stated supporting objectives
are as follows:

1. Incorporate significant plant improvements and updates not reflected in earlier assessments including
' system improvements, training and emergency procedures, offsite emergency response, and recent
security-related enhancements as well as plant updates in the form of power uprates and higher core
burnup.

2. Inéorporate state-of-the art integrated modeling of severe accident behavior.
Evaluate potential benefits of recent security-related mitigation improvements.

4. Enable the NRC to communicate severe-accident-related aspects of nuclear safety to stakeholders
including federal, state, and local authorities; licensees; and the general public.

‘5. Update quantification of offsite consequences of NUREG/CR-2239, “Technical guidance for Siting
Criteria Development.”

It is the opinion of this reviewer that these objectives were only partially achieved. This is not to say that
the integrated approach to the phenomenological modeling of accident progression was not valuable and
that the insight that accident progression proceeds r much more slowly than earlier.treatments is.Yeryo-
i_nforma{ive, However, the innovative and state-of-the-art techniques used in the SOARCA analysis
appeared to have been focused on this phenomenological modeling and were not used for the
identification of sequences 1o be modeled or for the application of security-related mitigation
-improvements. These limitations which are discussed more fully below make it difficult to conclude that
all the listed objectives were achieved. These limitations also appear to challenge the ability to
effectively communicate severe-accident-related aspects of nuclear safety and to provide an update of
NUREG/CR-2239.

In addition, the stated objectives also appear to be positively biased as indicated by the framing of the first
supporting objective. This objective addresses “improvements and updates” as opposed to changes not
reflected in earlier assessments. Although this reviewer agrees that there have been many i‘mprovemeg
there are also significant challenges associated with areas such as new fire model methods, increased
‘on-line maintenance or generic issues such as the sump screen issue. A balanc.&disgug@ion should be
included in the SOARCA report of the method used to select the changes for incorporation into this

project in order to inform the reader as to potential limitations that may not have been addressed (see
Recommendation 1).

1 April 27, 2010
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Sequence Selection

As stated in the SOARCA Executive Summary, “SOARCA is intended to provide perspective on the
likely (i.e., best estimate) outcomes of a severe accident at a nuclear power plant.” A key challenge for
the SOARCA project was the selection of the accident sequences, and therefore, it is not surprising that
-the report notes that “this was the subject of considerable delibg%/o\n discussion, and review.”

_ ’g(y@b -
The approach used for SOARCA was to analyze sequencgS§ with a core gﬁm ge frequency (CDF) of
greater than 107 per reactor-year. In addition, seque were included that have an inherent potential for
higher consequences (and risk), with a lower CDF —@_ﬂtﬁ_&_ﬁmg@cy greater than 107 per reactor-
year. The report further states that “[bly adoption of these criteria, we are reasonably assured that the
more probable and important core melt sequences will be captured.” It also states that the sequence
identification is consistent with the American Society of Mechanical Engineers’ (ASME’s) “Standard for
Probabilistic Risk Assessment for Nuclear Power Plants,” ASME RA-Sb-2005, which defines a
significant sequence, in part, as one that individually contributes more than 1 percent to the CDF. The
SOARCA report uses an assumed CDF of 10 per reactor-year to conclude that the SOARCA sequence

selection criterion is 1 percent of an acceptable CDF goal and the SOARCA sequences are consistent with
Regulatory Guide 1.200 and the ASME standard.

In order to meet the communication and siting objectives, the approach for selecting and screening the
accident sequences needs to be defensible and transparent. This reviewer found weaknesses in both. As
sequence selection was primarily based on the above screening criteria with some qualitative additions,
the approach to screening is directly relevant to the degree at which “the likely (i.e., best estimate)
outcomes of a severe accident at a nuclear power plant” were captured and included in the analysis.

The case for using the selected screening process is not well made. The analysis states that the priority of
the work is to bring a “more detailed, best-estimate, and consistent analytical modeling to bear in
determining realistic outcomes of severe accident scenarios” and concludes that the benefits ¢ ost
efficiently be demonstrated by applying these methods to a set of the more important severe accident
sequences. However, the stated project objectives are much farther reaching than demonstrating the

benefits of realistic analytical methods. The benefits of realistic analysis can be achieved by selecting any
. relevant set of sequences. For the narrow ﬁmmm%m
this reviewer agrees that approach taken is sufficient, However, the other identified objectives suggest
,thammMMEon of the risk. Specifically, a more comprehensive
approach would appear to be called for in order to communicate risk and to provide an,update of the
quantification of offsite consequences contained in NUREG/CR-2239. Ry W veh =t @
vﬁvx___p——\/

4 O~ A\ il
It is this reviewer’s experience that there are several means that could have been usecﬁ&)/limit the'scope of
sequences addressed by this analysis. These include the following: M

1. Evaluate all sequences using simplified consequence techniques and then use the SOARCA /
techniques for those where the identified consequences are significant. In essence, one refines the
analysis based on the significance. This approach has the benefit of ensuring that all sequences are
addressed and that those that are significant receive the more detailed and integrated analysis.

2. Map all core damage sequences into consequence groups and analyze tl};%)g&d’igg,s_eqw within m ) A\
the group. This approach would again assure complete accountability. "The challenge is to be able to  \ o

identify the bounding sequences. This challenge is avoided by the first approach. VJVM

3. Evaluate all significant accident sequences consistent with the expectation of the ASME PRA
' standard such that their summed percentage is 95% and the individual percentage is 1%. If this
approach is performed using CDF, then there is a need to ensure that bypass events are addressed

2 April 27, 2010
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similarly to those proposed by the SOARCA Project. This reviewer believes that the targeted m@ )
sequences identified in the SOARCA report represent significantly less than the 95% ASME PRA
criterion. ‘

‘A review of the Surry SPAR Model (Version EE.3P) and the Peach Bottom SPAR Model (Version
EE-L2-3P) by this reviewer finds an internal events CDF of 6x10 and 3x10°° per reactor year,
respectively. It would not be unusual to double these frequencies to accourit for external events, yielding
1.2x107° and 6x10°%, respectively. Therefore, to obtain the identified screening criteria would require a
significantly lower screening value, at least one order of magnitude lower, than that used by the SOARCA
Project. The use of the acceptable surrogate goal for the quantitative health objectives contained in the
Commission’s Safety Goal Policy statement as opposed to the estimated CDF associated with each plant,
likely results in significant risk being screened (see Recommendation 2 and 3).

The SOARCA Executive Summary shows that four accident sequences were selected for Surry’s
consequence analysis with three identified as external event related and one identified from the internal
events PRA. The total frequency of these events is 2x10”. Appendix B contains some variations to this
list including an additional internal sequence associated with a spontaneous steam generator tube rupture
(SGTR) (see Recommendation 4). A review of the internal event sequences contained in the Surry
SPAR Model shows that the two internal event sequences selected for the SOARCA Project represent less
than 15% of the internal events contribution to core damage and that depending on the approach used to
bin the accident sequences several other sequences may have candidates for inclusion in the consequence
analysis even if the 10 criterion was used (See Recommendation 5 and 6). Some of these sequences
-may be considered to have been bounded by the long-term and short-term station blackout (SBO)
scenarios, but as currently written, these blackout scenarios appear to be addressing external event
challenges and are separate from the internal event-related sequences.

Sequence Definition

In the SOARCA report, the terms “sequence” and “scenario” appear to be interchangeable. The ASME
PRA Standard defines an accident sequence as “a representation in terms of an initiating event followed
by a sequence of failures or successes of events (such as system, function, or operator performance) that
can lead to undesired consequences, with a specified end state (e.g., core damage or large early release).
‘In order to apply the stated screening criteria, it is important to clearly define the sequence structure, as
sequences can.be grouped by functions or can be subdivided to system trains and components.
Subdivided sequences can easily have frequencies that are below the screening criteria. For example, the
Surry SPAR Model has over 3,000 sequences Witeater than 1x10°°, These sequences could be
easily grouped into a dozen sequence groups having§imilar characteristics. The types of sequences
considered to be within scope and how and if they were combined is not clearly stated within the
SOARCA report (See Recommendation 7). <Z

Sequence Consistency and Frequencies

Not all of the sequences included within the SOARCA report appear to have been assigned frequencies.
In addition, the approach of using the same frequency regardless of the presence or absence of mitigative
action creates difficulty in understanding the connectivity between the sections within the report. This is
complicated by variations in sequence descriptions and in the order used to discuss the sequences within
various sections of the report. For example, the executive summary identifies the four selected scenarios
and their associated frequencies for Surry. Appendix B, Section 3 identifies 13 scenarios and discusses
the estimated frequency for a couple of the sequences while it does not discuss others. Section 7 analyzes
5 of these 13 scenarios. In addition, the executive summary identifies thermally-induced SGTR as a
'scenario while Section 3 treats this issue as one of several variants to the “Short-term SBO” scenario. To
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further add to the confusion, Section 7 includes a sequence frequency for an analyzed sequence (within
the heading of each table) however, does not appear to differentiate between similar scenarios with the
exception of TISGTR (Recommendation 8 and 9).

Treatment of Mitigation Measures and Operator Actions

A stated SOARCA objective is to evaluate the potential benefits of recent security-related mitigation
improvements. The SOARCA Executive Summary Conclusion Section states that “all the identified
scenarios could reasonably be mitigated.” However, a stated limitation of SOARCA in Section 1.6 is “a
comprehensive human reliability assessment has not been performed to quantify the probabilities of plant
personnel succeeding in implementing these measures and the likelihood of success or failure is
.unknown.” The lack of a human reliability assessment severely limits the credibility of the concluding -
statetnent. It also Tesults in incomplete frequency information as the frequencies of the sequences with
the added actions are not determined. In addition, there did not appear to be any assessments performed
as to the impact of earlier operator action failures on the addition of security-related actions. It is this
reviewer’s opinion that the SOARCA Project did not demonstrate through state-of-the-art techniques that
the mitigation improvements objective was achieved (See Recommendation 10).

- Conclusions

It is clear that the insights gained from the integrated phenomenological analysis using self-consistent

‘scenarios are significant and the report demonstrates the benefits of this more realistic treatment.

However, the focus of this review was on the process for selecting the scenarios and on applying the

security-related recovery actions. These activities appear to have serious limitations. The scope of

changes considered by SOARCA was not clearly stated, the starting risk profiles of the selected plants .
was not provided, the appropriateness of the sequence screening criteria was not well defended, the

calculation of the sequence frequencies was incomplete and a state-of-the-art human reliability analysis of

the security-related actions was riot performed. These weaknesses reduce the confidence that all of the

stated objectives were met.

‘Recommendations

1. Provide a summary of the changes that are being incorporated in response to the first supporting
objective. Consider rewording this objective to reflect a balanced consideration of ‘.
risk-significant improvements and challenges. ' - Nré ()\,(

2. Provide a better justiﬁcation.fof the m screening criteria, 09/1,\'1 o \/)\/\7/0 \,\JVJJ J“;j\‘

SN CS T L AU G el LGl

3. Provide the risk/profil¢ that is being assumed for the assessment of each plant. Although it is <

understood that this profile is estimated and is developed based on multiple models, it is :

impossible to judge the degree of Al/‘is/kmry;@regw analysis without a clear starting point.

4. Ensure that the presentation of accident sequences is consistent between the executive summary L GA NA’
and the appendices. v Q P

5. Provide explicit mapping of the sequences from the set of initial sequences for those that met the
screening criteria to those that were considered in the consequence analysis. Ensure that the
frequency for each sequence is explicitly identified. Ensure that the reason for elimination of a
sequence is clearly stated.

6. Account for all significant sequences;
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7. Define the sequence framework that is being used in the SOARCA Project. Ensure that it is
consistent with the screening criteria.

8. Provide a summary table within each appendix that identifies each sequence meeting the
screening criteria, and its treatment within the accident progression and the emergency response
sections. Give each sequence a unique identifier and address it in the same order within each
section.

9. Include the identification and/or development of each sequence frequency within Section 3 of
each appendix.

10. Performed a human reliability assessment for the identified security-related mitigation
improvements or identify a conservative screening value so that all sequence frequencies can be
calculated. :
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FROM: Kevin O’Kula
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SUBJECT: State-of-the-Art Reactor Consequence Analysis (SOARCA) Project
Assessment

Introduction and Summary

An assessment was conducted as part of the State of the Art Reactor Consequence Assessment
(SOARCA) Peer Review Team’s review of the methods, inputs, analyses, results and findings

‘ for Peach Bottom and Surry Nuclear Power Plants for selected severe accident sequences. The
SOARCA review was based on Peer Review meetings in Rockville, Maryland, and SOARCA
documents. Peer Review meetings were held in July and September of 2009, and also in March
of 2010. Several drafts of the four-volume SOARCA (NUREG) report (Ref. 1) have been made
available to the Peer Review Team along with numerous supporting documents of a precedent or
contemporary nature.

The SOARCA project analysis is reviewed in the course of the next seven sections as follows.

Section 1 - Adequacy of the SOARCA Concept

Section 2 — SOARCA Approach

Section 3 — Reasonableness of the SOARCA Technical Results

Section 4 —- NUREG Approach and Uncertainty Analysis

Section 5 — Attainment of the SOARCA Objectives

Section 6 — Unaddressed Items and Opportunities for Improvement, and
Section 7 — Appropriateness of Presentation in the SOARCA Documents.

K.R. O’Kula, URS Safety Management Solutions LL.C/ Phone: 803.502.9620; Email: kevin.okula@wsms.com
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1. Adequacy of the SOARCA Concept

In general, the SOARCA study applied valid approaches for evaluating severe accident
phenomena and the subsequent offsite consequences. With respect to offsite consequence
analysis, many parts of the analyses could be regarded as “state-of-the-art, including:
e Use of a high resolution, 64-sector, polar coordinate grid in the atmospheric transport -
and dispersion (ATD) in MACCS2
¢ Modeling of emergency phase actions, specifically use of the network evacuation
model and accounting for EPZ roads and their capacities
e Improved, updated ICRP-60 dosimetric models and the capability to run a full range
of latent health effect models
o Improved assessment of shielding factors and assignment of population cohorts
e Capability to input current FGR as well as older sets of dose conversion factors.

However, other aspects of the offsite consequence analyses maintain older models or input data.
These are judged to be adequate for achieving the overall goals on the SOARCA project in most
cases but merit revision at the earliest oggortum_t_z These include:
Straight-line Gaussian model L W %N
o Economic consequence model with older (e.g. NUREG-1150, Ref. 2) models, - GQ\M .
assumptions and input data on decontamination and recovery of economic assets. (%
¢ Limited, if any, use of the uncertainty capability in WinMACCS — perhaps this will Q/
be utilized in the subsequent uncertain analysis but this new feature of the software H LAJCD/
was apparently not exercised in the base case work reported to date. Y, W
cohe

2. SOARCA Approach y»

In an overall sense, the SOARCA project, practices and methodologies are described ) ‘g"’v .
sufficiently, with appropriate level of detail for the accident scenario selection process. Criteria

for event selection and screening are defined sufficiently and appropriate for the intent of the

SOARCA analysis.

For the Peach Bottom plant, this process resulted in the following sequences
o Long-term station blackout
e Short-term station blackout with RCIC blackstart
e Unmitigated short-term station blackout, and
: o Unmitigated short-term station blackout, accounting for seismic activity. .
For the Surry plant, the SOARCA process resulted in the following sequences
e Unmitigated short-term station blackout
¢ Unmitigated short-term station blackout with thermally induced steam generator tube
rupture
e Mitigated short-term station blackout with thermally induced steam generator tube
rupture
e Unmitigated long-term station blackout
e Unmitigated interfacing systems loss of coolant accident, and
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e Sensitivity studies with the unmitigated interfacing systems loss of coolant accident.
The discussion presented during Peer Review Team meetings and in the documentation was
sufficient to justify using a set of robust scenarios for each plant rather than aiming for jlm /
completeness and adding other scenarios that contribute mj&&gﬂy to total plant risk.
| . T ol gdgrast? s g a7t 0D
Adequacy of the current Level I PRA for the two plants under consideration was not assessed. st /
We accepted point mean values for accident sequence frequencies as valid. 0‘”“"(‘/
Pav m/b

It is the opinion of this reviewer that a full Level III PRA is not needed to gain key insights at wd s
this phase in the process. Information is not available to have taken either plant to this extent, ¢~ “9')4

and the level of resource commitment to perform a complete Level I1I analysis would not have ; ,@%
been commensurate to the additional information gained. [ would rather see other type V:;W'
containments analyzed through the same SOARCA processes for both PWRs and BWRs, and

representative of the current U.S. fleet.

The approach taken for the offsite consequence analysis was comprehensive and met
expectations for contemporary standards and assumptions. Innovative methods were applied
rigorously for, but not limited to
- Evacuation (network) modeling and cohort representation
- Publishing of latent cancer fatality risk results through four different health effect
models
- Highly accurate dispersion polar coordinate grid
- Site-specific dose mitigative setpoint modeling and other aspects of emergency
planning analysis.
There was limited work done elsewhere in several areas, and could be but these are discussed
elsewhere in the present assessment.

While satisfactory MELCOR-WinMACCS integration was apparently achieved, much of this =~ W ﬁf
work was not documented to the appropriate level of detail that would be desirable in a study of &

this magnﬁie. More will be said about the integration in Section 6. However, the %
chronological treatment applied in the SOARCA analysis was notably consistent from scenario OQ,DO

selection through offsite consequence evaluation for each of the eight baseline, accident

sequences discussed in the NUREG report.

The SOARCA processes were sufficiently best-estimate with respect to the offsite consequence
analysis performed. It will be important to perform a reasonable uncertainty and sensitivity
analysis to understand parameter and model sensitivities, and where the best-estimate values lie
relative to other quantiles.

3. Reasonableness of the SOARCA Technical Results

In general, the overall technical results are well substantiated and explained in sufficient detail so

as to support key findings and study insights. While good use is made of the NUREG/CR-2239

(Ref. 3) SST1 source term with respect to the composition, timing, and magnitude of the release JUD 1
relative to SOARCA source terms, the opportunity should be seized to connect with Peach oy otee Az@}—
Bottom and Surry results from NUREG-1150 where practicable. The SOARCA study is an e g ien
opportunity to build on the discussion from the landmark severe accident risk study for Surry and 74

xc oWl
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Peach Bottom to show how improvements in fethods, training, modeling, plant improvements,
have substantially reduced severe accident risks. This comparison would be highly informative
for those accident sequences, e.g., station blackout or LOCA that were analyzed throughout the
1970s-1980s and have been revisited during the SOARCA study.

4. NUREG Approach and Uncertainty Analysis

Because the SOARCA project is a best-estimate realistic approach to severe accident analysis, it

is important to perform at least a limited uncertainty analysis. Several aspects of planned

uncertainty quantification and sensitivity analysis, along with the advantages and disadvantages PTRT -

of two techniques to account for weather variability, were discussed with the Peer Review Panel '

in early March. In lieu of a Parameter Importance and Ranking Table process, it is our p Ve 5T
understanding that the judgment of SNL-NRC SOARCA team and the Peer Review Panel will be hgniy f‘“z

used to identify important parameters for review.
o /—vﬁs\; vt Ha J Ao,

The parameters recommended for follow-up consideration in the uncertainty study are listed in pAvi o
Table 1. The phase of analysis indicates whether the parameter is from the accident sequence or uS/crc
offsite consequence analysis (first column). The subject indicates the topical area that the cﬁw‘
parameter affects (second column), and the parameter is given in the third column. [
UMbt LA ] ot Lgride G
It is this reviewer’s judgment that a side studyﬁ uncertainties associated with the food or water
ingestion pathway is not prudent, and falls oétmde the goals of the present uncertainty analysis.

Given that the SOARCA study aims to be a realistic assessment of severe accidents and their The Yo
aftermath, the assumption that foodstuffs into the affected region would be from uncontaminated DY 2 -
areas, eliminating this pathway is valid and there is f,gt any \:31},1320 ES éeiined from exercising ’%M J
S
food pathway module required for this purpose. 4’\:7%04;::0 et oA o) /:/‘
coad’ 0&«/”’
. _Table 1. Recommended models/parameters for Uncertainty Analysis i in the SOARCA Study

Phase:of analysissis. | .| ' Parameter/Model . 0 m
Accident sequence Core degradatlon Fission product release from the fuel WM
Accident sequence Radionuclide chemistry 1. Todine and Cesium chemical forms &)

2. Barium chemistry \!ﬁ;{ﬁ

3. CsMoO, formation and chemistry ﬂv«jj)

! Accident sequence Operator actions Mitigative action timing @

Offsite consequence | Atmospheric transport 1. Surface roughness length, z, Wﬂ
analysis and dispersion 2. Deposition velocity V\D”{ -
Offsite consequence | Long-term dose 1. Population dose return criteria L/ \(W
analysis mitigation 2. Decontamination efficacy and cost

3. Land and economic asset values |

0 Yene Aowtd prdpt he o d ey !

5. Attainment of SOARCA Objectives

It is the judgment of this reviewer that the SOARCA project largely met its over-arching
objective as stated in the SOARCA Summary Document, Revision 1, of 14 February 2010, i.e.,
“to develop a body of knowledge regarding the realistic outcomes of severe reactor accidents”.
Included with the primary objective are corresponding and supporting objectives. While many
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areas are still being addressed and need additional work, these include: (i) incorporating the
significant plant improvements and updates not reflected in earlier assessments including system
improvements, training and emergency procedures, offsite emergency response, and recent
security-related enhancements described in Title 10, Section 50.54(hh) of (10 CFR 50.54(hh)) as
well as plant updates in the form of power uprates and higher core burnup; (i) crediting state-of-
the-art integrated modeling of severe accident behavior which includes the insights of some 25
years of research into severe accident phenomenology and radiation health effects; (iii)

evaluating the potential benefits of recent security-related mitigation improvements in preventing -

core damage and reducing an offsite release should one occur; (iv) enabling the NRC to
communicate severe-accident-related aspects of nuclear safety to stakeholders; (v) updating
quantification of offsite consequences found in earlier NRC-sponsored work such as
NUREG/CR-2239.

Remaining sections discuss specifics on Unaddressed Items and Opportunities for Improvement,
(Section 6) and Appropriateness of Presentation in the SOARCA Documents, (Section 7).

6. Unaddressed Items and Opportunities for Improvement

There are several items that merit attention before the NUREG is published. Most of these are
viewed to be relatively minor and would be dispositioned with additional discussion.
1. MELCOR-to-MACCS2 transition - The documentation in the four-volume NUREG
report, and especially in Volume 1, Summary report, is sparse with respect to the

source term description are based the descrlptlon provided for deposition velocity and
surface roughness length.

MELCOR to MACCS?2 transition. It is difficult to judge how best-estimate aspects of thi

In the Summary report, the discussion (pages 60-61) is ambiguous regarding the approach
to assigning deposition velocity to acrosol particle sizes. Specifically, it is unclear if
binning associatéd with particle size and deposition velocity uses expert elicitation and
MELMACCS methodology or if one approach was primary and the other supplementary.
The pedigree of the MELMACCS technical report (Ref. 47) appears to be at an internal
laboratory report. It is recommended that the report be formally released with adequate
technical review.

2. Surface roughness length (z,) — The documentation in the Volume 1 Summary is very
brief and omits much technical justification for selection of key parameters. One of the
areas that remains too limited is the basis for the surface roughness length (z,). Ten
centimeters surface roughness length would seem to be overly conservative for Peach
Bottom given the fifty-mile environment surrounding the plant.| The same value may be
appropriate for Surry but a more complete discussion is recommended. Is the 10-cm value
used for both plants an indication that the environments around the plants were considered
characteristic of tall grass (refer to Table 2.3 from NUREG-469] Vol. 2 and shown in
Figure 1 below)?

MV\
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Table 2.3

Approximate Surface Roughness Lengths (z,)
for Different Surfaces

Type _of Surface z . {cm
Lawns 1
Tall grass, crops 10 - 15
Countryside 30
Suburbs 100
Forests . . 20 - 200
Cities 100 - 300

Figure 1. Representative surface roughness lengths for various types of surface (Volume 2

3.

of MACCS Model Description, page 2-16 of NUREG/CR-4691; Ref. 4).

Deposition velocity selection - The deposition velocities associated with various aerosol

sizes is given in Table 13 of the Summary (page 61). However, it is not clear what UM
radionuclides groups are associated with one or more of the bins shown in Table 13 and

how the median diameter bins would be distributed for a given radionuclide group. Surely m,
a state-of-the-art input distribution of deposition velocities would offer a different Duw
distribution based on physicochemical characteristics of one group vs. those of another.

For example, the halogen isotopes (primarily radioiodine) will deposit differently from

cesium species (e.g., Csl and CsMo00O,). It is suggested that while realistic input is reflected

in the SOARCA study and used in the current analyses, justification should be provide to

support its use in place of the sample input published in the 1998 MACCS2 User’s Guide

(Ref. 5) for the allocation fractions for nine fission product groups (Figure 2).

®
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Example Usage:

PARTICLE SIZE DISTRIBUTION OF EACH ELEMENT GROUP

0.001 0.91 0.02 DEPOSITION VELOCITY OF EACH GROUP (METERS/SECCHD}
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Figure 2. Allocation fraction input illustration from page 5-27 of MACCS2 User’s
Guide

A draft copy of Ref. 48 (SOARCA Summary document) seems to indicate that deposition
velocity was based on an expert-solicited approach (page 43), with prairie, forest, and
urban surface roughness length used as a parameter by the experts. The overall process
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‘ that was applied is not apparent and it would be greatly benefit the intended NUREG

documentation if additional detail could be provided.

4. Discussion of the non-site specific and site-specific parameters used: A key outcome of
the SOARCA project, discussed several times with the Peer Review Panel during our
meetings, has been the smaller and delayed source term compared to the Sandia Siting
Study. These important results are illustrated in Table 21 (Appendix A — Peach Bottom
Integrated Analysis) and Table 32 (Appendix B - Surry Integrated Analysis). Especially in
the case of the Surry conditional risks with distance (Figures 172, 174, 176, 178, and 180),
the results are dominated by the long-term (CHRONC) phase of the analysis. This aspect
of the model is driven by user input of dose criteria (habitability dose limits), site-specific
data, and some non-site specific information. It would improve the understanding of the
SOARCA study to provide thée tables of information to augment the discussion of sections
5.5 and 5.6. The tables would mostly address the type of inputs that control the EARLY
and CHRONC modules, specifically in deciding on condemnation and inhabitation return '
and be as follows (with suggested location by volume): 'd""

- Table 1. Peach Bottom Offsite Consequence Analysis Site-Specific Parameters S
(Appendix A) V)‘N"""'

- Table 2. Surry Offsite Consequence Analysis Site-Specific Parameters (Appendix B) wr H
- Table 3. Site-Independent Parameters (Summary - Section 5.6). o ‘

While some of these data (e.g. shielding factors) can be found elsewhere in the four- dis €.

volume set of SOARCA documents, it would assist the reader to see the key inputs

collected in one or several tables. This information would be useful in determining what

. sensitivity studies are important, what the focus should be on plant features, severe accident

mitigation procedures, etc., and to what extent public policy has a role.
5. Boundary weather — During one of the review meetings, it was indicated whether a WM
boundary weather condition is imposed, with forced deposition conditions, and if so, the
type of weather specified and at what region in the grid. 1 don’t think this is established in
the February final draft for review document. This aspect of the offsite consequence
analysis should be described for comparison with past work (e.g., NUREG-1150).
6. Centralized discussion of MACCS2 improvements- There are many improvements noted .
in the MACCS2 model with 64 directional sectors and more realistic evacuation modeling
among others. It would be informative to have a short section in Appendix A and W‘/”ws
Appendix B to summarize the prominent features and expanded capabilities by module,
i.e.,, ATMOS, EARLY, and CHRONC. This version of the code has expanded capabilities ”‘Jj/

for performing uncertainty analysis but little is covered in the documentation or was W
-

commented upon in the three presentations.
7. Reporting of additional consequence measures — In addltlon to the conditional and

absolute early/latent health effect risks reported in the SOARCA study, other metrics would

be advised. The uncertainty quantification and sensitivity analysis presentation in March @3

2010 indicated that land contamination was being considered, and would be very useful. It

is advised to clarify whether fbrced deposition is used, and if so, the inner and outer radii [ous /égﬂ’/

the feature is employed. To compare to earlier studies, the metric of population dose over

the fifty-mile region would bela useful consequence measure to complement land QU {/
. contamination. This is approptiate because deposition with distance would trend inversely + W/

with inhalation doses. u/}("
ot
SWL,%/M | Lot
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8. Extent of Polar Grid — Currently, the results presented in Appendices A and B for Peach

Bottom and Surry, respectively, extend to fifty miles. The Summary document suggests
that results will be reported out to a 100-mile extent. There is a regulatory basis for the 50-
mile grid, including Ingestion Planning Zone, Environmental Impact Statement, and
SAMA support analysis among others. A similar justification does not exist for a 100-mile
basis, and it is recommended that the Summary be corrected to a 50-mile description.

7. Appropriateness of Presentation in the SOARCA Documents
In general, the SOARCA study appears objective and not noticeably influenced by licensees or

other constituents. To improve the likelihood that the public will interpret the SOARCA study as

intended several recommendations are made:

1. Aim for uniformity and consistency in the labeling of conditional and absolute risk
figures and tables.- we suggest conditional risk per event (LCF/event) and for
absolute risk (LCF/reactor-year). Currently, both types of risk are Tabeled the same in

5o+

figures-and tables. This situation may lead to incorrect interpretations by the reader.
2. Label LCF bar charts with Acute phase and Long-term phase rather than EARLY and
CHRONC. The analysis is using MACCS?2 as a tool to evaluate the relative
importance of the short-term and long-term phases, and it should be made transparent
that this is the case. Use of MACCS?2 terminology in the results gives the appearance
that the results are more characteristic of the manner in which the code was run, and

not reflective of the post-release phases. Mﬂ ” '

3. Select two of the four health effect (dose truncation) models rather than present
results from all four models. The LNT model appears to be bounding in all cases. It
is recommended that this model be retained along with the one that tends to predict
the least health effect risks of the three alternative dose truncation models, i.e.,

- Health Physics Society recommendation (5 rem/year and 10 rem lifetime)
- ICRP Report 104 (10 mrem/year)

7?0\

5

A~

- U.S. Average Background (620 mrem/year). "
Labels to figures and tables should reflect these dose truncation models with a short—> {00’(
! 6£L‘

hand notation of LNT, HPS, ICRP 104, and U.S. Bkg. Ave.
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Appendix A.1
J.D. Stevenson

Input to the SOARCA Peer Review Report

Dr. Stevenson’s major area of input to the SCARCA study is extreme external hazard evaiuation such as
earthquake, tornado, precipitation and flooding applicable to a NPP site. Included in his evaluation is
the response ‘of struct'ures, systems and components, SSC to all extreme or abnormal loads which could
* .cause failure, damage or malfunction of Important to Safety SSC resulting in early release outside of
containment of the reactor core radiological inventory. His input to the study is related to the
prescribed limiting event (s) used in the study at either a 10°®/yr probability to cause release of reactor
_core radioactive inventory release or 107/yr probability of early containment failure and reactor core
radiological inventory release occurrence or éxceedenée as compared to seismic induced long or short

term station blackout.

A basic concern in his evaluation is the potential for liquification of soil or other foundation failure
associated with seismic induced cyclic motion resulting in large vertical differential displacement of the
containment or adjacent structures resulting in rupture or significant leakage of one or m