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We have made minor revisions to the various portions of the IDCOR IPE
methodology. The r-vision pages for the IDCOR PWR systems methodology for
review by your staff are enclosed. Please provide the enclosed cevisions to
your staff as needed.

We consider the PWR systems methodclogy to be final with the integration of
these revisions. A user guide will be prepared for this methodology that
will be similar to the BWR methodology users guide provided to you in a
previous submittal. We expect to have this available in April,

If you have any questions concerning these revisions, please call Jim Carter
at (615) 481-3300.
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1.2 APPLICABILITY METHODOLOGY - GENERIC PROGRAM

T“e general approach is similar to that of the Byron Risk Study. A Frobabilistic
Risk Evaluation based on the Zion Probabilistic Safety Study. The main e.ceptions
to the approach will be a deemphasis of Steam Generator Tube Rupture (SGTR) issues
and an added emphasis on dealing with system Qartattono. This decision is based on
the following data. The results of the Byron Risk Study and subsequent industry
rigk evaluations have concluded .hat SGTR initialors are minor core damage risk

contributors.

Although USNRC generic issues with respect to SGTR phenomena post core exist, these
have little impact on the programs purpose in identifying specific outliers. Thus
few added insights would be gained from such a treatment. The level of methodology
detail for SGTR generic applicability is consistent with the methodology proposed
herein. Next the Byron plant is very similar to the Zion design. Thus, the
applicability of Zion analysis to Byron systems was readily apparent for most cases,
although several systems required unique analysis. However, there is much more
variability of system designs when all PWRs are considered. Although sany
variations exist, the same basic safety functions are utilized as well as similar
train orientations of support functions. These variations are rather limited due to
the functional constraints. Thus, the program will have more emphasis on
identifying and analyzing these variations,

In general, this program is divided into two main segments. The first is to develop
a methodology which rebaselines the reference plants into standardized segments of
analysis. From this rebaselined effort, "known" dominant sequences are identified
for specific analysis. These include the loss of recirculation after LOCAs and the
V sequence. The intent of this segment is to compare the specific plant frequency
with frequencies of the base plants. The second segment involves the search for
design or operational outliers. This segment does not include the generation of a
Level I PRA but rather the use of representative unavailability quantification
modules referred to as "TEMPLATES". These templates coupled with generic event
trees as well as data and support system checklists will form the baseline for the
outlier screening. The intent is to develop reliability building blocks which can
be customized to the plant specific designs and can be recombined into the sequences

as may be important.
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Appendices B.1-B.4 provide example notebooks as well as blank
standardized forms (worksheets and tables ) for assisting the
analyst and for documenting the assessment. In order for
consistency across all IPE studies to be achieved, these notebooks
must be completed with at least as much information in them as in
the examples.

In IPE studies it is imperative that quality assurance technigues
be applied due to the large amounts of input/output data generated
and also because the analysis is used in support of licensing and
safety decision making. Because of the inherent nature of a IPE,
it is not possible and as stated by the USNRC not required to apply
the exact same type of Quality Assurance (QA) prescribed by 10CFRS50
Appendix B because of the following three considerations:

1. The purpose of IPE i{s to analyze the "best estimate"
response of safety and non-safety related systems and
structures to a wide range of accidents beyond the design
basis. This differs substantially from the process of
classical safety analysis in which very high confidence
levels are sought to meet regulatory criteria.

2. Certain phenomenclogy modeled in containment analysis
codes is based on best engineering judgement and not on
experimental data. Hence, these codes could not be
benchrmarked against test data,

- Certain component failure rates are based on best
engineering judgment in lieu of actual statistics. This
is reguired because certain failure modes have never
occurred and hence there are no statistics.

Despite these limitations, the use of subjective judgement of
knowledgnable experts is appropriate and necessary to understand
the expected response. The QA program used by utilities or their
contractors for IPE studies should include the following items:
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If computer ccdes are used during the progranm, they must
be configuration controlled and documented in recorded
calculations (departmental calcnotes). These calcnotes
are subject to an independent review and sign-off process.

All hand calculations are documented (via calcnotes),
independently reviewed and checked for accuracy.

The results of computer calculations are independently
reviewed to verify proper modeling and use of the computer
code.

Areas in which subjective judgement is used are
independently reviewed for reasonableness and consistency.

Areas in which data were manually transferred from the
output of one code to the inputs to another are
independently reviewed and checked for accuracy.

Permanent legible records of all analyses are maintained.
These are written as departmental calcnotes that regquire
compliance to a review and sign-off procedure prior to
acceptance.

In summary, the IPE Quality Assurance progiam chosen must insure
that all computer codes (if used) are independently reviewed and
documented, all results are independently reviewed and documented,
and all input/output data or engineering assumptions are documented
and traceable.
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2.4 QUANTIFICATION DATA

The purpose of this section is to demonstrate applicability of referenced
point estimates of the failure rates for system components to plant-specific
phenomena. These point estimates are necessary for the quantification of the
risk models (event trees and fault trees). A methtdology is developed in
order to determine applicable point estimate failure values for components.
This methodology consists of three phases: 1) genaric data tank selection;
2) plant specific data collection and, 3) comparison of generic and
plant-specific estimates and determination of final values for use in the
quantification. The procedural steps for the analysis are described in the
following subsections. Appendix B.4 provides examples.

2.4.1 GENERIC FAILURE RATE DATA BANK SELECTION

This section provides two generic data bases for use in the comparison to
plant specific values. Table 2.4-1A lists the component types, failure
modes, medians, and means from the Interim Reliability Evaluation Program
(IREP) Procedures Guide (NUREG/CR-2728). A lognormal distribution is assumed
for failures of the components with a 90% probability interval. An upper
bound at the 95th percentlle, a lower bound at the Sth percentile and error
factor are also listed in the table. This data base applies to all systems,
The second data base (Table 2.4-1B) is to be applied only in the case of
system and fault tree template fits to Zion and Oconee FRAs. This table
lists the gener ¢ data base information used in the Zion and Oconee PRAs plus
the plant-specific failures, trials and Bayesian-updated means for basic
components of several systems. A lognormal distribution (90% confidence
interval) is assumed, The upper bound at the 95th percentile, median, mean,
and error factor are reported in the table. All failure rates are in units
of failure per hour while the demand failure probabilities represent failures

per demand of the componment.

Although this section provides twe generic data bases for use in the
comparison to plant specific values, it is recognized that other NRC
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approved data banks exist. (i.,e., IEEE-500, NUREG/CR 2815, ASEP, etc.),
Other NRC approved data banks may be uscd'to quantify the unavailability
of failed components for system analyzed using the methodology put

forth in this document, However, when so uscd'it should be noted and
referenced in the summary report and system notebooks of the plant
evaiuated. It should further be noted that if other than the IREF data
base is used, the data applicability curves presented in this section

are not applicable to other data bases used to test plant specific data.
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accident sequences which identify the initiating event and the progression of
the event to core damage through identification of the frontline and support
systen failures;.2) list of the core damage frequency by plant damage state,
and definition of each damage state, and the frequency of the damage state,
3) the table from the impaired containment Screening analysis (Section
2.2,.5.1) and any vulnerabilities that wvere idenlified, and 4) the
jdentification of potential interfacing systems LOCA locations and their
frequency of occurrence. This information provides the link between the
plan: analysis and the containment analysis.

TASK 10: COMPARISON OF PLANT RESULTS TO IDCOR RESULTS

The results from Task 7 for individual plant evaluated will be compared to
the generic results of the IDCOR reference plant analyses to determine if
major differences exist (Section 4.0). Where these differences do exist a
more detailed investigation of the causes will occur.

TASK 11: PREPARATION OF FINAL SUMMARY REPORT

At the completion of the IPE analysis (tasks | through 10) the utility must
provide a susmary report documenting the overall analysis and results.
Therefore, the purpose of this task is to svemarize the findings and
summarize the results of each of the individual tasks into a single
integrated document for reporting the IPE results. A suggested "table of
contents" for the final summary report is provided in table 3-1. The summary
report provides an overview of the IFE objectives, motivations, scope,
results, and conclusions. The final report envisioned should be in the range
of 75 to 100 pages including all text masterial, tables and figures.
Additional appendices providing backup analysis, documentation, etc. can be
added at the discretion of the utility.

The key documentaticn secti.n of the IPE summary report is Section 3, Flant
Analysis, and should cortain the following information:
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A. A brief discussion of the dominant core damage accident
sequences. Dominant sequences can be defined as those
sequences that contribute greater then 2,.0E-6 or 5% of the
total core damage frequency. As a secondary measure, the
sum of the reported dominant accident sequences should
account for at least 70 * 80 percent of the total core
damage frequency. Table 3-2 provides an example as to the
level of detail to be included in the discussion.

B. A brief discussion summarizing tﬁo core damage freguency
by initiating event, plant damage state, and support state
including tables. Example tables are shown in by tables
3=3 and 3-4.

C. A brief discussion of the plant's system unavailabilities
calculated in task 7. The discussion the should include a
brief comparison of the plant's system unavailabilities to
the systom unavailabilities calculated for similar cystenms
in pervious PRAs.

TASK 12: INCORPORATION OF COMMENTS

Conments received on IDCOR IPE results during the finalization of
the sumrmary report will be resclved and incorporated as necessary.




TABLE 3-1 IPE SUMMARY REPORT TABLE OF CONTENTS

ABSTRACT

1.0

2.0

3.0

4.0

INTRODUCTION

1.1 BACKGROUND

1.2 SCOPE OF THE ANALYSIS

1.3 ORGANIZATION OF THE REPORT

METHODOLOGY COMPLIANCE

2.1 SOURCES OF INFORMATION

2.2 EXCEPTIONS TO THE METHODOLOGY
2.) RESOURCES REQUIRED

PLANT ANALYSIS

3.1 PLANT DESCRIPTION

3.2 ACCIDENT INITIATORS
3.3 ACCIDENT ANALYSIS

3.4 SYSTEMS ANAL" 78

2.5 PLANT ANALYSIS RESULTS

CONTAINMENT/SOURCE TERM ANALYSIS
4.1 CONTAIMENT RESPONSE ANALYSIS
4.2 SOURCE TERM ANALYSIS

4.3 ACCIDENT SEQUENCE SOURCE TERMS

COMPARISON WITH IDCOR ANALYSIS
S.. COMPARISON OF CORE DAMAGE FREQUENCY
5.2 COMPARISON OF ACCIDENT SOURCE TERMS

SUMMARY OF RESULTS

6.1 IDENTIFICATION OF OUTLIERS
6.2 IDENTIFICATION OF INSIGHTS
6.3 ANALYSIS CONCLUSIONS
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TABLE 3-2 DOMINANT ACCIDENT SEQUENCE DISCUSSION

(continued)

Sequence 3 Loss of a Vital AC Power - Failure of Auxiliary
Feedwater and Feed and Bleed.

Freguency Fregquency Percent Piant Support Event Failed
Initiator Sequence Coremelt Damage State Trees Nodes
PLANT SPECIFIC VALUES

Sequence 3 is a special initiator: 1loss of a vital AC power. This
will cause a fee vater transient and loss of one motor driven
auxiliary feedwat ¢ pump. Support state x indicates two trains of
high pressure inj ction, low pressure injection,RHR, and containment
sprays are initially available. However, only one motor driven
auxiliary feedwater pump and the turbine driven auxiliary feedwater
pump are available. In this seguence the motor driven and turbine
driven auxiliary fesdwater pumps fail, the cperator initiates the
feed and bleed operation but either the operator fails the action or
both PORVs do not cpen. Cont:.nment spray injection and
recirculation are successful.

Sequence 4 Transient - Main & Auxiliary Feedwater and Feed & Bleed
Cooling Fail.

Frequency Frequency Percent Plant Support Event Failed
Initiator Secuence Coremelt Damage State Traes Nodes
PLANT SPECIFIC VALUES

This sequence is a loss of main feedwater transient. Support state x
indicates that two trains of high pressure injection, low pressure
injection and containment sprays are available. All auxiliary
Feedwater puxnps are available. Feed and bleed is available as both
pressurizer PORVs are available. Both motor driven pumps and the
turbine driven auxiliary feedwater pumps fail, main feedwater is not
restored and the operator initiates the feed and bleed operation but
either the operator fails the action or both PORVs do not open.
Containment spray ianjection and recirculation are successful.
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TABLE 3.2-3

Core Melt
Description ! Frequency

Large LOCA

Medium LOCA

Small LOCA

Transient With Main Feedwater
Transient Without Main Feedwater
Less of Offsite Power
Interfacing Systems LOCA - V Sequence
Loss of One Service Water Train
Loss of One Vital DC Bus 1 or 2
Loss of Both Vital DC Buses

Loss of Vital AC Bus 1 or 2

Loss of Vital AC Bus 3 or 4
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Plant
Damage

State

AEFC
AEC

AEF

ALFC
ALC

SEFC
SEC

SEF
SE

SLFC
SLF

SLC
SL

TEFC
TEF

TEC

TE

TABLE 3.2-4

TOTAL CORE MELT FREQUENCY BY PLANT DAMAGE STATE

Large LOCA,
Large LOCA,
Containment
Large LOCA,
Containment
Large LOCA,
Safeguards

Large 10CA.
Large LOCA,
Containment
Large LOCA,
Containment
Large LOCA,
Safeguards

Small LOCA,
Small LOCA,
Containment
Small LOCA,
Contz2inment
Small LOCA,
Safeguards

Small LOCA,
Small LOCA,
Containment
Small LOCA,
Containment
Small LOCA,
Safeguards

Frequency /
Description Reactor Year
Early Melt
Early Melt, Failure of
Fan Coolers
Early Melt, Failure of
Spray
Early Melt, No Containment

Late Melt

Late Melt, Failure of

Fan Coolers

Late Melt, Failure of
Spray

Late Melt, No Containment

Early Melt

Early Melt, Failure of

Fan Coolers

Farly Melt, Failure of
Spray

Early Melt, No Containment

Late Melt

Late Melt, Failure of
Sprav

Late Melt, Failure of

Fan Coolers

Late Melt, No Containment

Transient, Early Melt
Transient, Early Melt, Failure of

Containment

Spray

Transient, Early Melt, Failure of

Containment

Fan Coolers

Transient, Early Melt, No Containment

Interfacing

Systems LOCA

TOTAL

312

Percent
Contribution
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ABSTRACT

Guidelines and criteria have Seen developed for preventing and mitigating
Severe accidents in a BWR which has a Mark | containment (BWR Mark 1), The
guidelines were developed from insights derived from reviews of in-depth risk
assessments performed specifically for the Peach Bottom plant and from assess-
ment of other relevant studies. Accident sequences that dominate the core-
damage frequenc, and those accident sequences that are of potentially high
consequence were identified. Vulnerabilities of the BWR Mark [ to severe
accident containment loads were also identified, In addition, those features
of a BWR Mark I, which are important for preventing core damage and are avail-
able for mitigating fission-product release to the environment were also iden-
tified, These guidelines and criteria are issued to provide direction to an
anclyst examining an individual plant, This direction calls attention to
plant features and operator actions and provides the standards for assessing
those features and actions found to be helpful in reducing the overall risk
for Peach Bottom and other Mark 1 plants, Thus, the guidance is offered as a
resource in examining the subject Flant to determine if the same, Jr similar,
guidelines will be of value in reducing overall plant risk. These guidelines
and criteria are intended to serve solely as guidance,
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NOMENCLATURE

alternating current

large loss of coolant accident (LOCA)

automatic depressurization system

alternate room cooling

alternate rod insertion

Accident Sequence Evaluation Program

anticipated transients without scram

Browns Ferry Nuclear Station

Brookhaven National Laboratory

boiling water reactor

failure of reactor protection system (RPS)

mechanical failure to scram

operator failure to actuate standby 1iquid control system (SLCS) or to
control level with high pressure system (HPS), or failure of SLCS

failure of manual depressurization

core-damage frequency

containment heat removal

Containment Loads Working Group

inadequate or no containment heat removal leading to loss of core
cooling

Containment Performance Working Group

control rod drive system

direct current

diesel generator

diesel generators common mode failure

failure to recover diesel generators

decay heat removal

failure of coolant injection

failure of injection after venting (used for ATWS sequences only)

emergency core cooling

emergency core cooling systems

Emergency Procedure Guidelines

emergency service water

feedwater system

Grand Gulf Nuclear Station

generic issue

failure to inhibit ADS

human error probability

high-pressure coolant injection system

high-pressure injection systems

failure to control RPV water level with HPCI (either due to operator
error and/or hardware failure or malfunction)

high pressure service water

failure of containment heat removal

Industry Degraded Core Rulemaking Program

failure of injection with low pressure systems (LPS) after containment
failure (CF)

inadvertent open relief valve

Interim Reliability Evaluation Pragram

individual plant examination

interfacing system LOCA

failure of the HPSW
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LLRT
LOCA
LOOP
LPCI
LPIS
LPLC

LWR

MCC
MSIV
NPSH
NRC
NRC/RES

NOMENCLATURE (Cont'd)

local leak rate testing

loss-of-coolant accident

loss of offsite power (sometimes denoted by LOSP)

low-pressure coolant injection

low pressure injection systems

failure to control RPV water level at low pressure (either due to
operator error and/or hardware failure or mal function)

1igh water reactor

motor control center -

main steam isolation valve

net positive suction lead

U.S. Nuclear Regulatory Commission

U.S. Nuclear Regulatory Commission, Office of Nuclear Regulatory
Research

one or more stuck open relief valves (SORY)

power conversion system

probabilistic risk assessment

pressurized water reactor

failure of feedwater system

PCS recovered early

PCS recovered late

reactor building

reactor core isolation cooling system

residual heat removal system

reactor protection system

reactor pressure vessel

Reactor Safety Study

Reactor Safety Study Methodology Application Program

intermediate LOCA

small LOCA

Severe Accident Research Program

Severe Accident Risk Reduction Program

station blackout

safety injection

failure of SLCS (due to failure of manual initiation and/or due to
hardware mal function or failure)

standby 1iquid control system

Sandia National Laboratories

Shoreham Nuclear Power Station

stuck open safety relief valve

Source Term Code Package

service water

unidentified contribution

transient sequences are denoted by T followed by letters denoting the
relevant failure, e,g.,, TC transients involving failure of RPS

TQUY transieats involving failure of FW,
HPIS, and LPIS, etc,

transient

top of active fuel

station blackout sequence (also referred to as SBO)

ATWS

1oss of condensar vacuum inftiator
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1. EXECUTIVE SUMMARY

The U.S., Nuclear Regulatory Commission (NRC) has formulated an approach
for a systematic safety examination of existing plants to determine whether
particular severe accident vulnerabilities are present and what changes are
desirable to ensure that there is no undue risk to public health and safety,

The Industry Degraded Core Rulemaking Program (IDCOR) selected four ref-
erence plants for detailed analysis: Peach Bottom, Grand Gulf, Sequoyah, and
Zion, The IDCOR analyses performed for the reference plants have been docuy-
mented together with the methodology used for the analyses and the technical
basis supporting the methodoloay,

Parallel with the IDCOR work, the NRC under the Severe Accident Research
Program (SARP), performed risk assessments, audit calculations, sensitivity
studies, and uncertainty analyses for five plants., The five plants considered
by SARP were Peach Bottom, Grand Gulf, Sequoyah, Zion and Surry,

The purpose of this effort is to review all of the IDCOR and SARP analy-
ses performed for the refarence plants, understand the reasons for the differ-
ences, and then use the experience gained from these reviews for develoning
guidelines and criteria that identify plant features and operator actions that
were found to be important for either preventing or mitigating severe acci-
dents in each plant type, In turn, these guidelines should prove helpful in
the systematic safety examination of individual plants,

Three basic objectives or goals for this severe accident program apply
equally to all plant types:

« Goal 1: Mitigate fission-product releases,
+ Goal 2: Control the frequency of high-consequence sequences,
« Goal 3: Reduce high core-damage frequency,

The aim was, therefore, to develop detailed guidelines and criteria that
could be used to acnieve these goals during the examination of individual
plants,

“Guidelines," as used in this report, identify those plant features and
operator actions that were found to be important to either preventing or miti-
gating severe accidents in the reference plant studies, These guidelines pro-
vide a 1ist of plant features and operator actions that the utilities can use
as part of each individual plant examination (IPE)., It is not the intent of
this report to specify a set of improvements for either the reference plant or
for any other plant which would be sufficient to achieve a certain level of
safety, Instead, the guidelines indicate poteniial improvements in various
areas of plant design and operation of which each utility should be aware when
conducting its IPE and making decisions on plant improvements, The intent is
to provide guidance to the analyst performing an IPE, as to the plant features
and operator actions which were found to reduce overall prisk, It is prudent
to check whether potential improvements identified in studies of other similar
plants can be of help in improving overall plant performance. The guidelines
contained in this report, therefore, complement the |PEs,




“Criteria,” as used in this report, are the attributes which have been
identified as important to assess the performance of plant features and oper-
ator actions identified in the guidelines, The criteria provide deterministic
(as opposed to probabilistic) performance measures which are judged to be
helpful to implement the concepts contained in the guidelines, When a deci-
sion is made to provide an item or an action specified in a guideline, the
utility should address a set of questions relating to the design, operation
and availability of the needed equipment and the training of operators, For
the exaiiple of containment.venting guidance, the capacity of the venting sys-
tem, the selection of setpoints to initiate venting, the availability of
applicable procedures and the accessibility of certain valves by operators
should be addressed, The criteria on containment venting provide helpful in-
formation in assessing venting capability in each individual plant,

Based on an extensive review of prior severe accident investigations, the
authors have provided a set of guidelines and associated criteria which can be
used to assess the capability of individual boiling water reactor (BWR), Mark
I plants to cope with severe accidents, Although much of the work is tased on
probabilistic risk assessments (PRAs), the guidelines and criteria are deter-
ministic in nature, That is the criteria describe specific features of key
systems and operational procedures which have been found helpful in reducing
the 1ikelihood of severe accidents. The guidelines and criteria take into
account detailed severe accident experiments and analyses performed by the
NRC/RES, the nuclear power industry and foreign governments,

The following sections present the insights gained from reviewing the
PRAs. Specifically, the IDCOR Peach Bottom Integrated Containment Analyses!
and the SARP Peach Bottom reports® “ were reviewed in detail, These studies
were compar2d with the original Peach Bottom risk assessment in the Reactor
Safety Study ERSS) (WASH-1400)° and relevant BWR PRAs for other plants, namely
Browne Ferry,® Limerick7+® and Shorenham, 3»:0

1.1 Core-Damage Profile

PRAs for BWRs have indicated that accidents inftiated by transients
rather than loss-of-coolant accidents (LOCAs) dominated the total core-damage
frequency (CDF) estimates, However, there appeared to be no consistent pat-
tern of relative ranking of transient séquences among the PRAs reviewed, It
is also important to observe that for a given accident sequence, the major
contributor to differences in quantitative results between the PRAS was sub-
Jective modeling assumptions rather than plant differences or data differ-
ences, For the four BWR plants considered in the $1x PRAsS that were examined,
the same few functional accident sequences figured prominently in all of the
respective COF profiles,

In the RSS® (which used the Peach Bottom plant) and the Interim Reliabil-
ity Evaluation Program (IREP) study® (wnich used the Browns Ferry plant) loss
of containment heat removal sequences were found to be important contributors
to core melt (about 50%), The more recent Accident Sequence Evaluation Pro-
gram (ASEP) and IDCOR studies have reduced the CDF, attributable to these
sequences, based on operating procedures that include venting and alternative
injection,




For the Limerick PRA, Browns Ferry IREP and Shoreham PRA, accident se-
quences with failure of high-pressure injection were important contributors to
COF. Most of this contribution was because of a high failure rate for the
automatic depressurization system (ADS),

Both SARP and IDCOR indicated that station blackout (SBO) and anticipated
transients without scram (ATWS) are the dominant core-melt sequences for the
Peach Bottom plant, Both studies calculated a total CDF approaching 10-% per
reactor year for these events,

1.2 Consequence Analysis

The assessment of core-meltdown phenomena and containment response 1in
the PRAs indicated that the Mark I containment is vulnerable to severe acci-
dent containment loads, Unless mitigative actions are taken, a Mark I con-
tainment has the potential to fail shortly (in a few hours) after the core
debris melts through the reactor pressure vessel. If containment failure
occurs in the drywell, any fission products in the drywell atmosphere could
pass to the reactor building and ult‘uavc'y to the environment without the
benefit of suppression pool scrubh’ng, Becau 2 of this vulnerability, the
predicted offsite consequences were relatively insensitive to the definition
of the accident sequence, In addition, differences in the IDCOR and Severe
Accident Risk Reduction Program (SARRP) assessments of containment response
and fission-product release also did not result in major differences in the
predicted offsite consequences, The only time that a major reduction in off-
site consequerces was predicted by IDCOR and SARRP was with successful wetwell
venting and no suppression pool bypass.

SARRP estimated that the dominant accident sequences (namely ATWS and
SBO) result in a significant probability of sujpression pool bypass, Thus,
the bypass mechanisms identified in the SARRP analysis have to be addressed to
ensure mitigating ot fission products, :

1.3 Guidelines and Criteria

Each guideline is provided with a detailed test of criteria which provide
helpful information to assess the performance of plant features and operator
actions identified in the guidelines.

1.3.1 Mitigate Fission-Product Releases

The assessment of core-meltdown phenomena and containment response indi-
cates that the Mark I containment is vulnerable to severe accident containment
loads because of its relatively small volume, Unless mitigative actions are
taken, a Mark [ containment has the potential to fail shortly after the core
debris melts through the reactor pressure vessel, For this reason the authors
developed Guidelines 1 and 2, as shown in Table 1,1, which have the potential
to mitigate the consequences of a severe accident,

Guideline 1 - Maintain Containment Integrity
Mark 1 containments are very effective at condensing steam, but their

small volume makes them vulnerable to any combustible and nonccndensable gases
that would be generated during a severe core-meitdown accident, The impact of
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Table 1.1

Accidents in a BWR with a Mark I Containment

Guideline Description
Mitigate Fission-Product Releases:
1 Maintain Containment Integrity
1.A, Provide Wetwell Venting
2 Maintain Suppression Pool Effectiveness
2.A, Prevent Suppression Poo) Bypass
2.8, Provide Drywell Spray
Control the Freguen:y of High-Consequence Sequences:
3 Interfacing Systems LOCA
3.A, Prevent Overpressurization of Low Pressure Systems
) Anticipated Transients Without Scram (ATWS)
4.A, Provide Operator Response During ATWS
Reduce High Core-Damage Frequency Sequences:
5 Station Blackout
5.A, Provide Reactor Pressure Vessel Injection
6 Loss of Containment Meat Remova)
6.A, Provide Long-Term Emergency Core Cooling
7 Reactor Pressure Vessel (RPV) Depressurization Performance
T.A, Provide RPV Depressurization
8 Support System Interdependencies
8.A, Examine Support System Interdependencies
9 Flooding Within Reactor Building
9.A, Prevent and Mitigate Reactor Building Flooding

Guidelines for Preventiny and Mitigating Severe






2. INTRODUCTION
c.l Background

The U,S. Nuclear Regulatory Commission (NRC) has formulated an approach
for a systematic safety examination of existing plants to determine whether
particular severe accident vulnerabilities are present and what changes are
desirable to ensure that there is no undue risk to pudblic health and safety,

The Industry Degraded Core Ruiemaking Program (IDCOR) selected four ref-
erence plants for detailed analysis, namely: '

Peach Bottom (a BWR with a Mark 1 containment)
Grand Gulf (a BWR with a Mark II1 containment)
Zion (a PWR with a large dry containment)

Sequoyah (a PWR with an ice condenser contairment)

The IDCOR analyses performed for the above reference plants have been
documented together with the methodology used for the analyses and the techni-
cal basis supporting the methodology,

Parallel with the IDCOR work, the NRC under the Severe Accident Research
Program (SARP), performed risk assessments, audit calculations, sensitivity
studies, and uncertainty analyses for five plants, 7The five plants considered
include the above four IUCOR reference plants, and, in addition

« Surry (a PWR with a subatmospheric containment)

The purpose of this effort is to ceview all of the IDCOR and SARP analy-
ses performed for the reference plants, understand the reasons for the differ-
ences, and then use the experience gained from these reviews for developing
guidelines and criteria that fdentify plant features &nd operator actions
found to be important for either preventing or mitigating severe accidents in
each plant type, In turn, these guidr)ines should be helpful in the system-
atic safety examination of inaividual plants,

The first plant reviewed was Peach Bottom, which is a BWR-4 with a Mark |
containment, The [DCOR Peach Bottom analysis' was documented in March 1985
and was supplemented by additional sensitivity studies in July 1985, The SARP
Peach Bottom reports®“ were reviewed in draft form during 1986, These re-
ports were published early in 1987 and were summarized in the “"Reactor Risk
Reference Document" (NUREG-1150),° which was published for comment in February
1987, The experience gained from the review of these Peach Bottom studies
along with other BWR PRA studies (namely, Limerick, Shoreham and Browns Ferry)
was used to generate the guidelines and criteria which are the subject of this
report,

2.2 Objectives

Three basic objectives or goals for this severe accident program apply
equally to all plant types:

. Goal 1: Mitigate fission-product releases,
. Goal 2: Control the frequency of high-consequence sequences,




. Goal 3: Reduce high core-damage frequency,

The aim was, therefore, to develop detailed guidelines and criteria that
could be used to achieve these goals during the examination of individual
plants, The guidelines and criteria are defined in the sections that follow,

2.2.1 Guidelines

“Guidelines," as used in this report, identify those plant features and
operator actions that were found to be important to either preventing or miti-
gating severe accidents in the reference plant studies, These guidelines pro~
vide a 1ist of plant features and operator actions that the utilities can use
as part of each individual plant examination (IPE), It is not the intent of
this report to specify a set of improvements for either the reference plant or
for any other plant which would be sufficient to achieve a certain level of
safety, Instead, the guidelines indicate potential improvements in various
areas of plant design and operation of which each utility should be aware when
conducting its IPE and making decisions on plant improvements. The intent is
to provide guidance to the rnalyst performing an IPE, as to the plant features
and operator actions which were found to reduce overall risk, It is prudent
to check whethe: potential improvements identified in studies of other similar
plants can be of help in improving overall plant performance, The gquidelines
contained in this report, therefore, complement the IPEs,

The thiee objectives or goals were noted as applying equally to al) plant
types, Although the goals are independent of plant type, the guidelines that
are needed to achieve the goals are plant dependent, In general terms, Goal 1
implies that there should be effective means of mitigating the fiss‘on-product
releases for the broad classes of accident sequences which dominate the core-
damage frequency, Therefore, these dominant accident sequences have to be
determined and those plant features and operator actions that are available to
mitigate the release of fission products have to be identified, Only then can
detailed guidelines be developed to ensure that these dominant accident
sequences can be mitigated,

There may be accident sequences for whichh a specific plant will have sub-
stantial fission-product releases (e,g., containment bypass sequences), Thus,
for such sequences Goal 1 may be difficult to achieve, Therefore, all reason-
able steps are identified which could reduce the frequency of these poten-
tially high-consequence sequences (namely Goal 2), Again, the accident
sequences have to be identified and plant vulnerabilities and/or operator
actions that lead to core damage for these sequences also have to be identi-
fied, Detailed guidelines can then be developed which will aid in assessing
an individual plant's capability to prevent these sequences from occurring,

It 1s also desirable to ensure that the overall core-damage frequency is
low (namely Goal 3), Again, the dominant accident sequences have to be found
$0 that detailed guidelines can be developed to reduce the frequency of these
sequences, if necessary,

In genoral, the following screening process was used to determine whether
or not to develop a particular guideline:
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+ any accident sequcnce with a core-damage frequency greater than 10°8 per
reactor year

* any sequence that contributed to more than 5% of the total core-damage fre-
quency

+ any event that caused a conditional probability of early containment fail-
ure greater than 0,1

* any sequence tnat resulted in containment bypass with a frequency greater
than 10°7 per reactor year

¢ any sequence that was judged to be uniqiely important (example, very severe
consequences)

This screening process led to the cevelopment of guidelines that can be
used in the systematic safety Cxamination of other BWRs with Mark [ zonta‘n-
ments, For example, the guideline for venting of the wetwell was identified
as an item that would help to achieve Goal 1 (namely, to mitigate fission-
product releases) for the BWR Mark | reference plant, Therefore, in the
safety examination of other BWRs with Mark I containments, the need for wet-
well venting may need to be carefully assessed,

The development of a particular guideline for the BWR Mark I reference
plant does not imply that this plant or any of the other plants in this cate-
gory need to conform to this guideline, |t simply means that anilyses have
indicated that this particular guideline has the potential to significantly
reduce risk, Thus, the guidance is given to provide a resource in examining
the subject plant to determine whether the same or similar guidelines will be
of value in reducing overall plant risk, Whether or not the guideline 1is
useful or needed in a particular BWR with a Mark | containment depends on
plant-specific details and is beyond the scope of this report and is therefore
not addressed here,

2.2.2 Criteria

“Criteria," as used in this report, are the attributes which have been
fdentified as important to assess the performance of plant features and oper=
ator actions identified in the guidelines, The criteria provide deterministic
(as opposed to probadbilistic) performance measures which are Judged to be
helpful to implement the concepts contained in the guidelines, When a deci-
sfon is made to provide an ftem or an action specified in a guideline, the
utility should acdress a set of questions relating to the design, operation
and availability of the needed equipment and the training of operators, For
the example of containment-venting guidance, the capacity of the venting Sys=
tem, the selection of setpoints to initiate venting, the availability of
applicable procedures and the accessibility of certain valves by operators
should be addressed. The criteria on containment venting provide helpful in-
formation in assessing venting capability in each individual plant,

The criteria address the general issues of (1) survivability of equipment
(1.e., whenever credit is given for a System or a component to mitigate the
accident, the ability of the equisment to function under environmental and
fluid dynamic loads associated with severe-accident sequerces must be taken
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3. DEFINITION OF GOALS AND RELEVANT BWR MARK I FEATURES

In Section 2 of this report, the concept of three hasic objectives or
goals for this severe accident program was introduced, The concept applied
equally to all plant types, In this section, the three goals are related to
the relevant design features and operating characteristics of a BWR with a
Mark I containment for the accident sequences and containment failure modes
found to be important in Appendix A, This includes consideration of both
favorable and unfavorable severe accident attributes,

Screening criteria have been used to identify those sequences that need
to be addressed by severe accident guidelines for each goal, Specifically:

« For Goal 1 (Mitigate fission-product releases), all sequences have been
examined which represent %? of the core-melt frec.ency or are estimated to
occur more often than 10-® per reactor year and which result in a condi-
vional probability of early containment failure greater than 0.1,

« For Goal 2 (Control the frequency of high-consequence sequences), all
sequences have been examined which result in pool bynass and are estimated
to occur more often than 10°7 per reactor year,

« For Goal 3 (Reduce high core-damage frequency seguences), all sequences
have been examined which "have the potential to occur" more frequently than
10-8 per reactor year, Note that this screening criterion has been used ¢o
identify potential vulnerabilities from risk assessment insights which do
not necessarily apply to Peach Bottom itself, but may apply to other Mark |
plants,

This section provides the 1ink betwe2n the goals (developed in Section 2)
and the guidelines (developed in Section 4) that may be used to assess the
capadbility of specific plants to meet these gools., This section is organized
into three subsections, which correspond to the three goals,

3.1 Mitigats Fission-Product Releases

Goal 1 requires that there shall be effective means of mitigating the
fission-product releases for the broad classes of accident sequences that may
lead to core damage in a BWR with a Mark | containment, In Appendix A the
most important contributors to the core-damage frequency (COF) were found to
be SBO and ATWS sequences., Several studies irdicate that transients with loss
of injection into the reactor pressure vessel (RPV) are also potentizlly im-
portant contributors, Other transients and loss-of-coolant accidents (LOCAs)
may also contribute to the COF, Two specific accident sequences for which
mitigation by the Mark 1 containment is ineffective are also identified in
Appendix A, Threse specific sequences are discussed further in Section 3.2,
which attempts to determine how the firequency of these unmitigated sequences
can be reduced. This section concentrites on the broad classes of accident
sequences for which plant features provide significant means of mitigating
fission-product release, In the followirg sections both the favoradle ang
unfavorable severe accident attributes of the Mark 1 containment are identie
fied, This discussion in turn leads to the development in Section 3.1.3 of
the two guidelines that are related to fGoal 1,

o
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3.1.1 Plant Vulnerabilities

The Mark 1 contiinment is a small-voline, pressure-suppression design,
The supprescion pool is available to condense steam released from the primary
system during an accident, However, the small volume of the Mark I containe
ment makes it vulnerable to pressure and/or temperature increases because of
the noncondensable gases 3and heat released during a core-meltdown accident,
There are differences between the IDCOR} and SARP? analyses regarding the
estimates of how long it will take to pressurize a Mark | containment to its
ultimate capacity after the core debris has failed the reactor vessel (and is
interacting with concrete); but both studies concluded that the containment
will eventually fail, Therefore, unless mitigative actions are taken, a Mark
[ containment will fail because of overpressure or overtemperature within a
few hours of RPV failure, If containment failure occurs in the drywell, any
fission products in the drywell atmosphere could pass to thre reactor building
(and ultimately to the environment) without the benefit of suppression pool
scrubbing, Note that suppression pool scrubbing is an important mitizative
feature of a Murk I containment (refer to Section 3.1.2).

An inspection of the Mark | containment configuration (see Figure A,1)
shows that the pedestal below the RPV would tend to confine the core debris
after a core-meltdown accident, Extensive core-concrete interactions would be
expected to occur, There are differences between the [DCOR and SANP analyses
related to how high the core debris temperature will remain during these in-
teractions and to the quantities of the less volatile fission products that
will be released. However, at this time the possibility of the core debris
remaining hot and releasing significant quantities of fission products has not
been ruled out,

After the region directly underneath the RPY (pedestal region) filled
with core dedbris, there would be sufficient core materials from a full core-
meltdown 1o overflow onto the dryweil floor, If the core debris remained
molten it could flow across the drywell floor ~nd reach the steel containment
liner, This steel liner would offer little resistance to molten core debris
and it was predicted® to fail very rapidly if the core debris reached the
liner wall, This was found to be a mechanism for early loss of dryweli integ-
rity in the SARP analysis and is thus another Mark I containment vulnerability
relative to some other containment designs in which the geometry would tend to
prevei. the core dedbris from reaching the containment wall, The SARP analysis
estimated a relatively high conditional prodbability for liner failure for SBO
senuenres,

In the sections that follow, suppression pool scrubbing 1s noted as an
effective mitigative feature for the Mark | containment provided all of the
fission products pass through the pool, It is, therefore, important to ensure
that paths do not open which would allow the fission products to bypass the
suppression pool, The vacuum breakers between the wetwell and drywell would
create a path that bypasses the suppression pool, 1f they fail open, In addi-
tion, the various drywell penetration seals could be degraded at high tempera-
tures and pressures, Failur: of these seals would also open up paths that
would bypass the suppression pool, If the main steam fsolation valves (MSIvs)
fail Lo ¢ ose, another suppression pool bypass path would exist,
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Although the Mark 1 containments appear to be vulnerable to severe
accident containment, they have several very important mitigative features,
which are described in the section that follows,

3.1.2 Mitigating Features

The suppression pool in a Mark I containment is a very effective mechan-
ism for trapping any fission-product aerosols that might pass through it,
Thus, to a large extent the suppression pool has the potential to compensate
for the vulnerabilities identified above (in Section 3.1.1), For example,
overpressure failure of the containment (and perhaps loss of drywell integ~
rity) can be prevented by venting the wetwell, With venting of the wetwel)
atmosphere, containment integrity is lost hut the containment function (retene
tion of the fission products in the pool) is maintained,

High drywell temperatures and resultant penetration seal degradat’an can
oe prevented by drywell spray, The potential for molten core debris in spread
across the drywell floor ana fail the containment Tiner may also be rediu.ed by
spray vperation (refer to Section A,2,4), Drywell spray wili also contribute
to decontamination of the drywell atmosphere even for sequences with substan-
t12] suppression pool bypass,

The atmosphere in a Mark 1 primary containment is continuously inerted
(by introduzing nitrogen and thereby lowering the oxygen concentration) during
operation, which prevents hydrogen combustion, This is a very significant
mitigative feature, which is important to maintain during a severe accident,
For example, wetwell venting and drywell spray operation could resuylt in a
vacuum in the containment, which could introduce additional oxygen and thus
deinert the containment atmosphere,

An area of significant phenomenological uncertainty (refer to Section
A.2) relates to core meltdown with the primary system at high pressure, If
molten core meterials are ejected from the RPY under pressure, it has been
suggested in the SARP analysis that the materials form fine aerosols, which
could be dispersed into the containment atmosphere and directly heat it, This
could result in a large pressure pulse, which could threaten containment
integrity at the time of RPV failure, BWRs have an automatic depressuriz-tion
system (ADS) which can prevent high-pressure core-meltdown (on RPV )ow water
level after a (ime delay or manually by the operator), The ADS has a dual
role as a core-melt prevention system as well, For those sequences in which
the high-pressure injection systems fail (TQU;, the ADS can depressurize the
reactor vessel and allow the low-pressure systems to inject water into the
RPY.

Finally, the BWR Mark 1 primary containment 1is completely enclosed in a
reactor building, This building is, therefore, available as a secondary con-
tainment to trap any fission products that might be released from the primary
containment during a severe accident, The amount of fission products that
might be trapped in the reactor bui?li. 3 is uncertain, but it is a potentially
imoortant mitigating feature,
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3.1.3 Maintain Containment Integrity and Suppression Pooi Effectiveness

The above discussion has fdentified several plant features of the BWR
plant with a Mark 1 containment that have the potential to heln achieve Goal
1, namely, mitigating fission-product releases, From the above discussion,
two guidelines have heen developed and related to these features that will aid
in assessing whether specific plants meet Goal 1. The guidelines address con-
tainment integrity, the effectiveness of the suppression poel, and the various
mechranisms for possible pool bypass, As long as the dominant release path is
through the suppression pool, the consequences of core melt accidents were
shown (refer to Table A,12) to be reduced by at least a factor of 10 relative
to sequences that bypassed the pool, Guideline 2 also addresses one of the
dominant pool bypass sequences (e,g., melt-through of the steel containment)
to ensure that the release is substantially reduced or that the frequency is
kept low,

Both the ASEP and IDCOR studies identified SBO ard ATWS sequences as
being the most significant contributors to core melt, Although the studies
disagree on which is more important, they are in general agreement on the
total core-melt probability (about 10-5/reactor year), Thus, it is believed
that the effectiveness of the suppression pool must be maintained for both
ATWS ana SBO events,

For sequences that threaten the containment by overpressure, wetwel]
venting has the poiential to preserve the containment function by relieving
noncondensanle gases and/or saturated steam, thus preventing further pressure
buildup while forcing fission products to be scrubbed by the pool, However,
for the two dominant sequences (SBO and ATWS), existing venting procedures
will be difficult to perform, For SBO sequences, power dependencies may pre-
clude actuation of venting from the control room, and high radiation levels
may hamper local manual valve actuation. For ATWS sequences, the large vent-
ing capacity requirements, short time frame for operator action and possible
problems with normal isolation systems make successful venting under such con-
ditions operationally difficult., Detailed criteria are developed for this
guideline in Section 4,1,1 to ensure venting capability for these dominant
accident sequences, thus maintaining suppression pool effectiveness,

The SARRP event trees for Peach Bottom indicated that core debris melting
through the steel containment shell was a dominant suopression pool bypass
mechanism, SARRP estimated that the conditional probability of containment
shell melt-through was relatively high for SBO sequences, Al though it could
be argued that, even with containment shell melt-through, if the drywell pres-
sure 1s relieved by wetwell venting, the driving force to transport the radio-
nuclide from the drywell to the reactor building will be reduced, tne frac-
tional fission product release remains uncertain, Therefore it appears pru-
dent to attempt to keep the containment shell from melting, Ceramic brick
curbs may be built to keep the corium from reaching the containment shell but
complete debris confinement would be difficult without impacting water return
to the pool, If both overpressure failure and contaiament melt-through can be
prevented (by venting and by building corium retainers) the Tikelihood of pool
bypass can be reduced substantially (vy about a factor of 10 using SARP event
trees),
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For sequences that still result in suppression poo) bypass, the drywell
sprays will tend to wash out zerosols from the containment atmosphere and thus
reduce the airborne fission product concentration during core-concrete inter
action, In some sequences such as SBO, dryweil and wetwel) sprays would not
be available because of ac power requirements, For the other dominant se-
quence class (ATWS), these sprays may not be available because of suppression
pool heatup and its effects on net positive suction head (NPSH) of the spray
pumps, The guidelines and criteria developed in Section 4,1.1 address alter-
native power supplies and suction sources to ensure that drywell sprays «iii
be available for the two dominant sequences,

.-

3.2 Control the Frequency of High-Consequence Sequences

The plant features identified in Section 3,1 can effectively mitigate
fission-product releases for the Hroad classes of accident sequences that were
found to dominate the core-damage frequency (CDF), However, two accident
sequences were identified in Appendix A for which substantial reducing of
fission-product release for the BWR Mark 1 plant cannot be ensured, Neither
of these two sequences appear to meet the screening criteria (>10°7/reactor
year) for Peach Bottom, but their importance in other PRAs indicate that guid-
ance should be developed to ensure that specific plant vulnerabilities do not
make them contributors to risk for other BWR M:rk | plants,

The first accident sequence that may defeat the plant containment fea-
tures identified in Section 3,1 is the interfacing LOCA sequence, Al though
none of the BWR Mark | PRAs reviewed in Appendix A indicate that it is a $1g-
nificant contridbutor to core-malt frequency, PRAs for othe plant types (e.q.,
Shoreham) have identified it as a significant contridbutor to risk., It has
also been identified as a generic issue (G1-105) by the NRC, Thus, Guideline
3 and associated criteria are developed in Section 4,2.1 to ensure that other
BWR Mark [ plants review the potential contribution of interfacing systems
LOCA to risk, This guideline and criteria should be considered appropriate
pending resolutfon of Gl-1086,

The second accident sequence that may defeat several of the plant fea-
tures identified in Section 3,1 is an ATWS with a power transient. In this
sequence, the operator fails to control the RPV injection at low pressure dur-
ing an ATWS event, The rising water level in the reactor vessel produces a
power transient that cannot be controlled by the normal containment heat re-
moval systems, The containment will pressurize rapidly and may fail with the
resultant loss of coolant injection and eventual core melt into a failed con-
tainment, The ability to control this rapidly progressing sequence by wetwell
venting s difficult, and thus mitigating this sequence appears to be un-
1ikely, Therefore, the risk of this subset of the ATWS sequences must be con-
trolled by ensuring that its frequency is low, 1In Section 4,2,2, a guideline
and detailed criteria are developed related to operator actions during an ATWS
event,

3.3 Reduce High Core-Damage Freguency Sequences

In Section A,1 it was found that only a few accident sequences figure
prominently in the core-damage profiles of all of the PRAs reviewed, This led
to the conclusion that if the frequency of this relatively small subset of ace-
cident sequences could be reduced, then the overall CDF could also be reduced,
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3.3,1 Station Blackout

Most of the PRAs for BWRs (including the ASEP study of Peach Bottom) ine
dicated that the most important contributor to the CDF is station blackout
(SBO). Therefore, a severe accident guideline with specific criteria has been
developed in Section 4 related to these accident sequences.

Station blackout refers to a loss of the offsite power supply with con-
current failure of the two emergency ac power divisions, Reducing SB0
sequences 1s addressed by the proposed NRC SBO rule, The guideline and asso-
ciated criteria developed by the present study emphasize the need to search
for plant specific features and potential common cause failures which could
disable systems requirec to work during an SBO, For individual plants which
are. found to have a vulnerability to SBO, the criteria highlight the impor-
tance of proper emergency procedures and operator training in recovering from
an SBO event,

For the BWR-4 design, the two systems designed to operate in the presence
of an SBO are the high pressure coolant injection (HPCI) and the reactor core
isolation cooling (RCIC) systems., By removing the long-term SBO sequences
related to dependent failure modes of either system, the SBO core-damage fre-
quency can be significantly reduced., The long-term dependent failure modes of
HPCI and RCIC under S$BO conditions are (1) battery depletion, (2) pump sea!
failure becaus~ of suppression pool heat-up, and (3) loss of room cooling,
Since the RSS* did not address these failure modes, it is expected that their
removal from the current design would lower the COF because of blackout back
to essentially the RSS point estimate of 107,

3.3,2 Loss of Containment Heat Removal

Accident sequences 1involving loss of containment heat removal (CHR)
(e.9., TW) were found to be important in the earlier PRA studies considered in
Appendix A (see Table A,1), In the RSS,“ the TW sequences accounted for 53%
of the calculated COF, In the Browns Ferry IREP® study, the TW sequences sim-
flarly accounted for 50% of the calculated CDF, The most recent Peach Bottom
studies (IDCOR and SARP) show a two-and-three-order-of-magnitude reduction,
respectively, in TW sequences quantification, Therefore, a guideline has been
developed in Section 4 to generically address the mechanisms already effec-
tively employed at Peach Bottom to control the frequency of TW sequences (and
other related loss of CHR removal sequences),

There are a number of factors associated with this reduction in the fre-
quency of TW sequences, When the RSS study was performed, it was assumed that
overheating of the suppression pool failed emergency core cooling (ECC) injec-
tion and therefore the containment failed with a conditional probability of
unity, ECC injection failure came about either by failure to maintain NPSH
conditions for the ECC pumps because of the heated pool conditions or, survive
ing that, loss of their suction source by some overpressure failure of the
containment itself, Since that early study, investigations into ECC pump sur-
vivability have demonstrated that the pumps have a substantial likelihood of
successful operation given a heated suppression pool, In addition, the con-
tainment failure concern is now mitigated by containment (wetwell) venting
procedures at Peach Bottom (refer to Table 4,1), Alternate sources of
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injection capability have also been established to preclude reliance upon ean
overheated suppression poo) (refer to Table 4.6),

3.3.3 Reactor Pressure vessel Depressurization Performance

As mentioned in Section 3.1.2, the ADS is an important system in mitigate
ing loss of high-pressure injection sequences,  Although neither SARP nor
IDCOR indicate that these are dominant sequences for Peach Bottom, other stud-
ies (Limerick and Shoreham) indicate that failure to manually depressurize can
be an important contributor to core melt (about 6x10"%/reactor year), Guide-
lines and criteria are provided in Table 4,7 to ensure that other Mark |
plants have a low TQUX frequency, Additionally, the ability to depressurize
the RPV is an important mitigative feature that helps maintain suppression
pool effectiveness (Guideline 2).

3.3.4 Support System Interdependencies

Most PRAs have stressed the importance of unrecognized interdependencies
having the potential to compromise the performance of many critical safety
Systems, In many cases, risk assessment studies have identified such vulnera-
bilities very early in the study and “fixes" have been made which substan-
tially reduced risk, Although no such dependenc y-caused vulneradbility has
been idantified for Peach Bottom, “engineering Judgement” indicates that it
may be useful to search for the existence of such interdependencies in other
Mark I plants,

3.3.5 Flooding Within the Reactor Building

One of the accident sequences, whose potential for contributing to the
core damage frequency was specifically evaluated in the Shoreham Nuclear Power
Station (SNPS) PRA,® s the release of excessive water into the reactor build-
1N, Both the SNPS PRA and the Brookhaven National Laboratory (BNL) review?
of the SNPS PRA revealed that accident sequences induced b! such an initiator
contribute substantially to the CDF (3.9x10°% and 2.0x10" /reactor year, re-
spectively),

To help ensure that Mark I plants which may have a similar safety-related
equipment flooding potential can be identified, a guideline and associated
criteria are provided in Section 4,3 which may be used to screen for such vul-
nerabilities,
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4, GUIDELINFS AND CRITERIA FOR A BWR WITH A MARK 1 CONTAINMENT

In Section 3, those accident sequences that dominate the core-damage fre-
quency (CDF) were identified as were those that are potentially of high conse-
quence, Vulnerabilities of the Mark | containment to severe accident containe
ment loads were discussed and those features of a BWR with a Mark | contain-
ment, which are important for preventing rare damage and are available for
mitigating fission-product release to the environment were fgentified,

Based on the "insights" from previous PRA studies and other severe acci-
dent research, the following sections provide guidelines defining “determinis-
tic, plant-specific guidance on the design features and operating characteris-
tics which are to be examined by the utilities,"! and criteria definin
“deterministic standards for Judging the acceptability of plani features."
From SECY-85-76,2 further guidance s provided in defining guidelines and cri-
teria, These guidelines "will specify the plant features and operator actions
which l;c considered important to ensuring acceptable risk for the referance
plant." Further acceptance criteria (for the various guidelines) "will spe-
cify the attributes necessary to ensure acceptable performance,"?

Based on this work, nine guidelines were developed which reflect the
importance of these features to plant risk, As discussed in Section 2.2.1
these guidelines indicate areas of potential improvements for various areas of
plant design and operation of which utilities should be aware when conducting
assessments, It is further noted that a numder of the guidelines appear to
overlap various generic issues as defined by the NRC, Final resolution and
disposition of these generic issues may encompass NRC-imposed requirements,
However, the guidelines and criteria presented herein are intended only for
the purposes noted above, The guidelines are summarized in Table 1.1,

Guidelines 1 and 2 were developed to ensure the capability to mitigate
fission-product releases (Goal 1) with reference to maintaining containment
integrity and maintaining suppression pool effectiveness,

Guidelines 3 and 4 were developed for controlling the frequency of high-
consequence sequences (Goal 2) with reference to minimizing interfacing Sys-
tems LOCA frequency and mitigating anticipated transients without scram (ATWS)
sequences,

Finally, Guidelines § through 9 were developed for reducing high core-
damage frequency sequences (Goal 3) with reference to mitigating station
blackout (S80) sequences, mitigating loss of containment heat removal se-
quences, enhancing reactor pressure vessel (RPV) depressurization performance,
examining support system interdependencies, and mitigating floods within the
reactor building,

The remainder of this section is organized into three subsections courre-
sponding to the three basic goals, In each subsection, the corresponding
guidelines are discussed from which detailed criteria are developed in order
to provide standards by which each plant could be measured for compliance with
the guidelines, The criteria address (see Section 2,2,2), under severe aii-
dent conditions, the general issues of (1) survivability of equipment (1i.e.,
whenever credit 1s given for a system or a component to mitigate the accident,
the ability of the equipment to function under the environmental conditions
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and fluid dynamic loads associated with severe accident sequences must be
taken into account), (2) equipment capabilities, capacities, and duration of
operability, (3) accessibility of equipment, (4) avatlability of support sys-
tems, (5) identification of necessary components, (6) identification of impor-
tant operator actions, and (7) identification of parameters for initiation of
mitigating systems and operator actions,

4.1 Mitigate Fission-Product Releases

For a BWR that has a Mark | containment, the dominant core-damage se-
quences were found to be station blackout (TB) and anticipated transients
without scram (ATWS)., In order to minimize offsite consequences for the
sequences, the containment systems (both primary and secondary) should be able
to retain a substantial fraction of fission products released even under these
severe accident conditions,

4.1,1 Maintain Containment Integrity and Suppression Pool Effectiveness
uidelines 1 a

As discussed in Sectfon 3, the most important systems for mitigating
high-consequence sequences are the containment and its suppression pool, In
addition to condensing the steam generated in an accident, the suppression
pool also acts to remove fission products from the containment atmosphere, As
long as any release path is forced through the pool (R.9,, during wetwell
venting), the pool will act to reduce the environmental release fractions by a
factor of 10 or more, Thus, the miligative guideline deals with maintaining
containment integrity, ensuring the affectiveness of the pool as a fission-
product mitigation system,

Tables 4,1 and 4,2 provide criteria which may be used to evaluate each
plant's capadbility to avoid breach of the containment and suppression pool
bypass and possible suppression pool bypass mechanisms that were identified 1n
Section 3,

4,2 Control the Frequency of Hign-Consequence Sequences

In Sectinon 4,1, guide'ines and criteria were developed that should effec-
tively ensure containment integrity and mitigate fission-product releases for
the broad classes of accident sequences that were found in Appendix A to be
important to the core-damage frequency, However, two accident sequences were
identified in Appendix A for which the BWR Mark | containment has limited
means of mitigating fission-product releases; namely an interfacing systems
LOCA and an ATWS with a power transient, In this section, guidelines and cri-
teria for controlling the frequency of occurrence of these potentially high-
consequence sequences are developed,

4,2,1 Interfacing Systems LOCA (Guideline 3)

In general, BWR Mark | PRAs have found the interfacing systems LOCA (ISL)
to be a highly unlikely event (less than 10~ "/reactor year), However there
are some BWRs (e,g., Shorenam) for which the ISL 1s risk significant because
of the potentially high releases, The objective of this guideline and
associated criteriz 1s to ensure that the frequency of ISL events 1s kept at
an acceptadly low level, Brookhaven National Laboratory (BNL) is presently
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performing a study to provide technical support to the NRC for the meaningful
resolution of the generic issue related to [SL (G1-105), Therefore, the cri.
teria for this guideline should be considered appropriate pending resolution
of the generic issue,

In order to control the frequency of ISL sequences, specific performance
criteria have been developed to assess the performance of equipment, systems
and operators, The criteriz relate to equipment (low-pressure systems inter-
facing with high-pressure systems) and operator performance (1solation and
relief valve maintenance and surveillance),

Detailed criteria developed for this guideline are given in Table 4.3,
4.2,2 Anticipated Transients Without Scram (Guideline 4)

The important attributes of the ATW: sequence with respect to op-rator
actions were found?® to be the likelihood of misieading instrumentation, the
need to inhibit automatic safety systems, the use of required mitigating
actions which conflict with operator response to other accident conditions,
and the need for coordinated actions and communications among control room
crew members under highly stressful conditions,

For the ATWS guideline, the performance of equipment , systems, and opera-
tors should be assessed against specific rerformance criteria to ensurs suce
cessful use of this guideline, The criteria relate to the equipment, systems,
and operator performance by emphasizing operator familiarization, aids, and
understanding of potentially conflicting signals,

Detailed criteria developea for this guideline are given in Table 4.4 and
dre based upon the assumption that each of the plants is (or will be) in com-
pliance with the NRC rule on “Reduction of Risk from Anticipated Transients
Without Scram for Light-Water-Cooled Nuclear Power Plants."* o

4,3 Reduce High Core-Damage Frequency Seguences

The major centributors to the core-damage frequenzy (CDF) are presented
in Appendix A, The 10COR and ASEP/SARP analyses indicate that the SBO and
ATWS sequences are the dominant contributors to the CDF, The results of other
PRAs and PRA reviews indicate that in addition to thos2 two types of se-
quences, other sequences, namely, less of containment heat removal (CHR)
sequences (TW, SI, and TPQ! sequences) and sequences with failure to depres-
surize the reactor pressure vessel (RPV) for injection with low-pressure Sys-
tems (TQUX sequences), can also be major contributors to the COF,

4.3.1 Station Blackout (Guiceline §)

In most PRAs for light-water-reactors (LWRs), statfon blackout (S80) se-
quences have been major or prominent contributors to the COF, As part of the
effort to resolve the unresol ved safety issue (USI A-44), the MRC is proposing
to amend its regulations “to provide further assurance that an SBO (loss of
both offsite power and onsite cmergengy 8C power systems) will not adversely
affect the public health and safety," For accident sequences, developed by
an individual plant examination (IPE), which involve the loss of oftsite power
and onsite emergency power, the proposed SBO rule should te examined for
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applicability, The ~riteria associated with Guideline 5 are intended to em-
prasize the need to search for plant specific features and potential common
cause fatlures which could disadle systems required to work during an $80,
For individual plants which are found to have a vulnerability to SBO, the cri-
teria given in Table 4,5 highlight the importance of proper emergency proce-
dures and operator training in recovering from an SBO event,

4.3.2 Loss of Containment Heat Remcva) (Guideline 6)

For some of the PRAs and the PRA reviews used in this study, sequences
with successful coolant injection but with subsequent 1oss of containment heat
removal (CHR) (TW, SI, and TPQl sequences in Tables A,1 and A,5) can be impor-
tant contributors to the CDF; in those PRAs it is assumed that containment
failure causes loss of ECC injection, As discussed in Section 3.3.3, in the
PRAs where those sequences are not important, the main factor for the low com-
tribution to COF is because of credit given for containment venting and alter-
native sources of injection, Therefore it appears to be important to have
alternative injection sources available in addition to wetwell venting to
provide adequate CHR during accident sequences with successful ECC injection
but with subsequent 10ss of CHR., Previous studies have shown that injection
fs not 1ast in TW sequences for 20 or more hours, Thus alternate injection
sources should be sized to remove decay heat at that time (-0.5%).

Detailed criteria developed for this guideline are given in Table 4.6,

4.3.3 Reactor Pressure Vessel Depressurization Performance (Guideline 7)

In some of the PRAs examined in this study, sequences with failure to de-
pressurize the reactor pressure vessel (RPV) after failure of the high-
pressure injection systems (TQUX sequencs) are important contributors to
COF, In all these PRAs, the automatic actuation of the ADS only occurs on
coincident signals of “"hign" drywell pressure and "low" reactor vessel water
level neld for a time delay of 2 minutes, For a large number of transients
with loss of high-pressure injection, these coincident signals will not occur,
Therefore, the contribution of these sequences to CDF 1s dependent upon the
intervention by the operator to manually depressurize the reactor. In Table
A6, 1t can be seen that these prodabilities vary from 1,8x10-*/demand to
6.0x10"%/cemand, In Peach Bottom, the COF was reduced by changing the logic
of the ADS auto-actuation logic to eliminate the need for the “high" drywel)
pressure and changing the water level time-initiation setpoint to “low-low"
and the itiation time delay to 8 minutes.

Detailed criteria developed for this guideline are given in Table 4,7,

4.3.4 Support System Interdependencies (Guideline 8)

One of the primary benefits of performing a rigorous PRA is that the Sys-
tem interdependencies are modeled and are reflected in the results, However ,
not all PRA studies have performed rigorous interdependence analyses and,
therefore have not ferreted out all of the possible subtle interdependencies.
This may have profound effects upon their results, A dependency is defined as
the failure of one system leading directly or indirectly to the failure of
another system,
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the RB, RB flooding can partly be prevented and/or mitigated through proper
training and procedures. For example, once the R8 is flooded, the operator
should Le able to follow the instructiuns for responding to the alarm to iden-
tify the source of the flood and fsolate it before the water level in the ]ow-
est compartment reaches a critical level, The operator should also know about
alternative devices or equipment which can be utilized to provide coolant inj-
ection to the RPV in case of emergency core cooling (ECCS) systems equipment
failures in the flooded compartment,

The BNL study'® of the Shoreham Nuclear Power Station (SNPS) revealed
that although the SNPS Alarm Response Procedures give general guideiines for
monitering system parameters to determine the leakage location and initiate
the leakage isolation, specific requirements for operators to systematically
check the operation parameters of relevant systems are not included, BNL also
fdentified that the random failure of an equipment protection electric circuit
breaker coinciding with RB flooding may result in the propagation of failures
to the upstream motor control center (MCC), other MCCs, and the 2ssociated
load centers, It is important that this or simila potential common-mode
failures be avoided,

Although this type of vulnerability to flooding was identified for a Mark
IT plant, it is believed that the concerns are of general applicabiiity to
other d.signs., Thus, it is recommended that Mark I plants also be screened
for flodding vulnerabilities.

Detailed criteria caveloped for this guideline are given in Table 4.9,

4,4 Using the Guidelines and Criteria

Numerous investigations, fncluding PRAs, have been performed for the ref-
erence plants and for similar plants by both the NRC and the nuclear power
industry, The insights gained from many of the studies have been used in
developing the guidelines and criteria contained in this report (including the
other volumes relating to other plant types). The guicelines and criteria are
issued to guide the analyst performing an IPE, This guidance is in the form
of plant features, operator actions and the critzria for 2ssessing those fea-
tures and actions found to be helpful in reducing the overall risk for Peach
Bottom and other Mark ! plants, Thus, the guidance is given to provide a
resource in examining the subject plant to determine if the same, or similar,
guidelines wiil ve of value in reducing overall plant risk, These guidelines
and criteria are intended to be used solely as guidance, but they may include
(as a subset) some requirements generated by the NRC on generic issues,
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Table 4,1} (Continued)

1.A.3,

ICA.‘.

1.A,8,

10A06.

1".7.

l.A.e.

1.A.9,

Operator training ang energency procedures should specify the plant
parameters that will prompt the operators to make preparation, com.
mence and terminate the venting sequence, The training and procedures
should also be consistent with the required actions and timing of
those actions so venting will commence immediately when required (see
Criteria 1,A,1 and 1,A,2). The training and procedures should further
specify the flowpath(s) available for venting, specific components to
be aligned, and the required positions/states for these components,
The training and procedures should specify how to proceed 1f it is nnt
possidle to terminate venting,

For each accident sequence where venting is credited (e.g,, assumed to
prevent containment failure) the capacity of the vent lines and asso-
ciated vent valves should be assessed to determine whether the venting
capacity has the capability to decrease containment pressure,

The criteria for filtering are dependent on the potential for bypass-
ing the suppression pool, Whether the suppression pool is bypassed or
not, the radiological release should be reduced by an order of magni-
tude compared to no tiltering, The venting flowpath should ensure
that all media to be vented pass through the suppression pool thus
providing filtering by the poal, If the potential of a vent path to
bypass the suppression pool is high, a filter should be provic  in
this vent path with the adility to reduce radiological releases L. an
order of magnitude,

Equipment designated to support wetwell venting should be assessed for
fts ability to function reliadly for a sufficient period under the
predicted environmental and fluid loads associated with venting come
mencement pressure, If necessary, it should be enhanced to includé
operation during the vaporization release phase of core-concrete ine
teraction,

The effects of possidle hydrogen burn, radiation, and/or steam on
equipment located in the reactor building outside of the primary cone
tainment should be considered in the venting assessment, If equipment
fmportant to the mitigation of accident sequences 1s jeopardized by
venting, alternate venting paths, judged not to be detrimental,
should be identified and assessed, Consideration should also be given
to the effectiveness »f the reactor building blowout panels and fire
Sprays to accommodate the discharge through the primary containment
vents, thereby ensuring reactor building structural integrity,

The effects of possible containment depressurization on the NPSH of
the ECC related pumps should be assessed, Alternate injection sources
which are unaffected by venting should be considered,

The capability to terminate venting and the conditions under which
venting would be terminated should be considered in the venting
assessment, Specifically, the level of radioactivity in the wetwell
airspace should be considered with regard to the projected offsite
consequences,
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Table 4,1 (Continued)

1.A.10,

Operator training and emergency procedures should specify the possie-
ble actions to preclude deinerting the containment by terminating
venting before a negative pressure differential is reached in the
vent path,
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Table 4,2 Criteria for BWR Mark ! Containment
Guideline 2: Matntain Suppression
Pool Effectiveness

Concern: Bypass of the suppression pool in the progression of a severe
accident can lead to significant releases of radioactivity that
would otherwise not occur if the fission products were retained in
the contairment and/or scrubbed by the suppression pool,

Functions: Suppression Pool Bypass (Guideline 2,1)
- Dedris Confinement
Drywell Spray (Guideline 2,8)
- Containment Heat Removal
« Fission Product Scrubding
= Dedbris Bed Cooling

Guideline 2,A, Prevent Suppression Pool Bypass

Basis: Implementation of the following criteria will significantly reduce
the potential for bypassing the suppression pool,

Criteria:

2.A.1, In view of the uncertainty about the amount and timing of core debris
leaving the reactor pressure vesse) (RPV), an assessment should be
made of the fraction of the core that can be controlled or confined to
prevent contact with the steel containment shell,

Guidance: If 100% of the core cannot be controlled or confined, additional
dedris control methods should be considered such as a concrete or magnestium
oxide curding of sufficient height to prevent or delay the debris from reach-
ing the containment shell ang confine the debris in an area that can be
cooled, The curding should be anchored in place to resist the hydrostatic
head of the core debris and should have sufficient strength and thickness to
withstand core-debris attack,

2.A.2, Appropriate maintenance, surveillance, and emergency operating proce-
dures and training should specify the actions to be taken (and inter.
vals at which these actions are to be performed) to ensure that the
containment isolation valves and vacuum breakers are capadble of clos-
ing as required and remaining closed during severe-accident condi-
tions,

2,A.3, The projected leakage rate through the main steam fsolation valves
(MS1Vs) should be assessed for its source term contribution in the
dominant accident sequences,

S.A4, The effect of reactor coolant system leakage accumulation and asso-
clated radioactivity in the drywell following isolation of equipment
drainlines should be assessed for their source term contribution to
sequences in which drywel) venting or failure is anticipated,
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Table 4,3 Criteria for BWR Mark 1 Containment
G;ide\ine 3: Interfacing Systems
LOCA

Concern:  Altnough the interfacing systems LOCA sequences are not considered

to be leading contributors to core-damage frequency, they represent
potentially high release sequences and they appear to contribute
significantly to the overall<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>