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AllSTRACT

A methodology has been developed to extract generic risk-based information from probabilistic
risk assessments (PRAs) of General Electric boiling water reactors and apply the insights gained to
plants that have not been subjected to a PRA. The available risk assessments (six plants) were
examined to identify the most probable, i.e., dominant accident sequences at each plant. The goal was
to include all sequences which represented at least 80% of core damage frequency. If the same plant
specific dominant accident sequence appeared within this boundary in at least two plant PRAs, the
sequence was considered to be a representative sequence. Eight sequences met this definition. From
these sequences, the most important component failures and human errors that contributed to each
sequence have been prioritized. Guidance is provided to prioritize the representative sequences and
modify selected basic events that have been shown to be sensitive to the plant specific design or
operating variations of the contributing PRAs. This risk-based guidance can be used for utility and
NRC activities including operator training, maintenance, design review, and inspections.
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EXECUTIVE SUMMARY
w

Eackcround
c.

In this document, a methodology is presented in which generic risk-based information has been
extracted from probabilistic risk assessments (PRAs) for boiling water reactors (BWRs) with General
Electric (GE) nuclear steam supply systems (NSSS). The insights gained have been organized into a
matrix format which can be applied to various NRC and utility activities, including inspection, operator
training, maintenance and design review, at GE plants which have not been subjected to a PRA. The
relative importance of the insights for each individual plant can be assessed by applying plant specific
modifiers (weighting factors) which vary in degree based on the plant specific design or operating
characteristics.

At the time when this methodology was formulated, six PRAs for GE plants, were availatic in a
format suitable for evaluation.

The NRC has mandated that nuclear power plant licensees develop individual plant evaluations
(IPEs) via Generic Letter 88 20. Most of the licensees are expected to respond to the requirements of
the generic letter by performing full scope PRAs at least to the level of calculating core damage,

frequency and containment failure. The methodology presented herein can potentially be used as a
check on the completeness of the IPE PRAs.

Methodolocy Details

The insights gained from this methodology result from the identification of accident sequences
that are considered to be representative of the most risk significant accident sequences of GE BWRs.
These accident sequences can be summarized as follows:

Transient sequences*

Station blackout (SBO) sequences-

Anticipated transient without scram (ATWS) sequences*

Loss of coolant accident (LOCA) outside containment sequence*

The six available PRAs were examined to identify the most probable (i.e., dominant), accident
sequences at each plant, if a sequence was dominant in two or more plants, it was considered to be a
representative accident sequence. Eight accident sequences met this definition.

The core damage frequency distribution among the representative sequences shows marked
differences from plant to plant. Such differences are partially attributable to the design and operational
variations. The PRAs were reviewed to identify the characteristics that determine plant specific
vulnerabilities, both with respect to the overall susceptibilities to the particular accident sequences and
to the important basic events. These risk significant features can be used to prioritize both the
representative accident sequences and the important basic events. The information or insights gained
from this study can then be applied to various utility or NRC activities such as operator training,
maintenance design review and inspections, with the overall objective of focussing on the most risk-,

significant areas.

viii
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in order to translate the insights of the plant snecific evaluation process into a user friendly
format suitable for NRC inspection personnel, a matrix is provided in which the insights from the
evaluation of all of the representative accident sequences are reorganized to extract common
informa' ion as it applies to specific systems. For events which are sensitive to variations in plant design
or opccating conditions, appropriate plant specific modifying factors are provided. This allows
estimation of the plant specilie relative importance of components and systems.

The inspection matrix itself pnwides guidance in the following areas:

(1) Operations
(2) Surveillance

(3) Maintenance

(1) In service Inspectionfi'esting
(5) Calibration
(6) Iicensed Operator Training 1?mergency Operating Procedures

Risk-Sinni6 cant. Plant SneciGe Desien Factors

Boiling Water Reactors typically incorporate many diverse systems for inventory makeup and
deca) heat removal. In general, this diversity makes UWRs less vulnerable to random failures in
comparison to pressurized water reactors. Consequently, common mode failures become more
dominant, even for support systems. The PRA modeling of common mode failures have a higher
degree of uncertainty than other types of failures due to their relatively low occurrence rates. This
uncertainty has resulted in modeling differences among the contributing PRAs which can have a
substantial in6uence on the plant specific contribution to a representative accident sequence. Where
applicable, these assumptions are addressed within the appropriate sequences and considered in the
qualitative assessment of sequence importance. The foregoing discussion notwithstanding, this study has
identified risk significant, plant speci6c design factors which can have a signi6 cant in6uence on relative
importance sithe sequences, systems or components. These design factors are summarized be .

The feedwater (FW) system is the normal source of high pressure reactor pressure vessel*

(RPV) makeup. Unlike a turbine driven system, motor driven feedwater pumps are not
disabled by MSIV closure. Plants with motor driven feedwater pumps have a highly
reliable, normally operating source of high pressure injection that is unaffected by the
majority of the initiators that comprise the general transient category.

Older BWRs that have Feedwater Coolant injection Systems and Isolation Condensers*

have limited decay heat removal diversity at high reactor pressure. The initiators that
disable feedwater, such as a loss of off-site power, are considerably more important for
these plants.

An Automatic Depressurization System (ADS) initiation logic that requires coincident hign*

drywell pres 3ure and low reactor pressure vessel (RPV) level may not automatically initiate
during a transient initiated sequence. This loss of an automatic backup to the
proceduralized manual depressurization requirements, reduces the overail success
probability of the depressurization :inction.

is

_-_ _ - - _ - _ _ _ - - _ . - _ _ - - _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ - - - - _ - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - . -_ __ _



. . _ -___ - _ _ _ _ _ _ _ _ . _ . ___.

;

,

The ADS inhibit switch is an important ATWS mitigation feature that climinates the*

periodic resetting of the ADS timer and reduces the likelihood of uncontrolled vessel
blowdown.

The general transient initiator is dominated by the more frequent occu,rences, such as*

tt.rbine trip and MSIV closure. The loss of off site power (LOOP) am>unts for
approximately 2% of the initiator. Given the availability of off site power, the motor
driven high pressure core spray (IIPCS) is more reliable than its turbine driven <

counterpart.

The degree of redundancy in the emergency AC (EAC) power system is influential in |*

reducing the probability of the Station Blackout scenarios. Multi unit sites frequently have
hardwired administratively omtrolled bus crosstles that can provide signiGeant Ocxibility.
This assessment of EAC redundancy must also consider support system failures.
Emergency Diesel Generators (EDGs) that use the same DC bus or Senice Water Train
are not totally independent.

The service water system provides EDO jacket water cooling. The system diversity*

determines its contribution to Station illackout. A design that allows multiple trains to
provide dies 91 cooling is less vulnerable to SW Induced EDO failures, as compared with
a strictly jivisiona, conGguration.

The standby liquid centrol (SLC) compliance alternatin that was adopted to meet the 86*

gpm equivalent injection requirement of 10CFR50.62 in0uences system reliability, and the
relative importance of the human error and hardware contributions. The enriched boron

'

option preserves the system redundancy which reduces the importance of individual
component failures. The relatively low contribution of system hardware failures results in |
a higher proportion of system failures due to human error. The two pump alternative
requiros the simultaneous operation of both SLC trains. Given an 86 gpm injection
requirement, this alternative is more vulnerable to hardway failures, Thus, the same
human error probability tends to have a lower percentage omtribution to the overall
system failure estimate.

.
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l. INTMODUCrlON ]

l.1 Oldti!ht

The objective of this study was to extract generic risk. based information from available
probabilistic risk assessments (pRAs) for application to GE DWRs that do not have plant specific
PRAs. His information is presented in the form of representative (or ' typical') accident sequences and
associated basic events (l.c., component failures, human actions) which can be prioritized by
approximating their importance to the frequency of core damage. Tiie anident sequences identified are
those representing at least 80% of the total core damage frequency (internal events) of tne plant
specille PRAs from which they were derived'.

1.2 Backcround

The development of representative accident sequences and the associated PRA design and
ogwrat!ng insights was originally proposed for NRC inspection purposes. The intent was to identify
typical dominant awident sequences and generate a risk-based ranking of the contributing component
failures and human actions. This is intended to provide a rational allocation of inspection resources at
GE plants without PRAs.

This methodology is an outgrowth of a successful plant specific inspection methodology first
proposed and implemented by the NRC at Region 1. That methodology utilized the plant specific PRA
insights to focus on risk important equipment and human actions, and to assess plant res;mnse to
dommant accident sequences. The principal probabilistic elements included: accident initiators,
mmponent failure modes, and human actions which can reduce or exacerbate the accident
consequences. These elements are integrated into an inspection msrix format which is used to plan
and implement inspections and to evaluate plant performance. The empnois was placed on the relative
risk importances of plant equipment and human actions, and the collective sontribution of important
events to risk of wre damage.

1.3 Scope and 1. imitations

This methodology is developed on the basis of functional aspects of plant systems and focuses
on mre damage for simplicity and case of application. The scope is generally limited to those systems
that are important for the prevention of reactor core damage. He containment and its associated

2systems are generally not addressed because not all PRAs calculate the probability of containment
failure. All PRAs, by definition, do calculate core damage frequency.

There is a certain degree of design uniformity which can be exploited to provide a generic risk-
based overvi-w. Ilowever, the plant specific design and operating variations can be a significant
influence on both total plant risk, and the distribution among the contributing accident sequences.
This application is focussed on the General Electric DWR designs.

' For readers not familia. with PRA terminology, a more detailed explanation of the terms used in this j
report is provided in Section 5, page 5-1.

2 llowever, representative accident sequence 2 credits containment venting as a means to prevent core
damage due to potential ECCS failures after a containment over pressurization failure.

11
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Almost by definition, any usable generic application of PRA insights will not address every
circumstance likely to be encountered. Ilowever, the pertinent methodological details to enable a user
to make an informed decision are prmided. The accident sequence emphasis allows the key failuies
and significant plant variations to be presented in a sequence mntext. This enables understanding of
the plant system's design and operational interrelationships that can increase or decrease risk.

1.4 Reoort Structure and lecie

This risk bawd information has many plant applications, as summarized in Section 2. The
generation of Pila insights for inspection activities is a major consideration of this program and is the
focus of the appendices. Other pitential applications include prioritization of maintenance activities,
evaluation of plant modifications, operator training and plant cimfiguration controls. The results of trial
application at the Susquehanna Steam Illectric Station and at a Mark I IlWR are presented, as well as
the major overall insights arising from this effort.

The report then presents the eight representative accident sequences for GI! IlWRs (Section 3)
that were developed from the PRAs of six llWRs (see Table 3,1), The representative acci' dent
sequences were used as '.he framework for a discussion of the plant specilie design or operating
variations that can influence sequence importance. The risk significant plant features are presented for
each accident sequence in Section 4 with a qualitative assessment of their impact on sequence
importance. The methodology for calculating the contribution of each basic event (mmpment failures
and human actions) to the accident sequence frequeng is discussed in Section 5.

The overall result is an accident sequence based application of risk insights for GII IlWRs
without plant specific PRAs. The methodology is generic, however, risk significant parameters can be
incorporated to develop a plant specific ranking of the representative accident sequences and the
associated basic events by taking into account plant design and operational variations. These are
provided in Table 3.1.

Appendix A presents a generic risk based inspection matrix which is a composite, ranked listing
of the basic events with recommended areas of inspection. Unlike the accident sequence orientat on
of the preceding sections, the matrix is system based because it is more amenable to certain inspection
activities. Appendix Il provides general guidance on the preparation for a PRA based inspection and
developing the ' system based" matrix for a particular plant, using Table A.1,

12
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2, POTI:NTIAI, APPIICAllONS Ol' Till: MI:TilODOI.OGY

Although a plant specific PRA is certainly preferable, the methodology that will be described
can be used for the inspection of plant activities and operations. The risk significant design and
operating features, as well as operating experiences, can be integrated into the representative accident
sequences and associated imgurtant events to develop plant specific sequences. This, in turn, will
provide sitcapecific risk insights that can be used to prioritlic plant activities.

The folkming sununarires areas of gutential applications of the mtthodology. The details of
the application process will become more evident to the reader during the review of this document.

2.1 Application to PlanUJpciation5

2.1.1 Training

This nathodology provides plant risk insights and information related to plant strengths and
weaknesses in terms of potential core damage accident sequences and associated imiuttant contnbutors
or accident initiators. They may consist of failures of plant conqunents or human actions or
combination of such events. Thtse insights can be factored into the training program of plant personnel,
including licensed control room operators.

Simulation of dominant accident sequences on a simulator can provide the plant operators
valuable training to cope with the most probable aevidents. Such exercises, in parallel with the
timergency Operating l'rocedures (liOPs), will provide plant vulnerability insights beyond single f ailure
uiteria, so as to mitigate and'or to recover from the event situations. The objective is to f amiliarize the
operations personnel with the potential plant vulnerability, and thus to minimize the gutential human
errors should such events occur.

2.1.2 Plant Configuration Control

it is common practice in a nuclear juwer plant to maintain a critical com;unent list that contains
safety related components and energy production related equipmtnt, as well as those added by plant
management.

The list may vary from one plant to another, even among the plants with similar design. 'lhe
plant's critical com[unents can be prioritized on the basis of the relative risk imjertance lor input into
maintenance and surveillance schedules. This will minimize unavailability of the critical com[unents,
and thus reduce system unavailability. Application of the risk insights for the plant configuration control
can reduce the plant risk by mir'imiting jutential accident initiators and may improve plant availability.

Critical safety systems may be stic(ted on the basis of risk insights for the prevention of core
damage or to avoid extended plant outages. The unavailable hours of the selected safety systems and
associated com[unents can be trended to form a basis for the plant performance indicators. The
appropriate applisation of the reliability concept in conjunction with the risk insights can reduce outages
of critical com[unents for maintenance or surveillance, and can provide a basis for good predictive and
preventive maintenance programs.

21
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2.13 Design Ihview and Technical Specif' cations

Ilecause of the generic nature of the methodology, the insights developed from this methodology
may not be adequate to use for awessment of Surveillance Test Interval (STI) nor to evaluate
maintenance outages of the critical components or systems. Ilowever, the methodology can be used for
an understanding and interpretation of an intent of Technical Speci0 cations, particularly should the
wordings and conditions in the Technical Speci0 cations need further clarincation or be ambiguous. The
generic insights would be particularly valuable for an evaluation of plant risk with respect to the
Individual Plant Evaluation (IPE) process and elements of Generic Letter 88 20.

Another application is the review of plant modifications and back Ot issues. A relative change
in risk may be evaluated qualitatively due to changes in plant conditions.

2.1.4 Plant inspections

The objective of a plant inspection, either regulatory or s(If assessment,is to evaluate the plant
programs and their implementation to verify that the plant is operating and maintained at an acceptable
level of risk. Ilowever, inspection resources and sample sizes are usually limiting factors for inspection
activities.

The inspection items and activities can be prescribed on the basis of the risk insights -
prioritization of important plant events and probable failure modes of the important events. The
prioritization of inspection items and development of an inspection plan are discussed in Appendices
A and 11.

2.2 Trial Application of the Methodalory at Sucquehanna and a Mark 1 ItWR

The methodology was applied as part of the October 1990 Maintenance Team inspection at the
Susquehanna Steam Electric Station (SSES). The generic information was revised, as appropriate to
rencet the SSES desigo. A risk based ranking of systems and components was developed to assist in the
prioritization of the iralation effort.

Et pie, this information was used to screen Susquehanna LERs, SigniGeant Operating
Occurrenet a prts and Work Authorizations. Areas that were selected for detal:ed review of the
licensee's root cause analysis program and the work authorization prioritization process included:

Scram Discharge Volume high water level trip annunciation
llPCI and RCIC relay coil failures
RPS relay and breaker concerns
RWCU containment isolation valve torque switch misadjustment
MSIV limit switch problem
CRD nitrogen accumulator and pump corrective maintenance
ADS in trument nitrogen system degradation

5 The root cause analysis and the prioritization of corrective maintenance associated with each
occurrence was evaluated within the context of the NRC maintenance inspection guidance (Refs.1 &
2). It should be noted that SSES has a plant specine PRA that is used for risk management. Although
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the generically derived system'connunent priositiration correlated well with the Susquehanna IPil, the
list of plant specific dominant accident sequences differs somewhat from the representative accident
sequences developed in Section 3. The cariier revisions of the SSI.S PRA showed a better correlation
to the generic methodology. Ilach PRA revision generated key plant modifications or procedural
revisions that addressed the major core damage contributors to risk. As a result ' typical"llWR accident
sequences do not necessarily dominate the SSilS core damage in queng estimate,

l'or example, in response to a potential common cause loss of IIPCI and ICIC due to battery
depletion during station blackout (Silo), a portable itOKW diesel generator (DO) w as puuhased. This
DG is dedicated to station battery (harging during Silo. As a result, Silo with intermediate f ailure of
high pressure itjection (representative accident sequence 3) is no longer a major contributor to the
SSliS core damage frequeng.

This illustrates the impact that design and operating variations can hase on the plant specific
contribution to the representative accident sequences. Although the available llWR risk significant plant
variations are discussed in subsequent scetions of this regurt, the list is, by no means (omplete. Care
should be escreised to ensure that unusual plant features that can affect risk are ruogni7ed and
incorgerated into the qualitative im[urtance assessment for each representatise accident sequence.

The methodology was validated in real time during recent simulations at a hlark I IlWR.
Accident sequences, including key operator errors, were run on the plant simulator. Decision times,
operator interaction, the use of the plant specific !! ops and ntential sources of human error werei
evaluated. The following insights on operator and plant performance were observed:

The operators appear to be very sensitive to N1WS.*

Motor driven feed pumps provide a reliable soutee of high pressure injection. Unlike their*

turbine driven counterparts, a feedwater system with motor driven pumps can remain operable
after a transient induced MSIV closure.

A swing dicsci that can be aligned to either emergency bus is a signiticant design feature that*

couhl reduce plant vulnerability to Silo sequenc(s.

A typical PRA accident sequence is the loss of high pressure injection with a tailure to*

depressuri7e the reactor vessel (representative accident sequence l). Older PRAs typically had
a significant human failure estimate for the manual RPV depressuri7ation, based on unclear or
conflicting procedural guidance. The development of plant specific emergency operating
procedures (EOPs) based on the llWROO guidelines clearly requires RPV depressuri7ation
follmving a loss of IIPl. This is espected to reduce the human error estimate for manual RPV
depressuri7ation.

The llWR liOPs provide clear directions for SLC initiation that is based on torus water*

temperature' This is a significant improvement over earlier llWR procedures. Although the
estimated human error associated with St.C initiation has decreased breause of increased
procedural clarity, the actual timing may vary. Some operators, by training or inclination, may
initiate SLC carly in anticipation of the required procedural action. Others inay delay until the

'The boron injection initiation temperature is a plant-spreific set [uint. It is 105" at this plant.
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suppression pool boron injection initiation temperature is reached. This lotential variation can
be exacerbated by MSIV closure due to the demands on the operating crew and the rapid rise
in torus temperature. (The authors observed one h1SIV closure ADVS scenario wnere SLCwas
initiated at a torus temperature of 140'F.) Therefore, the uncertainty associated with ATWS
cvents is not limited to SLC initiation times and the PRA modeling must account for these
sources of uncertainty.

2.3 hialor Risk Sinnificant Incightj

This study has provided the insights on the operation and design features of IlWRs that can
potentially have major risk significance. These include:

The feedwater (FW) system is the normal source of high pressure RPV makeup. Unlike a*

turbine driven system, motor driven feedwater pumps are not disabled by h1SIV closure (i.e.,
loss of high pressure steam). The majority of the risk significant transient initiators result in
initial or subsequent h1SIV closure. Plants with motor driven feedwater pumps have a highly
reliable, normally operating source of high pressure injection that is unaffected by the majority
of the initiators that comprise the general transient category.

Older BWRs that have Feedwater Coolant injection Systems (without other independent high*

pressure injection systems) and Isolation Condensers have limited decay heat removal diversity
at high reactor pressure. The initiators that disable feedwater, such as a loss of offsite power,
are considerably more important for these plants.

An Automatic Depressurization System (ADS) initiation logic that requires coincident high*

drywell pressure and low reactor pressure vessel (RPV) level may not automatically initiate
during a transient initiated sequence. This loss of an automatic backup to the proceduralized
manual depressurization requirements, reduces the overall success probability of the

i
depressurization function.

The ADS inhibit switch is an important ATWS mitigation feature, that climinates the periodic*

resetting of the ADS timer and reduces the likelihood of uncontrolled vessel blowdown.

The general transient initiator is dorninated by the more frequent occurrences, st.ch as turbine*

trip and htSIV closure. The loss of offsite power (LOOP) accounts for approximately 2% o,f
the initiator. Given the availability of offsite power, the motor driven high pressure core spray
(llPCS) is more reliable than its turbine driven counterpart.

The degree of redundancy in the emergency AC (EAC) power system is influential in reducing*

the probability of the Station Blackout scenarios. hiutti-unit sites frequently have hardwired
administratively connolled bus crosstics that can provide significant flexibility. This assessment i

of EAC redundancy must also consider support system failures. Emergency Diesel Generators
(EDGs) that use the same DC bus or Service Water train are not totally independent.

The service water system provides EDO jacket water cooling. The system diversity determines*

its contribution to Station 111ackout. A design that allows multiple trains to provide diesel
cooling is less vulnerable to SW induced EDO failures, as compared with a strictly dhisional
configuration.

2-4 I
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The SLC compliance alternative that was adopted to meet the 86 gpm equivalent injection+

requirement of 10CFR50.62 influences system reliability, and the relative im|ortance of the
human error and hardware (untributions. The enriched boron option preserves the system
redundancy which reduces the importance of individual component failures. With a relatively
low systern hardware contribution the proportion of system failures due to human error becomes {
higher, The two pump alternative requires the simultaneous operallon of both St.C trains. )
Given an 86 gpm injection requirement, this alternative is more vulnerable to hardware f ailurcs. '

Thus, the same human error probability tends to have a lower percentage contribution to the i

overall system failure estimate. i

When these insights are incorporated into the methodology, a plant specific ranking of
representative accident sequences, component failures, and human actions can be developed. This
information can be integrated into ongoing plant activitics, including operator training, maintenance, ,

design resiew and inspections. This helps to emphasize the risk significant areas accordingly. |
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3. DEVELOPMENT OF REPHESENTATIVE ACCIDENT SEQUENCES FOR GENERAL
ELECTRIC llWRs WITilOUT PLANT RISK ASSESSMENTS

This section presents the first phase of the methodology. Risk insights from PRAs of GE
IlWRs that were available in 1988 were extracted for application to other ilWRs not already subjected I
to a PRA. As explained in Section 1, risk assessments were used as a data base to develop eight ilWR I

representative acrident sequences. These sequences form the basis of a generic PRA application that I

will examine plant specine innuences on sequence importance and basic event prioritization, as
described later in this report.

3.1 I%tablishment of the PRA Data Base

Since dmninant accident sequence descriptions are readily available, six plants (see Table 3.1)
form the PRA data base that was used to develop the representative acchtent sequences for this
program. Both the IREP study and the utility PRA were included for Millstone, Unit 1.

3.2 The Penresentative BWR Accident Scournees
i

Each risk assessment was reviewed to develop a set of plant specine dominant accident
sequences. As shown in Table 3.2, at least 10 sequences with the highest contribution to core damage
were specified to capture 80% (minimum) of the plant core damage frequency. The six sets of plant
specine dominant accident sequences were mmpared. If a sequence was present in two or more plant
specine listings, it was designated as a representative accident sequence.

For simplicity and case of application, this program utillies core damage frequency as the
measure of risk, in general, accident sequences that are dominant with respect to a core dan' age
frequency risk measure are also important if a health effects measure is employed, with one major
exception. From a wre damage perspective the LOCA outside containment is not a signincant
contributor, l{owever, when a health effects measure is employed, this sequence becomes significantly
more important, in an attempt to envelope both risk measures with a single set of representative i
accident sequences, the LOCA outside mntainment sequence has been included. Table 3.3 lists the '

representative BWR accident sequences. Boiling water reactors, as a class, exhibit less NSSS design
diversity than PWRs. This results in a smaller number of BWR representative sequences than were
developed for PWRs (Ref. 3).

Table 3.4 provides the distribution of core damage frequencies from the six base plants among
the representative accident sequences. The distribution is consistent with the risk assessments that were

;

used as the data base as it reneets the range of core damage contributors. Some of these differences
can be attributed to both design variations in the support systems and procedural improvements.
Ilowever, PRA modeling differences are also a signincant in0uence. The Millstone Unit I results
renect both of these influences.

i
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Table 3.4 also shows the fraction of core darnage frequency that is accounted for by the
representative sequences. It is typleally less than that of the plant specific dominant accident sequences,

1

',because not all can be turrelated with a representative accident sequence. Ilowever, these
representative sequences generally capture a significant portion of the plant core damage frequency.
The results tend to be understated as the methodology also addresses other non dominant sequences.
This is noted in Table 3.4 by the "+' whleh indicates those representative sequences that capture a

'
small fraction of the mie damage frequeng attributable to plant specific non-dominant sequences.

i Section 4 expands the representative accident sequence descriptions and provides an assessment

] of features that can influence plant specific sequence importance. !

!| Table 3.1 PRA Data Base Used to Develop the BWR Representative Accident Sequence 1.ist

8 PRA DocumentsPlant Reactor, Containment Type

1. l.imerick BWR4, htark 11 Probabilistic Risk Assessment, '

Limerick Generating Station,
htarch,1981 Philadelphia

] Electric Co. ;

2. Plant A* BWR4, htark 11 Utility PRA
|

3. hiillstone, Unit i BWR3, Mark I htillstone Unit 1 Probabilistic !
'

Safety Study, July 1985,
Northeast Utilities

,

Interim Reliability Evaluation
Program, NUREG/CR.30S$ +

|

4. Plant B* BWR3, Mark i Utility PRA +

5. Peach Bottom Unit 2 BWR4, Mark i Analysis of Core Damage
Frcquency from Internal,

Events, NUREG/CR 4550, |
Vol. 4 +
System Analysis and Risk
Assessment (SARA), Version

! 3.0 +

6. Grand Gulf DWR6, Mark Ill NUREG/CR 4550, Vol. 6 +
SARA, Version 3.0 + '

l General Electric is the NSSS vendor for all plants in the data base.
; * Withheld at the utility's request.

+ Also used to formulate system and basic event importances. -

!

i
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Table 3.3 itepresentative BWit Accident Sequences +

1. Transient or sinall LOCA initiator with the loss of high pressure injection and a failure to
depressurire.

2. Transient or LOCA initiator folkvwed by the loss of all cuntainment heat removal.

3. Station blackout with failure to recover offsite power resulting in an intermediate term failure
of high pressure injection.

4. Station blackout with short term failure of high pressure injection.

5. Transient initiator with initial or subsequent MSIV closure, failure to scram and a failure of
itPV water level aintrol at high pressure.

6. Transient initiator with initial or subsequent MSIV closure, failure to scram and a failure of
IlPV water level ointrol at low pressure.

7. Transient initiator with a failure to scram and a failure of Standby Liquid Conttol (SLC)
injection.

8. LOCA outside containment.'

~

+ The sequences are described in detr.il in Section 4.

Specified becauw of potentially serious offsite consequences.*
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Table 3.4 Plant Specific Core Dainare Distribution

-- __._ _ _ _._ __._ _ . _

l'ercent of Core Darnare Frequency (CDF)
Itepresent.
Sequence

# (frorn 1.iincric k I'lant A Millstone 1 Milktone i Plant 11 Peac h Grand

Talile 3.3) IRl!P l'il A Itottorn (luli

1 48 (6 50 18 104 4 .

2 + 3 10 53 3+ . .

3 274 4 - - 3fia 29 81

4 4 + 2fi 9 - $$ 17

5 4' + + 19 4 1
"

ti ' '4 4 1(> 4 . .

7 4 3 7 + 8 8 el

8 + 4 4. . . .

. - - - - -. - . _ - - - - . -. , , , _

Doniinant
Accident 79 72 93 80 92 96 99
Total *

--
_ _ _ . . . - - . - - . - -

The core damage frequency accounted for by the representative accident sequences is*

a significant portion of the plant total. The dominant accident total understates the
methodology effectiveness. As indicated above by a "4 *, the representative sequences
aho capture a portion of the CDF attributable to similar non-dominant sequences.

" Pita modeling predated current emergency operating procedure guidance for NIWS
events related to RPV level nintrol.

The PRA does not contribute to this representative accident sequence.-

_.
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4. PLANT SPI:Cil"lO Dl; SIGN AND OPI:ltATING INSIGitTS

As previously discussed, Table 3.4 provides the core dimage frequency (CDI ) distribution of
the six refelence plants among the representative accident sequences. For any given sequence there is
a signincant variation in CDF contribution from plant to plant. Again, the objective is to capture at
least 80'1 of the plant's core damage frequeng by considering the eight representatise sequenco.

The major plant specine design and operating variations are discuswd within the contest of each
representative accident sequence, in Table 4.1, the representative accident sequences are qualitatively
prioritl7ed by the awessed availability of key systems Table 4.1 provides a nnopsis of this section. A
qualitative estimate of sequence imputance (high, medium, low) is presented for each representative
accident sequence for rath of the four reference plants. The sequence inyxutance estimates generally
r(Dect the core damage frequency distributions of Table 3.4. Where a signincant disparity esists, the
rationale for the qualitative inynttance estimate is presented in the appropriate sequence discussion of
Section 4. Qualitative success estimates for the critical functions or systems that contribute to the ;

sequence are awessed. Within the contest of a sequence, if a plant function has no distinguishing
features, it is arbitrarily assigned an ' average * success estimate for that plant. The same function is
examined for the remaining reference plants. Success estimates are awigned (higher, average, lower)
relative to the benchmark * average" bawd upin design or operating variations that are aweswd to
increase or decrease the likelihood of succes( The process continues until all the critic.d f unctions that
contribute to a representative accident sequence are reviewed.

The 1.imerick, Plant A and the hiillstone i Utility PRAs did not provide detailed dominant
accident sequence f ailure modes (cutsets) so no specide system assessments could be made for these
PRAs and they do not appear in Table 4.1,

4.1 Represent ative &cident Segunstjl_l oss oLHizh Preuse Injatiortynd Failure to
[hpressurire

Sequence Descrinti.d1

Representative Sequence 1 is initiated by a general transient \ or a small break 1.OCA. The
reactor successfully scrams. Subsequently, the power conversion system (PCS) is lost.

The loss of IIPC) (llPCS) and RCIC is caused by hardware failures (primarily pump faults) and
system unavailability due to test or maintenance activities. The control rod drive hydraulic (CRDil)
system can also be used as a high pressure makeup. hinjor faults include operator failure to start the
second CRDit pump or failure to align now control station valves to maximi 7e system How. Feedwater
coolant injection (FWCI) system f ailures are due to pump breaker problems or suppirt system
malfunc tions.

' The general transient initiator is composed of the following:

Turbine trip with subuquent htSlY closure (SWi )
MSlV (losure and loss of condtnser vacuum (3W|i )
less of main feedwater (15'|} )
Inadvertent opening of an SRV with htSIV closure (3'!!)
less of offsite power (2'li )

4-1
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Emergency AC power failures such as output breaker or generator hardware faults are
important to motor driven llPI sources.

The most Impirtant basic events in this sequence invohc failure of depressuritation, particularly
the .mmmon cause failure of the SRVs or the failure to manually depressurire the RCS. The failure
to depressurire the RPV after llPl failure results in core damage due to a lack of vessel makeup.

Plant Soccl0c Desien anUQperatine indghts

As presented in Table 3.4, the plant specific mre damage frequency contributions to
representative accident sequence I range from 66% (Plant A) to far less than 1% (Grand Gulf). The
four reference plants (for which anident sequence cutsets were available) were reviewed to assess the
impact of plant specific design or operating variations on sequence contribution. The major design
features that can influence risk are listed behiw:

The feedwater (FW) system is the normal source of high pressure RPV makeup. Unlike a*

turbine driven system, motor driven feedwater pumps are not disabled by htSIV closure. Plants
with motor driven feedwater pumps have a highly reliable, normally operating wurce of high
pressure injection that is unaffected by the loss of high pressure steam and is less vulnerable to
the majority of the initiators that comprise the general transient category. In general, plants
with motor driven feedpumps are less vulnerable to this sequence and the contribution is largely
attributable to those initiators that directly disable feedwater or that affect the power supply to
the pump breaker.

Feedwater coolant injection (FWCl) systems use one 13V train for high pressure injection and*

the plants with ITVCl systems generally do not have other independent high pressure
2injectiorVdecay heat removal systems other than the isolat!on condenser , Unlike later BWR

designs, a loss of offsite p>wer at plants of this type results in a limited llPI and decay heat
removal capability, mmprised of FWCl and the isolation condenser (IC).'

Millstone uses a gas turbine emergency power source as a support system to both the FWCl*

and the IC makeup (ICMUP) system'. As identified in the IREP, the loss of the gas turbine
after a LOOP disables all high pressure injection.

A stuck open relief valve (SORV) is important because it allows the loss of sufficient RCS*

inventory to effectively disable the lower capacity high pressure injecting systems, such as the
CRDH and possibly, the RCIC system. In addition, an SORY defeats the isolation condenser.

2 Examples include: Oyster Creek, Nine Mile Point I and Millstone 1.

* Dresden 2 and 3 are exceptions. They also have an independent high pressure injection system.

* A normally closed ICMUP valve was the only component that required AC power for long term
operation of the isolation condenser. The Millstone i 1 REP credited local recovery of isolation
condenser makeup by manually opening this valve. This design vulnerability was subsequently
addressed by changing to a DC powered valve.
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The ll!gh Pressure Core Spray system generally appears to be rnore reliable than its turbine! *

driven counterpart. This is especially applicable for sequences initiated by general transients
because the majority of the amtributing initiators, such as turbine trip, MSIV closure, etc.,

; retain offsite power which is an important omsideration for llPCS operation. i

The Millstone and Grand Gulf ADS logic requires coincident high drywell pressure and low*
i

RPV level signals for automatic initiation. Within the omtext of this sequence, a high drywell
pressure signal may not occur, if a mincident high drywell pressure signalis not required, ADS
can function as a backup to the manual RPV depressurization required by the llWROG EPGs. |

!

The small Peach 110ttom and Grand Gulf amtribullons to this sequence appear to be caused ;

by different modeling assumptions with regard to ADS. Gil ilWRs can have up to eleven safety relief ;
Lvalves. Two SRVs are generally sufficient for RPV depressurintion. Since it is unlikely that ten valves

will fall randomly, the cummon mode failure dominates system unavailability. Common mode failures :
; are relatively rare and their application for PRA purpiscs, has a high degree of uncertainty. For '

exampic, both Plant Il and Peach !!ottom postulate common mode failures of the ADS valves. Plant ;4

11 applies this failure to the remaining SRVs also Peach !!ottom assumes that the non ADS SRVs are |
available for manual depressurization. Th!s assumption reduces the core damage frequency for this t

sequence by a factor of imi and is the major reaum for the wide variation in plant specific contributions :,

to representative accident sequence 1. j

Oualitative Estimate o,(Aqpence Imnortance i

The foregoing assessment of plant specific ADS and llPI design and operating varlations, in
omjunction with the core damage contributions of Table 3.4, indicates that representative accident '

sequence I is generally of medium importance. At Millstone Unit I this sequence has a high
importance, primarily due to the impact of the LOOP initiator on the high pressure injection function.
Table 4.1 presents the importance estimates for all eight representailve accident sequences, resulting
from the assessed availability of key functions and systems.

4.2 Representative Accident Seqvnte 2: less of Containment lleat Removal

Sequence Description

5Representative sequence 2 is initiated by a general transient . The reactor successfully scrams i

and RCS makeup is available. The initial or subsequent closure of the MSIVs isolates the most
important decay heat removal mechanism, the power umversion system (PCS). ;

i

The general transient initiator is composed of the folknving: |
8

-Turbine trip with subsequent MSIV closure (50%)
MSIV closure and loss of condenser vacuum (30'?o).

Less of main feedwater (15%)
Inadvertently opened SRV with MSIV closure (3'7o)
less of offsite power (2%)

i
j
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The RilR system is the alternate to PCS for decay heat removal. This sequence pmulates
failures of key RilR nimpinents such as minimum flow, heat exchanger bypass or suppression piol i'

return valves, the plugging of the suppression piol strainers or RilR loop test and maintenance '

unavailability.

] Service Water (SW) system failures are the major cause of RilR system unavailability. Key
hardware faults are: service water pump failures and RilR heat exchanger plugging on the service water I

side. The unavailability of the RilR heat exchanger due to SW test and maintenance is also significant. ;

! Containment isolation and the loss of the RllR system results in decay heat rejection to the
j suppression pool via the SRVs. The p>ol heats up, starts to boil and pressurires the mntainment, ,

Subsequently, containment venting fails. Note thet this is one of the few sequences where containment !.

! venting can preclude core damage. The prirnary containment ultimately fails on overpressure. RPV
injection is subsequently assumed to fail (due to the effects of containment failure) resulting in core ;

damage.

j'lant SorcifirResien Operatine insichts;

,

The plant specific CDF contributions associated with representative accident sequence 2 are'

small, generally reficeting the long recovery time associated with a loss of decay heat removal sequenes.
The major design features that can influence sequence importance are the diversity of the decay heat ,

removal systems (and the associated suppirt systems). The decay heat removal function can be |

influewed by the folh> wing design features:

hiillstone Unit I has separate LPCl/ containment cooling and shutdown cooling systems, with a*

total of four heat eschangers. The LPCl/ containment cooling system uses emergency SW, a
,

standby system for cooling. The SDC system uses RDCCW and normal service water which
; continually operate. The diversity of these cooling systems makes hiillstone less vulnerable to

| the loss of the decay heat removal function from random equipment failures. Rather, common !

cause failures are the major contributors to this sequence. t)

.

In general, the previously described f.eparation of the containment cooling and shutdown*

cooling functions provides greater diversity of the decay heat removal function. In practice this,

can be limited by support system diversity. For example at hiillstone, the shutdown cooling
system has single inlet and outlet AC powered htOVs which are each powered by a different '

j bus. Thus a LOOP with the loss of an EAC source disables 16 remote initiation of shutdown
cooling, as well as, one train of containment cooling.

,

A major common cause failure at hiillstone is the loss ofinstrument AC power due to breaker !*

; or bus transfer malfunctions. This disables the associated train of shutdown cooling and
'

containment cooling. These components are not normally operating and, at the time of the |
1 REP, were not periodically tested. Thus failures would normally be discovered upm system
demand.

The loss of an FAC source, given a LOOP initiator is important at most plants because it !
'

'

disables one train of decay heat removal. hiulti-unit sites with shared buses or the availability.

of bus cross ties can reduce the significance of the LOOP initiator for this sequence.
J

i

i
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As stated abo"c, the awcued availability of the du ay heat removal function and the suppirting
systems determines the impittance of this sequence. llepresentative anident sequence 2 is generally
of medium importance, reflecting the diverse decay heat atmoval methods in the llWil design, and the
long accovoy period available for restoration of unavailable systenn. hiillstone has been assessed a
higher impittance for this sequence, primarily because of limitations in suppirt system redundancy. The
loss of key supput system compinents (i e., an emergency AC power source) seems to have a grtater
impact on decay beat removal than at other plants. The Peach llottom and Grand Gulf PilAs do not
have any contribution to this sequence.

Jt pmtatative Accident Sequt ner 3 Station _innkout withjntermediat Jrutdgnul}pnh4.3 2 t

L'[trute inicction

Etqu.tnyt_Dt3[1jptiori

llepresentative Sequener 3 is initiated by a loss of olisite piwer or, to a lesser estent, by a
transient with a subsequent 1.OOP.

The sources of cmergency AC piwcr, i.e., the einergency dicscl generators (liDGs) tail primary
due to !!DG hardware failures. hiaintenance unavailability is a secondary contributor. Suppirt system
matfumtions include: EDC *oom and battery'switchgear room IIVAC failures and service water pump
or !!DO jacket cooling water hardware tailures.

The loss of all AC pmer to a Unit's emergency buses is called a station blackout (Silo). 'Ihe
definition of a station blackout in terms of EAC unavailability can vary depending on the emergency
bus distribution design, in general, SUO assumes the f ailure of all the diesels that suppirt long term
decay heat removal. In the case of a single unit (Grand Gulf) or multiple units with separate I!AC
pmcr sources (htillstone Unit 1) the loss of two sources of tmergency AC pmer is defined as a Silo.*
hiolti unit sites with shared !!DGs 13pically require more failures to disable the decay heat removal
function. At Peash flottom a Silo is defined as the loss of all four dicscis, in rencrat, the fewer the
sources of emergency p>wer the more impirtant single compinent failures or !!DG unavailability can
become. Conversely, multiple EAC sources are more vulnerable to common failure modes including
suppirt system tailures.

Some of the input sequences postulate llPCI or IIPCS low due to random f ailures, howescr,
in all cases some llPI system is available. The high presure injection systems provide core makeup
until the station batteries are depleted or the injection fails due to environmental conditions. primarily
high suppression piel tenq "rature,

l>[ ant Specific IMignJpentting inf.i.ghts

As shown in Table 3.4, the plant specific core damage trcquency contributions associated with
sequence 3 vary widely from less than IG (hiillstone Unit 1) to 81% for Grand Gulf. This sequence
potulates failure of IlPV injection due to battery depletion (412 hours) or high supprewinn pool

* Grand Gulf has Division 3 emergency AC piwcr with a dcJicated PDO. which provides powcr to a
llPCS system. NUllliG!Cil 4550 for Grand Gulf, Unit I defines a $110 as the low of emerrency AC i
Divisions 1 and 2, but not Divisinn 3. |

|
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temperatures in 64 hours after the loss of all AC p>wer. Without AC p>wer recovery, the loss of ,

makeup results in core damage. hiost ilWRs utilire llPCS.11PCI and the RCIC 93tems for Silo
coping. The turbine driven systems are dependent on DC power, and all utilire self nieled pumps that

*

depend on moderate piol temperatures for o niinued operation, hiillstone has an isolation condoser '

for long term decay heat removal under Silo conditions. The isolation condenser does not hate thei

same dependencies as the aforementioned 11P1 systerns and the hiillstone vulnerability to Silo is
dominated by the immediate failure of the IC, as addressed in representatise accident sequence 4,

[

'

The major contributor to this sequence is the failure of emergency AC p>wer. This is
dominated by the failures of all EDGs to start or run, test and maintenance unavaihibility and failure

l of the EDG supp)tt systems. Single unit sites generally have two EDGs that must fail to cause a S!!O.
The operation of a llPCS EDG (if applicable) is not sufficient to avoid Silo, i

hiulti unit sites with dedicated EDGs hequently have hardwired, administratively controlled bus*

cross-ties that punide signincant Hetibility, For example, the unit ! EDGs may be able to,

! power safety equipment on unit 2 buses.

The Peach llottom site has four shared diesels. This arrangement generally provides the most* ,

'Octibility as all four dicscis must be unavailable to cause a Silo. Ilowever, as noted below the
| interrelationship among EAC suppirt systems must be established to realire maximum
! redundancy

The major plant design features that can in0uence plant vulnerability to this sequence are:

; The senice water (SW) system prosides EDG jacket water cooling.The diversity of this suppirt*

system contributes to the relative impittance of SW to this sequence, A design that allows
multiple train cooling to each EDG is less vulnerable to SW induced EDG failures than a
strictly divisional configuration.

:

Some service water system operating modes may have common discharge lines with normally*

! open htOVs or single booster pumps, which can have a significant impact on system availability.

I The four Peach !!ottom EDGs are not completely independent due to service water system*

interdependencies. Depending on the SW 9> tem success criteria, the failure of two EDGs
(IREP modeling) or three EDGs (utility modeling) will fait cooling to the remaining EDG(s)
and cause SBO.

Qualitative Estimate of Scouente Imruttance
i :

With the exception of hiillstone, this sequence is highly important for the representative plants.
As discussed above, the multi unit sites normally have signi0eant EAC diversity due to hardwired bus
cross-ties and'or electrical bus diversity within a plant. liowever, these potential advantages have not
been fully credited in the reference PRAs due to simplifying assumptions or conservative system success.

-riteria interpretations.
3

The SW system is important in this sequence as a suppirt system to the EDGs. System designs
that have multiple SW trains to each diesel make EAC p>wer less vulnerable to single SW pump or -

valve failures.

46
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|

4.4 Representative Acrident Sequence 4' Station tilackout with Short Term Pailure of Ilich
Pressure injection.

Scouence Description

This sequence is initiated by a loss of offsite p>wer, or to a lesser extent, by a transient with a
subsequent LOOP. The sources of emergency AC power 1.c., emergency diesel generators (EDGr.) fail
piimarily due to hardware failures. Secondary contributors are output breaker failures and EDGi

;

unavailability due to test or maintenance (T&ht). Suppirt system malfunctions also mntribute to the
' loss of *M AC power. Service water hardware failures in the EDG jacket moling water train, '

battery /Altchgear room IIVAC failures and ilVAC T&ht unavailability are significant suppnt system i

mntributors to EDG unavailability. As discussed below DC power failures are also impirtant.
;

Unlike a classic station blackout with injection failure upon station battery depletion, this
sequence postulates shc.rt term failures of IIPI or the DC batteries, llPI system malfunctions include
putnp hardware failures and system maintenance unavailability. DC battery failures (including common ;
mode) are most significant, breause both the high pressure injection systems and the EDGs require DC
p)wer.

|

Core damage generally occurs less than one hour after the failure of all injection systems.

Plant Specific Desien Oncratinc insichts
!

The plant specific contributions to representative acrident sequence 4 are significant for the I

reference plants with the exception of Plant B. Phis plant's electrical distribution design powers several :
major LPCI components from the opposite unit's EDGs. This feature allows RPV injection despite a !

,

failure of one unit's EDGs and ilPl systems. '

The large Peach Hottom contribution to this sequence is driven by an assessed common mode
battery failure of five of the eight plant battery buses. This, in turn, disables all EDGs, ilPCI, RCIC
and the SRVs. The modeling of potential mmmon mode failures is subject to considerable uncertainty
because of sparse data. The Peach Dottom EDG arrangement and its service water support has been
discussed in sequence 3.

In addition to the DC power system, EAC and llPI are major contributors to sequence 4. The
emergency AC power system has been discussed in sequence 3. The contributing Grand Gulf '

sequences postulate failure of the llPCS EDG or random IIPCS failures. Given a loss of offsite power,
the total llPCS unavailability (including EAC support) is comparable to a llPCI system. The hiillstone
llPI redundancy is more limited than most, because under SHO mnditions all vessel injection systems
are inoperable, llowever, the isolation condenser can provide core decay heat removal independent of
AC p>wer. ,

Oualitative Estimate of Sequence Imnortana

Regardless of the PRA modeling issues, it is important to note that the Peach Hottom DC
power system does not have any unusual characteristics that would adversely differentiate it from the

47
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rest of the GE BWRs. Given the extensive dependence of BWR systems on DC p>wer, a common4

mode failure of the station batteries is a major contributor to core damage frequency. Since llWRs:

(including Plant II) appear vulnerable to this failure, representative accident sequence 4 is judged to be
highly irnportant for all of the reference plants.

4.5 B.entesentative Asthlent Sequence 5: AWS with Failure of RPV Water 1,evel Control at liigli
;*

Pressure

R.guence Descrintion

Representative Sequence 5 is a general tiansient with initial or subsequent MSIV closure and
a failure of the RPS. Attempts to manually wram are also not successful. The standby liquid control
(SLC) system is subsequently initiated. This sequence pistulates a failure to control RPV water level
at high pressure.

The high pressure injection (llPCSSIPCI) system fails, primarily due to pump failure to start
or T&M unavailability, injection or mintlow valves, suction switchover or loss of DC power are other
system failures.

'

At this piint, llPCI (or llPCS) has failed and ADS is inhibited. The remaining high pressure !
injection systems cannot keep the core covered at ATWS power levels. The operator fails to manually
depressurire in a timely fashion, and core damage ensues.

,

'Plant Snecific Desien Operatine Insichts

'

The PRA modeling of ATWS sequences is cumplex, omtinually evolving and subject to
uncertainty. This is reneeted in the plant specine contributions to this representative accident sequence

,

which range from <!% (Plant A) to 19% (Plant B). The four reference PRAs with accident sequence
cutsets were examined in detail. With the possible exception of the llPI, the major hardware
mntributions (i.e., transient initiator ficquency and RPS failure rates) are similar among the plants.

The individual plant specific contributions to this sequence are dominated by the different
success criteria for RPV level control. This is somewhat attributable to the evolving nature of BWR<

ATWS mitigation. For example:

Millstone does not contribute to this sequence because the IREP was completed before the
BWROG EPG philosophy of ATWS levcUpower wntrol was adopted.'

The Plant B PRA assumes a 43 gpm (pre ATWS Rule) SLC injection capacity. This1

assumption affects the success criteria for level control which requires that the operators maintain a
,

'

narrow RPV level band around the top of the active fuel (TAF). Based on ATWS computer mc.deling
with a 43 gpm SLC capacity, if RPV water level is maintained too high, excessive core p>wer production
causes high suppression pool temperature. This high suction temperature is assumed to fail high
pressure injection prior to the injection of sufficient sodium pentaborate to cause hot shutdown. The

'The BWR O.vners' Group Emergency Procedure Guidelines direct the operator to lower RPV water '

level until the scactor power level drops below the average power range monitor downscale trip, or

|. reactor water level reaches TAF, or all SRVs remain closed and drywell pressure remains bekiw the
- scram setpoint.

'

4-8
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Plant B PRA also conservatively assumes that the operator wi:1 fail to depressurize and align low
pressure injection given ADS is inhibited and llPI fails. The relatively high Plant B contribution to this
representative accident sequence is a direct iesult of those stringent water level control success criteria.

The ATWS rule (10CFR$0.62) requires an itnhanced SLC injection rate *cquivalent in control
capacity to 86 gpm of 13 weight percent sodium pentaborate solution' for each DWR. The Peach
Bottom and Grand Gulf PRAs took credit for the 86 gpm equivalent SLC injection rate. A1WS
computer simulations for Peach Bottom showed if the SLC system is initiated within four minutes, the
reactor would be shutdown prior to reaching high pool temperatures even without manual water level |
control. These sisk assessments define a failure to control water level at high pressute as manual
control of reactor vessel water level that is too low and causes core damage. Automatic IIPI level

,

control (between levels 2 and 8) is considered a sueecss. This success criterion rest.lts in a very low '

assessed failure rate for ATWS water level mntrol at high pressure.
|

The major hardware variation among the contributing reference plants is the systems used for
high pressure injection during ATWS. As previously discussed, the comimsite transient initiator for this
sequence has a relatively small LODP contribution (approximately 2'?<). Within the contut of this
sequence, given the availability of offsite power, the motor driven llPI syvems (such as llPCS) are
considered to be more reliable than their turbine driven counterpart (ilPCI).

Qpalitative Estimate of Sequence lmnortance

From the foregoing discussion, the reference plants (for which accident sequence information
'

is available) have an estimated medium impmtance for representative accident sequence 5. The
individual plant contributions to this sequence are driven by PRA modeling assumptions. The
comparative reliability of high pressure injection systems is somewhat less important.

4.6 jlenresentative _A,rstd nt Sequence 6: NTWS With Faihire of RPV WaterLevel Cor, trol at inwt

Pressure'

Representative Sequence 6 is a general transient with Reactor Protection System (RPS) failure.i

Attempts to manually scram also fail. MSIV closure results in the loss of the condenser. SLC injection
is successful, in order to minimize SRV discharges to the suppression pool the operator lowers RPV

; water level. At this point, the sequence branches.

l. The operator fails to inhibit ADS. RPV water level is being controlled below the ADS logie
,

|. setpoint. Automatic depressuritation occurs, folkiwed by uncontrolled low pressure irjection.

2. The operator inhibits ADS. The high pressure injection sources f ail to supply sufficient ,

makeup. The RPV is manually depressurized to allow kiw pressure injection. The operator
fails to control water level using the low pressure systems. j

,

The failure of RPV water level control results in increased reactor power, increased suppression
pool temperature and pressure. The containment fails due to overpressure which fails all RPV injection
from the suppression pool, and results in core damage.

49
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i

As stated previously. ATWS modeling has mnsiderable uncertainty. The llWR Owner's Group (
Emergency Procedure Guidelines (EPGs), the (nhanced SLC control capacity and advances in thermal j
hydraulic codes have influenced success criteria and mitigation techniques.

<

Once again, the evolutionary nature of the llWR ADVS response has resulted in varying .

contributions to this sequence. The four PRAs with accident sequence cutsets were examined in detail. !

The plant configuration and ABYS modeling vary, dee to the regulatory environment and mitigation
techniques in effect during the development of the PRA, as diwussed below:

|
!

The Millstone i 1 REP does not contribute to this sequence because l' was completed before the
adoption of the !!WROG Emergency Procedure Guidelines ADVS power and level mntrol guidance.

,

The 43 gpm (pre ATWS Rule) SLC injection capacity' as modeled in the Plant 11 PRA is the primary
reason for the large (lW) contribution to this representative sequence.

The original SLC system configuration requires an extended time period (15 30 min)(Ref. 4)
for the injection of the hot shuhtown boron weight. In the interim, the suppression pool temperature

1

increases, and the RPV is depressurized in conformance with the heat capacity temperature limits of
the emergency operating procedures. The 43 rpm SLC capacity results in a higher ultimate Iml .

temperature and a lower RPV pressure. These factors combine to make continued ilPl unlikely to
secur. The Plant 11 ATWS modeling assumes eventual manual depressurization and switch over to low
,cressure injection. Twelve of the sixteen percent that Plant 11 contributes to this sequence (see Table
3.4) can be ascribed to the subsequent failure to maintain level within one foot of the top of the active '

fuel (TAF). The remainder of the Plant Il contribution to this sequence is attributable to the failure
of water level control at low pressure given a previous llPI failure or an inadvertent ADS actuation.

Grand Gulf and Peach Bottom do not contribute to this represemative sequence because the i

enhanced SLC injection capacity or 86 gpm, equivalent was credited in these PRAs. The increased
injection rate is expected to allow reactor shutdown prior to the loss of the high pressure injection
systems. These PRAs do have sequences that postulate automatic depressurization or llPCS/IIPCI
ptem failures that require the low pressure systems. Ilowever, the success criteria for low pressure
level control requires that RPV level be maintained no lower than six feet beh>w TAF. Potential power
excursions or baron dilution due to vessel overfill appear to be neglected. Consequently, them PRAs
have a very low failure estimate for low pressure level control.

in addition to the relatively higher reliability of the llPCS system (see sequence $) the ADS
inhibit switch is an important plant design feature. On the basis of simulator observations, an MSIV
closure with ATWS requires that the operators perform multiple tasks within a short time period. The
inhibit switch (Peach Bottom, Plant B) eliminates the periodic manual resetting of the ADS (Grand
Gu!f) and reduces the potential for inadvertent systen' actuation.

t

,

*
The plant SLC injection capability has since been upgraded to conform to the requirements of

10CFR50.62.

4 10
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Qualitative IStimag of Sequence Imruttance

d Plant specific contributions to sequence 6 are largely determined by modeling assumptionr.,
rather than the llPI and ADS design varutions, noted above. On this basis, the :clerence plants have
been assigned a medium importance for scpreser.tative accident sequence 6.

4.7 lkpresentative Atddent Sequence 7: ATWS with Failure of Standby Liquid Cen,ttol (St.C)
Inkstien ;

Representative sequence 7 is a general transient with failure to scram. Manual scram is also not |
successful. The majority of the contributing sequences (84%) assume PCS isolation. The focus of this

,

sequence is the in; lure of the SLC system. The estimated unavailability of the SLC system is dependent
'

on the compliance alternative that was adopted to meet the 86 gpm equivalent injection requirement ;

of the ATWs Rule (10CFR50.62). !
i

The enriched boron option maintains the original system design. The inucased control capacity !

is obtained by using sodium pentaborate that mntains approximately 40 atom percent of the !!oron 10
; isotope, This isotope is the neutron absorber and normally accounts for 19.8 atom pc ent of the

naturally occurring boroa. The enriched boron option allows the SLC to retain its . mdancy.
Consequently, human errors such as the failure of timely SLC initiation or the failure to rv ,re the

,

system after testing dominate system unavailability.

The '.wo pump alternative simultaneously uses both SLC pumps to inject natural pentaborate ;

(19.8% 11"')into the reactor vessel. This configuration climinates the system iedundancy as both pump :

trains must be operable to meet the higher injection requirement. As expected, hardware failuresi

become more important, accounting for approximately 50% of system unavailability. An additional
contributor is the fallute of the Reactor Water Cleanup (RWCU) isolation valve to close on SLC

,

actuation.
,

As the sequence progresses, the continued RCS blowdown (even with adequate water level
control) causes suppression pool heatup. Deptrssuritation due to the heat capacity temperature limit
(ilCTL) or the high pool temperature itself fails high pressure injection. Failures of water level control

' at high or low RCS pressure accelerate containment pressuritation and the onset of core damage.

Plant Snecific Deslen Operatine insichts

i Once again, the success criteria definitions determine the plant specific contributions to this
; sequence. Most plants assume that the failure of timely SLC initiation (i.e., within four minutes) results !

in core damage. The human error probability (llEP) associated with the system initiation is not
negligible and, depending on the SLC compliance alternative, can be a major cause of system failure.

'

The Grand Gulf PRA has a different approach. The SLC initiation llEP is extremely low, and the
plant utilizes two rump injection which would norraally be expected to have a condderable hardware
contribution. Ilowever, the PRA assumes that given SLC failuie, the level' power oscillations do not
damage the core and containment failure does not result in the loss of RPV injection. On this basis,
the Grand Gulf PRA has a very small amtribution to this representative sequence which is due to
random injection failures, not SLC unavailability.

4 11 i

|
_. _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _



_ . _ _ _ _ _ _ _ _ ____._______..m - .m _

Although it is not reflected in the reference PRAs, plants that use the two pump SLC
configuration 1.re generally expected :o have a higher contribution to representatke accident sequence
7 because of the higher estimated unavailability of this non-redundant arrangement.

Qualitative Estimate of Sequence Imnortance

This sequence is considered to be of medium importance te '

.e reference plants on the basis,

of plant specific contributions (Table 3.4) and a detailed PRA reh. A higher importance may be
appropriate for thosc plants that utilize a two pump SLC injection configuration, in conjunction with
a limited suppression pool mass (typically associated with h1 ark I and some hiark 11 containments). A
large suppression pool thermal capacity can provide a potential success path in the event one of the two
SLC trains is unavailable.

,

4.8 Representative Accident Sequence 8: Unisolated 1 OCA Outside Containment

The initiator is a large pressure boundary failure outside containment with a failure to isalate
the rupture. The piping failae is postulated to occur in the following systems: main steam (507c),
feedwater (197c), high pressure injection (339c), and interfacing LOCA (7G). An interfacing systems
LOCA initiator (ISLOCA) is defined as the initial pressurization of a low pressure line which results
in a pressure boundary failure, compounded by the failure to isolate the break. The failure is typically
postulated in a low pressure portion of the core spray (CS) system, the LPCI, shutdown cooling, and (to
a much lesser extent) the head spray line of RilR systems.1luman error was an important contributor
to recent events at a hiark I BWR in which the RCIC uction piping was overpressurized during testing
while at power, Plants with isolation condensers can have tube or tube sheet failures and low pressure
RWCU systems are also subject to interfacing system LOCA concerns. Unlike most BWRs, the
hiillstone SDC system is designed for RCS pressure and does not contribute to this sequence. Tbc
importance of the interfacing LOCA is influenced by two factors.

On line surveillance of the high to low pressure interface valves for the CS and RilR valves*

could raise the importance of this sequence.

Several BWRs have performed analyses to confirm the pressure retaining capability of the low*

pressure piping under interfacing LOCA conditions.

The unis aated LOCA outside containment results in a rapid loss of the reactor cooling system
(RCS) inventory. Piping failures in the reactor building can result in unfavorable emironmental
conditions for the ECCS in addition to the depletion of the finite suppression pool inventory. Ruptures
outside the reactor building cause minimal ECCS impact which can enable manual realignment of the
ECCS suction to the condensate storage tank. The condensate system can also be used for primary
system makeup for most of these initiators.

Plant Snecific Desien and Oneratine Insichts

The plant specific core damage frequencies associated with representative sequence 8 are very
low. Unlike PWRs, the LOCA outside containment sequence is not a significant contributor for any
of the BWR PRAs examined. This is attributable, in part, to the lower RCS operating pressure which
reduces the interfacing system (ISLOCA) contribution. Several BWRs have performed analyses to
c(mform the integrity of the low pressure piping under interfacing systerns LOCA conditions.

4-12
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The major systems that contribu'c to LOCA outside containment do not vary significantly i
among BWRs. In general, the number and arrangement of the containment isolation valves, piping
sizes and lengths, and the available mitigation systems are fairly consistent, llowever, there are two
notable low pressure interface design features.

The most common low pressure ECCS interface design has an air operated check valve inside
containment, a normally closed motor operated outboard containment isolation valve, and an upstream
(further from containment) normally open htOV at the interface boundary. Peach Bottom and Grand
Gulf have an interlock that prevents both h10Vs from being open at the same time. This can
significantly reduce plant risk due to the on-line testing of the interface valves. Other plants, such a
hiillstone, have additional normally closed hiOVs or check valves within the high pressure piping that
must also failin order to challenge the upstream low pressure pipir.g.

Given the relative similarity of the GE BWRs, the major influence on plant specific exposure
to ISLOCA is operating practices. For example, Plant B racks out the breaker 9 'or the SnC interface
htOVs as a backup to the valve pressure interkicks. In addition, on line test 2 . ' tha t h to low#

pressure interface valves for the RHR and CS systems can dramatically increne the importan c of this
sequence.

Qualitative Estimate of Scouence Imnortance

Representative accident sequence 8 generally has a low import *n'c tion a core damage
perspective. Ilowever, on the basis of health effects tne sequence is t-o e gnificant. The limited
res;ionse measures to a LOCA outside containment, in conjunction with si ' high level of design
consistency among BWRs, means th t plant specific operating practices .vc the pihrary determinant of
sequence importance. In particular, plants that have on line testing of the ).PI is erface valves (Peach
Bottom, hiillstone) can increase the interfacing system LOCA core dam.; e frequ ncy by up to two
orders of magnituqc. Although interface h10V interlocks can significanu, . . duce the initiator
frequency, plants r.iight want to analyze the risk benefits of on line interface valve testing for BWRs.
Alternatively, the test procedures should incorporate industry experience to reduce the potential for
ISLOCA.

,

4-13
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5. IDENTIFICATION OF RISK IMPORTANT SYSTEhlS, COM PONENTS, AND llUMAN
ACTIONS

|

In a pRA, plausible ao:ident scenarios are chosen for analysis. The accident scenario begins with
an initiating event such as loss of offsite power, which is then referred to as the initiator. Subsequent
system failures such as failure of the emergency diesel generators to function can occur due to
component failures or unavailabilities due to test or maintenance outages, or due to human errors.
These individual failures are referred to as basic esents. The scenario proceeds with additional failures
occurring until core damage occurs. The overall accident scenario leading to core damage is then
referred to as an accident acquence.

Each accident sequence is evaluated by assigning a probability of occurrence to each basie event,
which is then referred to as the hasle esent probability. The result is that each accident sequence has
a frequency of occurrence which represents its contribution to the total frequency of core damage,
llence, the logical sum of all the accident acquence frequencies represents the total core dan,:nte
frequency. The number of plausible accident scena:ios can be 100 or inore, llowever, only a portion
of these scenarios, or accident sequences, account for the bulk of core damage frequency. The latter
sequences are referred to as the dominant accident n ,uences.

The term logical sum refers to the need to amid multiple counting of accident sequence failure
combinations, referred to as cutsets in PRA terminology, which appear more than once in the core
damage frequency summations. Only the minimum number of failure combinations, or minimal cutsets,
should be accounted for.

The term risk can vary in application. '. hat is, one can calemate the risk of core damage, which
may have no adverse cifcets on human beings, or the risk i.. conta8nment falle.x, whkh * gain may or
may not af' et human beings. Ideally, one is interested in the 'sk of radioactmty releases to the
emironment affecting the short term or long term healti. of hum:v hir js. Iler.ec, Qe mm risk of
health effetts is also used. The complexity and uncertainty of ti- salculatiomo mov: 6. well as th(
need for detailed site specific informatior., greatly inercase as c4 -tainment fa%- modes and health
effects are considered. For the purposes of the methodology presented in this report, the detailed risk
insights that would be so develo ed would have limited generic applicability. This report focuses on

,

core damage frequency as an approximation of risk. (in a strict sense, only the frequency of core
damage is considered in this report, not the risk of core damage, because risk implies the probability of
health effects on human beings or othe, parts of the environment.)

In the discussion which folkms, the method by which the contributing basic events that comprise
the accident sequence cutsets are prioritized is explained. This prioritization process results in a<

numerical value, or importance measure, for the basie events.

The mathematics for calculating the average basic event importances are presented in Section 5.1.
The importance measure is a relative measure of risk in terms of core damage and can be used to
prioritize the basic events for inspection pur[uses.

5-1
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Each representative accident sequence can envelope multiple plant specific sequencer from each
of the four reference PRAs. Basic event importance values (1,) are calculated and subsequently8

normalized for each of the plant specilie accident sequences (Eq. 5-1). The average basic event
importance (l*,) of Table 5.1 is simply the average of the contributing plant specific normalized
importance value (l",), as shown by Eq. 5 2.

These average importance values are just thai - a composite of the plant specific accident sequence
information. As such, the accident contributors are identified, but the prioritization, based on the
average importance, may de-emphasize the risk significance of certain plant specific variation,. The
plant-specific modifiers (Section 5.2) were developed to approximate the risk significance of , elected
basie events. They are applied where a significant deviation between the average importance ralue of
Table 5.1 and the corresponding plant specific value occurs that is attributable to plant-specific design
or operating features. Section 5.2 provides a simple example for illustrative purposes.

Section 53 briefly discusses a system-oriented approach or inspection matrix that is presented in;

Appendix A. This matrix is a plant activity based organization of the basic events for the representative4

accident sequences.

5.1 Calculation of Averace System and Basic Fvent importances

A single accident sequence can be composed of several hundred cutsets. To maintain the desired
importance measure calculations at a reasonable level, only the cutsets that appeared in the top 80%
of a plant specific sequence's probability of core damage (its CDF contribution) were considered. If
this was still not practical, only those cutsets greater than, or equal to,1% of the sequence's CDF
contribution were considered.

For each plant-specific dominant accident sequence, either the Inspection Importance or the
Fussell Vesely importance was calculated for all of the basic events appearing within the sequence
boundaries defined above,

The inspection importance of a given basic event is the summation of the CDF contributions of
'

all the cutsets in which the basic event appears, either within a particular accident sequence or among
all of the plants accident sequences upon which th; total CDF is calculated. The Fussell Vesely
importance may be defined as the Inspection Importance divided by a constant value, usually the total
CDF, or else the CDF contribution of the particular accident sequence.

.

The importance measures which were obtained in this manner were normalized for each plant-
specific sequence, so that the summation of these average basic event importances equals 100% for
each sequence.

In reality, each of the representative sequences encompasses more than one plant specific accident
sequence. That is, there are multiple plant specific accident sequences associated with a representative
accident sequence. Therefore, an average basic event importance was calculated for each basic event
la the represcntative accident sequence by taking the summation of all the normalized basic event>

'

values for that same event in the pertinent plant specific sequences, and then dividing by the total
: number of plant-specific sequences contributing to the representative sequence.
:
!

5-2
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Mathematically, the above discussion can be represented as folkwvs:

le'r
Ir "

(5-1),,

{l'(i)
,.i

where
l ', = the Inspection importance of the I basic event for a plant speci6c sequence

m= the number of basic events in a plant specific sequence

l'g = the inspection importance of basic event i

1[ = the normalized importance for basic event I of a plant sp;cific sequence

To calculate the average importance of the basic events in the representative sequences, each of
the normalized basic event importances, li, are then substituted into the folknving equation

I,^ = 1 f,.i 1[(i) (5-2)
n

where:
l^ the average basic event importance for event I of a representative accident=

sequence,

the number of plant specific sequences associated with a representative accidentn =

sequence.

For example, refer to Table 5.1, Representative Sequence 1, the ADS human error, '' Failure to
manually depressurize using non ADS valves."

The plant specific contributors to Sequence 1 are:

Plant PRA Sr>ecific Sequence No. Total No. of Scouences

Millstone (IREP) 1,3,5 3

Plant B 4,15,22 3

Peach Bottom A 1

Grand Gulf - 0

N=7

5-3
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1

The basic event inspection Importance for this particular human error, event f is:

Normalized Inspection
PRA Specific Sequence No. Importance for Event

Plant Containine Event f (l!)

Millstone 1 20
3 20
5 20

Plant B None -

Peach Bottom A 12

I'li = 72

The average basic event importance, l^, is then:

1,^ .I { I|d(72)= 10_

n 7

5.2 Development of Plant Snecific Modifiers

in the example in Section 5.1 above, it was shown how the average basic event importances,

provided in Tab',e 5.1 were calculated. The next step is to illustrate how the average event importances
should be adjuste 1 for application to plants. The adjustment factors are referred to as Plant Specific
Modifiers (PSM). The average importance values are a composite of the reference plant design system
redundancy, operational practices and other features. The PSM approximates the mntribution of these
plant-specific variations.

*

A total of 30 modifiers are provided in Table 5.1. They are intended to accommodate the various
design and operating variations in GE plants. The events in Table 5.1 are cross-referenced to the
applicable modifiers. Plant specific basic event importances for plants can be derived using these
modifiers. These modifiers judgementally reflect, the design / operating variations from the four
reference plants (Millstone, Plant B, Peach Bottom and Grand Gulf ).

As an example, for the same basic event mentioned in Section 5.1, PSM No.17 is cross-referenced
in Table 5.1 The factor of 2 (PSM No.17) was developed in the following way. In the Millstone IREP,
there were 3 contributing sequences to Representative Sequence No. L., i.e., Nos.1,3,5. All three
contained the basic event. Hence, the Average inspection importance for this event, considering only
Millstone is:

5-4
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!

20+20+20
1,4 = 20=

3 sequences

versus the average for all plants,1^ = 10. The intent of the plant specitic modifier (PSht) is to
approximate the contribution this basic event would make in a plant with a configuration similar to
hiillstone, llence, the applicable PShi (No.17) is:

'

l'S M - L'O =2
10

PShis have only been provided for basic events in which plant design or operational variations have
a strong in0uence, either positively or negatively, on the CDF contribution of a representative sequence.

To summarize, Table 5.1 presents the basic events for each representative accident sequence,
including the associated average importance estimates. These importance values can be used to rank
the sequence contributors on a relative basis only. For example, a value of eight is considered to be
more risk significant than an estimate of two, but not necessarily four times as important. In addition,
small differences are not considered to be significant.

The average importance values are just that, a composite of the plant specific accident sequence
information. As such, the accident contributors are identified, but the prioritization, based on average
importance, may de-emphasize the risk significance of certain plant specific variations, hence, the use
of the PShis. The last column of Table 5.1 provides these PSN1 notes to identify the applicable PShi
for the corresponding 5asic events. The PShis are listed sequentially following Table 5.1.

5.3 Rankinc of the Basic Events

'Ihus far, the methodology has had an accident sequence emphasis, meaning that failure
descriptions and basic event rankings were presented within the framework of a sequence. From a
PRA perspective, the accident seqaence approach provides the context for the examination of
component failures, human actions, and their interrelationships, flowever, it is more convenient to
organize tr e important events by plan: activities. Appendix A presents an inspection matrix which is ;

a plant actisity based organization of :he basic events associated with all eight representative accident
sequences. As before, risk significant design and operating variations can be incorporated to provide
a plant specific prioritization of systems, components, and human actions.

I
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Table 5.1
Representative Accident Sequence importance Summary

DWR Representatin Accident Sequence 1 - Loss ofliigh Pressure injection and Failure to Depressurize

Plant Speci6c
Event Description. Averace Imnortance J Modi 6er Note

INITIATOR

Transients w/immediate or 20 3

subscouent loss of PCS
Loss of offsite power (LOOP) 2 3,4
initiator

Initiator total = 22

Stuck open relief valve (SORV) 6 19

RECOVERY

Failure to recover offsite power 2 4, 5
Failure to recover PCS 9 5

Recovery total = 11

ADS / MANUAL DEPRESSURIZATION

* liuman Error
Failure to manually depressurize 10 17
using non ADS valves

* liardware
ADS valve fails to open incl. 12

ADS common cause failure due
| to 0 ring leakage
| ADS total = 22

IIIGli PRESSURE INJECTION (IIPI)

llPC1/IIPCS

* Pu nps
llPI pump fails to start or run 8 20
liPI pump in test or maintenance 2 20

llPCI/HPCS sub-total = 10

3
See General Notes 1 and 2 in the listing of Plant Specific Modifiers that accompanies this table.
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Table 5.1 (Cont'd)

Sequence 1 (cont'J.) j
Plant Specine

Event Descrintion Averace importance52 Modifier Note

RCIC
* Pumps j

RCIC pump fails to start or run 4 '

RCIC pump in test or maintenance 2

RCIC sub-total = 6

CRD liydraulic System 22

* liuman Error
Operator fails to manually start and 2

align the second CRD pump
Operator fails to align CRD hydraulic 1

system valves to maximize RPV
injection

* Pumps
CRD pump fails to start <1
CRD pump in maintenance <1

CRDit sub-total = 3
Feedwater Coolant Injection (RVCI)* System

* liardware
Failure of FWCl pump breaker i
RVCI pump pressure permissive <1
switches fail
BVCI pump pressure permissive <1
switch out for test or
maintenance

*I&C
FWCl initiation logic fails <1

* BVCl Support Systems )
Mechanical failure of SWS to provide I

cooling to the BVCI pump
Failure of the cond transf to provide I
makeup to RVCI FWCI sub-total = 3

IIPI total = 21

'DWR 3 only

J See General Notes 1 and 2 in the listing of Plant Specific Modifiers that accompanies this table.
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| Table 5.1 (Cont'd)

Sequence 1 (cont'J.)
Plant Specific

13Event Descrintion Averacc importance Modifier Note

llVAC

* Recovery
Failure to recover ilVAC to 2

switchgear room

* 11ardware
DG bldg ilVAC to a switchgear 4

room fails, disabling a bus

llVAC total = 6

AC POWER

* liardware
Dreaker failure prevents the loading of 2 10

the emergency generator
Emergency generator fails to 2 10

start or run

AC total = 4

ISOLATION CONDENSER (IC)*

* Human Error
Operator fails to open IC makeup valve 1

* Hardware
Failure of isolation condenser 2

makeup valve to open
Isolation Condenser isolation 2

valves closed for test or maintenance

* I&C
| Isolation condenser initiation logic !
' relay contacts fail to operate

IC total = 6

*BWR 3 only

,

1
1

'2 See General Notes I and 2 in the listing of Plant Specific Modifiers that accompanies this table.
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Table 5.1 (Cont'd)

BHR Representatin Accident Sequence 2 Loss of Containment lleat Removal

Plant Specific
Event Description Averace Imnortance'2 Modifier Note

1

INITIATOR

Transient with immediate or 21 3
subsequent loss of PCS
LOOP 2 3,4

Initiator total = 23

Stuck open relief valve (SORV) 4 19

RECOVERY

Failure to:
successfully vent 15 7,8
the containment
recover offsite power 2 4,7

- reestablish the power 10 7
conversion system (PCS)
recover IC makeup by 4 9
manually opening valve
recover RilR failed valve 3 7,23

Recovery total = 34

SERVICE WATER (SW)

* Valves
Common cause failure of SW valves <1
disables both RilR IlXs

* Pumps
Service water pump (s) fail to run 10 23

* Ileat Exchangers (llXs)

RilR llX unavailable due to SW 5 23
testing or maintenance
RilR llX fails due to plugging on 2 23
the SW side

SW total = 17

.2 See General Notes I and 2 in the listing of Plant Specific Modifiers that accompanies this table.
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Table 5.1 (Cont'd)

Sequence 2 (Cont'd.)
Plant Specine

Event Description Averace Imnortance'2 hiodiner Note

EMERGENCY AC POWER
1

Emergency generater fails to start or run 4 11 |
'

Generator breaker fails to close 4 11

EAC Power total = 8

INSTRUMENT AC
|

Transformer / breaker malfunctions 5 15

that failinstrument AC and pump
cooling for the LPCI containment
cooling modes and the control logic
for shutdown cooling
instrument AC auto bus transfer fails 3 15

disabling instrument AC with the same
consequences as above

IAC total = 8

RESIDUAL llEAT REMOVAL (RilR)

= Valves
RilR min flow valve (s) fail to open on 1 23

demand, including common mode
RiiR HX bypass valve (s) fail to close 1 23

including common mode
RilR suppression pool return valve (s) 1 23

fail to open including common mode
Plugging of R11R suppression pool 1 24

strainer
RHR loop unavailable due to testing i 23

or maintenance

RilR total = 5

.2 See General Notes I and 2 in the listing of Plant Specific Modifiers that accompanies this table.
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Table 5.1 (Cont'd)

BiVR Representative Accident Sequence 3 Station Blas!:out with Intmnediate Tmn Failure of liigh

Perswre Ir\]ectims
Plant Specific

Event Description Averate Imrurtance > Modifier Notel

INITIATOR

less of offsite power (LOOP) initiator 16

Transient initiator w/ subsequent LOOP 3

Initiator total = 19

RECOVERY

Failure to recover offsite power 20 6

Failure to recover from EDG hardware 12

failure including common mode 6

Failure to recover from EDG maintenance 2

outage 6

Recovery total = 34

EMERGENCY AC POWER (FAC) 12

EDG fails to start or run
(incl. common mode) 34

EDG in maintenance 4

EDO actuation logic failure <<1

EAC total = 38
SERVICE WATER (SW)

* Iluman Error
Operator fails to manually start SW 3

booster pump to cool EDGs

* Valves
SW common inlet or return <l

valve to EDG
jacket cooler in maint.

* Pumps
SW pump hardware failure 3 26

(failure to start /run)
disables EDG cooling
SW pump out for maintenance 1 26

See General Notes 1 and 2 in the listing of Plant Specific Modifiers that accompanies this table.2
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Table 5.1 (Cont'd)

Sequence 3 (Cont'd)

Plant Specific
Event Descrintion Averace Imnortance .2 Modifier Nolgi

+ General
SW EDG Jacket cooling IlX train 4 27
fails (primary jacket water ilX inlet
or outlet valves)
SW EDG llX train (primarily jacket <l
cooler ilX) out for maint.
Common mode failure of SW trains fails <l

all EDG cooling

SW total = 8

IIVAC

EDG room IIVAC hardvare falling 1

(incl. fan, damper failures)
Battery /switchgear room IIVAC hardware i
failure disables one AC and/or DC division
Battery /switchgear room 11VAC in <1
maintenance
EDG room liVAC out for maintenance <1

IIVAC total = 2
DC POWER

Battery Failure <1
Battery charger failure <1

DC Power total = <1

.

i.2
See General Notes 1 and 2 in the listing of Plant Specific Modifiers that accompanies this table.

5-12
,

|



. _ _ _ _ _ - _ _ - _ _ _ _ _ - _ _ _ _ _ _ _
- . _ _ - _ _ , _ , -

Table 5.1 (Omt'd)

BWR Representatin Accident Sequence .I . Station Blackout with
Slwit Tenn Failure ofliigh Pressure irtjection

Plant Specine
Event Description Averace Imrmrtance'2 hiodi0er Note

INITIATOR

Loss of offsite power (LOOP) 21

Transient with subsequent LOOP 4

Initiator :otal = 25

Stuck open relief valve (SORV) 3 19
..,

RECOVERY 5

Failure to recover:
offsite power 13

battery /switchgear cooling 3

- from EDG hardware faults 1

a battery fault i
~

- from EDG maint. unavailability <1

Recovery total = 18
EMERGENCY AC POWER 13

EDG hardware fault 14

(incl. common mode failures)
Dreaker fails to close preventing 2
energizing the bus
LOOP trip signal fails to reset, 4 14

EDGs unable to pick up load
EDG unavailable due to 1

maintenance
Loss of EDG actuation signal <l

incl. relay failure

EAC p>wer total = 21
DC POWER

Failure of a battery 18 16

(incl. common mode)
DC battery unavailable <l
due to maint,

DC Power total = 18

82 See General Notes I and 2 in the listing of Plant Specific Modi 0ers that accompanies this table.
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Table 5.1 (Cont'd)

Sequence 4 (Cont'd)

I'lant SpeciGe
Event Description Avernce Imruttance*# hiodiGer Note

IIVAC/ROOh! COOI.ING

Batteryhwitchgear room cooling failures 3

causes the loss of a switchgear train

Battery /switchgear room cooling train 2
unavailable due to maintenance

EDO room IIVAC (room moler) <1
hardware failures
EDG room IIVAC in maintenance <<1

IIVAC/ Room Cooling total = 5

IIIGil PRESSURE INJECTION (llPI)

IIPCl/IIPCS

* Valves
Condensate storage tank outlet valve <1
plugged, also fails RCIC
Min flow valve fails to open <1
(incl. controller failures)

* Pumps
Pump hardware failure 1 21

,
(failure to start)

|

| * I&C
| Suppression pool switchover logic <1

fails'

| Actuation logic fails <1

* General
System unavailable due to maintenance <1
including TDP
Injection line hardware failure <1
(primarily valves)

IIPC1/IIPCS sub total = 1

82
See General Notes I and 2 in the listing of Pitnt Specific Modifiers that accomp:mies this table.
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Table 5.1 (Cont'd)

Sequence 4 (Cont'd)
Plant Specific

Event Dewrintion enace Imnortanct;2 hiodi0er Notei

RCIC

* lluman Error
Operator fails to <<1
manually start RCIC given
auto actuation failure

* Valves
Min flow valve fails to open <1

(incl. controller failures)
Steam inlet valve (at turbine) <1
fails to open
Steam line containment isolation <1
valve fails to open
RCIC injection line valve failure <1

(near feedwater/RCIC interface)

* Pump
Pu ap fails to start or run 2

* General
RCIC system unavailable due to maint. 1

RCIC tube oil cooler hardware failure <1

* 1&C
RCIC actuation logic fails <1 1

RCIC sub. total = 3
HP1 total = 4 ''

ISO 1ATION Cf. 4 DENSER (IC)*

Failure to recover IC makeup by 2 25

manually opening failed valve
IC isolation valves not restored after 1 25

test or maintenance

IC total = 3

**BWR3 only ;

I

8J See General Notes 1 and 2 in the listing of Plant Specific Modifiers that accompanies this table.
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Table 5.1 (Cont'd)

Sequence 4 (Cont'd)
Plant Specific

Event Descrintion Averace Imnottance23 ModiGer Note

SERVICE WATER (SW)

* 11uman Error
Operator fails to manually start SW <l

imoster pump to cool EDGs

* Pumps
# SW pump hardware failure 1 26

SW pump out for maintenance <1 26

* General
SW EDG jacket cooling ilX train 2 27
fails (primarily jacket water
11X inlet or outlet valves)

SW Total = -3

REACTOR PRESSURE VESSEL (RPV) LEVEL INSTRUMENTATION

Common mode miscalibration <<l

4 See General Notes 1 and 2 in the listing of Plant Specific Modifiers that accompanies this table.
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Table 5.1 (C4mt'd)

B1VR Representative Accident Sequence 3 AT115 with Failure of RP1'1 Vater fxrel Control at liigh
Pressure

Plant Specific
Event Descrintion Averate Imruttance'2 hiodifier Note

INITIATOR

General trancient with initial or 25 3

subsequent MSIV closure

SCRAM FUNCTION

Failure of RPS and manual scram 25

REALTOR PRESSURE VESSEL (RPV) WATER LEVEL CONTROL

Operator fails to manually 25

depressurize RPV (given llPClllPCS
failure and ADS inhibited). The
remaining high pressure systems
cannot keep core the covered

lilGli PRESSURE INJECTION (llPCI or llPCS)

* Valves
Min flow valve fails to open 2

incl. controller
Injection line valve near ISV interface 2

(or at RPV for HPCS) fails to open
Steam inlet valve (at turbine) <<1
fails to open

* Pump
llPI pump fails to start or run 14 20

HPI pump urevailable due to 6 20
test or maint.

* I&C
llPI suction switch over logic fails 1

IIPI actuation train fails <1
IIPCI level switch at steam line drain <1
pot fails (no output)
Lube oil cooling fails <<1

IIPI to tal = 25

.2 See General Notes I and 2 in the listing of Plant Specific Modniers that accompanies this table.
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Table 5.1 (C<mt'd)

Sequence 5 (Cont'd.)
Plant Speellie

Event Description Ascrage Importanced Modiner Note

DC POWER

less of DC power from one
station battery <<1

BlfR Represmtatin Accident Sequence 6 - AT115 with Failure of
RPI' If'ater inel Control at law Pressure

INITIATOR

Transient initiator with initial or 25 3

subsequent MSIV closure

i

SCRAM FUNCrlON

RPS and manual scram failure 25

REACTOR PRESSURE VESSEL (RPV) WATER LEVEL CONTROL

Failure to control RPV water level 25

at low pressure

AUTOMATIC DEPRESSURIZATION SYSTEM (ADS)

Failure to inhibit ADS (or prevent 12 18

uncontrolled depressurization)

IIIGli PRESSURE INJECTION (llPC1/IIPCS)
l

( * Valves
| Steam inlet MOV (at turbine) fails to open <1

Injection line MOV near FW interface <1
(IIPCI) or RPV (IIPCS) fails to open
Min flow valve fails to open <1

* Pump
HPI pump fails to start or run 9 20

HPI pump unavailable due to test or maint. 4 20

u See General Notes I and 2 in the listing of Plant Specific Modifiers that accompanies this table.

5-18

. . .. ,.



. _ - .

Table 5.1 (Cont'd)

Sequence 6 (Cont'J.)
I'lant Specific

hent Description Averace Imtuttance'# hiodifier Note

' l&C
Steam line drainpot level switch fails <1

(no output)
System actuation train fails <1

Lube oil cooler loses flow <l

llPI total = 13

DC POWER

Loss of DC powei from
one station battery <l

BliR Representatin Accident Sequence 7 - ATifS with Failure of SLC Irtjection

INITIATOR

Transient initiator with failure to 32 3

scram with or without PCS isolation

SCRAM FUNCTION

Failure of RPS and Manual Seram 32

STANDnY LIQUID CONTROL (SLC) SYSTEM

Enriched Two Pump
Baron inicetion

+ lluman Error
Operator fails to actuate system 21 10 28

in time
System not restored (realigned) 10 6 29

after testing

* Pumps
SLC pump in test or maint. 1 3

SLC pump (s) fail to start <1 4

+ Valves
SLC manual tank outlet valve <1 <1
(to pump suction) is plugged

SLC relief valve fails to close <1 2

diverting flow back to pump suction

See General Notes 1 and 2 in the listing of Plant Specific Modifiers that accompanies this table.22
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Table 5.1 (Cont'd)

Sequence 7 (cont'd)

Plant Specific
Event Descrintion Averace impottance'# Modifier Note

Normally closed MOV at pump suction <1 6
fails te open

* Pipe Segments
Failures in SLC pipe segment from 1 2
explosive valves (EVs) to the RPV
incl. EVs, check valves, sparger

SLC total = 33

REACTOR WATER CLEANUP (RWCU) SYSTEM

RWCU isolation valve fails to close upon 3

SLC actuation. Pentaborate is inadvertently
removed from the RCS by RWCU

BHR Representative Accident Sequence 8 Unisolated LOCA Outside Containment

INITIATOR

Large pressure boundary failure outside 75 30
containment with failure to isolate

RECOVERY

Mitigation of LOCA outside containment 25
using the condensate system

|

|

|

;

8J
See General Notes 1 and 2 in the listing of Plant Specific Modifiers that accompanies this table.
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Plant Specifle Modifier (PSM) Notes for Table 5.1

General

1. The average importance is a composite of the four reference PRAs. These values can be used to
prioritize the failure modes on a relative basis. Small differences in importance values are not
significant,

2. The average importance estimates should be used unless, as indicated elsewhere in these notes,
plant specific design or operating features exist that can significantly alter the average importance
estimates. In that case, the appropriate note will provide guidance to revise the average
importance value to reflect a plant specific attribute.

3. The general transient is composed of the folk > wing initiators-

Turbine trip (with subsequent MSIV closure) (50%)
MSIV closure or loss of condenser vacuum (30%)
less of main feedwater (15%)
Inadvertently opened SRV (with MSIV closure) (3%)
loss of offsite power (2%)

4. The loss of offsite power (LOOP) initiator is especially important at Millstone due to the limited
high pressure injection and decay heat removal capability that remains available. Only FWCl and
the IC are available at high RCS pressures and both are essentially single train systems. Multiply
the average importance estimates for the LOOP initiator and offsite power recovery by a factor of
10 (sequences I and 2) for similar plant configurat!ons.

5. Representative accident sequences I and 4 are losses of injection sequences. The faiiare of RPV
makeup systems generally limits recovery measures to less than one hour. !

6. The plant specific risk assessments that contribute to representative sequence 3 generally assume
recovery measures must be successful before battery depletion or loss of reactor vessel makeup,
which typically is expected to occur within six to eight hours of the SBO.

7. With the exception of IC makeup recovery (see note 9) a loss of decay heat removal provides in
excess of fifteen hours for the recovery of key systems.

8. Primary containment venting is a containment preservation strategy of last resort and is usually
considered in PRAs after RPV failure, llowever, for representative accident sequence 2
containment venting provides a decay heat removal mechanism to maintain reactor coolant
injection and prevent core damage.

9. The isolation condenser makeup system must be recovered in approximately one hour to maintain
IC operation.

5-21
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Emercency Power Systems

10. The failure of an emergency AC power source is important for llPCS or IMCI systems given a
i LOOP initiator. The average importance estimate should be multiplied by two for plants that have

these systems.
,

11. The unavailability of an emergency AC (EAC) power source, subsequent to a IJ)OP, is generally
,

important because it disables additional decay heat removal trains. This failure is especially
important at Millstone because the shutdown cooling system has normally closed inlet and outlet,

MOVs that are powered by the opposite divisions. Thus, the failure of a single EAC source
disables the SDC function. The average importance estimate should be multiplied b a factor of3

2 for similar configurations.

12. Representative accident sequence 3 is a classical SBO that postulates a loss of the decay heat
removal function due to a loss of AC power. The number of EDGs that must be unavailable to
cause a station blackout can vary based on the design of the electrical distribution system. This is
an especially important consideration at multi unit sites with shared EAC sources. For example,
at Peach Bottom all four EDGs must be unavailable to have a SBO.

13. Representative accident sequence 4 is a short term failure of all RPV injection caused by a loss of
~

AC power and unavailability of the DC powered sources of injection. The number of EDG
failures is generally the same as scquence 3 with the possible exception of Grand Gulf where
llPCS can fait due to component or EDG unavailability.

14. The average importance value is based on the loss of normal power logic that existed at Millstone
during the development of the IREP. The logic contained two relays, either of which could fail
and prevent all emergency loads from tying into the emergency power sources.

15. A major support system failure for shutdown cooling and containment cooling at Millstone is the
loss ofinstrument AC power due to transformer / breaker malfunctions or bus transfer failure. At
the time the IREP was being developed these components we e not periodically tested and a
failure would only be evident on demand. This resulted in a fairly high unavailability estimate for
these components, and should be reflected by multiplying the average importance estimate by a
factor of 3.

16. The. common mode failure of all DC power is a major contributor to this sequence. The EDGs,
HPCI, RCIC, the SRVs and the isolation condenser are dependent on DC power.

Automatic Depressurization/ Safety Relief Valves

17. Multiply the average importance value by a factor of two if the ADS inniation logic requires
coincident high drywell and low RPV level signals or if ADS it.hibit is procedurally required for
scenarios like representative accident sequence 1.

18. The average importance estimate assumes an ADS inhibit switch is available in the control room.
If the ADS timer must be continually reset to prevent uncontrolled depressurization multiply the
average importance estimate by a factor of 2.

I
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i

19. A stuck open relief valve can disable low capacity sources of high pressure injection such as the
CRD hydraulic system. The SORV also climinates the isolation condenser as a source of high
pressure decay heat removal. h1ultiply the SORV average importance estimate by a factor of 3 for
those plants with i<olation condensers. Plants with llPCS/llPCI and RCIC systems should use an
importance estimate of 1 (for sequence 2 only), as the decay heat removal systems at these plants
are relatively unaffected by a SORV.

Ilich Precure Iniection

20. The average importance estimates are based on the llPCI system. Within the context of sequences
1,5, and 6 the llPCS system nas a higher assessed availability. hiultiply the average importance
estimates by a fac.or of 0.2 (llPI pump failures) and 0.5 llPI test or maintenance unavailability.

21. The average importan:e estimate for representative sequence 4 is based on the llPCS system,
hiultiply by a factor of 3 to account for the higher unavailabili y of the llPCI turbine driven pump.t

22. The CRD hydraulic system is credited in later BWR PRAs as a source of high pressure injection.
System success usually requires two operating pumps and flow control station valve manipulations
to maximize RPV tiow.

Decay 11 cat Removal

23. The RilR system unavailability in sequence 2 is based on the prevalent LlWR design that utilizes
the same heat exchanger train for both containment heat removal and shutdown cooling. As such
this design is susceptible to individual component failures. Some plants feature separate
containment cooling and shutdown cooling systems.

For example, hiillstone has two trains of LPC1/ containment cooling supported by emergency
service water (a standby system) and two trains of shutdown cooling which use the normally
operating RBCCW/ normal SW for cooling. This four train arrangement tends to be less
vulr.erable sa individual component failures. The average importance estimates associated with
individual component failures should be multiplied by a factor of 0.5 for this type of configuration.

24. The average importance value in sequence 2 is based on two R61R pumps, with dedicated
suppression pool strainers. This estimate should be revised to <1 for configurations that are more
redundar. . i.e., the loss of a single strainer will not disable one train of RilR suppression pool
(torus) cooling.

25. The isolation condenser (and its associated makeup system) is a single train system. The normally
closed make-up valve' or mispositioned IC valves are AC powered by the gas turbine and would
fail as-is in the event of an SBO.

-

.+ 4 ,

g
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\
l

Senice Water

26. The average importance estimate is based on a limited number of service water system pumps that
are available to supply EDG cooling. For example, the Grand Gulf senice water system is divided
into separate trains for EDO cooling. Each train has only 1 SW pump. The unavailability of a
single SW pump directly results in an EDG failure. In contrast, at Plant B,2 out of 5 SW pumps |

are sufficient for all cooling loads, which makes random failures or maintenance unavailability of |

a single pump relatively unimportant. F:r similar SW system configurations revise the importance
estimate to <1 for representative sequences 3 and 4.

27. The average importance estimate la based on a SW design that has normally closed valves in
common portions of the supply or retum from an EDG jacket water heat exchanger. The failure ,

of a single valve therefore, disables EDG cooling. Revise the average importance estimate to <!
if all normally closed valves are arranged in parallel to avoid this concern.

Standbo Liould Control

28. Under ADVS conditions, the BWROC EPGs require SLC initiation when the suppression pool
temperature reaches approximately 105'F. This is generally estimated to occur in 2 to 7 minutes,
depending on initial conditions and plant response.

29. Several SLCyalves can fail system operation if they are not restored to their normal positions after
testing. They are the normally closed manual valves in the return lines to the test and/or main
tanks and any valves on the test or main tank outlet lines that are repositioned for testing.

30. Consists of the following failures:
I

; Main steam lines 50
Feedwater 'O

,

j HPCl/RCIC lines 33
Interfacing LOCA'J 7:

| (Iow pressure ECCS lines)

8 Where interfacing LOCA probability is defined as (initiating event probability) X (conditional
failure probability to isolate the line) X (conditional failure probability of the low pressure
system).

2 Assumes on-line surveillance testing of injection valves is not permitted.
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APPI:NI)lX A

IlWR INSPI:fTION MATRIX I)EVLI.OPMENT

Unlike the accident sequence focus presc;iteJ carlier, the inspection matris approach has a
system and component emphasis, which is generally more compatible with the bulk of the NRC
inspections. The primary purpise of the matrix is to help prioritire and reorganite the inspection items
into a user friendly format. PRA infig'..ts are included where available, but the inspector should also
devclop individual avenues of inquiry, on the basis of plant history and his/her own experience.

Table A 1 is derived from the representative accident sequences. liach " basic event" (i.e.,
component fa'. lure or human error) is listed including originating sequence (s), an importance estimate
for ranking purpnes and an inspection matrix that provides recommended areas of inspection derived
from PRA insights and NRC inspection modules.

As discussed in detail in Section 5, for each event, the 'importance estimate' is generally the
summation of the average importance estimates for ill mntributing sequences. This value is usually
provided, unless the event importance is rensitive to r 4 ant specine design or operating variations. In that
case, the average importance value is shown in pare nthesis and the ' comments * provide tht necessary
guidance to revise the event importance for each .cntributing sequence as follows:

P
I,={ (1,^(R)* P(R))

where
basic event impirtance estimate for event 't"1, =

representative accidert sequence numberR =

lj average importance estimate for an event "t" of a representative accident sequence=

Plart Specine Modifiers which revise the average importance estimate to incorporateP =

risi lgnificant plant speci0c design and operating features.

After the plant speci6c importance values have bten developed, system imp,rtances (and
rankings) can be determined by summing the appropriate basic event importances in a similar fashion
to Tele 5.1.
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APPI:NDIX 11

PRI:PARATION OF A PLANT SPl:CirlC INSPirl'lON PIAN

The focus of the inspection should be determined at the outset of the preparation. The team
leader should decide if the inspection should be conducted using an accident sequence basis, a
system / component approach or a combination of both. Each has inherent strengths and weakneues.
The awident sequence approath is an in depth review with a relatively narrow focus that requires
extensive preparation, a dttailed plant specific knowledge ant operationally oriented inspectors that arei

also familiar with PRA techniques, llowever, the accident sequence context can provide operational
insights that might otherwise be overlooked. The system!compinent framewoik generally provides a
broader smpe of inspection items and requires less specialized personnel. The PRA input is usually
limited to basic event rankings. The inspectors develop their own lines of inquiry using the Chapter
2515 inspection procedores (Ref. 5 ), their experience, plant / industry history and previous inrpection
coverage. Findings are primarily related to hardware.

Tables H.1 and 2 Summarire the development process of the accident sequence and component
oriented approachts, respectively. The accident sequence basis involves a simulation of selected
sequences, either in the control room at a simulator or in the plant for remote actions, using an off-
duty, licensed crew. The selection of the accident sequences can be based on previous inspection
coverage, operational history and'or the plant-specilic sequence impistance rankings. Within cath
sequence, the contributingcomponent failures or human actions are ranked based on impirtance values
derived from the contributing PRAs and plant specific input. These basic events are c:tamined within
the context of the accident sequence. For example:

Are human actions proceduralized, timely and effective? Is the operator familiar with*

the success criteris for the mitigating or recovery functions? For example, is the
operator aware of the time limitations for the successful recovery of critical functions?
A los of decay heat removal sequence (i.e., representative sequence 2) can allow
upwards of fifteen hours for rtcovery of olisite power or the PCS In contrast, loss of
injection sequences typically require secovery in less than one hout to prevent core
damage. A rough idea of the available rec <wery time is essential for prioritiring plant
response.

Is there a reasonable assurance of system! component operability under accident*

conditions? For example, does the plant have a program for the periodic bent.h testing
and refurbishing of the safety relief valves? PRAs generally assign a high hardware
reliability for automatic and manual depressurization, as well as valve reclosure after
actuation. Is this assumption supporttd by the testing results?

Do degraded plant conditions permit access to remotely operated equipment? Are*

recmcry actions feasible 7 The secondary containment ewironment associated with
station blacxout or containment venting can limit manual recovery actions.

Sections 4 and 5 provide detailed guidance, including plant specific accident sequence rankings
(for inspection scoping purposes), accident sequence descriptions (for the development of the
simulations), and basic event importance values (for inspection prioritiration).

B1
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The system /compment focus is the more traditional inspection approach. As before, the
inspection scope can be based on plant operating history, previous inspection coverage and'or l'RA.
based system or compment rankings. Although the representative accident sequencts can be reviewed
and prioritized for background, the risk based information is primarily used as a screening tool to rank
the inspection ittms. The inspretion plan is generally less prescriptive and defers, to a large extent, to
the inspectior, expertise of the team.

Appendix A provides the necessary information to develop plant spe ilic systemicompment
based inspection guidance for GII ilWRs. Table A.1 is an inspection matrix that combines the failures
of the eight representative sequences. Guidance is provided for the development of plant specific
imputance estimates for plant features that are risk sensithe. lleconunended areas of inspection are
tJso included, derived from the PRA f ailure modes and the Chapter 2515 inspection procedures.

The accident sequence and comrunent oriented approaches can also be combined. The hybrid
inspection combines the accident sequence and component oriented approaches. As illustrated by the
Susquehanna and the Mark i IlWR applications (Section 2.2), selected accident sequences are simulated
in conjunction with a compment oriented inspection and provide a balance between the narrow focus
sequence oriented approach, and the broad, less PRA intensive, component-based inspection.

The findings and obs rvations developed during the course of a PRA based inspection should
be referenced to the existing body of NRC regulations, if possible. This should be straightforward for
the system' component approach, but may be less so for an accident sequence oriented inspection.

The importance of a particular NRC concern may not be obvious to the licensee and should be
put in context. The utility management should be provided with the necessary background information
to allow them to assess the relevance of the finding to their plant. This is especially imp >rtant if the
utility does not have any in house PRA expertise,

,

O

Il2

_ _ _ _ _ _ .



..

Table H.I
Thv Formulation of an Acrident Sequence Dased Inspection Plan

.

1. Develop Plant Specific Ranking of the Representative Accident Sequences

Use Section 4 (Table 4.1) and plant specific design and operating information-

If no information is available, leave sequence tanking as highly important-

Include additional plant features that can prevent or mitigate the sequence-

2. Formulate inspection Scope

Choose the accident sequences of interest based on:-

plant specific im;mrtance ranking*

previous plant / industry experiencea

previous inspection coverage and findings*

3. Develop Plant Specific Ilasic Event (Com;enent Failure /11uman Error) Rankings

Use Section 5 (Ta'le 5.1) and detailed plant specific information-

4. Develop Simulations for the Selected Sequences

Use the accident sequence descriptions of Section 4 and plant specific design / operating-

information
Emphastre the risk important events of step 3, above-

Examine events in the context of the accident sequence-

human actions timely?*

- proceduralized?
effective?

component availability reasonable assurance of success **

For example:*

Will MOV closure occur under interfacing system LOCA cunditions?*

Is there adequate DC voltage for MOV operation under station blackout conditions?*

B-3
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Table 11.2
The Formulation of an I! vent liased Ini.pection Plan

(Comp >nent Failuies and lluman tirrors)

1. Develop Plant Specific Ranking of Splems, Compinents and lluman lirrors

Ur.c Appendix A (Table A.1) and plant specific design! operating information.

If no plant specific information is available, use the average impittance value, as listed.

Cull inappropriate systems, mmpinents and human errors-

2. Formulate inspection Scope

S(lect imp >rtant systems or basic events (i.e., pumps, valves, human errors) based on:-

plant specific system or basic event impirtance rankings*

previous plant / industry experience (including precursor studies and NPRDS)*

previous inspection coverage and findings*

3. Use liasic I! vent imp >rtance to l'rioritize inspection items

Inspection matrix (Table A.1) provides ranking and general areas for inspection-

Detailed inspection activities primarily based on the inspector's experience, plant history,-

nuclear industry events and generie NRC concerns

Table 11.3
Sources of Plant Specific Design and Operating Information'

P&lD drawings
System Descriptions or training manuals

p Technical Specifications
FSAR sections

~

Operations procedures (normal, abnormal and emergency)
Maintenance / surveillance procedures

Records of system modifications
Records of system maintenance, testing

' The systems and'or proecdures of interest are dependent on the inspection basis (accident
sequence or component) as well as the proposed scope.
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11. Absl H A(1,Jx ma e, wac

A methodology has been developed to extrut nueric risk-based information from
probabilistic risk assessments (PRAs) of General Electric boiling water reactors and

'1 h e avail-apply tho insights gained to plant s that have not been subjected to a l'RA.
able risk assessments (six plants) were examined to identify the most probable, i.e.,

dominant accident sequences at each plant. The goal was to include all sequences which
represented at least 80% of core damage frequency. If the same plant specific dominant
accident sequence appeared within this boundary in at least two plant PRAs, the sequence
was considered to be a representative sequence. Eight sequences met this definition.
From these sequences, the raost important component failures and human errors that con-
tributed to each sequence have been prioritized. Guidance is provided to prioritize the
representative sequences and modify selected basic events that have been shown to be sen-
sitive to the plant specific design or operating variations of the contributing PRAs.
This risk-based guidance can be used for utility and NRC activities including operator
training., maintenance, design review, and inspections,
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