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ABSTRACT

Based on a Policy Statement on Severe Accidents Regarding Future Designs and
Existing Plants, the performance of a plant examination is required by the
licensee of each nuclear power plant. The plant examination looks for
vulnerabilities to severe accidents and cost-effective safety improvements
that reduce or eliminate the important vulnerabilities. This document
delineates the guidance for reporting the results of that plant examination.
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1. INTRODUCTION AND OBJECTIVES

1.1 Background

On August 8, 1985, the U.S. NRC issued a Poiicy Statement on Severe Accidents
Regarding Future Designs and Existing Plants (50 FR 32138) that introduced the
Commission's plan to address severe accident issues for existing commercial
nuclear power plants. (The staff in a separate effort is developing
recommendations on the treatment of severe accident issues for future LWRs.)
Over the past several years, the Commission has developed an approach to
implement this plan for existing plants and recently has issued a Generic
Letter (Ref. 1) that communicates this plan to all utilities. Each licensed
nuclear power plant is required to perform a plant examination that looks for
vulnerabilities to severe accidents and cost-effective safety improvements that
reduce or eliminate the important vulnerabilities. The specific objectives for
these Individual Plant Examinations (IPEs) are for each utility to (1) develop
an overall appreciation of severe accident behavior; (2) understand the most
likely severe accicdent sequences that could occur at its plant; (3) gain a more
guantitative understanding of the overall probability of core damage and radio-
active material releases; and (4) reduce the overall probability of core damage
and radioactive material release by appropriate modifications to procedures and
hardware that would help prevent or mitigate severe accidents. Upon completion
of the examination, the utility will be required to submit a report to NRC
describing the results and conclusions of the examination. This submitta! will

be reviewed and evaluated by the NRC.

This individual plant examination submittal guidance document establishes style
ard content guidelines for the utility submittals. There are NRC and industry
reports that help to put this document into proper perspective and help to give
background to many of the specific matters presented herein.

. nsevere Accident Insights Report," NUREG/CR-5132 (Ref. 2). This report
describes the conditions and events that nuclear power plant personnel may
encounter during the latter stages of a severe core damage accident and
what the consequences might be of actions they may take during these latter
stages. The report also describes what can be expected of the performance
of the key barriers to fission product release (primarily containment
systems), what decisions the operating staff may face during the course of
a severe accident, and what could result from these decisions based on our
current state of knowledge of severe accident phenomena.

. "Assessment of Severe Accident Prevention and Mitigation Features,"
NUREG/CR-4920, Volumes 1-5 (Ref. 3). This series of reports describes
plant features and operator actions that have been found to be important
in either preventing or mitigating severe accidents in LWRs with five

different types of containments.







1.4 Goals fcr This Report

The goal for this veport is to provide a uniform mechanism for allowing the NRC
staff to draw conclusions regarding the implementation of the Severe Accident

Policy Statement for existing plants.

The NRC staff will draw a conclusion about the acceptability of the IPE
for a given submittal. Specifically, as stated in the Generic Letter,
"The NRC will evaluate licensee IPE submittals to obtain reasonable assur-
ance that the licensee has adequately analyzed the plant design and opera-
tions to discover instances of particular vulnerability to core melt or
unusually poor containment performance given a core melt accident. Further,
the NRC will assess whether the conclusions the licensee draws from the
IPE regarding changes to the piant systems, components, or accident
management procedures are adequate. The consideration will include both
quanrtitative measures and nonquantitative judgment." A positive staff
conclusion would be that there is reasonable assurance that the IFEM or
the PRA represents the plant, its operation, and its safety strength and
vulnerabilities so that the utility is on firm ground in making improve-
ments and/or implementing an effective accident management program.

The NRC staff will want to conclude how much the utility has integrated
the PRA/IPEM methods and applications into the operation and daily activi-
ties of the facility. The basis for the request in the Generic Letter
(Ref. 1) for involvement of utility staff in the IPE review is the belief
that the maximum benefit from the performance cf an IPE would be realized
if the utility's staff were involved in all aspects of the examination and
that involvement would facilitate integration of the knov.1edge gained from
the examination into operating procedures and training programs.
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Ttis section provides the content and stiyle guidelines for 1 ity submittal

The major parts of this section are the front-end (Section :
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IPE reports using the Standard Table of Contents given in Table
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NRC to understand and review the validity of all input 4fata and calculatior
models used: to assess the sensitivity of the results to all key aspects
analysi¢; and to audit any calculation. It is not necessary to submit all

reproduce any portion of the results of calculations in a straightforward,

the

the
documentation needed for such an NRC review, but its existence should be cited
and it should be available in easily usadole form The guideline for adequate

retained documentation is that an independent expert analyst should be able to

unambiguous manner To the extent possible, the retained documentation should

be organized along the lines identified in the areas of review

A complete severe accident assessment requires analysis of external events
Previous guidance docum2nts have discussed procedures for performing such
analyses (NUREG/CR-2300 (Kef 4) and NUREG/CR-2815 (Ref. 6)), and several
full-scope PRAs and NRC's re.iews of thenm have addressed external events
i¢ a technical basis for analyzing whether a given piant has significant
vulnerabilities with respect to a given external initiator Although IPE
submittals are not presently required to address external events, the staff
encourages early consideration of certain aspects of external events in the

process Section 2.5 provides a discussion of future external event anal
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Table 2.1 Standard Table of Contents for utility submittal.

Corresponding
Section {n
This Report

Executive Summary

Background and Objectives
Plant Familiarization
Overall Methodology
Summary of Major Findings
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2. Examination Description

Introduction

Information Used

Compliance with Generic Letter and Supporting Material
Utility Involvement

Plant Description

System Dependencies (dependency matrix)
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3.  Front-End Analysic
3.1 Accident Sequence Delineation 213

Initiation Events

Front-Line Event Trees

Special Event Trees

Support System Event Tree ¢
Sequence Grouping and Back-End Interfaces
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3.2 System Analysis 2.1.4

3.2.1 System Descriptions
3.2.2 System Analysis (fault trees, IDCOR templates, etc.)

3.3 Sequence Quantification 2.1.%
3.3.1 List of Generic Data
3.3.2 Plant-Specific Data and Analysis
3.3.3 Human Failure Data (Generic and Plant Specific)
3.3.4 Common Cause Failure Data
3.3.5 Quantification of Unavailability of Systems and Functions
3.3.6 Generation of Support System States and Quantification of
Their Probabilities
3.3.7 Quantification of Sequence Frequencies
3.3.8 Internal Flooding Analysis
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Table 2.1 (Continued).

Corresponding
Section in
This Report

3.4 Results and Screening Process

3.4.1 Application of Generic Letter Screening Criteria

3.4.2 Vulnerability Screening
3.4.3 Decay Heat Removal Evaluation
3.4.4 USI and GSI Screening

Back-End Analysis

4.1 Plant Data

4.2 Plant Models and Methods for Physical Processes
4.3 Bins and Plant Damage States

4.4 Containment Failure Characterization

4.5 Containment Event Trees

4.6 Accident Progression

4.7 Radionuclide Release Characterization

Utility Participation and Internal Review Team
5.1 IPE Program Organization

5.2 Composition of Independent Review Team
5.3 Areas of Review and Major Comments

5.4 Resolution of Comments

Plant Improvements and Unique Safety Features

Summary and Conclusions (including proposed resolution
of USIs and GSIs)

2.1.6
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2.1.1 General Methodology

Reporting guidelines include a concise description of major tasks of the
methodology employed and how these tasks interact with each other to generate
the 1ist of plant vulnerabilities. This includes such major tasks as event
tree modeling, systems analysis, dependency treatment, quantification process,
and vulnerability identification and treatment.

2.1.2 Information Assembly

Reporting guidelines include:

1. A general description of the plant and its layout.

2. A concise description of the containment building and its layout.

3. A list of PRA studies and/or IPEs of this plant or other similar plants
that the IPE team has reviewed along with a concise summary of insights
derived from these reviews.

4. A concise description of plant documentation used such as the Final
Safety Analysis Report (FSAR); system descriptions, procedures, and
licensee event reports (LERs); and a concise discussion of the process
used to confirm that these documents represent the as-built, as-operated
plant.

S, A description of the walkthrough activity of the IPE team, including
scope and team makeup.

2.1.3 Accident Sequence Delineation
Reporting guidelines include:

1. A list of all generic and plant-specific initiating events and groups of
events considered (including internal flooding), their frequencies, and
the rationale for the grouping used. Additionally, list the minimum
success criteria for front-1ine systems that mitigate each initiating
event or group of events, the bases for those criteria (e.g., expert
judgment, realistic calculation, FSAR), and the consistency of the
criteria with the as-built, as-operated plant.

2. A1l event trees (functional and/or systemic) developed or adapted from a
reference plant for the initiating events or groups of initiating events,
including a concise discussion of the assumptions and event heading
dependencies considered.

3, !f separate event trees are developed to support special event analysis
(e.g., ATWS, station blackout, PWR reactor coolant pump seal loss-of-
coolant accidents (LOCAs), interfacing LOCA, internal floonding), include
the same information as in item 2 above.

4, The support system event trees, including modifications if they hsw:
been adapted from the IDCOR reference plant or other applicable Pnis. A
concise description of each support system state and its effect on each
front=-1ine system.

2-4
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An explanation of the method of grouping accident sequences into various
bins," "categories," or "plant damage states," including the unique bins
considered and their physical meaning in terms of controlling factors such
as initiating events, time of core melt, and performance of containment
safety features

A table summarizing the bins associated with the accident sequences that
lead to core melt

2.1.4 System Analysics
Reporting guidelines i1nclude

A description and a simplified diagram of front-line and support systems
considered in the IPE: appropriate line diagrams of electrical systems.

The fault tree diagrams, including a discussion of the method used to
develop and evaluate the fault tree.

The dependency matrix for all support systems and front-1ine systems (or
functions) considered, including all interdependencies among the systems.
This also includes dependencies caused by systems that are shared among
multi-unit plants.

Differences between the subject plant and the veference plant if the
dependency matrix 1§ adapted from a reference plant‘

2.1.5 Quantification Process

Reporting guidelines include

Types of common cause failures considered in the analysis (both in the
event tree sequences and in the system analysis), including the quantifica-
tion process employed and sources of common cause failure data used.
Include a list of component groups subjected to common cause failure
analysis

Internal flooding initiators such as overfilling of water tanks, hose and
pipe ruptures, and pump seal leaks along with their frequencies and resulting
damage to important plant equipment. Include the result of the quantifica-
tion of the flooding sequences that lead to core damage

Types of human failures considered in the IPE, such as human failures in
maintenance and operation and human failure to recover and mitigate

accident progression

List of human reliability data and time available for operator recovery
actions considered, including the sources of these data. If the human
errors are screened. include a list of errors considered and a 1ist of

"important errors," as well as the criteria for determining importance.

Method used for determining unavailability of plant hardware, including a
description of the unavailability consideration for standby and operating
equipment and equipment in test and maintenance




6. List of items for which plant-specific experience is used, including the
method of generating failure data from such experiences (e.g., classical
or Bayesian method). Include the rationale if plant-specific experience
for important items such as auxiliary feedwater (AFW) and emergency core |
cooling system (ECCS) pumps, initiating events, batteries, feed pumps,
electrical buses, breakers, and diesel generators has not been used.
(Generally, plants with several years of experience should use plant-
specific experience for these types of items.) Also list any generic
failure data used for equipment or initiating events.

7.  Method by which accident sequences are quantified. If computer programs
are used, identify the program and nature of calculations performed by
using this program (e.g., cutset generation, sequence quantification, and
sensitivity analysis).

2.1.6 Front-End Results and Screening Process
Reporting guidelines include:

1. A description of how the screening criteria in Appendix 2 to the Generic
Letter (Ref. 1) are used in the screening process.

2. A lTist of functional sequences selected using the Generic Letter screening
criteria, including a concise discussion of accident progression; specific
assumptions; sensitive assumptions and parameters; essential equipment
subjected to environmental conditions beyond the design bases ancd those
conditions; and applicable human recovery actions.

3. A list of major contributors to those accident sequences selected using
the Generic Letter screening criteria. Major contributions such as those
from front-line systems or functions and support states, as well as
contributions from unusually poor containment performance, are important
for inclusicn. Also include an estimate of total core damage frequency.

4. A thorough discussion of the evaluation of the decay heat removal function
because the adequacy of the decay heat removal capability at the plant for
severe accident situations is to be resolved within this examination
program. Plants with marginal feed-and-bleed capability should
particularly address the capability of the plant to remove decay heat for
loss of all feedwater events.

5. A list of vulnerabilities identified by the review process, a concise
discussion of the criteria used by the utility to define vulnerabilities,
and the fundamental causes of each vulnerability. Vulnerabilities
associated with the decay heat removal function should be specifically
highlighted.

6. Identification of sequences that, but for low human error rates in recovery
actions, would have been above the screening criteria. Important human
recovery actions for which greater credit than 1 error in 10 is claimed
should be discussed.
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2.2.2.1 Plant Data

Identify and highlight component, system, and structure data that may be of
significance in assessing severe accident progressions. Additional considera-
tion should be given to equipment whose operability is desired during exposure
to harsh environments. Describe systems such as fan coolers or sprays that are
important to operation during a severe accident. This description should
extend to the reactor building or auxiliary building if appropriate. The
utility has the option of submitting a concise set of the plant data that is
relevant to severe accident phenomenology or an identification of those
containment features that are unique to the facility in question relative to
the similar plant that was the subject of previous PRAs such as those for
NUREG-1150 (Ref. 10). 1In addition to the appropriate narrative explanations
and sketches, this information should be summarized in a convenient tabular
form.

The assessment of the "significance" of such unique features will, of course,
have to be judgmental and based upon the understanding of severe accident
phenomena, and associated containment challenges, developed in the submittal.
For example, debris bed coolability depends strongly on such plant features as
available spread area within the cavity and water availability in it. Both
aspects are highly individualized even among plants of the same type; thus, an
accurate but convenient representation of such plant features would be needed.

The process of providing sufficient plant data gets more complicated when
considering mechanisms that are incompletely understood. For example, it is
agreed that phenomena associated with high-pressure melt ejection depend
strongly on the characterization of the vessel's lower head, the sizes of the
flow paths within and out of the reactor cavity, and the lower subcompartment
geometry, although actual relationships to resulting containment loads are
lacking. Similarly, the potential for non-uniform distribution of combustible
gases in the containment air space is clearly related to geometry and location,
composition, and intensity of release; however, little basis exists for judging
which are important features and the extent of their impact on mixing. It is
requested, therefore, that accurate but simple representations of containment
geometry be made in this section in as complete a fashion as possible so as

to cover the needs in the two examples mentioned above and possibly other
situations as they might arise in the submittal's treatment of phenomenology.
wWhile blueprints are not necessary, drawings that accurately display the
location and rough dimensions of components, systems, and structures that are
important for accident progression assessment should be included.

2.2.2.2 Plant Models and Methods for Physical Processes

Provide concise documentation of all analytical models, including selection of
empirical factors and data inputs, used in charting out the various potential
paths of accident progression. Well-known codes and published models, or even
widely accepted results on particular aspects of the phenomenology, may be
incorporated simply by reference. To the extent that accepted results can be
used, the utility can gain the insights about physical processes without the
effort of de novo analysis and without extra review by the staff. For example,
if the utiTity chooses to use CORCON for core-concrete interactions, it can

do so provided reference is given to the spe €ic modification to CORCON that

is used. General assumptions used in the m. :ing of phenomenology are just as
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important as the models themselves and therefore should be fully described
Organization should be such that all particular results quoted in subsequent
sections can be referred conveniently to respective analytical models of this
sectior Clearly, fully integrated analytical tools may not be necessary;
however, it is important that the composing of overall accident behavior from
separate effects analyses be clearly delineated.

Bins and Plant Damage

As in standard methodology, the coupling of the front-end analysis to the
back-end is through the binning of the multitude of front-end sequences into a
few groups of damage states with similar back-end characteristics. It is
important that the bins be justified on the basis of such factors as timing of
important events or operation (or non-operation) of key features. Also, the
state of the various systems and components, as deduced from the detailed
front-end analysis, should be accurately translated into the back-end plant
damage states considered. The impact of severe accident phenomena on the
operability of such systems and components must be reflected where appropriate.

Accordinyly, this section, in a manner consistent with the binning guidelines of
Section 2.1.3 (items 5 and 6), should concisely cover or reference the methodology
and results of binning, as well as the actual procedures employed--particularly
front-end/back-end team interactions Further, all front-to-back-end sequence
interfaces (i.e., reactor coolant system and containment thermal-hydraulic
conditions, containment mitigation system availability, support system avail-
ability, human factor assumptions) need to be concisely documented and the

adopted binning needs to be justified. Care should be taken to have different
bins for sequences that will progress under different assumptions regarding
physical phenomena, for example, high reactor coolant system pressure versus
low reactor coolant system pressure or different timing--slowly developing or
fast.

Recent studies, such as NUREG-1150 (Ref. 10), have stressed the importance of
mission times, inventory control (of such resources as instrument air or
battery power), and dual usage (e.g., when the condensate storage tank supplies
water for both vessel injection and containment sprays, early injection may
deplete the water so at it is not available for sprays) Therefore, for the
screened sequences, it is important that the impact of mission times, inventory
control, and dual usage be discussed with respect to the progression of the

accidents, the estimated frequencies, and the binning process
Containment Failure Characterizatio

This section should provide the results of structural calculations or
comparisons with structural calculations for other plants of similar design
performed to assess containment strength and the magnitude of various loads
necessary to fail ccntainment, e.qg., static pressure, localized heat loads, and
localized dynamic pressures A sample 1ist of potential containment failure
modes and mechanisms is provided in Table 2: these have been considered in
the final version of Reference Il Other failure mechanisms may be appropriate
for specific designs ome of th odes in Table 2.. are more important for
some containment s than for others If the analysts choose to incorporate
results obtained 1ous |\ )r other containments, it is important to provide
( onale o eir applicabi . The vulnerability of containment




Table 2.2 Potential containment failure modes and mechanisms.

Direct bypass
Failure to isolate

Vapor explosions

Quasi-static pressure rise
Overpressurization

Steam
Noncondensible gases

Combustion processes (hydrogen, carbon monoxide, methane)

Blast
Quasi-static pressure rise

Core-concrete interaction

Basemat penetration
Structural failure and tearout of penetrations

|
|
|
Missile generation
Blowdown forces

Vessel thrust force
Meltthrough

Direct contact of containment shell with fuel debris

Thermal attack of containment penetrations
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penetrations to thermal attack is discussed in Reference 13. The licensee
submittal should include an assessment of the penetration elastomer seal mate-
rials and their response to prolonged high temperatures. Particular atter

should be paid to seals in areas where standing hydrogen flames are likely

In each case, potential failure locations should be identified together wit
respective failure sizes.

Finally

structures within which radionuclide retention will be considered (e.g., the
reactor building in BWRs)

Containment Event Trees (CETs)

It is important to note that this section is closely coupled to the folTowing
section (2.2.2.6), "Accident Progression and CET Quantification Not only
does Section 2.2.2.6 quantify the split-fractions for but, depending
on the results of the accident progression analysis, it could dictate the
structure of the CETs themselves.

A1l functional accident sequences (represented now by plant damage states or
bins) that meet the Generic Letter screening criteria should be represented by
CETs according to ctandard practice. Helpful guides and standard practice
concerning the structure and methods of analysis of CETs can be found in a
number of Level 2 PRAs such as those for Oconee (Ref. 14) and Seabrook (Ref

2.2.2.6 Accident Progression and CET Quantification

The submittal should present all significant containment loads referenced tc
events or sequences of the CETs. Significant loads are those with potential
challenge containment integrity In this interpretation, the containment
boundary should be taken to include ary interface with a

access to the outside (e.g., | Lo secondary pressure boundary,

shell in Mark I).

The presentation should be systematic, e., damage
each predicted load should be adequately supported by

A particular model pres d in Section 2.2.2.¢
A previously published (i , referenceab]
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and assessed against standards for human performance . f existing emergency

operating procedures (EOPs) are used in controlling o iorating the outcome

of the accident, the submittal should state that these EOPs are operational and

that the requisite amount of training has been completed Documentation should
5
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The equipment environment should be assessed with the same temperature,
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