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Evaluation of the
Industry Degraded Rulemaking Group (IDCOR)
Individuel Plant Evaluation Methodology(1PEM)
for the Pressurized Water Reactors

1. INTRODUCTION

Un August 8, 1985, the U.S. Nuclear Regulatory Commission fssued 2 policy
Staleiient on severe sccidents (50 FR 32136). On the basis of the dveilable
informetion ot that time, the Commission concluded that existing plants pose no
wrdue risk to the public, and the Commission S¢S no present basis for innediate
ection on generic ruleraking or other regulatory changes for these plants
beceuse of severe accident risk. Thus the Commission withdrew the advance
notice of propusec rulemsking on Severe fccident Design Criteria published on
October 2, 1980, Hovever, the Commission emphasized that systematic examina«
tions of existing plants are needed.

For existing nuclear power plants, the Commission specified the formulation of &
Systemetic apfroech to ar examination of each plant now operating or under
construction for possible vulnerabilities to severe accidents., These individua)
plunt examinations (1PEs) are intended to identify the plant-specific vulner-
8bilities that contribute sigrificantly to¢ the overe)) risk from severe
accidents, KRC anc industry experience with plant-specific probabilistic risk
essessnents (PRAs) indicate that systematic examinations exposed relatively
unique vulnerabilities to severe sccidents, Experience also showec that the
plents' unique risks could be reduced by low-cost improvements.

Through an initiative by the Industry Degraded Core Rulemeking Group (IDCOR),
tvo separate nethodulogies were developed for evaluating generic applicability
ot the reference plant results to other individual plants, IDCOR submitted
the methodologies to provide a framework for perfornirc the systematic
examinetions required by the severe eccident policy statement. The
methodulogies, one for BWRs and one for PWRs, were structured to examine the



plant's design and operation to escertain if there are any vulnerabilities
ror the stenepeint of scvere accicent Prevertion or mitigetion, The
vulnerabilities to core damege are addressed in the system analysis or
front-end portion of the 1DCOR IPEM, The ability to mitigate the consequences
of o demegec core 15 examired in the source term analysis or back-end portion,

In May 1986, IDCOR submitted to the HRC staff the first package of documents
describing the methodologies. Tie methodology, termed the Individua) Plant
Eveluation tMethodology (IPEM) wes developed as part of 1DCOR Task 85.3,
“Generic Applicetrlity Report," end are documented ir ICCOR Technica) Report
T85.3. The 785.3 report 1s composed of four volumes -- the &1 and A2 reports
Lovering the system anelyses and source term analyses for PWRs and the Bl and
BC reports covering analogous material for BuRs. Subsequent revisions to the

methods were submitted in December 1986 (Refs. ) through ) and March 1987
(Refs. €, 7, end 8).

hopreliminery review of the 1985 version of the IPEN was performec by the
staff and its cuntractor, Brookhaven National Leboratory. A resulting set of
comments regarding the methodology was provided to I1DCOR by & letter dated
Septerter O, 198C (Fef, ©). 1DCCR respondec tu these comments by & letter
detec December 10, 1986 (Ref. 10). The staff's evaluation was based on review
of the December 10, 1986 responses to staff concerns; the revised 785.3
documents; comments veceived from other parties, €.0., Sandia Nationa)
Laboratories (Ref. 11); IDCOR responses (Ref. 12) provided independently to
the ACRS; &nc cocumented test applicetions of the 1DCOR IPEM for seven plants
(Refs. 13 through 19). In additiun, the staff's evaluation veflects the
insights obteinec by the staft and its consultants through (1) meetings with
IDCOR anc utilities at four different plants for which test applications were
performed and (¢) participation by the staff and its consultants in a
welk-through exercise at one plent,




The staff hes completed its review of the I1DCOR IPEMS,  The results of the
steff's review are provided in two separate evaluation reports, one on the PWR
IPEL and the other on the BWR 1PEM. This report provides the staff's
evélvatior of the IDCOR PWR IPEM.

As @ result of the staff's evaluation, a set of enhancements has been
identified for the performance of an effective and useful 1PE, including
1dentiticetion of potentia) are: of improverents as called for in the severe
eccident policy. These enhancements are summarized below and discussed in
rore detail ir the later part of the report,

A.

£19nt~[nd Enhancements

(1)

Only & small number of support systems end state were judged to be
inpurtant and included in the IPEM. The steff recommends that mcst
of the support systems traditionally used in PRAs in the analysis be
included since potentia) plant-specific support systems end-state
vulnerabilities cer be overlovked. 2 Tist of support systems
recommended for inclusion in the IPEs is provided in Section 2.1.1,

Symmetry is assumed between support systems and front-line systems
in the IPEM. For asymmetric case: this can lead to incomplete
€nc-stetles end over or uncer estimstion of accicent sequerce
frequencies. Therefore, symmetries should not be credited unless
the support system configuration is cunfirmed by the IPE team to
pussess this property.

Miselicnment of shared systems in multiple unit plants must be
considered in the IPEM,

Underlying causes of vulnerabilities among the screened sequences
are not rigorously identified by the IPEM. Sequences must be
further expanded to idertify specific components, plent conditions



or behaviors, common cause feilures, or human actions that dominate
plent outliers. This expansion is also necessary to objectively
identify any potentis) fixes,

Subtle dependencies among plant systems with regard to certain
eccident conditions are not sdequately addressed. Development of o
more detatled (Appendix C to NUREG/CR-2815) (Ref. 20) and
comprehensive dependeicy matrix (cr equivelent) is required,

Treetmeny of common cause failures in the IPEM is inadequste. Use
of the quelitative end quantitative methods detailed in
NUREG/CR-4780 (Ref. 21) (or equivalent) is required,

Use of sensitivity studies to determine the more vital assumptions
15 requirec,

The use of feilure dats from PSA Procedures Guide (NUREG/CR-2815)
(Ref. C0) 15 requirec.

Better treatment of human recovery actions is required.

NUREG/CP-4834 (Ref. 22) provides adequate guidance for such
treatments.

) Certain sequences of events neke the front-end and back-end analyses
cependent, This must be appropriately treated in the IPE.

Back-End

Rs @ result of the staff review of the IDCOR IPEM back-end analysis, we
conclude thet it is urecceptable for performing the IPE since it does not
account for uncertainties and precludes severa) phenomena an¢ alternative
issue outcomes recognized as plausible by the reactor safety commurity,
Fppencix 1 to the IFE generic letter provides guicence for evaluating
containment performance,




¢. STAFF EVALUATION

In January 1985, 1DCOR began the cevelopment of methodologies for evaluating
the generic epplicebility of their reference plant analyses and results to
other individual plants. The IDCOR PWR IPEM systematically searches to
identify those plants that ave vulnerable to severe accidents and as such
could pose an undue rick. Since no precedent exists for the regulatory
accertetility of severe accident methods for consistercy with the severe
eccigent policy, the IDCOR PWR IPEM was evaluated against the following items.

1. The capability to discover severe accident vulrerabilities and potentia)
ereas of improvement,

The degrec to which the methods provide for a systematic examination of
the plant,

+ ldentification of the limitations of the scope and results.

The cepebility to assess the effects of proposed fixes for resolution of
USI A-45,

The results of the staff's eveluation of the 1DCOR PWR methodology s providec
in four parts. These correspond to (1) the system (front-end) analysis, (2)
the source term (back-¢nd) anélysis, (3) the front-end to back-end interfaces,
and (&) the study results.

>y
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¢.1 System (Front-End) Anelysis

The IDCOR IPEN makes direct use of past PRA experiences, it requires a sma))
fraction of the resources required to perform a full-scope PRA, and it repre-
sents an effective tool for PRA technology transfer, especially for those
vtilities with very limited cr vith no PRA experience,

The IPEM features are:

1. The IDCOR IPEM (with the staff's enhancements) is estimated by the staff
to reouire 2 level-of-effort commitment equivalent to Level-1 PRA,



The 1DCOR IPEM involves the direct use of previous PRA experiences and
Tnsights to sharpen the focus of the analytical effort and to aid in
identifying plant outlier features. It takes advantage of system
similarities among plants and provides guidance to allow for plant-
specific design and configurationa) &nc operational differences to be
incorporeted into the analysis,

Systers notebooks include @ substantia) amount of PRA-type date (e.g.,
System success criteria «nd support system dependencies).

The 1DCOR IPEM takes advant:ge of insights derived from the past PRA
studies and their review, as well as deterministic sefety evaluation, It
enphasizes what has been identified as risk cominating initiators and
incorporates such events &s interfacing system LOCAs and transient-
incuced LOCAs. The IDCOK IPENM explicitly models support systems,
dependent failures, impaired containment, and human factors.

The 1DCOP IPEr systen anclysis methed guides utility amalycts through the
investigation of most plant festures that previous PRAs and operating
experiences have identified as specific vulnerabilities to severe
«ccidents, It concentrates on those areas where system vulnerabilities,
key operator actions, essential front-line system and support system
functiors have beer icentifice in previvus studies of similar plants to
be important,

The use of the support state concept and support system event tree
separates the effect of the initiating events on support systems from
Toca) failure of the support system. This simplifies the analyses
necessary to generate, menipulate, and quantify plant specific accident
sequenceu. 1t also ellows efficient perfornence of sensitivity analysis
and reevaluation of those proposed modifications that will not change
plant support.



The I1CCOR IPEM relies heavily on the analyst's Judgment. Enhancements to the
methodology for the performance of an IPE are discussed below. These are
divided into the following five areas: (1) system modeling/fault iree
erelysis, (2) enelysis of dependent fatlures, (3) operator sctions and human
reliability enalysis, (4) data bese, and (5) applicability to Babcock § Wilcox

end Combustior Engineering plants.

VEile the derth of the JUCCK 1PEM énclyses does nut provide éssurance that
811 risk significent features that are pessibly unique to & plant wil) pe
captured in the IPE, we believe & majority of such risk significant ‘catures
will be identiTied provided the 10COk IPEM guidance, the recommended leve) of
effort, ano the staff's enhancenents are implemented.

2.1.1 System Mogeling/Faul* Tree Aralysis

The IDCOR IPEM uses the concept of support states to separate the influence of
iritieting events from loca) faults of support systems. This concept
Rininizes the amount ¢1 Cutset Weripulation rnecessary for the genergrion and
ouentification of accidert sequences. While this approach is conceptually
dCequate Vor generating accident sequences, the analyst must be careful to
gererate orly indepercent and unioue support states. The IDCOR IPEM has not
provided scequate guidance for the creation of such unique support system
e€nc-stetes. For example:

1. Only some of the support systems that are prejudged to be critical to
front-line systems are considered for inclusion into the support states,
Other support systems can also be critical in certain plants. Inclusion
of mest of the suppert systens 15 recommendec, The following support
systems have been shown to be important and as 2@ minimum should be
included in the analyses: (a) electric power system (AC an¢ OC), (b) ESF
ectuation system, (c¢) instrument air system, (d) heating ventillation and
air conditioning (HVAC) system, (e) service water system and (f)
component cooling water system. Hovwever, the IPE team is encouraged to
include other support systems where appropriate,
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In order tu minimize the number of independent and unique support states,
the IDCOR IPEM takes adventage of highly symetric support system
configurexion (i.e., when train 1 of support system(s) only supports
train 1 of the systen(s) veing supported). This way, the support stetes
can be describec at the support system level and not the train or segment
leve)l, However, most of the P.P plants exhibit a smal) degree of
asymmetry in their design and cunfiguration. As a result, certain highly
contributine support stites ceén be overlooked, which in turn impacts the
dccident sequence evelustion and vulnerability determination. The
esymmetry problem may also exist within a support system. In this case
the asymmetric parts of a support system must be explicitly modeled in
the support syctem event tree that is used to generate the support
states. Livision of the support systems to trzin or segment levels
ensures that ¢11 independent and unique support states are calculated,
This divisiun would obvicusly increase the number of support states, but
incorporates more rigor into the 1PE.

The 1DCOR IPEF &llows crecit for support systems that can be shared by
multiple units. It is nct cleer from the guidance that misalignment of
these sherec systems will be adeovitely accounted for in the unique
support stites. Possible misaligned configurations of support systems
nust also be explicitly modeled and accounted for in the calculation of
the support states (e.g., Oiese] generaturs thrat are shared betweer iwu
units),

There is sone ambiguity in the guidance in the system analysis
methudology regarcing the separation of front-line systems and support
systers. For exerple, the sefeguard actuation is categorized as @
support system (Table 2.2-7), yet it also appears as a top event in LOCA
trees (Figures A.1-1, £.3-1, and A.4-1). The IPE team should establish
explicit and consistent criteric for treating top and basic events,



The IDCOR PWR IPE! suggests the use of a modular fault tree concept. The
foult trees are developed, or trees from a reference plant are modified, ot
indepencent segment or train levels in order to make numerica) calculations
simple. The enc result of the fault tree analysis is the evaluation of o
Foint estinete for the top event. When the fault tree numerical results are
combined with the front-iine event trees along with the support states,
dominant accident sequences are generatec and their frequencies are cdlcu-
Tetee, Therefore, the end result 1s & frequency for ecch accident sequence,
Cne can examine the dorinant sequences to conclude major contributing
front-line systems or support systens (or vulnerabilities). but this examina-
tion cannut reveal the besic source of such vulnerabilities. 1In order t¢
reveal the basic source of vulnerabilities, une must know the major contri-
buting compenents, This would not only allow systematic identification of
basic contributing sources of vulnerabilities, but can aid in searching for
putentiel fixes. For the purpose of identification ang objective evaluation
of vulnerabilities, applicable dominant accident sequences will need to be
further expended through & Boolean expansion, to generate dominant
contributing curpunents (€.9., specific plant components, human actions,
common cause failures, anc system dependencies).

Since the ILCOR IPEM heavily relies on the reference plant results ang
aralyst's judgment, the accident sequences generated through system modeling/
fault tree arilysis are epproximate. Ko provisiors for the performance of &
forma) sersitivity or importance calculation are made to highlight, and thus
better treat, sensitisze or probebilistically important e¢lements of the plant-
specific accioent sequences. Use of sensitivity and/or importance analysis is
requirec. PSA Procedure Guide (NUREG/CR-2815) (Ref. ¢0) discusses these

Fethocs,
¢.1.¢ Analysis of Dependent Failures

One ot the primery benefits of performing systematic examinations has been to
identiTy dependencies within & system or between systems, While 2 cetailed
support state concept and system fault trees would incorporate a majority of
these deperdencies inty the IPEM mocel, subtle dependencies can stil) be overe

» & »



lecked, For exemple, one of the NUREG-1150 (Ref. 23) insights from the
Sequoysh core damage sequences has been that use of sprays for containment
pressure suppression mey rapidly deplete the RWST inventory and may, as a
result, ceuse high-pressure injection failure if recirculation fails, Since
mest of these dependencies are sequence dependent, they must be treated
following the generation of accident sequences through a carefu) examination
of each sequence. Support systems of U.S. nuclear plants vary widely from
plert to plant ever in plants thet are of a similar class and have the sene
set of front-line systems. Therefore, 1t is important to ensure & complete
gependency enalysis an¢ to document the results in a scrutable form that would
include the failure modes and timing,

The 1DCOR IPEM guidence for the treatment of common cause failures is not
sufficiently rigorous to identify plant-specific vulnerabilities originating
from comion ceuse feilure. 1t 1s important to note that the source of a large
portion of plant vulnerabilities found in the past has been common cause
failures. Therefore, it is important to carry out & detailed and scrutable
rethoc of screering accident sequences for potential contribution from common
ceuse failures. In order to qualitatively incorporate more vigor into the
enalysis, one can expand the screened sequences using Boolean techniques and
explicitly ncdel common cause events in the relevant fault trees. Major
contributing plant vulnerabilities originating from common cause failures must

then be caic ully examined sp as to reveal possible root causes of such
fuilures anc determine likely fixes.,

Use of one of several methods suggested in NUREG/CR-4780 (Ref. 21) (e.g., one
of the parametric methods such as the beta factor) is recommended. It is our
\few thet friights on the relevance cf this type of dependent failure can be
enhanced by using sensitivity analyses in conjunction with parametric models
el.¢ that such studies should therefore be performed by utilities using the
IDCOF IPEM. Guidance for performing the sensitivity studies 1s included in
the PSP Procedures Guide (NUREG/CR-2815, Section €.4) (ref. 20).




2.1.3 Operator Actions and Human Reliability Analysis

Proper treatment of recovery actions is necessary for identification of
vulneratilities, In the case of sequence-dependent recovery actions, timing is
recognized as the most important parameter on which errors of cognition
estimetes &re based. The 1DCOR IPEM recognizes this importance but provides
Tittle guidance for estimating the time interval svailable for recovery.
IDCCT 1PEM users should provide eppropriate Justification for their estimetes
of errors of cognition. Sequences of events in which a recovery action wil)
Ceuse an adverse eftect 1f eoditiona) components fail have not been treated,
Investigation of this type of human recovery ections is very important when
identifying plent-related severe accident vulnerabilities, In addition, in
smell LCCA event trees, operator actions appear as evert tree headings,
Depercing on the reactor design, there needs to be 2 specific guidance to
treat vperator actions either as basic events or as event tree heacings,

For human reliability analysis (MRA) considerations, the PWR IDCOR IPEM refers
to er cutcated version of NUPEC/CR-2815, The present version of NUREG/CR-2E15
is Revision 1, dated August 1985. The HRA section of NUREG/CR-2815, Rev, 1
(Sectivn 4.3) is significently oifferent (updated, expanded, and enhanced with
10 HRA anelytic methods) from its NUREG/CR-2815 predecessor and should be usec
instead. Better treatment is given in NUREG/CR-4834,

Human error screening is acddressed in NUREG/CR-2€15, Rev. 1, Section 6.3 (Ref.
20). The screening process describes how to determine the potentia)
importance of each error to the core demage frequency. This involves a list
of potential human errors together with screening values. Human errors that
contribute significantly to core damege frequency ("important errors") are
then studied further as part of the Human Performance subtask; errors that do
not contribute significantly are deemed not worthy of further study. The list
of errors and the output ist of important errors should be supplie¢ to the
NRC by the IPE team along with a detailed statement of the criterion of
impurtence.

..
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Eesides the aforementioned screening process, another acceptable screening
approach 1s described as the Systematic Human Action Reliebility Procedures
(SHARP) (EPRI-NF-3563) (Ref. 24) dated June 1984, SHARP was developed to
provide a structured approach to the incorporation of human interactions into
PRA. The SHARP screening techniques were formulated to identify and select
only the most important/significant human interactions for further analysis.
The three SHARP techniques are qualitative Judgmental screening, quantitative
coarse screeninc, and quantititive fine screening, These techniques are
discussed further in NP-3583, Section 2, which includes 2 discussion of
guidance in selecting & technique to eliminate from consideration human
interactions that are not significant to core damage frequency,

The 1FE team should use the revised version of NUREG/CR-2815 in performing
hunan reliability analysis rether than the version referenced in the ]DCOR
systein arelysis methodology. The team should also determine whether a
recovery action can adversely affect mitigation of an accident in light of
edditional component failures. The team should treat the effect of such humar,
recover; wotion in the accident sequence quantificatior process.

C.1.4 Plant Familiarization and Search Exercises

Plant familiarization and search exercises are tools of increasing importance
fer ddentification of system interactions, verification of as-built
configurations, and validation of procedures as implemented by the plant
operators, The IDCCR IPEM recommends approaches to the proper performance of
visual inspections including (1) & mix of expertise for the walk-through
teams, (Z) defined inspection criteria for each hazard considered, an¢ (3) a
number of tzhles tc dccument the team findings. Participation in pert of a
PHR walk-through led us to conclude that strict adherence to the methodology
guidance is needed for a walk-through or a talk-through process. This process
should be iterative in nature, starting with plant familiarization and
evoiving from this point to search for answers to questions raised during the
analytical effort, Timing, scope, and mix of expertise should be integrated
into the IPE analyses. We realize that specific guidance in this area can be
¢ifficult; rowever, SRP (Ref, 26) kependix 7.B provides & general agenda that

could be used for the development »f ¢ plent-specific agends for the plart



femiliarizetion, The IPE team should give this process a prominence worthy of
fts importence, especially 1f the 1DCOR IPEM scope is extended n the future
to consider externa) events beyon¢ internal floods.

©.1.5 Date Rase

The 1DCOR IPEM recommends the use of the Interim Reliability Evaluation
Progrer (IRLF) (NUREC/CR-272€) (Ref. 26) gereric date base. However, some of
the IPE applicetions used Zion or Oconee data s generic data, A unified ano
Up-10- QGete generic cate base would provide a consistent and uniform basis for
quantification. Updates of the data base included in the PSA Procedure Guide
(KU EG/CR-2815, Appendix €) provides & better data base.

¢.1.6 Applicability to Babcock and Wilcox and Combustion Engineering Plants

The 1DCOR PHR IPEM was based primarily on & Westinghouse reactor design and is
structured to assess the applicebility of the 1DCOR reference plant results tc
Other PHRs. However, verious levels of additionsl information and modifi-
cations are expecteo in an application to Babcock and blilcox (B&W) and
Cunbustion Engineering (C-E) plants as demonstrated by the test application
performed for the Oconee plant (BIV reactor desicn) using an earlier version
of the IDCOR IPEM. For example, B&W plants show a2 unique response to those
anticipated trensients involving overcooling and undercooling events as wel)
8s small LOCAs. This is mainly due to the sme)) heat sink represented by the
once-through stesm generator, which is & unique design feature of the B&N
plents. Accordingly, the operator actions and available times for recovery
are significantly limited. These design variations can influence the
foentificaticu of plant-specific initiators, modeling of accident sequences,
system enalysis, and data quantification. Therefore, the IPE team should
compere the features that are specific to the BiW or C-f plant with those of
the Westinghouse reference plant to determine the significance of the features
on the fault tree matching process. A list of the potential vulnerabilities
Previously identified by PRAs for B&M end C-E plants should also be consicered




by the 1PE tesm. For example, 1n station blackout sequences of loss of
Cffsite pever and the resulting loss of the efcrgency feecdwater motor-drive,
pumps, if the turbine driven duxiliary feedwater system pump fails, core
damage wil) occur soner for BaW plants. This is due to the smaller B&W plant
inventory which results in o short time available to the operator to recover
offsite power prior to onset of fue) failure. In non-BiN plants, because of
larger inventory than B&W plants, longer time is available for the operator to
recover offsite power, If recovery of offsite power occurs within about two

hours, the motor-driven duxiliary feed pump can then keep non B&W plant
cooled,

Some specific examples at each stage of the IPEM follow:

Initiating Event ldentification, The integrated control system (iCS)

1s 2 control system unique to a BEW plant. It provides fast contro)

of stean flow anc pressure, feedwater flow, and resctor power by
manipulating various contro)l devices, Failures in the I1CS or in the ICS

power supplies ere pussible cancidates for BeM plant-specific initiating
events, Also, failures ir the 1CS durinc plant tramsients nay cause

plant operators to misdisgnose the symptoms so that the human error rate
might be high,

System Analysis and Event Tree Development., BRW, C-E and ¥estinghouse
plants are quite different ir Oesign anc operation, which mekes the
respective systems analysis and event tree different. For example, the
large LCCA event tree given in Figure A.1-1 of the PR system analysis
methodology does nut necessarily represent the accident progression in
B&W or C-E plants. High-pressure injection may not celiver enough
cooling ¢r makeup of reactor coclant system inventory if the same success
criterion as that used for smal) LOCA is used. Separate event trees and
success criterie for the ¢ifferent reactor designs sppear to be neecded.,
Some B&W plants use the low=pressure recirculation pumps to solve NPSH
problems of high-pressure recirculation pumps, Therefore, the loss of
low-pressure injection pumps results in the loss of the high-pressure
recirculation function. Some C-f plants, unlike Westinghouse and B&W
plants use 2 high-pressure system whose pumps can perform puth
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high-pressure iniection ang high-pressure recirculation functions.
During the injection phase, the system takes suction from the refueling
boratec water tank, while during the recirculation phase the system will
be realigned to the containment sunp. Therefore, the IPE team should
provide explicit success criteria for cach B&K or C-E plant,

<.& Source Tern (Back-End) Analysis

IDCOR stated that the purpose of the 1DCOR IPEM source term analyses is:

“...the purpose is to determine if the potential for fission product
retentior ir ¢ given plant is comparsble to or better than that determined
for the most sirilar 1DCOR reference plant. For this reason the
simplified source term methodology 1s directed toward estinating the
environiental releases for the dominant severe accident conditions and
determining whether there is & difference in plant design which would
substantially increase the releases over those of the reference plant."

On this basis, 1DCOR contends that it is "appropriate and sufficienc" that the
methodulogy focus on stetion blackout sequences. Such sequences involve )ouss

of 211 containment heat remova) capability and & driec-out (water-depleted)
debris becd configuration. They lead to containment failure, and a great dea) of
the propused IPEM quentification ceals with the approximate estimation of the
resulting releases to the environment.

Briefly summarized, the PWR source term methodology consists of & simplificd
conteinment event tree (CET) and an approach for assigning & source term to
e2ch CET enc stete. Scurce terms are assignec in the methodology as incicated
in Table 1,
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IS CONTAINMENT
hOT BYPASSED

Yes

Yes

Yes

Yes

o

Teble 1 - PWR CEY and Source Term Releases

1S CONTAINMENT
150LATED?

Yes

Yes

No

1S THE DEBRIS
COVERED AND

IS CONTAINMENT
HEAT REMOVAL
AVAILABLE?

Yes

No

Yes

ko
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END STATE/RELEASE
QUANTIFICATION

1. Insignificant

.

3.

§

Determine using
calculations)
scheme provided

Much less then
PWR-Z, e.g.,
noble gases

Plus 5% volatiles

. Perform detailed

analysis if
required
by probability

. Rssess using

checklist
provided



The CET is entered once for each plant demage state identified in the
front-end analysis. In epplying the CET within the context of the 1PEM,
rether than quentifying esch branch of the CET, the analyst assigns an
effirmetive or negative response to the CET top event questions based on
information developed es part of the front-end enalysis. Only sequences with
releases corresponding to CET end-states & and § are flagged in the
methocology for further investigation. In addition, the methodology
icertifies cevers) plant features that nay invalidete the simplified approach
for estimating source terms and require analysis outside the methodology. For
FWRs with ice condenser containments, the source terms are directly assigned
for CET enc-state 2 based on the results of previous IDCOR calculations,

in the sections that follow, the results of the staff's evaluation of the
TCCOR PWR source term methodology are provided. It should be noted that the
documented test applications ¢f the IDCOR 1PEM played only a minor role in
this eveluction since the test applications either did not involve the use of
811 portiuns of the source term methodology or were not adequately documented.

¢.2.1 Containment Event Tree Structure

The PWR source term methugology consists of s simplified CE! with three top
event questions. These address (1) whether the containment is bypassed by the
initiating event, (2) whether cuntainnent isuletion has succeeded, and (3)
whether the debris bed in the reactor cavity is covered and containment heat
removal is available. The simplicity of the CET derives in part from the fact
that 1L was developed based or insights obtained using the Modular Accident
Analysis Program (MAAP). Mery of the assumptions in the MAAP code received
some steff review over the past severa) years &s part of the NRC/IDCOR
Technical Exchange meetings. Key differences between many of the NRC and the
IDCOR models anc assumptions were identified during the meetings and were
conscliocated into 18 NRC/IDCUR Technica) Issues. On the basis of IDCOR
enalyses and mogeling changes described in 1DCOR Program Technical Report
€5.2, (Ref. 27), the issues were disposed of by the NRC either (1) by
determining that the differences had little effect on the results or (2) by
developing interim
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positions that conservatively treated the phenomena. In References 28, 29,
end 30, the staff positions on these phenomenological issues are presented,
The staff finds that the models ang assumptions in MAAP and the lack of
treatment of issue uncertsinties in the code preclude several phenomens and
alternative issue outcomes recognized as plausible by the reactor safety
community and, therefore, the sorce term methodology is not adequate for
meeting the IPE objectives in Section 2.2.2.

While the issues addressed by the top event questions in the CET are indeed
risk importent, the lack of treatment in the CET of several other aspects of
Severe accident releases that have generally been considered in most PRAs and
found to be important is considered by the staff to be a major limitation of
the source term methodology. Foremost, the CET oces not consider the potential
for containnent failure due to certain ex-vessel phenomena, namely, steam
spike (resulting from repid core quench), direct containment heating, ang
hydrogen combustion, As a result, the CET does not recognize the potentia)
for early containment failures; except for a limited number of situations that
the nethodolog, specities as requiring additiona) analyses, a1l tonteinment
failures are treated as late failures. Also, in formulating the CET, an
optimistic characterization of certain phenomena or issue outcomes was choser,
without adequete basis., In broad terms, the staff finds the IDCOR source term
methodology to be unacceptable. The staff's concerns may be summarized as

folluws:

1. The IDCOR source term IPEN is too narrowly tocused,

2. The IDLCK source term IPEM does not adequately reflect remaining generic
issues and associated uncertainties, and

3. Conteinment systers performance is not adequately integrated with
containment phenomenology.

Details on these areas of concern are given in the following sections.
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et 2 Approach and Objectives

The staff recugnizes that the ICCOR IPEM needs to provide a mechanism for
seeking out plant-specific differences that would substantially increase the
releases over those estimated for the dominant severe accidents in the
reference plant (i.e., in 1DCOR's terminology, identifying “outlfers"),

But it 1s the staff's opinion that the 1PE objectives should also include:

1. Appreciation of severe accident behavior, and
¢. Recugnition of the rule of the nitigation sysvems and eccident menegenen.

It 1s the steff's belief thet such cbjectives can be attained to a reasonable
cicree with relatively modest conmitnents of effort, by the utilities, ang
that the IPE provides 2 unique opportunity for doing so. This conclusion is
besec un existing detailec calculations which:

1. Have alreaay mappec ¢ rather broad renge of containment failure timing

ene containment atmosphere conditions into a set of release cetegories

and consequences,

Huve gemonstrited, that containment loads depenc ¢n a few key phenomenog-

lTogical behaviors, anc

3. Have concluded that the System responses and human actions are of
decisive inportance.

ry

From these observatiors, the following deductions ere providec for the IPE
overe1ll approach,

1. The approach could beneficially focus on containment failure mechanisms
and timing. Releases shoulc¢ be based on corresponding release categories
and associated detailed quantification from reference plant analyses,

2. A1) classes ¢f sequences with significant probability (front-end results)
should be considered.
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System/human response shou)d be integrated probabilistically witp
phenomenvlogice) aspects into simplified but realistic containment event
trees. Allowence should be made tor recovery or other accident
management procedures (particu1ar1y for long-term responses).

On this basis, the back-end analysis also emerges as system oriented. The key
thrust of the suggestion here is that the source term quantification should be
Judiciously integrated into the conteinment phenomenology to acdress
containment response as wel) as failure modes and timing, The fundamenta)
premise is that such an enhanced scope would involve the utility to en
crrropricte Yeve) NEcessery to understand the possible range of severe
eccident behevior in their plants 2nd thus be better preparecd to mitigate
Severe accident progression and consequences.

Satad Generic lssues

Starting with the 21p study (Zion/In¢ian Point PRAs and associated NRC
studies, NUREG-0850) (Ref, 31), our understanding of severe accident phenomena
has developed rapidly in the past few years, The Containment Loads working
Group (CLK.' effort (NUREG-1079) (Ref. 32), the IDCOR program, and the Severe
Accident risk P search Program (SAFP) have been key contributors to this
development, ) ith this improved understanding came a gradual convergence of
the NRC and indusiry's views in many aress of quantifying severe accident
phenomens end associated containment loadings or source terms, Stil, a
number of i.sues are difficult to quantify, and there is considerable
uncertainty in the results. ln a recent series of NRC-IDCOR meetings, these
issues were declt vith in depth &éro the nature of the difficulties was
distillec and clarified (Refs. 28, 29, and 30). The NUREG-1150 (Ref, 23)
results, when considered against the IDCOR reference plan analyses (1including
their treatment of uncertainties), provide a further illustration of the
origin c¢f these difficulties and their risk implicaticns. Clearly, & number
of risk-significant phenomenological aspects of severe accident behavior have
so far defied reliable quantification,
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The vast majority of these issues s associated with the so~called high-
pressure sequences. Such sequences fnvolve core meltdown and vesse)
meltthrough from a high primary system pressure condition, Station blackout
prevides a typicel example,

As & consequence of the high primary system pressure, the in-vesse)l portion of
the accident involves strong natural circulation flows (Ref. 33) between the
core, the upper intcrrels, anc steam generators. The natura) circulation
flows provide enerov reoistribution of such magnitude that it may induce
primary boundery failure before core slump. The concern is that such failure
could occur in the steam generator tubes yielding containment bypéss. The
fission product transport involves eugnenting the velocity of many of the less
volatile radionuclices (UGZ’ Bal, No) in the presence of high-pressure steam.
Their transport to other parts of the system (including steam generator tubes)
would result ir additiona) heat 10ad and hence enhanced failure potential. On
the other hand, gas-phase mass-transport processes at high pressure are found
to sherply limit the release of the more volatile fission products (Cs, I, and
Te), which would then enhance the source term following blowdown. None of
these fssues are addressed in the IDCOR IPEM,

For the ex-vesse) portion of the sequences, melt relesse at high pressure
implies high-velocity steam flows in the reactor cavity and the potential for
large-scale melt Cispersal throughout the containment volume. Such dispersa)
coule leed to direct heatirg of the containment atmosphere and associatec
pressurization. Clearly, the extent of dgispersal woulc be geometry dependent,
but the appropriate manner to quentify such effects is not clear at this time.
Furthermore, such a sequence would aiso give rise to highly dynamic hydrogen
release (fron that 8lreedy releasec guring the core heatup/slumping phases and
that relezsed during the blowdown/dispersa) process) and mixing phenomena.
Predicting the potertial for the formation of combustible or detonsble
mixtures or assessing igniter performance is inherently more uncertain under
such conditions. Again, containment geometry could play 2 significent role
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here, but at this time this role remeins unspecified, An dttempt to address
the dispersal issue (in terms of entrainment and deentrainment) was made in
the 1DCOR IPEM, The staff and its consultant revieved the 1DCOR screening
criteria for direct containment heating anc identified several areas where the
propnsed approach does not provide adequate basis and, therefore, is not
accep’able,

To summarize, it is the staff's view that, e 1though entreinment end
deentrainment can be relegated to some threshold between inertia and buoyancy
forces (i.e., the Kutatelicze number ), the use of the existing IDCOR thresholg
s problematic and further confused by the choice of vesse) failure area,
Covity ges temperature, possible degassing and spleshing effects, and
predominant pervicle sizes. In perticular, for cases where the cavity is
strongly overariven (1.e., Kutateledze number being much higher than the
entreinment threshold) particle $12€s could be wel) below the capillary
length, which could affect the deentrainment behavior in the steam generator
tompartmert in yet unknown ways. It would therefore appear difficult to
reliebly scrt out at this time the geometric features of inportance an¢ their
quantitetive effect on dispersal.

It is the staff's view that the CET failure to account for the potential for
early containment failure due to ex-vessel phenomena, including steam spike,
direct containment heating, hydrogen burn, ané the interactior of core deblris
with stee) liner/containment, is unacceptable. It is the staff's position
thét & low containment failure probability should not be assumed without
convincing evidence.

A recent independent review by an NRC pane)l of experts provided an additions)
perspective on these issues and made recommendations for their resolution
(Ref, 34), namely, "if direct containment heating or containment bypass
through steam gererator tube failure contribute importantly to risk, this may
indicate a need for a hardware modification or a procedural measure to ensure
depressurization before primary system failure. An early study of relative
merits of the possibilities available would be valuable,”
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Ey contrast, ¢ low-pressure scenaric presents few remaining areas of uncertainty,
They relate to the behavior of deep molten corium pools, coincident steam
$pike and hyorogen burn, and the long-term behavior of hydrogen (and other
combustibles) resulting from deinerting by steam condensing on structures, by
the Tate operation of spray, or by the containment atmosphere coolers, The
concerns about ceep corfum pools arose from experiments with top-flooded melts
that exhibited crust formation and long-term isolation of the melt from the
water coolant, Such uncoolable configurations woulo yield continuing concrete
ettack and a containment loading behavior significently different from that of
coolable ones. The IDCOR IPEM assumes that coolability is equivalent to the
presence of weter on top of the corium melt. The staff views this as an area
of uncertainty énd is conducting research to reduce this uncerteinty. It 1s
entirely possible that beds below a certain cepth (heat loading) will
eventually be shown to be coolable, in which case cavity floor area would
becume the decisive factor in the IPE. It should &lso be mentioned, huwever,
that gravity spreading to a11 availeble floor area becomes increasingly
Froblematic as the megnitude of the area increases. This is because of heat

Ierses (end sssociatec corium nelt sclrgification) and possibly @ slurry-like
corium state at vessel neltthrough.

¥ith regard to the behavior of hydrogen in the containment atmusphere,
Appendix 0 to the final version of the iDCOR PWR source terimn methodology
(Ref. 8) ficludes a cunputation scheme for estimating the cunteinment loading
essociated with postulated global deflagration of an amount of hydrogen
corresponding to oxidation of 75% of the clagding. The methodology, in
hppendices A and 0, stotes that if tne resulting peak pressure (initia)
pressure plus pressure rise) exceeds twice the design pressure, a detailec
assessment of the containmert response should be performed,

In this regard, the staff's concerns are related to the quantities of
combustible gases released tu the conteinment from reactor vesse) structural
materfals, loca) inerting end de-inerting as well as hydrogen mixing and




trensport. For exanple, in lerge dry containments, combustible concentratiors
buiia very slowly and only if continuing concrete attack is postulated.
Becouse of the large volume and flow release retes, detonable compositions do
not develop unless significant spatia) concentration oradients exist. On one
hend, & conteinnent atmosphere under such conditions would exhibit strong
netural circulation currents that would tend to even out any tendency to
stretify., However, on the other hand, & condensation-driven stratification
(Pef. 3%) mechanisr would 1imit the circuletion patterns to compartmentalizec
structures thus effectively reducing the volume available for mixing,

For the ice condenser, the IDCOR approach is besed on the premise that
hydroger. from coriun-~-concrete interactions will ignite in the high-temperature
Cavity etrosphere and burn as it is being produced. Loca) inerting and air
availability (neture) circulation loops) on the other hand could alter this
conclusion, s ¢ recent study (Ref. 36) seems to incicete.

It is the staff's current Judgment that combustible gas behavior should be
€xplicitly ccrsidered in the 1PEN conteinment event trees. It is necessery
that the IPE team include consideration of gaseous pathweys between the Cavity
Lro upper containment volume to confirm adequate communication to promote
natural circulation and recombination of combustible gases in the reactor
cavity,

£.2.4 Systems/Phenomenology Integration

System performance may be integrated into the severe accident phenomenology
with help of containment event trees (CETs). On the basis of the rationale
previced in Section 2.2.2, we should address 211 prominent classes of severe
accident sequences (as determined from the front-end analysis) and should



eccount for yrcertainties, Most importently, thete trees must be mechernigtic
end w1low for accident manegement actions by providing & realistic road map
under 811 physice)ly meaningful outcomes.

In summary, the stoff has reviewed the proposed use of the CET in the 1DCOR
IPEM, anc the effect thet this epproach would have on the ability of the 1DCOR
IFEM to identify outlier plant features. We conclude that the use of the ([
n & Quelitative rether than Quentitetive manner will not provide utilities
the informetior eng Perspective necessary to make ¢ Judgment regarding the
expected evel of containment performance for severe accidents, and the
frequers, of Yorgc 1¢teeses Liey, therefore, is unacceptedle,

Tc produce the fuformation considered necessary by the staff, the CET needs to
be eugnentec os recomcenced in the Frevious sections and then quantifieg '
pert of esch IPE. The branch point probebilities should be propageted through
the CFT 11 such o way thet estimetes of the VikeYihood of early conteinment
fetlure end large releases from corteinment are developed &8s pert of the 1PE,

The staff therefore proviced, ir Pppendix 1 to the IPE generic Tetter,
guidence aimed at providing & quentitative essessment of source term - eleases
end the reletive frecuency of the verious tyres of relezses to be used in
performing 1Pfs,

2.3 FronteEre to BackeEn¢ Interfaces

The role of interfeces betweer the front enc anc back end 1s particularly
irportent fron two Perspectives, First, the condition of the system analysis
directly influences the capability of the plant to cope with the damaged core,
Second, the conditiors of some systems designed to preserve containment
Integrity enc contro) the release of redionuclides also can influence the
Tike1ihood of the core beconing dameced. Thus, because the influences can
flow in both directions between the system analysis (front end) and the source
term anelysis (back end), particular attention should be given by the IPE team
to these interfeaces,
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Kith regerd to a staff concern related to front-end an¢ back-end fnterfaces
erd the potentia) for inconsistencies in system availability assumptions,
IDCOR hes proposec the addition of o sign-off sheet to the methodulogy that
woulc 1dentify, by sequence, (1) the sequence frequency, (2) whether the
contatnment s bypassed, (3) whether the containment 1s 1s0lated, (4) the
conteinment system and resctor system availebility, and (5) the approximete
source term, This sheet would be signed by both the systems enalyst and the
source term eralyst, which would provide edded essurance that the
evailavility of key systems is treated consistently in the front-end and
teck-enc analyses, In edeition, JOCOR hes proposed the addition of an operator
interview form to the source term methodology eimed at ensuring that essumed
Uperator ections are given adequate consideratior. The steff has reviewed the
10COk propossl en¢ telieves that use of the sign-off sheet and operator
interview form, it incorporeted into the PWR methodology, w'l) substantially
ITProve treetment of the interfaces. The use of these forms, however, does
net replace huren reliability analyses for sequences in which operator
recovery actions sre @ key ingredient, The forms 8150 do not address the
Guestion of nicsion times, ftventory cepletion, and oua! usepe (e.g9., the (87
supplies weter for vesse) injection and containment sprays. Early injection
Ney deplete the water so that it 15 not available for sprays anc vice versa),
It 15 necessary that nission tires, inventory depletion, and multiple usage
8150 be carried through the interfaces.

0.4 Stugy PResults

hdoitional steff views un the 1DCOK I1PEM and its use are provided in this
section, These can be diviced into four areas: (1) interpretation of results,
() documentation of results, (3) study managenent, and (&) application of
results,

2.4.1 Interpretation of Results

The 1DCOR IPEM guicence for quantificatior is not followed up bv further
guidance about how to systematically review these results for the purpose of
cerivirg irsights ebout the plant design an¢ operations, Instead, it is left



Lt the enelyst to evaluete the results and identify the root ceuses behing
gominent sequences or factors oriving an outlier feature. Reliance on onalyst
Judgment, despite 1ts drawbacks, may have its best potentia) guring the IPE or
right after it hes been completec. Following the completion of an IPE, the
insights drewr from the IPE and the asscciated endlytica) details should be
fully documented and retaines by the utility in esstily accessidle form.

Sone of the J0COR TPEM test spplications. e.0., for Sequoyeh, sppeer tc fnclude
& reasonable effort of enalysis of IPE results supplemented with importance
éNelyses, Systems, compunents, operator ectiuns, and support states with major
cont. ibutions to dominant sequence frequencies were identified as part of this
endlysis. 1UCOR IPLK users should recognize characterization of the dominant
eccioent sequences o5 ar integra) part of the analyses.

¢. 4.2  Documerration of Results

The impourtance of the documentation requirements within the IDCOR IPEM {s
tefold, First, the necessery docunentetion must be eveileble to the I1FL teor
in order tc provide meaningfu) conclusions at the end of its study. Second,
tre documentation needs to be sufficiently Oroerized to ensble an independent
reviev. Tu echieve these goels, three basic criteria must be satisfied:

Explicit documentatior requirements should be 1isted to ensure that
sufficient information wil) be gethered to adequately perform the !PE,

Sufficient quality assurance neasures should be provided to ensure the
accurecy and retention of the documentation packeges (notebooks), and

Sufficient study maragement should follow the sbove actions to ensure

that the ducumentatior 1s indeed gathered and hardled as intended by the
1PEM,

The IPF should be cocumented to provide the basis for the firdings in & trace-
tble menner, This is viewed as being dealt with most efficiently by 2 two-
tiered eprroach, The first tier should be the results of the exaninetion that




vi1) be reportcd to and reviewed by the NPC, The second tier 1s the
documentetion thet must be retained by the utility, The reporting requirement

is specifies in the IPE generic letter and the review document to be 1ssuec
shortly.

17 the IDCOR 1PEM was modified by the vtility during an IPE, the utility
shoule &1s0 describe and provide the basis for the modificeations. The
cescription shuwle clesrly identify the oifferences, the effects on the
results, and the besis for the selection of the different method,

¢ &2 Study Menagerent

Insights obtainec from previous PRAsS involve not only technica) metters but
8180 lessons leerned in both the mansgenent and performance o1 the PRA itself
and the scheduling end execution of technica) audits. The 1DCOR IPEM reports
contain nurcrous references to the need for PRA project menagement ard
technical eudits, However, the 1DCOR IPEM does not specifically call for

independent review and does not provide guidance on forme! management, Study
harecement s considerec by the staff to be essentie) since the quality and
comprehensiveness of the results coning out of the IDCOR IPEM wil) depend
simultereously on the rigor with which the utility applies the I1DCOR 1PEM and
the utility comuitment to the objectives of the 1PE.

The folloving actions sre recommended by the stoff as part of the Study
Management .

Eack vtility should formally include an independent review to ensure the
sccuracy of the documentation packages and to validate both the 1PE
process erng i1ts results,

Experienced PRA erelysts anc utility engineers who are familiar with
the deteils of the design, controls, procedures, and system
configurations should be involved in the analysis as wel) as in the
technica) reviews,




Ir accition, the following views are offered:

1.

2.‘0‘

ke tod steffoyear effort wes recommended by 1DCOR as en appropriate
leve) for perforning an 1PE, The staff has observed that most of the
utilities applying the I1DCOR IPEM performed their IPEM tests in about 2
to 3 steffe years. 1n most cases, however the utilities used their
existing PRA studies as 2 source of informatior. Thus these applications
01¢ not involve the use of 811 portions of the J1DCOR IPEM and are
consicered by the staff to be fncomplete tests of the I1DCOR IPEM, K1so,
for those utilities with BAN or C-f plants, modification of the sample
foult trees, event trees, anc occicent initietors provided in the systen
eralysis methodology will require sdditions) effort anc & correspondingly
higher level of PRA expertise. We estimate that o 4 to 5 staff.year
level of effort mey be needed for the enelysis, gocumentation, and
Independent technical reviews before submittal) to the KRC. Additional -
steff leve) of effort is recessary to upgrade the IDCOR IPEM to Leve)
PRA so that it could achieve one of the goals set forth in the IPE
generic letter, nemely, establishment of an accident managenent plan,

It 15 the staff's view that, in such a complex undertaking as an IPE
study, computer eralysis is essential, especielly in evaluating logic
trees with & large number of gates or in cases where logic reduction is
required to gererate minimal cutset information., Thus, unless the
sublect plant is nearly i1dentica) to the reference plant, the steff does
not believe thet epplication of the IDCOK IPEM is fessible without
computer analysis,

Application of Results

An important aspect of severe accident prevention and mitigation is human
fvolverent, Early recognition of events, avatlability of procedures
specifying corrective actions, and well-trained operators and emergency teams
can heve @ major influence on the course of events in case of 2 severe
accidert, An accident managerent Stretegy that has the capability to
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eccomplish these functions for each dominent accident sequence despite the

oegraced state of the plant should be developed. Additiora) discussion is
proviced in the 1Pt gereric letter,



3. CONCLUSIONS

The 1UCOR IPEM nickes direct use of past PRA analyses ang operating experiences
#t & fraction of the resources normally needed to perform o full-scope PRA,

The method provides o resdily useble too) for the transfer of PRA technology to
utilities with 1ittle experience in integrated probabilistic assessnents, The
IDCOR IPEM 15 mot an exact dlgorithm and the Quelity and comprehensiveness of
the results coming out of the 1DCOR IPEN wil) Cepend on the rigor with which
the utility epplies the IDCOR 1PEM and on the utility's commitment to the
intent of the IPE,

The 1DCCR Syster ¢relysis methodology includes the preparation of Systen
Notebooks that include a substantial amount of PRA-type information (including
System success criterie and support System dependencies) that hes been usefyl
Voprobabiiistic sefety sssessments. The 10COR 1PEM perticularly emphesizes
the systemetic exemination of support systems since past experience has
underscored the impurtance of the support functions.

The staff evelueted the 1DCOR IPEM for use only in the performance of an 1PE.
Subject to the incorporetion o1 the enhancenents discussed in Sections 2.1 ane
¢ .4 of this repurt, the JDCOR IPEM is considered to be adequate for the
perfornence of an IPE. The specific ftems fdentified in this evaluation
¢larify how the ILCOR IPE! should be entenced. The potentia) exists for an
PE tesm to develop irprovements beyond those ¢iven in this eveluation,
Flternative enhancements méy be useo by the IPE teams provided their beses are
fully described in the 1PE report. The steff-identified enhancements are
Summarized in three groups: general, System anélyses, and source term
eralyses,
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Considering the importance of the IPf and the flexibility in PRA enalyses,
vtilities using the IDCOR IPEN should establish an independent review of the
technical accurecy of the examination and the validity of the results., The
valicetion process will atd in ensuring that the utility in 1ts primery safety
role will assimilate the Insights gatned from the performance of the 1PE.

The documented test applications of the IDCOR 1PEM used earlier versions of
the methodolugy. The methodology was subsequently revised without o
repetition of the test applications. For example, one important revision
concerned the performance of the visua) inspections. The revisions were
ecceptible o1though the staff has not had the oppurtunity to observe & test
epplication involving visual inspections that rigorously adhered to the
methodology revisien, In perforning the 1Fks, each IPE tesm shoule tigorously
echere to the guidance provided in the revised methodology end incorporate the
enhancenents callec for by the staff in Sections 2.1 and 2.4 of this report,

Utilities using the IDCOR I1PEM should fully document and retain the insights
crawr fron the IPE and their assuciates arelytice) details, The insights
shoulc be supported by appropriate eveluation of the results by importance
renkings end sensitivity studies as described in Section 6.4 of NUREG/CR-2815,
the FSA Procecures Guide (ref. 20). The IPE resuits should be documented as
discussed in Section 2.4,2,

3.2 System Analyses

Utilities using the JDCOR IPEM should be familiar with the stoff sdded
guidence and enhancements in Sections 2.1 and 2.4 along with the supplementa)
guidance provided on the treatment of common cause failures in Section 6 of
the NRC Probebilistic Safety Assessment Procedures Guide (KUREG/CR-2E15) and
Sectiont 3, 5, and 6 of the PRA Procedures Guide (NUREG/CR-2300) (Ref. 37).

Ltilities using the IDCOK 1PEM should clearly justify their estimates of the
time intervels availetle fur each recovery action credited 11 the etalysis,
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> Source Term Bralyses

RILh regard to the adequacy of the IDCOR source term methodology for use in
performing IPEs, we believe that the vsefulness of the methodology 1s limited
by 1ts stated objectives as wel) as in ts particulers end {5 unacceptable.

Regarding the objectives, the staff finds the 1DCOR IPEM unnecessarily narrow
W Tocus. It 15 suggested that the IPE be directed toward the more meaningfu)
coels of developing realistic risk profiles and sccident ranagement schemes on
& plant-specific basis, To echieve such ends, 1t would be necessary that each
Uliiity develop iis owr Lesis for ungerstencing severe accident behavior in its
plent (in perticuler, integrating system/human aspects with the accident
phenurerology). This, in turn, requires 2 quantitetive approach to

Conteinment evert trees end & creative éttitude in reflecting on them,

Fegarding the particuler technica) details, the staff finds the JDCOR 1PEM
position in severa) key phenomenological fssues affecting the high-pressure
scensrio uracceptable. As a result of the staff's evaluation, we conclude
that the ILCCF source term methodolocy is unacceptable. It is the staff's
Judgment thet the touls are aveiladle for proceeding with the IPE. Appendix )
tu the TPE generic letter provides the utility with guidence to proceed with
the evaluation of containment performance despite the phenomenologica)
uncertainties,
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ATTACHMENTY
Staff's Evaluation of V-Sequence Check)ist

k loose nterpretation of the V-sequence checklist questions by the utilities
could result in 2 lack of sufficient attention to available means for reducing
the frequency ano consequences of bypess sequences. The staff in 2 letter from
T. Speis tc /. Buh) detec September 9, 1985 requested thet IDCOR modify the
checklist to include guidance end prescriptive acceptance criteria for each
thecklist question., Such clarification wes considered necessary to ensure
that the checklist would not be loosely interpreted by vtilities performing
the 1PE and that undue relisnce would not be placed un the suxiliary building
65 & fission product removal testure. Specific items requiring additiona)
clerification include:

1. The methods anc assumptions to be used in defining the low-pressure-
Systen boundary that must be anezlyzes by each utility,

2. Required actions in the event that only portions of the RHR lines are
meinteired water filled anc ecceptable beses (€.9., Technica)
Specifications/Plant Operating Procedures) for ersuring & water-fillec
state.

3. The methods enc frequencies of hydrostatic testing by which system
integrity is denonstrited.,

&,  Analytica) techrniques to be used for enalysis of piping stresses &t
€1bows onc piping supports and the material preperties to be used for al)
stress enalyses, €.9., actua) materia) properties with suitable margins
to account for uncertainties in mocdeling, materia)l properties, and
construction tolerance,



Quentitetive criteria regercing the submergence of the failure site
required to take credit for pool scrubbing in the suxiliary builging
énd the methods and assumptions to be used to celculate the water
ddoitions and the flooding level.

The method to be ysed by esch utility for feentifying the potentia)
pathways to the environment (including guidance on essessing auxiliary
betleing pressure cepebility, performence &1c failure location) anc
quantitative criteria regarding the minimum release pathway length an¢
intervening structures required to claim epplicebility of the reference
plant anelysis,

hcceptable bases for ensuring that fire sprays are available and would
be actluated (e.¢., emergency operating procedures &nd automatic
initietion) anc prescriptive criterie regarding the minimum acceptable
coverage ¢f auxilisry building (and relesse pethways) by fire sprays
required to cliim applicebility of the reference plant analysis,

Rrelyses recuired by each utility ir order to claim that ventilation
systems vill remain intact and effective.
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