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EXECUTIVE SUMMARY

Initiatives undertaken by utilities in response to the Nuclear Regulatory Commission's (NRC)
Generic Letter (GL) 88-20 have made new tools available for the quantification of risk and
the closure of regulatory issues. These tools are known collectively as Individual Plant
Examinations (IPEs"

In January, 1992 the Bouung water Reactor Owners' Group (BWROG) formed the Integrated
Risk Based Regulation (IRBR) Committee. The purpose of this committee is to study and
apply risk based analyses to the operation of BWR nuclear power plants. The first study
undertaken was the prioritization of motor operated valves (MOV's) for the NRC GL 89-10
program

The GL 89-10 process, relative to PSA, can be considered in two parts: Initial testing and
periodic verification. The proc s described herein provides an approach that allows either or
both above mentioned parts to be prioritized relative to safety impact

The technical approach developed is a seven task analysis that utilizes the Probabilistic
Satety Assessment (PSA), the experience of operating staff, qualitative studies, and the
identified GL 89-10 program scope as input. The goal of the assessment is to place each
MOV in one of three application categories based on the high, medium, or low safety

significance of the valve. This ranking of the MOVs is based on widely used risk importance
cniteria and represents discrete contributions to overall plant risk. The MOVs are initially
ranked by the importance measures as calculated in the PSA. ADDENDUM 1 provides a
detailed presentation on "Importances”. Valves not included in the PSA or masked by
modeling techniques are evaluated qualitatively and all valves are subjected to qualitative
evaluation by the plant operating staff. On the basis of these studies, the valves are assigned
to the appropriate application category

I'he number of categories and the boundaries that separate these categories are based on
engineering judgment. After several sensitivity studies the IRBR committee chose three
categornies. Once placed into an importance category, GL 89-10 recommendations would be
applied to valves within that categon

The tasks discussed in this topical report are

I. Review of Plant PSA to determine how well the PSA represents the MOV pertinent to
the GL 89-10 program

Review of GL 89-10 MOVs not included in the PSA

Importance measures used in the PSA
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Quantifying the importance of MOV implicitly modeled in the PSA,

Sensitivity analysis to further assure that MOVs are evaluated properly,

Compilation of results including expert panel review, and

Application Criteria placing MOV into one of three categories and then applying valve
testing criteria specific to each category.

The concept of distributing resources according to risk significance was applied in the
development of applicatiun criteria in this topical report

In the above tasks, MOV not in the GL 89-10 program have not been deleted. If an MOV
not currently in the GL-10 program were to show high relative risk importance compared to
valves which were in the program, it is proposed that the licensee would take action to
evaluate the valve's operability in a manner similar to GL 89-10

Some present GL 89-10 MOV with a safety-related classification may be considered for
reclassification based on the reviews performed in Tasks 1 through 6. Such reclassification
would be outside the scope of this report and should be treated under the 10 CFR 50.59
process. The testing of reclassified valves would be determined by programs established by
the plant licensees

The application criteria stated within have been coordinated with and developed in
conjunction with the BWROG Valve Technical Resolution Group.

Because of the nature of GL 89-10 postulated failure modes, especially inter-system
Common Cause Failure, additional sensitivity studies need to be considered above and
beyond conventional PSA ranking

The results of this study will provide tools to optimize the allocation of resources in
addressing the concerns of GL 89-10. Plant operational safety and efficiency will be
maximized, and utilities can be assured that priorities for valve testing and maintenance have
been effectively established

Following NRC review of Revision 1 of this report, a request for additional information was
issued to the BWR Owners’ Group (Addendum 2). The BWR Owners’ Group responded to
this request (Addendum 3). The NRC Safety Evaluation Report for this report is Addendum
4)




NEDC-32264-A
Revision 2

SUBJECT

:

EXECUTIVE SUMMARY

<

1.0 INTRODUCTION

1.1 Purposes and Scope

1.2 Background

1.3 Methodology
1.3.1 Task 1 Review Plant PSA
1.3.2 Task 2 Review MOVs Not Included in PSA
1.3.3 Task 3 Importance Measures Used in PSA
1.3.4 Task 4 Quantify Importances of MOVs Implicitly

Modeled in the PSA

1.3.5 Task 5 Sensitivity Analyses
1.3.6 Task 6 Compilation of Results/Expert Panel Review
1.3.7 Task 7 Application Criteria

e R T SN SN S R

2.0 RANKING STUDY RESULTS
2.1 Individual Plant Resuits
1.1 Results for BWR A
1.2 Results for BWR B
1.3 Results for BWR C
1.4 Results for BWR D
.1.5 Results for BWR E
Comparison of Results
Sensitivities
2.3.1 Multi-component Issues

2.3.2 Mechanistic Discussion of Multi-component Issues

3.0 ADDITIONAL METHODOLOGY CONSIDERATIONS
3.1 The Scope of Generic Letter 89-10 Versus the Scope
of PSA Analyses
3.2 Integration of Probabilistic and Deterministic Methods
3.3 Design Basis Capability and Verification
3.4 Testing Intervals
3.5 Changes in Plant Design or State of Knowledge
of Valve Categorization
3.6 Other Considerations

4.0 CONCLUSIONS




NEDC-32264-A
Revision 2

SUBJECT
rIGURE 1
TABLES
TABLE MOV RISK PRIORITIZATION RESULTS
TABLE RANKING CRITERIA FOR GENERIC LETTER 89-1
TABLE 3 APPLICATION OF RISK IMPORTANCE
TABLE 4 MOV PRIORITIZATION RESULTS SUMMARY
TABLE 5 TEST INTERVAL ASSIGNMENT DATA
APPENDICES

APPENDIX A - DATA TABLES FORLWR A

TABLE A1 MOV Risk Prioritization Results (BWR A)

TABLE A2 Probabilistic Sensitivity Analysis on Valve
Grouping (BWR A)

TABLE A3 Relative Change in Core Damage Frequency vs

vs Valve Failure Rate
TABLE A4 Comparison of Risk Ranking Methods (BWR A)

APPENDIX B - Data Tables for BWR B

TABLE Bl Prioritization of MOVs for Plant B
APPENDIX C - Data Tables for BWR C

TABLE C1 Prioritization of MOVs for Plant (

TABLE C2 Current 89-10 MOVs with Low Risk
Significance




NEDC-32264-A
Revision 2

CONTENTS (continued)
SUBJECT
APPENDIX D - DATA TABLES FOR BWR D

TABLE D1 MOVs Not Modeled in the PSA for BWR D
TABLE D2 MOV Summary
TABLE D3 MOVs with a Common Cause Failure

Basic Event
TABLE D4 MOV Component ' mportance Ranking

for Core Damage - BWR D
TABLE D5 GL 89-10 Sensitivity Study for BWR D
TABLE D6 MOV Summary

APPENDIX E - DATA TABLES FOR BWR |

TABLE EIl GL 89-10 MOV Categories and Importance
TABLE E2 GL 89-10 MOV Information

TABLE E3 MOV Failure Rate Sensitivity

IABLE E4 BWR E Prioritization Results

FABLE E5 BWR E Failure Rate Sensitivity

TABLE E6 BWR E Failure Rate Sensitivity

ADDENDUM 1 BWR OWNERS' INTEGRATED RISK-BASED
REGULATION COMMITTEE REPORT "RANKING PROCESSES" ADD-]

ADDENDUM 2 NRC REQUEST FOR ADDITIONAL INFORMATION ADD-2

ADDENDUM 3 BWROG RESPONSE TO NRC REQUEST FOR
ADDITIONAL INFORMATION ADD-3

ADDENDUM 4 NRC SAFETY EVALUATION REPORT ADD-4




NEDC-32264-A
Rewvision 2

1.0 INTRODUCTION

Initatives undertaken by utilities in response to the Nuclear Reguiatory Commission's (NRC)
Generic Letter 88-20 (GL 88-20), "Individual Plant Examination for Severe Accident
Vuinerabilities,” have made new tools available for the quantification of risk. These tools

\ which were derived from GL 88-20 requirements are known col'ectively as Individual Plant
Examinations (IPEs) and generally take the form of Probabilistic Safety Assessments (PSAs)

In January, 1992 the Boiling Water Reactors Owners Group (BWROG) formed a new
committee, the Integrated Risk Based Regulation (IRBR) Committee. The purpose of this
committee is to study the feasibility of applying risk based analyses to the operation of BWR
nuclear power plants and to develop appropriate techniques.

In December, 1992 the IRBR decided 1o produce a series of topical reports, each dealing with
a specific technical issue where risk analyses would be appropriate and useful. These topical
reports offer considerable advantages to both BWROG members and to the NRC. including

- They can improve safety by focusing on the issues of greater risk significance,
They can introduce a level of standardization in applying PSA analyses,

This, in turn, can significantly reduce resource requirements of both the NRC and the
BWR utilities when resolving issues, and

Simultaneously, the work will reflect a more complete input from a larger group of
contributors

The first undertaking of the IRBR Committee applies PSA techniques, drawn from a number
of plant specific analyses, to the risk prioritization of motor operated valves (MOVs). This
effort will provide information for prudent resource allocation for the Generic Letter 89-10
(GL 89-10) Programs currently underway

1.1 Purposes and Scope

I'he purposes of this study were to develop a inethodology for risk based prioritization of
MOVs, and to apply this prioritization metho'ology to the ranking of MOVs at several
BWRs. This process of ranking or prioritization of MOV's according to risk s ignificance
forms the technical underpinning for safety enhancemeni and prudent resource allocation
within the context of the NRC GL 89-10 programs. The topical report process and
recommendations can be applied on a plant specific basis
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Two scope related issues were identified and reconciled. These include
a) GL 89-10  Which MOV are in a plant's GL 89-10 program, and

b) IPE Which MOVs are in a plant's IPE and the justification for not
including particular MOV within an IPE,

The IPEs, as a tool, generally provide quantitative information for “at power” plant
configurations only. As such, qualitative considerations of external events and shutdown risk
need to be performed. In addition, due to the variety of Level I1 methodologies used in IPEs,
some plants may need to quantitatively evaluate Level Il issues as well.

This report also addresses issues such as analytical truncation effects, the treatment of multi-
component unavailability, and the potential of masking risk important valves. These issues.
relative to their effect on ranking, are addressed for initial test prioritization and periodic
performance verification

1.2 Background

I'he NRC has issued many NRC bulletins and information notices concerning MOV
performance, including IEB 85-03, "Motor Operated Valves Common Mode Failure Plant
[ransients Due to Improper Switch Settings”. This IEB recommended that plants develop

and implement a program to verify how MOV switch settings are selected, set, and
maintained in order to assure their functioning under design basis conditions. The following
is a brief history of the regulation documents concerning MOV operability.

November 15, 1985 - NRC issued [EB 85-03; this bulletin recommended that utilities
establish a program to ensure MOV switch settings are correctly set and maintained
for selected systems

April 27, 1988 - NRC issued Supplement 1 to IEB 85-03: this supplement expanded the

scope of valves to address the concern of mispositioning valves from the Control
Room

June 28, 1989 - NRC issued GL 89-10, "Safety Related Motor Operated Valve Testing and
Surveillance,” which superseded IEB 85-03; this generic letter redefined the scope of
MOVs to include all safety related valves, valves important to safety, and position
changeable valves in safety related systems. GL 89-10 recommends the examination
of MOVs from their design basis service conditions

June 13, 1990 - NRC issued Supplement 1 to GL 89-10; this document stated the NRC's
position on issues raised during public meetings related to the implementation of this
program
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- August 3, 1990 - NRC issued Supplement 2 to GL 89-10; this supplement provided utilities
additional time to implement their MOV program

- October 25, 1990 - NRC issued Supplement 3 to GL 89-10; this document states the NRC's
concerns involving MOV performance based on results from INEL tests

- January 14, 1991 - NRC issued Temporary Instruction 2515/109; this instruction provided
direction to the NRC te~ .ns that would be conducting audits of GL 89-10 programs
after January 1, 199]

- 1. oruary 12, 1992 - NRC issued Supplement 4 to GL 89-10; this supplement stated that the
NRC staff no longer considered MOV's affected by inadvertent operation of MOVs
from the control room to be within the scope of GL 89-10 for BWR plants.

June 28, 1993 - NRC issued Supplement 5 to GL 89-10, which raises general concern
regarding the reliability of data presented by MOV diagnostic equipment

- March 8, 1994 - NRC issued Supplement 6 to GL 89-10, which clarifies the staff position
on the schedule for completing the MOV testing and the grouping of MOVs to
establish valve setup conditions

Risk considerations are implicit in the development of GL 89-10 in that passive failures of
MOVs were removed from consideration by the NRC, based on their low probability of
occurrence. The NRC also used risk considerations in the value impact analysis of GI. 89-
10

While there are recognized limitations to present PSAs, they do provide an excellent structure
by which to assess the relative risk of issues relating to piant safety. The systematic and well
reviewed PSAs provided in response to GL 88-20 analyzed various challenges to plant safety
by considering plant design, operational procedures, and plant specific equipment
performance data. This provided an assessment of the relative risk importance of one plant
component or operator action versus another. As such, the NRC did well to utilize PSA in its
development of GL 89-10 and utilities can do well to use PSA in efficiently responding to

GL 89-10. Thus is especially the case since utilities are under increasing pressure to prioritize
their resources to achieve the maximum safety benefit while addressing the GL 89-10 issue
and other issues with safety relevance. PSAs should always be combined with sound
judgment and insights from deterministic and mechanistic analyses

GL 88-20 requests that Licensees evaluate Generic Safety Issues (GSIs) and Unresolved
Safety Issues (USIs) using plant IPEs. Closure of GSIs and USlIs as a result of these
evaluations is recognized within GL. 88-20. Generic letters are another means of the NR(
conveying concerns to the industry, therefore, the application of PSA methods to the
recommendations of GL 89-10 is appropriate
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1.3 Methodology

The technical approach developed is a seven task analysis utilizing the plant PSA and the
identified GL 89-10 program scope as input. The goal of the assessment is to place each
MOV in one of three application categories based on risk significance. The ranking of the
MOVs is established based on widely used risk importance criteria and represents defined
contributions to overall plant risk. Due to the inability of PSAs to adequately address all
aspects of GL 89-10 concerns, the final ranking is supplemented with qualitative analysis and
expert panel review. The number of categories and the boundaries that separate these
categories are based on engineering judgment. After several sensitivity studies the IRBR
committee chose three categories. Once placed into an importance category, category-
specific GL 89-10 recommendations can be applied to each valve within that category. 1ne
steps and sequence of performing the rankir are shown in the flow diagram of Figure 1,
"FLOW CHART FOR RANKING MOVS BASED ON RISK". The GL 89-10 program can,
relative to PSA, be broken into two parts: Initial testing and periodic verification. If the
methodology of this report is to be used for prioritization for initial testing, some additional
tasks must be performed under the sensitive analysis task discussed in Section 1.3.5

1.3.1 Task ] - Review Plant PSA

A thorough understanding of the PSA is crucial. Without a working understanding of PSA
assumptions, modeling techniques, and results the following tasks can not be properly

completed. A simplistic approach could lead to underestimating an MOV's importance. in
addition, since the GL 89-10 program has raised new insights regarding MOV performance, ¢
thorough understanding of GL 89-10 issues is likewise crucial. It must be understood that
PSAs may not have incorporated these insights since these were, for the most part,
unavailable during the time-frame of the PSA analysis

To determine MOV risk importance, the analyst should review both the PSA Level 1 and
Level 2 analyses. This captures valves which affect core damage frequency and/or valves
which affect radionuclide release frequency (loss of containment integrity). Task 2 addresses
treatment of MOV's L &= GL £9-10 program that do not appear in a plant's PSA.

PSAs model different failure modes for equipment. In the case of MOVs, the failure modes
typically include failure to change posidon on demand, failure to control ti.... and transfer
closed or open (spurious actuation). For the purposes of this effort, because the GL 89-10
program 1s concerned with active valve failures, the failure to change position on demand is
the failure mode of most concern. Consideration of the other failure modes in importance
calculations is conservative and may be included if desired. The basic building block of the
PSAs is typically called a basic event, because, depending on the scenario, a particular valve
may have more than one important failure mode (e.g., in one scenario it may be failure to
open, while in another scenario it may be failure to close). Therefore. the overall importance
of the valve must consider the failure modes relevant to all pertinent scenarios
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Risk perspectives have the potential to improve the MOV test process itself. For example
valves may be tested to "best estimate" conditions that might occur during the risk dominant
accident sequences. This approach to testing is different from testing valves to the extreme
design basis conditions, such as the instantaneous, double-ended guillotine break of the
largest primary system pipe. Of particular concern are the severe tests of low probability
events that could themselves degrade valve operability during the more likely accident
sequences

During the review of the PSA the analyst should be cognizant of MOVs which may be
"“masked". There are several mechanisms by which the true importance of an MOV may be
masked. Specifically, initiating events may include certain MOV failures and the linking of
the initiating event importance to the valve’s importance may not be automatic with the PSA
soitware. In PSAs sometimes independent sub-fault trees are modularized and treated as
basic events in the analysis. The analyst should review the PSA to identify any MOVs
included in the modules, so that the importance of the MOV may be examined. It is by no
means obvious that such MOV are of low importance. Similarly, if operator error were to
dominate a particular event, the valve failure may not have been explicitly modeled. These
situations should also be identified by the risk analyst to assure that the valve importances
can be correctly estimated.

As a part of the PSA review the analyst should consider how the valves involved in the high
energy line break (HELB) scenarios are modeled. This type of break will put the maximum
pressure differential across particular valves and this condition is a primary of concern of
GL 89-10. If the PSA does not adequately model these valves a qualitative assessment
should be made of the significance of each of these valves

I'he risk analyst should also evaluate the part that MOV's play in any initiating event for
which screening analyses were performed. For example, flooding analysis o1 high to low
pressure interfacing system LOCA analyses could take implicit credit for MOVs at a
particular failure rate. If this failure rate were raised significantly, the scenarios could
become important. Determination of the valve importance for the last two items is addressed
in Task 4
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In addition the GL 89-10 issues raise concern relative to the applicability of PSA calculated
MOV failure rates and Common Cause Failure (CCF) rate ( i.e., the associated B-factors) in
the PSA. As such they may need to be reconsidered relative to GL 89-10 postulated fai. ire
modes. This task lays the foundation by which to critically examine any importance reports
that may be generated b the PSA software

1.3.2 Task2 - Review MOVs Not Included in PSA

['o perform this task a listing of the MOVs addressed in the PSA is needed. This task
examines MOV that have been identified in a plants’ GL 89-10 program scope, but that are
not modeled in the PSA

Some GL 89-10 MOVs may not be explicitly modeled in the PSA. This stems from the
limitations on model size. The PSA analyst may choose not to model some components
based on engineering judgment of the'r extremely low contributions to risk. In light of

GL 89-10 concerns, the reason for not modeling specific MOVs should be briefly
documented. This brief description will provide a qualitative or quantitative justification for
a low nsk contribution by the subject valve. In a few cases a quantitative justification may
need to be developed, based on a small model evaluation. For example, a calculation could
be prepared for a valve not in the PSA that demonstrates that it has negligible contribution to
the overall risk. Review of these justifications by plant personnel is recommended

1.3.3 Task3 - Importance Measures Used in PSAs

Most of the software used in PSAs have the ability to quantify various risk importance
measures for equipment modeled in the PSA. Completion of this task results in a listing of
the MOV and their associated numerical importance measure. Risk importance, as it is
commonly used in PSA terminology, is the quantitative measure of the impact that each basic
event contained in the PSA has on the results of the analysis

l'hese importance measures generally relate to the overall contribution to Core Damage
Frequency (CDF) in the Level | analysis and Radionuclide Release Frequency (RRF) in the
Level 2 analysis. ADDENDUM 1 describes various ranking processes utilized in con-
temporary PSA software. A commonly used risk importance factor is calculated using the

following equation

Sum of frequencies of all minimal cutsets involving a particular MOV

Importance =

Total CDF or RRF

I'he above risk importance measure is analogous to th : Fussell-Vesely (F-V) imnortance
measure. The F-V importance measure is acceptable 10 - determining relative basic event
importances for cases in which the basic event probabities are not expected to change
dramatically
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The F-V importance measure is acceptable for priontization of MOV's based on the following
reasoming. The F-V identifies which MOV s are in accident sequences, or in accident
sequence cutsets, representing the largest fraction of the total core damage frequency,
assuming the MOV basic events are included in the accident cutsets. or sequence database,
and PSA MOV failure rates and p-factors are nominally equivalent to actual failure rates. An
error in the failure probability of those MOVs would have the greatest effect ou CDF. The
purpose of the GL 89-10 testing is, ultimately, to assure that MOV reliability is as good as
the risk analysts have calculated that it is. It is most important to confirm the reliability of
MOVs in sequences that contribute the most to CDF

When a uniform failure probability is assumed for all MOV in the PSA. then the F-V, Risk
Achievement Worth (RAW), and the Risk Reduction Worth (RRW) of all individual valve
failures will yield identical rankings. Since all MOV then have failure probabilities that
change the same amount when set to 1.0 or 0.0, importance will be based on whether or not a
particular MOV appears in sequences important to core damage. Other importance measures
may give similar rankings to components. However, if the importances are calculated for
failures of sets of valves, these measures may lead to different rankings because some cutsets
may contain multiple valves

Section 2.3 describes the results of sensitivity analyses that were performed to show the
applicability of a few other importance measures. These include comparisons of the generic
MOV failure rates used in plant PSA’s versus the MOV failure rate of 0.087/demand which
was derived in NUREG/CR-5140 as a conservative mean estimate based primarily on static
MOV testing results obtained during implementation of IEB 85-03

Small differences between the relative risk positions of an MOV in one ranking methodology
versus another is even less of a concern because of placing groups of valves into risk
categories. It is likely that even if two different ranking methods resulted in somewhat
different rankings in their lists of MOVs, this would still result in the same particular valves
populating the same risk category. The "binning" of MOV into risk categories, therefore,
diminishes concerns about the choice of ranking methods

I'he specific set of accident sequences used in the importance calculatiou is straightforward
for the Level 1 analysis, in that the sequences of interest are those that lead to core damage
However, for the Level 2 analysis, because of the various techniques used, the definition of
sequences ol interest may not be as clear and importances may not be calcuiated as part of the
software analysis results. The risk analyst will have to carefullv consider the analvtical
techniques used in the specific plant PSA and describe the approach utilized for the Level 2

importance calculations

I'he product of this task is the Level 1 and Level 2 importance ranking results. The
importance ranking results must account for MOVs which were included in the PSA
modularized basic events, initiating events, and operator errors mentioned in Task 1, as well
as the GL 89-10 program MOVs
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More extensive information on importance measures appears in Addendum 1. This
addendum represents the present state of knowledge and is appropriate for use with this
topical report. Itis anticipated that this addendum will evolve as further applications of PSA
technology are undertaken.

134  Task 4 - Quantify Importances of MOV Implicitly Modeled in the PSA

Becau PSAs generally treat some potential failures implicitly, an expanded review of MOV
importance is required. As discussed in Task 1, two cases where MOV are potentially
modeled implicitly are initiating event frequency and human error frequency

If MOV failure modes are modeled implicitly, one must understand the nature of their
inclusion in the PSA models. This type of modeling, in which components are implicitly
incorporated, is generally called "modularization”. The basic event probability represents the
aggregate of the failure modes of several components and operator actions required to
accomplish a function. Operator failure usually dominates. For example, a basic event titled
"operator aligns cont*nment venting" obviously includes an operator action but it may also
implicitly require an MOV in the containment vent system to operate. To determine overall
contair ment vent MOV importance in this example, one would multiply the containment
vent vasic event importance by the MOV contribution to the containment vent failure
pro®ability. This MOV contribution would be the corresponding F-V basic event importance
of the vent valve to the fault tree or other representation of "operator aligrs containment
venting". This value would then be added to any importance calculate J for the individual
valve during the Task 3 study. A similar case exists for some initiating events

Alternatively, for these cases, the overall importance of an event like "operator fails to align
containment venting" can be used as an estimate for the importance of the masked MOV. As
above, it should be realized that PSA MOV failure rates may need to be reconsidered based
on GL 89-10 data and insights. In this regard, PSA assumptions regarding MOV failure rates
should be re-evaluated as described in Task 5. In the example above, a sensitivity assessment
should be made regarding the MOV contribution to the “operator aligns containment

venting” event. It may be possible that due to GL. 89-10 failure modes, the MOV failure rate
actually dominates the event rather than the operator failure rate.

For completeness, an evaluation must be made of the importance of the MOV dropped from
the PSA model in any PSA screening analysis which was performed for the PSA
Alteraatively, a screening analysis validity verification should be performed and documenta-
tion should be provided showing that MOV's not included explicitly in the PSA are not
significant contributors to CDF and RRF
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1.3.5

In considering PSA utilization for implementation of GL 89-10, three issues have been
raised: 1) truncatior. of valve contributions because of assumed low failure probabilities, 2)
truncation of valve contributions because of calculational cut-offs and 3) combinations of
MOVs across systems not functioning properly (inter-systern CCF). Resolution of these
issues can be made by performing certain sensitivity studies:

1) The truncation (base events dropping out of the model) due to low failure
probabilities occurs in the generation of cutsets from fault trees. Temporarily setting
high failure rates (e.g., 0.10 or higher) and f-factors and regenerating cutsets from
fault trees assures that the MOVs appear in the cutsets. The failure rates in the data
base are then restored to their original PSA values for evaluating the cutsets to obtain
CDF and importasces.

2) The truncation of valve contribution because of calculation cut-off occurs because
* f the truncation limits set in both the cutset generation and the cutset evaluation.

The limitation to setting very low cut-off values comes from the necessity for setting
limitations on program "run time" with the come programs. This can be fixed, as with
the above, by temporarily setting high MOV failure rates and p-factors to assure that
MOV cutsets are not truncated. As such, the technique of using high MOV failure
rates for cutset generation or accident sequence database development effectively
solves both truncation issues

3) GL 89-10 raises new concerns relative to inter-system CCF of MOVs due to the
potential for widespread MOV performance inadequacies. Considering that PSAs do
not generally model these types of failures, they need to be considered in addition to
the PSA based tasks described above

Since initial testing of valves should verify that inter-system CCF has a very low probability.,
utilities using PSA to rank valves for periodic performance verification only (i.e., PSA not
used to change initial testing schedule) would not be required to perform any additional
sensitivity studies. However, if PSA will be used to alter initial testing schedule, the ranking
impact of inter-system CCFss should be considered. The approach is described below

Valves determined to be more important due solely to inter-system CCF would be grouped in
a higher category for initial testing and can be reduced back to the original category when the
periodic verification phase is entered. When one valve in a common cause set of valves is
tested satisfactorily, the importance of the entire set of valves is decreased. In other words.
testing one valve in a set of valves may be judged applicable to the entire set of valves for
purposes of initial test ranking

10
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Dependent failures resulting from a valve failure are typically modeled in PSAs. These
failures occur when, for example, a valve failure causes the failure of cooling water flow to a
component resulting in its failure. In this case the PSA would equate the MOV failure with
failure of the supported component

Inter-svstem Commeon Cause Failure (CCF) Sensitivity Analvsis

Realizing that PSAs do not generally model inter-system CCF, it is important to consider the
poiential impact of G. 89-10 failure modes. Also, even if inter-system CCF is modeled, the
uncertainty in CCY .ees. caused by GL 89-10 concerns, would justify consideration of inter-
system MOV failures

Since the probability of inter-systern CCF is uncertain, the best way to study the potential
impact 1s to perform sensitivity analysis. The ex’stence and probability of different CCF
events should be varied and resalts reviewed. Since PSAs are generally stronger in dealing
with single element basic e vents, a model cutset regeneration and requantification with high
failure rates may be required to assure ' severe accident cutset/sequence databases include
a full complement of valves to be stud eu. However, it may be possible to justify the current
cutset/sequence database without requantification provided the PSA staff consider the
potential for truncating potentially important failure modes

I'he failure rate of valves, including common cause sets of valves, that could be challenged
within individual accident sequences should be varied. Valves and CCF sets of valves that,
when their probability is varied, result in large increases in CDF or Level Il end-states should
be considered for elevation of importance to a higher category. Sections 2.1.1.1 and 2.1.4
show the specifics of the approach and results for reference plants. It may be possible to
justify keeping some valves in a lower category even with high sensitivity impacts if it can be
shown that testing a valve in a higher category effectively lowers the importance of the rest
of the CCF set of valves. As such, it may be possible to show that testing and verifying
adequate performance of one valve in a CCF set of valves effectively eliminates the need to
qualitatively raise the importance of the remainder of valves in the CCF set of valves

In addition, the expert panel should be apprised of the limitations of PSA related to inter-
system CCF so that they can provide an additional review of the potential for PSA 1o mask
the importance of some valves when the potential GL 89-10 failure modes are considered

1.3.6  lask 6 - Compilation of Results/Expert Panel Review

Results of the previous tasks should be compiled into a table similar to that shown in Table 1
Ihis tabie is a list of MOVs by importance. Valves not modeled in the PSA and the
justification of their low importance prepared in Task 2 should be included at the end of the
list
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The third column summarizes in words the crux of the argument of the PSA numerics that
result in the particular importance analysis. This is particularly useful for reviewers who are
not familiar with PSA. In addition, the effort necessary to put together this text provides
another review of the basis for the PSA importance ranking

A consideration in qualitative review of valves is the feasibility of recovery of a failure of the
valve by other means (e.g., manual operation) if the failure is a "normal actuation” failure If
the recovery action is not modeled in the PSA. there may be a basis for a io' ver importance
ranking for a particular valve if some credit is given for recovery by operator action

In considering valves which were not included in the PSA (see Table 1) the most important
considerations are, "What are the consequences of the MOV failure to function” and “What is
the possibility that the MOV will fail in conceit with other valves?”” When the consequences
and probability of occurrence are expressed in terms of CDF or RRF. the consequences can
then be compared to failure of other valves which have similar consequences and a similar
importance can be assigned

T'he assessment of risk associated with the failure of valves with a primary function of
controlling release of radioactive material is more complex. Noi all atilities have performed
detailed Level 2 PSAs and there is less standardization in methods and agreement in
phenomenological processes. Therefore, the results on the ones which have been performed
are not as easily comparable as the results from Level 1 analysis. However, a similar

assessment of consequence can be done and a "qualitative" assignment of risk "importance"
can be made

The overall ranking results must be critically reviewed by an expert panel to ensure that
important aspects are not missed. Personnel from design, maintenance, and operations as
well as personnel familiar with the concerns raised by GL 89-10 are recommended as
members of such a panel. The expert panel should be briefed on the limitations of PSA and
should be specifically instructed as to whether or not external events or shutdown events are
included in the PSA

In addition to reviewing the specifics of the PSA results. the panel should independently
consider the nature of the MOV performance and the potential for MOV to fail in common
cause. In particular, the panel should consider how current testing and operational
procedures affect their appreciation of MOV functionality

I'he panel should also review actual industry events where GI. 89-10 concerns were
demonstrated such that an appreciation of the actual findings relative to MOV performance

are assured
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1.3.7 Task 7 - Application Criteria

The concept of distributing resources according to risk significance was applied in the
development of appiication criteria in this topical report. In the previous tasks MOVs not in
the GL 89-10 program have not been deleted. If a valve not currently in the GL 89-10
program were to show high relative risk importance compared to valves which were in the
program, it 1s proposed that the licensee would take action to assure the valves' performance
in a manner similar to GL 89-10

Another concept would be for the licensee to consider reclassification of any GL 89-10
MOVs whose inclusion in GL 89-10 or safety-related classification was called into question
by the reviews performed in Tasks 1 through 6. This establishment of guidelines for this
reclassification is outside the scope of this report and should be treated under the 10 CFR
50.59 program

I'he NEC's recommended GL 89-10 program can be summarized in five basic steps (These
steps arc for the convenience of the PSA analysts and are not intended to be individually
equivalent to GL 89-10 recommendations)

Step | Identify MOV within the scope of GL. 89-10 (i.e.. active safety-related
MOV3s)

Step 2 Perform design basis reviews, establish switch setting methodology, calculate
required operating forces - based on these reviews certain "upgrades” may be
identified

Step 3 Verify switch settings. It is recommended that periodic verification of
performance be repeated every five years

Step Conduct dynamic dp tests where practicable

Step 5 Post maintenance/modification testing'

Based on the insights gained from MOV importance ranking, safety improvements and better
use of rescurces can be obtained by grouping the valves into three risk categones. Each risk
calegory 1s associated with particular valve performance verification frequency. This
maximizes the benefit of implementing the GL 89-10 in that the valves of greatest risk
significance would be identified and efforts would be concentrated on these valves
Qualitatively these valve categories are

“The extent of post maintenance/modification lesting varnes, depending on the type of
maintenance/modification performed
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HIGH CATEGORY: These valves appear high on the importance ranking results for core
damage or iarge release. Typically, these valves are associated with relatively high
frequency sequences in which the failure of the valve(s) in combination with a single
operator error or active system failure results in core damage or release of
radionuchdes. Failure of the valves severely limits the paths available for achieving
safe shutdown. An example of high importance valves would be MOV in the
cooling water supply to the diesels which must close or open to provide adequate
cooling water to the diesels at a plant in which loss of offsite power was a major
contributor to CDF or RRF

MEDIUM CATEGORY: These valves contribute less significantly to core damage or large
release, but still appear above the insignificant range in the importance reports. These
valves typically perform a risk-significant function, but the importance of these valves
is reduced by factors such as the availability of other systems which can perform the
same function, availability of time for recovery, or low frequency of the initiating
event(s). An example of medium impact valves could be the shutdown cooling
suction valves. The importance of these valves is reduced because other RHR modes
are provided for cooling the reactor

LOW CATEGORY I'hese valves have a low contribution to core damage or large
releases. Typically, failure of these valves does not significantly change the progres-
sion of any accident sequence. Factors, similar to the medium priority valves, are
present to that extent that failure of the valve(s) does not significantly impact plant
risk. An example of a low category valve could be a service water system isolation
valves designed to protect against line breaks in an area in which flooding was found
to be a negligible risk contribution. It is important to understand that just because a
valve has a low importance does not mean that one cannot conceive of a scenario in
which the valve is needed. It simply means that when the function of the valve is
evaluated within the comparative framework of a PSA, it is found to be of low
importance relative to that for other valves

Valves are assigned to these three categories based on the criteria in Table 2. The sensitivity
analyses and any other available information (operational reviews, etc.) used to move
additonal MOVs into the HIGH and MEDIUM category, based on engineering judgment
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TABLE 2
RANKING CRITERIA FOR MOVS
FOR GENERIC LETTER 89-10
1

CRITERIA™™9 | NOTES

> 1% CDF | Additional MOV's can be
GL 89-10 MOVs | added based on
judgment, sensitivity
analvses.

Medium > 1% CDF > 0.1%
GL 8910 MOV
Remaining GL 89-10 Adequate justification for
MOVs valves in this category
< 0.1% CDF should exist.

Low

|
l
|
l
)

- These importance criteria establish the baseline for valve inclusion. However, as noted in
Task 4, qualitative assessments further evaluate the inclusion of other MOVs

Similar criteria for Level 2/RRF should be utilized
' See ADDENDUM 1 for correlation of %CDF and F-V

I'he evaluation of MOVs on a qualitative basis is expected to "up-grade" rather than down-
grade the categorization of GL 89-10 program MOV

I'he above criteria are consistent with previous industry prioritization studies. However.
many plant-specific issues could cause individual plants to modify the above for their
specific applications. Specific considerations could include absolute values for PSA core
damage frequency or radionuclide release frequency

The specific applications of the risk importance to the GL 89-10 criteria are summarized in
| » 3
i .lbll

It 1s believed that the test frequencies recommended in Table 3 are conservative. The
recommended test frequencies for the medium and low categories are far more frequent than
would be dictated by risk considerations alone. For example, if resources are applied
according to risk significance, then testing frequencies would be inv ersely proportional to an
MOV's risk ranking. However, as seen in Table 2, the medium and low risk categories are
about factors of 10 and 100, respectively, less risk significant than the high risk category

I'he periodic testing frequencies recommended in Table 3 for the medium and low risk
categones is every 5 and 8§ outages and every two outages for the high risk category. This is
far more frequent than weuld be recommended based on risk considerations only. Thus the
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recommended testing frequencies are reasonable from a risk perspective. These frequencies
are based on an average of 18 month outage cycles. For plants on other cycle frequencies,
"time equivalent" frequencies should be used

Furthermore, in several instances utilities have performed actuator refurbishment prior to
performance of the GL. 89-10 baseline diagnostic static testing. This refurbishment
commonly includes the disassembly and inspection of all internal actuator parts. This
practice has afforded an opportunity to evaluate the effectiveness of preventative
maintenance programs in preventing degradation of the actuator drive train. After an average
of 10 to 15 service years since comparable maintenance, utilities generally reported very few
wear or age related failures unless the actuator was under-sized or served in a high
temperature environment. Comparing industry experience with GL 89-10 recommendations
of testing every five years, the retest periods proposed by the above application criteria are
considered reasonable

'he above test frequencies are considered to be reasonable, based on risk. but could be
modified by each plant, if necessary, based on maintenance history and on the new data
which develop as test results are obtained

I'hese application criteria will allow appropriate resources to be applied to the most risk
significant valves while maintaining the intent of the GL 89-10 program to increase the
overall effectiveness of MOV operation in a cost-beneficial manner

The content of periodic performance verification tests is not assessed here. The testing
necessary to veriiy continued operability following initial testing and setup should be
developed based on plant experience and with NRC guidance in mind. Likewise, details of
tests required following major maintenance or modification are not assessed here. These
tests should be developed based on consideration of the change to the individual valve and
should consider NRC guidance. However, in both these cases, consideration of the risk
significance of the individual valves may be useful

When using extended testing intervals, per GL 89-10, written NRC notification is required
Extended testing intervals amounts to an exception to basic guidance presented by NR(




NEDC-32264-4
Revision 2

IABLE 3 APPLICATION OF RISK IMPORTANCE RELATIVE TO GENERI( LETTER 89-10

RISK ™
CATEGORY

W

“Figh

Medium

SCOPE
&
DB REVIEW

INITIAL™
TEST
SCHEDULES

Risk
significant
schedule

UPGRADE

In accordance with

current licensing
commitment on risk

| significant schedule

| T——— -
Every 2-3 outages

[ PERIODIC o
| PERFORMANCE
VERIFICATION

POST MAINTENANCE/
M()l)IFI('ﬁTI()N
TESTING'

Resource ap-
propriate
schedule --
sooner than
low risk valves

Resource appropriate
schedule, not to ex-
ceed current licensing
commitments

Every 5-7 outages

Resource ap-
propnate
schedule

Based on plant

‘ (2}
judgment only.

Static test when torque & thrust
output are affected

-4

it —y

Static test when normal
operability is affected -- less
severe than high risk.

Every 8-10 outages

|

—— -

| Static test based on plant
é )
judgment only. *

Resclution of emerging technical issues should be evaluated commensurate with a valve's category.

i.ow risk valves .

GL 89-10 valves modeled in the PSA and determined to be of low risk significance.

* GL 89-10 valves not modeled in the PSA and confirmed to be of low risk significance

May be altered based on performance as trending information is available. Definition of acce
modified based on technological advances

ptable performance verification may be

Valve testing should consider combinations of equipment that may be out of service during the testing. Certain combinations of
equipment out of service could lead to high risk configurations.

Supplement 6 to GL 89-10 provides guidance on initial valve testing schedules.

The extent of maintenance/modification may be judged by plant staff to require dynamic test

I'his is not intended to limit the Licensee’s responsibility to maintain MOV operability.

Plants on other than 18 month average outage cycle can use "time equivalent” frequencies.
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2.0 RANKING STUDY RESULTS
The following subsections provide plant specific results of MOV prioritization.
2.1 Individual Plant Results

2.1.1 Results for BWR A

BWR A is one unit of a dual unit configuration with a BWR 4 vessel and containment.
Importaat system features include high pressure injection systems HPCI and RCIC, low
pressure injection systems Core Spray (4 pumps) and LPCI (4 pumps), four shared diese!
generators, High Pressure Service Water (HPSW) utilized for cooling 4 RHR heat
exchangers, and an Emergency Service Water (ESW) system that supplies diesel cooling as
well as ECCS pump and room cooling.

The one unit and the shared systems involve 92 of the 178 MOVs included in the GL 89-10
program at the site. The Level 1 PSA models 55 valves with failure modes identical (i.e.,
failure to open or close on demand) to those required in GL 89-10. 74 valves of the 92
MOVs are modeled in the Level 1 PSA.

The ranking of the MOV is based on F-V importance measure and the RAW (see
Addend :m ! for definitions) calculated from the Level 1 PSA. The risk prioritization results
presented in lable Al include all MOVs in the GL 89-10 scope plus any additional MOVs
which exceed a F-V importance of 0.0001 or a single valve RAW of 1.0. F-V and RAW are
used as complementary measures since RAW can verify that appropriate rankings have been
made.

Quantitative Level 2 analyses using importance measures based on large release were
performed to assess if any MOVs would be considered risk significant. All valves that were
determined to be significant, basec on release, were also found to be significant in Level |
analyses and therefore release importances did not contribute additional MOV to the list of
significant valves.

Deterministic evaluations, results of which are not included in Table A1, were also used to
prioritize specific MOVs and were based on potential of closure after a line break and on
design margins.

Alternate unit PSA ranking was also performed to assess the effect on the relative importance
of the MOV of non-symmetries (mostly due to the difference in power supplies). The
calculated F-V and RAW measures for the alternate unit were very similar to those reported
in Table Al except for one valve, the Emergency Cooling Water (ECW) pump discharge
valve. This valve, which is common to both units, has a F-V and RAW of 0.001 and 1.1,
respectively. The difference in importance is due to a non-symmetry between the units.
Therefore the valve's importance is based on the alternate unit's importance.

19
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Qualitative judgments or practical testing factors were not considered when developing the
ranking of MOV in this section. The Tables provide only a listing as produced by
manipulating the IPE models as a demonstration of risk based ranking.

2.1.1.1 Sensitivity Results for BWR A

A number of probabilistic evaluations were performed using the Level 1 [PE for BWR A to
determine the risk significance of motor operated valves. These sensitivity studies provide
insights into the impact of truncation effects, valve failure rates, and valve failure
combinations on the number and categorization of valves considered risk significant

Ths se usitivity assessment of valve imponance was quantitatively performed using only a
Level 1 IPE model and does not therefore consider MOVs associated with the Level 2
analysis (i.e., containment isolation valves) or those MOVs considered important from a
purely deterministic perspective. All sensitivities were performed by re-quantifying the
entire IPE model at constant truncation values. A truncation value of 1E-11 was used during
quantification since this would allow, at the IPE valve failure rate of 1.2E-2, a significant
number of valve failure combinations within a cutset to occur without truncation affecting a
valve's importance contribution. Increasing the MOV failure rate would have the same effect
as lowering the truncation value because there would be a net increase in the number of
cutsets generated that would represent valve failures. It is highly unlikely that valves below
this level would represent a significant risk contribution.

Table Al illustrates the impact that assumed valve failure rates have on the number of MOVs
with a F-V importance greater than 1.0E-4. This tabie indicates that an upper limit on the
number of valves exists given extremely high failure rates and that many valves, considered
insignificant in terms of risk, do not contribute collectively to overall risk. Another sensitivi-
ty, illustrated in Table A4 was performed to confirm this conclusion. All failure to stroke
valves that did not achieve a F-V importance of 1.0E-4 in the IPE model, 36 in all, were
arbitrarily failed (failure rate set to 1.0) and the model regenerated and requantified. The
increase in CDF was only 19% greater than the base IPE model CDF, indicating that most of
those valves are truly risk insignificant. Failing all valves simultaneously represents failure
combinations across a number of systems (i.e., inter-system common cause).

Additional selected inter-system failures were investigated for BWR A to determine the
sensitivity of valve combinations to further address the multi-component issue. The
cor-binations involved the simultaneous failure of the HPCI and RCIC injection valves (both
high rank) and the HPCI and LPCI Loop B injection valves (high and medium rank
respectively). The valve failure rate was set to 1.0 and the model regenerated and
requantified. The results indicate a factor of 19 increase in CDF resulting from an inter-
system failure of the HPCI and RCIC injection valves. The HPCI and LPCI simultaneous
valve failures resulted in an approximate factor of 5 increase in CDF. These sensitivities in
addition to those performed for the low ranked valves indicate that multi-component, inter-

20
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system CCFs will not affect the identification or ranking of the MOV's beyond that of the
standard ranking methods described in this report.

In addition to the sensitivities performed on the categorization of valves, the change in core
damage frequency is shown in Table A3 as a measure of the integrated impact MOV's have
on the Level | risk profile. The results indicate that increases in valve reliability (i.e., lower
valve failure rates) from the IPE value have little effect on the CDF and only significant
decreases in reliability of all valves change the CDF by appreciable amounts.

Comparison between different risk ranking methods, namely F-V and RAW, was also
performed to assess the sensitivity of the number of valves considered risk significant. The
results of this comparison is shown in Table A4.

2.1.2 Results for BWR B

BWR B is a BWR 4 with a Mark | containment. Important features include HPCI, RCIC,
Core Spray (two pumps), LPCI (four pumps), three emergency diesel generators, a dedicated
RHR service water system and a normal service water system that supplies normal and
emergency loads. The unit has 81 active safety-related MOV's included in the GL 89-10
program. The total core damage frequency is estimated at approximately 2E-5.

This information used to rank the MOV's in presented in Table B1. This Table includes all
MOVs within the GL 89-10 scope plus any other MOV's exceeding 0.0]1 percent importance
to the core damage frequency. The importance values represent only MOV's failing to open
or close on demand. Only one valve on the list, 1P52-F&74, is outside the scope of GL 89-
10. Of the 81 valves within the scope of GL 89-10, 33 were not explicitly modeled in the
IPE as basic events.

The importance measures were also calculated based on the containment failure frequency
(a'l modes) aud the large release frequency. These data are also presented in Table B1. A
comparison between the importance measures for core damage, containment failure and large
releases reveals that MOV's that appear to contribute significantly to containment failure or
large releases also appear as visible contributors to core damage.

The valve priorities shown in Table B1 were assigned using the criteria in Table 2. Based on
an additional qualitative review of the results, z number of valves were moved to the medium
and high categories from lower categories. The justification for these upgrades is included in
Table B1.

The IPE for this plant was performed using the RISKMAN software package from PLG, Inc.
Quantification was periormed with the quantification truncation limit set to the same
frequency as the cutoff limit for saving sequences to the data base, at SE-10. This cutoff
value resulted in 2600 sequences being used in the importance calculations, representing 95%
of the total core damage frequency. Lower cutoff and truncation limits would result in a
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larger sequence data base for the importance calculations, but experience has shown that it is
unlikely that the importance results would change.

The Level 2 analysis was performed using the containment performance analysis approach
employed by Fauske and Associates. A containment event tree was developed and quantified
concurrently with the Level 1 event trees. Containment systems modeled using fault trees for
the Level 2 analysis included the drywell spray mode of RHR, the containment vent
hardware, and important containment isolation valves. The quantification of the Level 2
trees with the Level 1 trees allowed all systems to be included in the generation of basic
event importances for the containment failure frequency and for the large release frequency.

Several manipulations were performed with the "as calculated” importance results:

a. Some initiating events were modeled using fault trees. The importances of these basic
events were manually inciuded.

b. The importances of common cause events, which are listed separately from independent

events in the importance reports, were manually added to the independent failure events,
¢o that the total importance of the valve could be determined.

¢. Failure modes not applicable to GL 89-10 (e.g.. transfer closed/open, maintenance and
misalignment) were removed from the list.

d. Some valves had basic events for failure to open and failure to close (different scenarios).
The importances for both basic events were totaled.

2.1.3 Results for BWR C

BWR C is a BWR 5 with a Mark Il containment. The Unit has 177 active safety-related
valves in its GL 89-10 program. Total core damage frequency is calculated to be 3.1E-5/yr.
Level 11 Early/High radionuclide release frequency is calculated to be 7.8E-7/yr. MOV
failure rate is calculated to be 0.002/d.

Table C1 shows the result of the prioritization of MOVs using the Level | and Il models.
Table C2 shows the qualitative reasoning for individual valve importance for those valves
with lower priority. This table, while providing a check of the PSA quantification, provides a
description of valve importance that could be easily understood by those not versed in PSA.

A number of sensitivity studies were performed to evaluate the above-mentioned results.
Quantification of the model with the low-important MOV set 1o guaranteed failure
demonstrated the low contribution of less important MOV's even if very high failure rates are
used. In addition, RAW importance ranking were shown to produce the same ranking of
MOVs as did the F-V importance rankings used for Table C1. This occurs in this application
since the PSA used the same failure rate for all MOVs in the model. Because of this, ranking

r
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is not sensitive to MOV failure rate. However, a quantification with the MOV failure rate set
10 1.0 for all MOV resulted in a CDF increase of 80 times. This sensitivity study showed
that the functioning of MOV is a critical aspect of plant safety. However, as shown above,
this safety is highly dominated by a relatively few MOVs.

2.1.4 Results for BWR D

BWR D is a BWR 3 with a Mark |1 containment. Important features include HPCI, RCIC,
Core Spray (two loop), LPCI (two loops, four pumps), two emergency diesel generators,
dedicated RHR service water, and a normal service water system that can supply normal and
emergency loads. The unit has 6] active safety related MOVs included in the GL 89-10
program. The total core damage frequency is 2.6E-5/yr. from the PSA submitted in
February, 1992.

The ranking of MOV's based on the F-V importance measures is presented in Table D4.
Tables D1 and D2 are included to show which valves were not modeled in the PSA and
which valves had minimal impact on the PSA (i.e. F-V <0.1%). This is also summarized in
Table D6.

To verify the important MOV, a requantification of the Level 1 PSA was c..1pleted. This
effectively replaced the regulatory backfit analysis provided by NUREC/CR-5140. This
showed that the same MOV were identified as important whether a CCl's related to design
or maintenance was included or not. This requantification process was also completed for a
PWR as part of a Cooperative Efforts Group, and it showed similar results.

As stated above, this work was based on Level 1 results. The MOVs assuciated with decay
heat removal do not impact risk significantly for the following reasons:

e All containment heat removal systems are manually initiated,
e There is substantial time available for initiation, and

e Makeup to the reactor is possible, subsequent to containment heat removal failure, from
sources inside or outside the reactor building.

This requantification was performed under two separate conditions. A higher failure rate was
added to all valves that would have to operate under a "high Ap" (refer to Table D3). The
second requantification only added the higher failure rate to MOV's that would not be subject
to the full GL 89-10 testing and would also have to operate in an accident situation under
"high Ap". For the purpose of this sensitivity study, this common cause basic event was
assigned to "high Ap" valves with a F-V ranking of less than 0.1%. In the re-quantification,
when a cutset contained more than one of these higher failure rates, the rest of the valves
were assumed to fail with a probability of ore. (This is a function of the Boolean Algebra.)
This ensures that the multi-component failures are examined. This sens.tivity study confirms
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that all potentially risk significant MOV's have been retained in the results of the original
PSAandthcycanbeidentiﬁedbymeimpomncemeasuresﬁ'omtheorigiml PSA. The
results of the sensitivity study are summarized in Table D5,

On identification of risk significant MOV, each MOV was reviewed to determine the
reasons why it ranked high or low in importance. Specific design features were identified for
each MOV to justify its importance and whether or not additional testing in accordance with
the Generic Letter was of benefit. Consideration was given to functions performed by the
MOVs other than that modeled in the PSA to determine each MOV's importance. Table D2
contains a summary of all MOV included in the PSA or classified as safety related. ‘i he
importance of each MOV is determined based on a PSA or deterministic perspective. Design
features or operating conditions are identified where either the PSA or deterministic review
differ from the safety related classification. It is on the basis of these design features that the
importance of an MOV is established and the applicability of the Generic Letter is
determined. The PSA is used only to generate insights as to the basis for each MOV's risk
significance.

Conclusions

I. Birnbaum, RAW and RRW are generally consistent in determining a measure
of an MOVs importance.

2 The addition of the MOV CCF in the PSA has a significant effect on the
computed CDF. This is in part due to the fact that no recovery factors were
included.

3. Selective removal of the MOV CCF term in branches of the modified PSA to
simulate credit taken for certain valves being subjected to the GL 89-10 MOV
Testing Program was effective in establishing the importance of these valves.
This optimized PSA yields CDFs that are almost identical to the baseline PSA.

4 The MOVs above the threshold in the importance ranking from the baseline
PSA had the .087/d rate removed in the optimized PSA (taking credit for the
GL 89-10 testing program). The resulting CDFs in the optimized PSA were
almost identical to the baseline CDFs. This result confirmed the
appropriateness of the set of MOV:s selected as the mos: important, hence thosc
requiring the GL 89-10 testing. This confirms the premise that important
MOV:s can be identified by the baseline PSA, without the nee * > modify the
PSA to perform sensitivity studies.
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2.1.5 Results for BWR E

BWR E is single unit BWR 6 with a Mark 11l containment. Important features include
HPCS, RCIC, LPCS, LPCI (3-pumps), three emergency diesel-generators, and a standby
service water system which supplies the RHR heat exchangers, the diesels, and other safety-
related components. The CDF for the plant is 1.55E-5 per year and is dominated (86%) by
station blackout (SBO).

The Mark I1I containment includes a free-standing steel containment liner surrounded by a
concrete shield building. An annulus exists between these two structures. Penetration
failures amount to 15% of all containment failures following core damage.

The unit has a total of 219 active safety-related MOV included in the GL 89-10 program.
Of these, 82 MOV's were modeled in the Level 1 PSA, 8 MOVs were modeled in both Level
! and Level 2 PSAs, and 10 MOVs were Level 2 valves only. Tables E1 and E2 list these
valves and their importance to CDF or containment failure.

Also shown on Table E1 are the containment isolation valves (CIVs). Some of these CIVs
are exempted from manual operator closure during a SBO. The rules for these exemptions
are provided in the SBO Rule analysis for BWR E, and were accepted by NRC in the plant's
SBO Safety Evaluation Report (SER). This is significant since SBO dominates CDF for this
plant, and NRC accepts that most motor-operated CIVs do not need to automatically function
during this event. The SBO Rule exemptions formed one basis for selection of Level 2
MOVs.

The initial step in determining the importance of MOV in the Generic Letter 89-10 program
was to determine which of the valves in the program were modeled in the PSA. This
information was gathered from the plant Level 1 PSA database and from the containment
isolations considered in the Level 2 PSA.

The MOV's important to core damage were determined using the F-V importance ranking
calculated by the SAIC CAFTA 386 computer code. This importance measure is calculated
by summing the cutsets which contain a specific component failure mode and dividing by the
overall core damage frequency. If a component has multiple failure modes the total F-V
importance is calculated by summing the importance for each failure mode.

Three sensitivities were performed to determine which motor-operated valves (MOVs) were
important to core damage and containment failure. The MOV's were originally ranked using
the generic failure rate from NUREG/CR-4550 of 3.00E-03/demand for MOV's required to
change state during an accident condition. The importance of these MOVs was tiien
determined if the generic failure rate were 0.087 . This failure rate was used for all MOVs
required to change state during an accident whether it was included as part of the GL 89-10
program or not. These rankings are shown in Table E3. The final sensitivity determined the
increase in core damage frequency if only the high and/or medium important valves were

[
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tested in full compliance with GL 89-10 and all others were tested at less than full
compliance (See Table ES).

In the base case, the MOV importance was taken directly from the Level 1 PSA results to
determine a valve ranking. Based on an MOV failure rate of 3.00E-03/demand, only twenty-
three MOV's were determined to have any effect on overall core damage frequency, including
6 high importance MOV's and 14 medium importance MOVs. These valves consisted mostly
of standby service water header and discharge valves, HPCS valves, and RCIC valves since
86% of CDF was due to SBO. All other valves were nf low importance or did not appear in
any Level 1 PSA cutsets.

In the GL 89-10 sensitivity, the generic failure rite for MOV failure to open or failure to
close was changed to 0.087/demand. The CCFss were also updated to reflect this new failure
rate. The SBO sequences were reviewed and no new MOV's were found which would show
up at the new failure rate. Therefore, the initial cutsets were updated and recoveries were
added. This method was considered acceptable since these valves already had a high or
medium importance ranking for the base case. The transients sequences were re-quantified at
the new MOV failure rate and recoveries were added to the cutsets as applicable. The LOCA
sequences were not re-quantified because of their low probability compared to transient and
station blackout sequences. The Loss of Off-site Power (LOOP) sequences were not re-
quantified since no MOV are in these sequences that are not in the transient sequences and
no low or medium importance valves would increase to high importance based on LOOP
sequences. The ATWS sequences were not re-quantified because the ATWS failure
probability is below truncation and does not contain any MOVs. The core damage frequency
increases to approx.mately 6.10E-04/yr for this sensitivity. Based on the results of this
sensitivity, sixty three MOV contributed to 99.99% of core damage frequency. Another 19
valves showed up in the sample as having an importance less than 1.0E-04. The rest of the
MOVs were evaluated to determine why they did not contribute to core damage even at the
higher failure rate. This evaluation determined that the importance for a majority of the
remaining valves was insignificant because the valve was not required to change state during
an accident. The rest of the valves did not show up because they were required to change
position during ATWS event only, and since the ATWS probability is extremely low, the
valves are insignificant.

Finally, the core damage frequency was determined if the valves that were ranked as having a
high importance were tested at regular intervais so that the failure rate of these valves is 3.0E-
03/d while the other valves are not as frequently tested and therefore had a failure rate of
0.087/d. The high importance measure was considered at two points, valves which
contributed to the top 95% of core damage (F-V => 0.05) and valves which contributed to the
top 99% of core damage (F-V => 0.01). The secoad part of this sensitivity calculated the core
damage frequency if both the high and medium importance valves were tested as stated in
GL 89-10. The medium importance measure was also considered at two points, valves which
contribute to the top 99.9% of core damage (F-V => 0.001) and valves which contribute to
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the top 99.99% of core damage (F-V => 0.0001). The core damage frequency for each of
these importance measures is shown in Table E6.

Level 2 MOV importance measures are primarily qualitative in nature. The Level 2 software
used, Halliburton - NUS's NUCAP+ code, does not provide direct importance measures.
PSA analysts qualitatively evaluated each MOV included in the Level 2 analysis with respect
to containment isolation and ESF functionalitv. In addition, the list of GL 89-10 MOVs was
compared to the list of containment isolation valves identified in the plant's SBO analysis.
MOVs related to systems identified as important in the Level 2 analysis (such as the
suppression pool cooling mode of RHR) were also evaluated for risk significance. Based on
this analysis, each MOV was then ranked as having either a HIGH or LOW risk significance
with respect to Level 2 and an explanation of ranking was provided.

The overall risk ranking of MOVs was done by taking the Level 1 importance ranking for the
base case and assigning a quantitative importance for the Level 2 valves based on the
qualitative ranking of the valve. The Level 2 importance rankings were determined to be
either HIGH, LOW, or none. The quantitative risk ranking for high importance Level 2
valves was taken to be 0.01, the lower bound for high importance chosen in Table 2.
Similarly, the quantitative risk ranking for low importance Level 2 valves was taken to be
0.001, the lower bound for medium importance chosen in Table 2. The overall risk ranking
was then calculated using the formula:

OR. =075*L1+025*L2
where O.R. = the overall risk ranking
L1 =the Level 1 PSA importance ranking

L2 = the ".»vel 2 PSA importance ranking
(HIGH = 0.01, LOW = 0.001)

The overall importance for Level | MOVs was considered greater than Level 2 MOVs, since
a significant radiological release would have to be preceded by a core damage event and
since the importance ranking for Level 2 valves is more subjective than the Level 1

importance ranking.

All valves in either the Level 1 or the Level 2, which did not appear in the importance
rankings of either list, were assigned an importance of <1.0E-05 since the lowest importance
ranking for Level 1 PSA components is in the 1.0E-5 range. All other valves were assigned
an importance of <1.0E-7, based on the justification for not including these valves in either
PSA.
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2.2 Comparison of Results

Table 4 summarizes the results for the five plants that performed a demonstration of the
BWROG-IRBR MOV Prioritization methodology. Overall, the results correspond well
even with the diversity of the five BWR designs. This shows that the methodology is
consistent and applies well at numerous plants.

The results show that even among plants with widely different numbers of GL 89-10
MOVs, relatively few contribute significantly to plant risk as quantified by individual
PSAs. Atleast 2/3 of each plant's valves fall into the lowest priority category.

2.3 Sensitivities (Task 5)

Several sensitivity assessments were performed to study the effect of various uncertainties on
plant results. The primary goal of these assessments was to determine the robustness of the
methodology in the face of numerous uncertainties surrounding PSA and GL 89-10. In
general, these assessments showed that the methodclogy is not sensitive to key uncertainties
relating to this application of PSA, and results can be used as described under Task 7 with the
assurance that the methodology adequately supports MOV prioritization.

As described in Section 2.1, the uncertainty in MOV failure rate was studied by arbitrarily
assigning high failure rates for MOVs. This sensitivity also addresses the concern that MOV
importance can be underestimated since MOV failures can be truncated from quantification
due to low failure rate. These studies showed that while CDF can dramatically increase as
MOV failure rate increases, individual MOV ranking i< preserved. In addition, arbitrarily
assigning high failure rates to only low prioritized valves resulted in very minor increases in
CDF. These sensitivities show that while MOV failure rate is important, a relatively few
MOVs contribute to this risk. Therefore concern over MOV failure rates and low PSA
quantification truncation limits need not deter the use of MOV ranking in assigning resources
to the resolution of GL 89-10.

The concern that the F-V ranking scheme is not adequate for prioritization of MOVs was
addressed by using different ranking schemes, in particular, the use of RAW. The sensitivity
of results of this study to the ranking scheme chosen were found to be minor. Since PSAs
often use the same failure rate, or very similar rates, for all MOV the ranking of MOV is
relatively independent of ranking scheme such that prioritized lists are similar. In particular,
for piants that use the same failure rate for all MOV, the F-V and RAW ranking schemes
produce similar results. Generally, this study found that the method of ranking is more

sensitive when comparing components and operator actions with relatively different failure
rates.
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Table 4 MOV Prioritization Results Summary
Plant GL 89-10 HIGH MEDIUM LOW NOTES
VALVES
BWR A 92 B 8 80 Level | PSA
BWR B 81 14 10 57 Level 2 PSA
BWR C 177 6 17 154 [evel 1 & Levei 2 PSA
BWR D 60 31 N/A 29 Level 1 PSA - 2WR D used only
high & low categorizations.
BWR E 219 6 14 199 Level 1 AND 2 PSA
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2.3.1 Multi-component Issues

Several multi-component issues were examined during the course of the development of this
topical report. One area of initial concern was whether or not the importance ranking of
specific MOVs might be higher or lower because of simultaneous failures or unavailabilities
of other MOVs. A related issue is in the conduct of testing of MOVs, i.e., should
multi-component issues somehow affect the valve testing program?

Multi-component issues in PSAs are not new and many are routinely treated as part of a
PSA's intra-system CCF mode analyses. However PSAs do not usually analyze coincident-
incident failures of like components, e.g., MOVs, that are inter-system failures. Inter-system
failures involve more than one system while intra-system failures are all within :he same
system.

Two arguments can be made that inter-system MOV failures would be unlikely. First,
differences in valve size, function, environment, etc. generally lead to very low probabilities
of CCFss of valves in different systems. Second, some, if not all, of the valves in such a
common cause set of valves would be included in the "high" risk category and would be

subject to the most stringent testing. Therefore, coincident failures of all such valves would
be unlikely.

Further insights on multi-component issues can be gained by examining the results of various
sensitivity studies described in this topical report. One multi-valve study is described in
Section 2.1.1.1 where. for BWR A, 36 low ranked valves were simultaneously assumed to be
totally unavailable [failure rate set equal to 1.0] and cutsets regenerated and requantified.
This large, but individually low ranked group of valves, would only increase BWR A's core
damage frequency by 19% under the extreme situation of total unavailability of this whole
valve group. Therefore multi-component issues for this low group of valves appears to be
rather unimportant for BWR A.

In addition, multi-component failures involving high and medium ranked valves were also
investigated for BWR A. Sensitivities performed (as described in Section 2.1.1.1) by
combining the failures of high ranked valves and high and medium valves indicate that
multi-component, inter-system CCFss will not affect the ranking of valves determined
through the ranking process described in this report.

Sensitivity studies for BWR D utilized high assumed CCF rates for valves that may have to
operate under "high Ap". These CCFss cross system boundaries and could be classified as
inter-system. Also, the way they are operated on by the SETS program would show the
plant's sensitivity to the multi-component issues. In one part of the study, all MOVs with a
low importance had a common cause factor of 0.087 added to each valve. Cutsets with more
than one MOV of a "higher" failure rate would have these multi- components failed with a
probability of one. When the Level | PSA was requantified with these CCFs included for the
low importance valves, there was no appreciable increase in CDF. This implies that they can
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not be part of any multiple valve importance ranking. Therefore, multi-component inter-
system CCFss for the low impoiiance MOVs will not obscure the ability to identify the
valves belonging to the high risk category.

An additional realization was that even when different ranking scheines were used each
identified the same valves as belonging to the same particular risk category. Based on the
above, multi-component issues do not appear to be an important consideration when ranking
MOV:s or their placement into risk categories.

With regard to whether multi-component issues should somehow affect the valve testing
program, some studies indicate that certain pairs of valves, simuitaneously unavailable,
produce a considerably higher importance for the pair than one could get by merely summing
the individual importances of each valve. This could be a consideration during valve testing,
L.e., it might be valuable to delay the testing of a particular valve i1 it is part of a high ranked
valve pair and the other pair member is unavailable because of failure test, maintenance, etc.

The IRBR Committee of the BWROG views the above concern -z 1 subset to the larger issue
of configuration control, i.e., the avoidance of high risk configui..ons. Furthermore, an
analysis of configuration control could include considerations beyond valve pairs. This
analysis could be performed as part of the test planning. It is possible that the combination of
an unavailable MOV with some other unavailable plant component, such as pump or a diesel
generator, could also lead to high CDFs while both are in that configuration. Utilization of
the periodic performance verification test frequencies, as suggested in Table 3, may serve to
reduce this concern. The most important MOV are to be tested most frequently. However,
since the population of MOV in the high risk category is small, simultaneous testing of
members of this category could be avoided. There are many more MOV members in the low
risk category, but the intervals between tests would be longer. This would lend itself to
avoiding certain MOV pairs from being simultancously unavailable. Further, the sensitivity
studies performed on BWR A imply that even if low ranked MOV's are simultaneously
unavailable, e.g. because of testing, in many cases this will not result in temporary high risk
situations.

2.3.2 Mechanistic Discussion of Multi-component Issues

The issue of widespread MOV failure, introduced by GL 89-10, should be accounted for in
ranking methodologies designed to focus 89-10 program research. Since little data exists to
suggest that CCF probabilities are either very large or very small, the exact treatment is
subject to some controversy. However, while no one can suggest that high inter-system CCF
rates do not have a very high risk significance, the consideration of the practical aspects of
how common cause can occur in plants and how it is currently modeled in PSA does a great
deal to temper the concern over inter-system failure risk significance. The remainder of this
section will discuss some "high level” aspects of plant operation and PSA modeling and also
will discuss grouping of inter-system MOVs by function to show the nature of their risk
significance.
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PSAs model independent component failure modes and CCF modes within a system. By
considering the probability of MOV demands, MOV failure rates, and MOV failure
consequences in terms of loss of safety functions, PSAs develop sets of accident sequences
including individual sequence probability. Each accident sequence may include one or more
MOV failures.

These failures could occur as independent or common-mode events. Consider the following
simplified accident scenario representing a conventional PSA treatment of CCF:

UPSET*MOVi*MOVCCF1*QP
where:

e UPSET is some initiating event that requires mitigation
e MOVI is the failure of an individual MOV

e MOVCCFI is the CCF of two similar MOV (of different design, maintenance or
operation than that of MOV1)

e OP is an operator action.

This sequence has some probability equal to the product of the four basic event probabilities.
Implicit in this example is that the MOV1 and MOVCCF1 CCF probability is very small.
Now, according to GL 89-10, this inter-system CCF cate may not be very small. What is the
implication to MOV ranking? For this consideration let's assume a "worst case" situation in
terms of that which gives PSA the most problem. Let's say that the MOVCCF1 failure mode
was quantitatively shown to be important by the PSA but the MOV 1 failure mode was not. If
the ranking approach included sensitivity assessment and/or expert panel review, it is likely
that the MOV 1 failure mode would be qualitatively determined risk significant. However,
even if qualitative assessment were not made the overall ranking is not changed. While the
MOV1-MOVCCF] inter-system CCF may indeed greatly increase overall plant risk, as long
as MOVCCF]1 is labeled as highly risk significant and gets a full compliment of resource
allocation we have confidence that it is not vulnerable to the 89-10 failure modes. With this
being the case, the MOVCCF1 failure mode can not "hold up its end of the bargain” in terms
of failure in inter-system common cause with MOV even though MOV 1 may have a whole
host of 89-10 related undetected problems. Therefore, when considering common cause, if
we eliminate concern for one of the players in a common cause group we lessen the impact of

the group.

A case where two or more unimportant MOV group in inter-system common cause to
become highly important is another consideration. In reviewing the contents of a typical
plant's unimportant MOV list, it is difficult to envision such a combination becoming
important. In order to illustrate this contention, and further strengthen the case for the
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considerations of the above example, the operation of MOV's relative to critical safety
functions at a typical BWR can be discussed.

Nuclear accidents can occur when critical safety functions are lost. For example, vessel level
control, reactivity control, or heat removal. Failure modes that can render functions
inoperable are therefore prime considerations in risk as .essment. Inter-system common
cause MOV failures are potentially capable of rendering functions inoperable. As such, a
discussion of MOV by functien provides great insight into the inter-system CCF mode
concern.

RPY Injection: MOVs can render the RPV injection mode inoperable primarily in terms of
injection valves failing to open on demand to allow ECCS system injection to occur. Inter-
system CCF of all injection vaives obviously is of great concern. in the case of high RPV
pressure scenarios, typically only one or two systems are capable of injection. Regardiess of
whether common cause is modeled or not, PSA importance shows that, in the case of two
high pressure systems, at least one is quaatified as highly risk important (RCIC/HPCI) and
thus its ranking is unchanged regardless of CCF probability. The second is identified
qualitatively if not quantitatively, but even if it isn't the testing on the highly important valve
gives us confidence that the common cause probability is small.

In the case of low pressure injection, two or more systems may provide injection. MOVs for
these systems are typically quantified in PSAs as less important due to their redundancy, the
reliability of the high pressure system, and the lower probability sequences in which they
typically function.

CCF of these valves, in injection mode, is less likely, regardless of GL 89-10 because they
are used when the RPV is depressurized. Once depressurized, GL 89-10 differential pressure
concerns are reduced and MOV operation is in a pressure region in a range close to where
they are tested according to long-standing (i.e. pre-89-10) test procedures. The data from
these tests was used in PSAs and shows no indication of large inter-system CCF probabilities
for ECCS MOV operating in low pressure injection mode. Other system valves, like pump
suction isolation valves, have potential to fail systems and functions. The above applies to
them except, in addition, they also typically operate at much lower Ap's and system
functional tests essentially demonstrate operability at design basis, for injection mode,
conditions. As such, considering the injection function, current MOV ranking is considered
adequate.

Heat Removal: The heat removal function whereby reactor coolant is cooled via
recirculation to the vessel requires trains of the ECCS system above. As such, the treatment
for heat removal in this mode is that same as that above. However, in addition, CCF is
typically modeled for the (typically two) trains of RHR and explicit quantitative ranking is
produced by the PSA. This is likewise true for modes of containment heat removal. Instead
of recirculating to the vessel, water is cooled and recirculated to the suppression pool. CCFs
are modeled and quantitative values are available from PSAs. In addition, differential
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pressures relating to the suppression pool are even less than those relatively low Ap's for
vessel injection. Thus, associated 89-10 CCF modes would have low expected probability.
Again we see that PSA ranking is adequate to address 89-10 concerns.

Reactivity Control: 1he only MOV directly related to reactivity control are those in the
standby liquid control system. These valves, if in redundant trains, would have common
cause modeling in PSAs. As such, PSA ranking directly considers the common cause
potential relative to the loss of the reactivity function. In addition, these MOV's typically see
low Ap, on demand, since the main interface with the vessel is via the explosive valves. As
such, system functional tests demonstrate Standby Liquid Control MOV operation at or near
accident conditions relative to boron injection.

Containment Isolation: MOV that serve as containment isolation, while of little
importance to core damage frequency, provide a dramatic quantitative significance to level 11
quantification. PSA models include CCF of redundant MOV's located in the same
penetration. Since success of the containment requires that no penetrations fail to isolate, the
CCF of containment isolation MOV along multiple penetrations is quantitatively
meaningless. In other words, once o.'e penetration has failed the containment is failed,
Therefore, the common cause group of two valves per penetration is a minimal cutset for
containment failure. As such, current PSA ranking approaches adequately represent the risk
significance of all containment isolation valves.

High Energy Line Break (HELB): The isolation of valves in lines that penetrate
containment present a special risk in that containment bypass can occur. These valves are
discussed above in terms of their function in injection and heat removal modes. Their
function to isolate in the event of a line break is an important consideration. In terms of

CCF, they are modeled the same as the containment isolation valves above and have the same
impact on ranking. The CCF of redundant valves on a line is a mini~al cutset for failure to
isolate a HELB. As such, the issue of inter-system CCF again pos -+ .apact of PSA
ranking of important MOV,

Support Systems: Several support systems contain MOV that must operate to mitigate an
accident. One such grouping of MOVs occurs in conjunction with component cooling.
Service Water and Reactor Building Closed Loop Cooling (RBCLC) combine to provide
heat removal to critical components. PSAs model CCFss within system and, as such, provide
quantitative values in regard to MOV risk significance. The issue of inter-system CCF
between these systems is again non-critical relative to MOV ranking. Since service water
provides the heat sink for RBCLC, it is a minimal cutset for failure of the component cooling
function. Any failures beyond that required for service water failure do not affect failure
probability of the function. £hould service water fail, the common cause treatment within
RBCLC suffices t) demonstrate their relative MOV importance.
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Emergency Diesel Generators (EDG) typically have MOV that provide cooling water. CCF
of these MOV is modeled in PSAs. In that regard, PSAs provide direct quantitative values
in terms of importance.

Test Return and Backwash Valves: MOV are used in lines that provide strainer backwash
and test return lines. These MOV's typically need function only when an event occurs while a
test or backwash is in progress. Because technical specifications and manpower availability
limit the number of the operations that can be concurrent, CCF is not a concern. One MOV,
if any, would likely be required to respond and thus multi-component issues can not arise.

Combinations of MOV failures within each of the above is likewise not a concern. As long
as each function is met, core damage wili not occur. Therefore, for core damage to occur,
some minimal cutset of failures within a function described above must occur. As such, any
common cause, or otherwise, failures beyond that minimal set of failures required for core
damage are of no importance.

In addition, PSAs are conservative because no credit is taken for recovery. In many GL 89-
10 failure modes the valve would not damage itself and operators would have the opportunity
to reconfigure systems to allow valves to uperate. Many highly probable recovery scenarios
could be envisioned because core damage accident scenarios develop over several hours to
over 24 hours.

The issue of cascading failures n.as also arisen in context of CCF. This is taken to mean, by
this author, as a failure which causes the failure of another component. PSAs use
dependency matrixes to denote this type of failure. Using the dependency the primary failure
is logically modeled as equivalent to the consequence of the failure(s) it creates. As such,
PSA models include explicit quantitative treatment of such failures.

In summary, based on the consideration of the practical impact of CCFss and current
approaches for quantification it is clear that PSAs have adequately assessed overall valve
importance in current proposed MOV ranking methodologies. In addition, it should be
reiterated that uncertainty relative to the magnitude of 89-10 related MOV failure rate will be
reduced as licensees complete the expanded testing program. In this regard, and in spite of
the solid justification presented above, much of the controversy regarding MOV failure rate
should subside as each successful 89-10 test (or failure with modification) is performed.
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3.0 Additional Methodology Considerations

This section discusses additional considerations that must be evaluated during the application
of this report. These additional considerations were identified by the NRC Staff during the
review of this report.

3.1 The Scope of GL 89-10 Versus the Scope of PSA Analyses

PSA should not be the sole basis to delete MOVs from the GL 89-10 program. MOV's can be
removed from the GL 89-10 program by reclassifying their safety-related activ= status. This
should be accomplished with the 10 CFR 50.59 process. To the extent that PSA can support
the 10 CFR 50.59 process, it should be used. The methodology in this report does not
address eliminating valves from the GL 89-10 program. GL 89-10 and Supplements provide
guidance on GL 89-10 program scope and mechanisms for removing valves from the

program.

The use of plant-specific IPE models to evaluate MOV safety significance and to prioritize
testing frequencies are desirable applications of the PSA studies. However, additional
deterministic considerations must be made when applying the probabilistic evaluation results
to the implementation of a GL 89-10 test program. This is due to the differing approaches
between scopes of GL 89-10 PSA studies and GL 89-10 MOV programs. By considering the
insights from both PSA and deterministic analyses, the strengths of both can be balanced
such that the GL 89-10 program is most effective.

The approach of t~= GL 89-10 MOV program was to address MOVs in safety-related piping
systems and estabii. . their design basis functions and service conditions based on worst case
licensing basis conditions. 1PE studies, on the other hand, consider all available systems and
components and use best estimate service conditions and success criteria. Instead of
deterministic single failure criterion, PSAs consider multiple failures in a probabilistic
manner. These differences may result in: 1) GL 89-10 MOVs not being modeled in the PSA,
2) the PSA may identify non safety-related but safety-significant MOVs in the IPE model
that are not included in the GL 89-10 MOV program, 3) and it is likely that some GI. 89-10
MOVs have little or no safety significance in the PSA.

Plant-specific IPEs generally evaluate accidents leading to core damage (and significant
radioactivity release) and assesses system performance to determine the likelihood of system
operation to preclude or mitigate core damage and significant radioactivity release events. In
the case of a PSA developed for an IPE, the scope of the PSA model is generally limited to
accidents or events initiated by internal events such as plant transients and loss of coolant
accidents.

External events can lead to abnormal events at nuclear power plants. In response to these
events, plants must maintain the same functions as those analyzed in the IPE. As such, the
same systems important in the internal events only IPE will also be important in the [PE for
External Events (IPEEE), see Section 1.3.5 of this report. It is expected that MOV safety
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significance rankings will not significantly change based on IPEEE. If they do, the IPEEE
feedback to the Maintenance Rule will assure continued risk grouping is adequate. During

the expert panel review, as described in Section 1.3.6 of this report, the effects of external
events should be considered.

In addition, the PSA generally considers c.u events while the plant is at power operation
(Modes 1 and 2). Consideration of safety sigaificant MOV during Modes 3, 4 and 5 should
be accomplished during the expert panel review.

3.2 Integration of Probabilistic and Deterministic Methods of Ranking MOV

The methodology in this report describes an expert panel contribution, which is a process by
which the deterministic approach is blended with PSA analyses to achieve an overall
evaluation of risk significance. Instructions relative to this expert panel review are found in
Section 1.3.6 of this report. In addition, expert panel guidance can be found in the
Maintenance Rule Guidance as well as other documents.

Since the licensee must maintain equipment operability and follow GL 89-10 guidance,
deterministic criteria and analysis are required. By integrating the PSA approach into
existing programs, a balance can be maintained between the two methodologies. In this
manner, PSA can be used as another tool for issue resolution.

Based on the information gathered by Plants A through E in conducting Tasks 1 through 7, a
list of valves has been assembled to assist the expert pane! in their evaluation of MOV risk
rankings. This list is presented in the following table and represents a composite of the valve
functions which were categorized as “High Risk™ for Plants A through E, after incorporating
the inputs from the expert panel review. It is recommended that if a licensee’s “High Risk”
category from the PSA analysis does not contain these valves, the expert panel consider them
as part of their evaluation and provide appropriate documentation of the basis for the final
disposition.

BWROG Composite List Of “High Risk” Ranked Valves

HPCI (HPCS) Injection Valve RCIC Lube Oil Cooling

HPCI Steam Inlet Valve RCIC Steam Line Isolation

HPCI (HPCS) Torus Suction RHR Torus Cooling, Spray and Test Valves
HPCI Steam Line Isolation RHR Heat Exchanger Service Water Supply
HPCI Lube Oil Cooling RHR Shutdown Cooling Suction from
RCIC Injection Valve Vessel

RCIC Steam Inlet Valve Containment Isoiation - Equipment Drains
RCIC Torus Suction CS/LPCI (LPCS) Injection
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Service Water Pump Discharge Service Water - Diesel Generator Jacket
Service Water Train Discharge Coolers
Service Water Non-essential Load Isolation RBCCW Drywell Supply/Return isolation*

* These valves were classified as “high based on seismic and high energy line break
considerations

3.3 Design Basis Capability and Verification

GL 89-10 requires that all licensees perform initial testing by June 1994. In GL 89-10,
Supplement 6, the NRC provided guidance for utilities that required a schedule extension.

As part of the justification for extension, the guidance suggested that the licensee set up all
valves with the best available information by June 1994. In addition, PSAs showed that the
risk significance of delaying full testing of less important valves was minimal. In this regard,
PSA provides a very powerful additional justification for a schedule extension that augments
the Supplement 6 information. Thus, schedule extension for a number of low risk MOV,
provided they are set up with the best available information prior to June 1994, is fully
justifiable.

It is recognized for most BWR utilities, safety significance ranking of MOVs relative to
initial design basis verification is no longer applicable. Nevertheless, this report prez:nts the
methodology for initial verification which it could be valuable for future applications. Based
on the discussion with the NRC Staff during the development of this report, the report was
modified with footnote (¢) to Table 3 which addressed initial verification.

The licensee is responsible for maintaining operability of components in the plant. The
methodology in this report suggests an approach for establishing risk based testing intervals.
This methodology is not intended to relieve a licensee of responsibility to maintain MOV
design basis capability. It is expected that a licensee will demonstrate that GL 89-10 MOVs
are capable over the entire duration between tests regardless of risk significance.

3.4 Testing Intervals

There are currently insufficient data available to establish a quantitative link between testing
intervals and MOV reliability. The methodology in this report does not attempt to describe
such a process. Rather it has been demonstrated that regardiess of specific MOV reliability,
there is minimal risk associated with the intervals recommended.

In addition, testing at the intervals recommended in the report will provide the industry with
data regarding the time-dependent reliability of MOVs. If the testing intervals are not varied,
information will not be developed to establish a link between test interval and reliability. If
short intervals are selected for risk significant valves, the safety significance of testing
intervals will be small.
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Additional “margin” in the methodology is the realization that testing will be performed
continually. Even a selection of low risk valves will be tested at any given time. With that in
mind, any failures would be investigated and insights applied to other valves.

In the January 13, 1995 letter, (Addendum 2) the NRC Staff suggested the use of a low
category verification frequency of ten years. In GL 89-10, a frequency of five years was used
as a base. The valves in the low category ranged from a factor of ten to one hundred lower
nsk significance. The methodology in this report specifies a factor of three to be applied to
the five year frequency for the low importance valve verification frequency (or 15 years).

[he frequency of the medium valves then became the mid-point between the other two
frequencies

Oncc the risk rankings are achieved and reviewed by the expert panel, the high, medium and
low risk valves should then be reviewed by the GL 89-10 program manager to determine the
appropriate periodic verification frequency. The GL 89-10 program manager may assign a
more frequent periodic verification interval to certain medium and low risk valves based on
deterministic considerations. Factors should include, but are not limited to. the results of the
design basis review, operational importance, service conditions, margin available, and valve
performance history. In addition, valves of a design type, or group, that has no family
members in the high risk category could be placed in a higher test frequency bin. Thus, at
least one valve in each group would be tested with higher frequency to ~rovide data relevant
to the whole group. This adjustment is one of several that the GL 89-10 pr.7tam manager
may adopt in augmenting his program with PSA based methods described in thu. report.
Additionally, it should be pointed out that conservatively short MOV testing intervais ~re
likely to lead to a risk increase. If too much time is expended on risk-neutral MOVs,
opportunities for more significant plant maintenance are lost. To illustrate how risk rankings
would be combined with deterministic considerations to arrive at final periodic verification
intervals, the following example is provided. This example illustrates how deterministic
criteria could be combined with risk insights by the GL 89-10 program manager to establish
testing intervals
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TABLE 5 TEST INTERVAL ASSIGNMENT DATA
Valve Valve | PSA Valve Thrust Service Test Comments
Description ID Rank | Group' | Margin™’| Conditions® | Interval
Rmk4.5.6

HPCI 1 H 1 30% Nominal A

injection (2 cycles)

Containment 2 H 2 5% Nominal A Raised to 1 cycle

isolation (1 cycle) | based on PSA
and low margin

RHR torus 3 M 1 15% Nomina! B

cooling test (4 cycles)

SW Pump 4 L 4 10% Harsh B Raised based on

Discharge (often used) | (3 cycles) | margin and
service
conditions

HPCI CST 5 L 1 5% Nominal A Raised based on

Suction (2 cycles) | low margin.

Main Steam 6 L 2 15% Nominal C

line drain (7 cycles)

1solation

RCIC 7 - 10% Nominal A

Injection (2 cycles)

RHR SW 8 M - 20% Nominal B

HX supply (4 cycles)

Cooling 9 L 3 10% Nominal B Raised to ensure

supply to (3 cycles) | group 3 valves

recombiner are represented
in higher tesi
frequency bins

' Valve group defined by valve design, manufacturer, size, etc.
? Thrust Margin is based on an as-left thrust at torque switch trip compared to the minimum required thrust at
design basis conditions including the reduction in margin based on uncertainties such as test instrument
uncertainty, equipment repeatability, load sensitive behavior, time related performance degradation, and other
deterministic considerations which are outside the scope of this document.
' Service conditions are based on the valve use (strokes /vear), environmental conditions, etc
“ Test interval rank - A = a test interval of every 1-2 fuel cycles (18 month cycles)
B = a test interval of eveiy 3-4 fuel cycles
C = a test interval of every 5-7 fuel cycles
* Thrust margin values presented are for example purposes only. As stated in Section 3.3, the licensee must
demonstrate that MOV's are capable over the test interval regardless of risk significance. This includes
consideration of the amount of margin, potential time related degradation; uncertainties such as measurement
uncertainty, equipment repeatability, and load sensitive behavior; and other deterministic considerations which

are addressed in other industry guidance and are outside the scope of this document.

* Until additional performance data are available, a maximum test interval of 10 vears has been discussed by the

industry and the NRC.

40



NEDC-32264-A
Revision 2

3.5 Changes in Plant Design or State of Knowledge of Valve Categorization

For licensees who have a “living PSA”, the best way to evaluate the potential for changes in
valve rankings over time is to re-evaluate the GL 89-10 valves during each PSA update. This

could be accomplished using the updated model and re-generating each MOV's importance
measures.

Licensees who do not maintain their PSA can maintain GL 89-10 lists. The expert panel can
be reconvened to review plant changes since the original evaluation. This review will be
adequate to ensure that valve rankings accurately reflect the relative importance of each
MOV. In addition to re-convening the expert panel, the Maintenance Rule requires tracking
of equipment performance relative to the safety significance of that equipment. Thus,
through the application of the expert panel review and Maintenance Rule, the effects of future
plant modifications on valve rankings will be properly considered.

It is beyond the scope of the MOV ranking significance methodology presented in this report
to establish licensee administrative criteria or requirements to assess revision to MOV
periodic verification intervals based on new information. The user of this methodology
should, however, consider the potential change of risk importance of MOV's as a result of
plant modifications and introduction of new PSA technology/methods. The Maintenance
Rule as well as the GL 89-10 programs should provide such a mechanism.

3.6 Other Considerations

The NRC staff raised a suggestion to use two categories of high and low versus three
categories of high, medium, and low. Eliminating the medium category has several negative
features relative to achieving the most complete approach to verification. These are:

e Adding more MOVs to the high risk category that belong in the medium category does
not significantly improve plant safety. The high risk group was defined so that it would
contain 99% of the core damage frequency contribution of MOVs. During the
development of this BWR Owners’ Group repert, a F-V boundary of 0.1 was considered
for the high risk category. However, to minimize concerns about data, human error, etc.,
the boundary for the hy ¢h risk category was set at 0.01.

o With the use of three catego . *s, plants will be able to collect MOV verification data
more freguently (the medium \ ategory has a more frequent periodic verification
requirement than the low categ iry) and provide a broader data base to feedback into the
MOV program relative to po’ential time dependent degradation of MOVs.
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¢ The use of three categories (high, medium, and low risk significance) makes risk
significance ranking less sensitive to potential changes in PSA. It is less likely for valves

to switch between high and low categories if a medium category is present to demonstrate
a moderate risk impact.

® The use of three groups minimizes the effect of valves whose importance is close to risk
group cutoffs. For example a valve just below the high risk cutoff would be classified a
low in a two group scheme. in this case, the medium group effectively captures the
valve’s importance. Thus, the effect of valves on the “cusp™ is minimum.
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4.0 CONCLUSIONS

This study provides a methodology for prioritization of MOV relative to their significance to
plant safety. It has demonstrated the methodology at five representative plants, and includes
sensitivity analyses to demonstrate the effectiveness of the methodology. The results of this
study show that plants can use their PSA analyses to establish MOV prioritization for
application to a plant's GL 89-10 program.
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TABLE AY

MOV RISK PRIORITIZATION RESULTS (BWR A)

IMPACT of MOV FAILURE RISK IMPORTANCE

VALVE ID DESCRIFTION

MO-23-019 HPCI Injection Valve Results in fallure of HPCT and 'mpacis bigh pressure mekeup FV =033 RAWS=38
MO-23-014 HPCH Steam Admission Valve Resutts in fflure of TIPCT and tmpacts high pressure makeup FV =033 RAW=38
MO-13-021 RCIC Injection Valve Results in ffture of RCIC and Impacts high pressure makeup FV = 02§ RAW =11

MO-13-131

MO-10-25A

PCIC Steam Admissien Valve

LPCI Leop A Injection Valve

Results In fuilure of RCIC and impacts high pressure makeup FV = 028 RAW = 1.1

FV = 005 RAW=15
CCF RAW = 54 for A&B
Level 2 RAW = 58

Results In foflure of LPCT and Shutdown Cooling Leop A

Resulis In fatlure of LPCI and Shutdewn Ceoling Loop B FV = 005 RAW = 1.5

MO-10-250 LPCH Loap B Injection Valve
CCF RAW = 54 7. A&D
Level 2 RAW = 58
MO-12-174 HPSW Injectien Crosstle to RITR MOV Results In faliure of TIPSW abitity fo inject into reactor vessel FV =003 RAW=1)
given faflure to Inject from other low pressure sources
MO-10-176 HPSW Injection Crosstie to RIIR MOV Resuits In faflure of IIPSW abiilty to Inject info reactor vessel FV= 503 RAW= 13
given fatlure to Inject from other low pressure sources
MO-16-39A RIIR Loop A Suppression Posl Cooling Valve Results in fallure of RITR Loop A Suppression Peol cooling and FV = 001 RAW = 1.1
Torus spray CCF RAW = 1.5 for A&DN
NO-10-39B RIIN Loop I Suppression ool Cooling Vaive Results In fallure of RUR Loop B Suppression Pool Ceoling and § FV = .001 RAW = 1.1
Torus Spray CCF RAW = 1.5 for A&DB
MO-10-34A RIIN Loop A Suppression Pool Cooling Valve Results tn fafture of RIR Loop A Suppression Pool Coeling FV = . 001 RAW =11

MO-10-341

RIR Loop B Suppression Poal Ceoling Valve

Results tn falture of RIR Loop B Suppressien Pool Cooling FV = 001 RAW =11
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TABLE Al MOV RISK PRIORITIZATION RESULTS (RWR A) (continued)

VALVE ID

DESCRIPTION

IMPACT of MOV FAILURE

RISK IMPORTANCE

MO-10-0891

RIIN heat exchanger B ¢ oling water discharge
MOV.

Resubis In fallure of HIPSW to coel RIR heat exchanger B for
contaimment heat remeval. Simiiar veives associated with other
trains have lower significance due (o diese! loading during
LOGP

FV = 0008 RAW = 1.06

MO-10-017/018

+ R Shutdewn Cooling Suction Valves

Results in fallure of RIIN to remove heat from the reactor vessel

FV = 0006 RAW = 1,08

MO-14-805A/B/CID

LPCS Mintmum Flow Valve (4 functionally
Identical valves)

Each mishmum flow valve vesults tn the fallure of Hs respective
LPCS pump train and impacts jow pressure make-up

FV = 0004 RAW =102
CCF RAW = 1.17 for
ABICID trains

MO-14.012A/B

1.PCS Injection Valve (A and B Loop)

Results In fatture of LPCS Loop A/B injection and impacts low
pressure Injection

FV = 0004 RAW = 1.03

MO-32-2803

HPSW to Emergency Cooling Tower reservior
discharge valve

Results in fatture of ck sed loop mode of HPSW te the ECT

Insignificant

r*

MO-12-015/018

RWCU Suctisn Valves

Faliure fo close will enuse SLC dilution during ATWS and fs
modeled explicitly. Fallure to close te isolate ISLOCA Is implicitly
modeled tn the LOCA outside contalnment itintor probabliity.

MO-13-015/0i6

“SCIC Inboard/Ouiboard Steam lsointlon Valves

§9.10 fallure mode not modeled in PSA. Normally open valve Is not
required to stroke for RCIC operation. Fallure to close to Isolate
LOTA outside contalnment was wot modeled because the RCIC
steam line is of Nmled dinmeter and therefore not considered 2
potentini LOCA source.

MO-23.015/016

HPCY Inboard/Onthenrd Steam lsolntion Valves

89-10 fullure mode not medeled In PSA. Normelly open valve is not
required to stroke for HIPCI operation. Falluve to close to fsolate
ISLOCA I implicitly modeled n the LOCA eutside contalnment

InMiator probabiiity.

MO-02-029A/B

Feedwater Loop A/ Injection to Renclor vessel

Normully open vaive required for RCICHPCE Injection. Fallure o
close to isolate n LOCA outside containment fs implicily modeled In

the initintor.
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TABLE At MOV RISK PRIORITIZATION RESULTS (MWR A) (continucd)

VALVE ID PDESCRIPTION IMPACT of MOV FAILURE RISK IMPORTANCE
MO 480841 Emergency Cooling Water pump Gischarge Valve § Resulis in failure of ECW »ump snd impacts redundancy of FV =001 RAW= |1
diesel cooling water eystem. Oppeosite unit impertant enly.
MO-10-682A/CTD RHR heat exchanger A/CID cooling water Results In fallure of HIPSW te cool RIR heat exchangers for Insignificant
discharge Valves contalnment heai remoaval. A" valve Importance ariificially
tiicreased to that of B valve due to medelling non-symumetries.
Normmity epen valve net vequired to change state, therefore not Insignificant

MO-02-0S3A/R

Rectre punp discherge block Valves
modeled In PSA. Valve required to close for recire line LOCA.

MO-13-132

Resuits In fallure of RCIC sad tmpacts high pressure makeup.

RCIC Lube sil cooling Valve
Net explicitly modeled but fncluded In date for pump faflure.

Fv = 025 RAW =31
(esthmated)

MO-€2-074077 Main Steam Line dyain Velve Normally closed valves are not required for injection ar Insignificant
iselntion and are therefore not modeled In PSA.
MO-10.154A/R RIR Neclre Loop AR return (1L.PCT injection) Normally open valve not reguired to change state for LPCI Insignificant
Valves injection, plugghtg mechanlsm medeled in PSA.
MO-12.068 RWCU Reclhreunlation flow to renclor valve Normaily open valve falling to isolate during LOCA cutside Insignificant
contalmment Is an Inlilator and s implicitly modcied In PSA.
MO-13.018 RCIC OST suction Vaive Falture to close on transfer of RCIC suctlon from CST fo Insignificant
suppression pool will fall RCIC.
MO-32-2344 MPSW cross-tic valve Fallure to open Himits the ability to line up any HPSW pumy to Insignificant
any RIIR hent exchanger. Modeled in PSA.
MO-32-2486 HPSW discharge valve to pond Normaily open valve only required to close on loss of pond to Insignificant
wiilize closed loup covling. Medeled s PSA.
MO.13.0498 ERW dischnarge valve fo pond Normally epen valve only requirad to close on foss of pond to Insignificant
utiiize closed loep ceoling. Medcled In PSA.
MO 3523734 RBOCW Reclrewietion pump cocling water Normally epen valves aflow cooling of recire pump senls. Insignifi ant
isolntion valves Fallure to close s not madeled i PSA since numps ave fripped
in model.
Fallure to close for contatsment LOCA conditions. Not medeled § Insignifica. *

MO-44-2200A/1

Drywell Cooler Inlet Isolntion Valves

In PSA due to closed loop systemm and small dinmeter lne.
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TARLE A1 MOV RISK PRIORITIZATION RESULTS (BWR A) (continued)

IMPACT of MOV FAILURE

VALVE ID

MO-23.017 HPCT CST Suction Valve Normally spess valve falls to close wher transfering sucilon to the
suppression pool and will fall 11PCL
MO.23.020 PCY Pump Discharge Block Valve Normally open valve not required io change stafe. Tlugging
mechantsm modeled In PSA. 89.10 fallure mede identical to RCIC
description.
MO-23) 028 HPCT Pamp Minimam Flow Valve Fallure te open on HPCT puncp low flow weuld not fall pump Becanse
njection accenrs by suficient time to Himit dend hend condition.
MO-23.057 058 HPCT Torws Suction Mock Valves Fallure to open when transfersing suction to suppression pool wit! fall § Inslguificant
HPCL Addressed In PSA.
ir
MO-23IN. 4245 HPCT Turbine Fxbanst Vacunm Breaker Valve Normally open, fallure 46 close to provide containment lsolation Inslgnificant
would net fall IIPCL. Emal dinmeter Hine insignificant source term
contitbuior and net modeled in PSA.
MO.44.2201A/R Drywell Cooler Ontlet Isolntion Veives Palture to close for contalnment LOCA conditions. Not inciuded In Insignificant
PSA duz to closed loop system and small diameter Hine.
MO-4R-SBI/SO2A/RIC Emergency Cooling Tower Wlock Valves for closed Fallure to open for HPSW and ESW flow to ECT will canse loss of
foop Mow. systems If pond is unavaliable. Addressed tn PSA.

Normally apen valve folling to clove wouid not impact RCIC. Smeil
diameter line is an insignificant sonrce term contributor,

MO 13C-4244 RCIC Turbine Exhanst Vacwum Rresker Valve
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TARLE A2

ON VALVE QROUPING MWR

PROBAMILISTIC SENSTTTVITY ANALVYSES
A)
[NUMBER OF VALVES IN EACH CATEGORY|

1FV IMPORTANCE)

VALVE FAILURE RATE (FAILURE TO STROKE ON DEMAND)

R | oM 65 o 603
(IPR VALUR)
s [} te € 0 e
” L ? 6 B 0
9299 s 3 "0 e N
9999 4 7 3 9 €
TOTAL * 29 29 pL n 10
e s

® muﬂmd“«-hmnh&!“(ﬂcﬂ-‘m)
consistent with the G1, 8910 Hai of veives.

FREQUENCY VERSU3 VALVE FAILURE RATE

TABLE AD

RELATIVE CHANGE IN CORE DAMAGE

MWR A)

medeled in the IPE with falhere modes

—

VALVE PAILURE RATE (FATLURE TO STROKE ON DEMAND)

an

003

Multiphicr
on IPE CDF

69

53

13

e
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TABLE Bl
PRIORITIZATION OF MOTOR-OPERATED VALVES FOR PLANT B
MOV IMPORTANCES TO:
VALVE 8%-10 PRA CORE CNMT  LARGE
NUNBER FUNCT ION SCOPE  SCOPE DAMAGE FAIL  REL COMMENTS/JUSTIFICATION FOR PRIORITY
HIGH PRIORITY HNOVS

1E11-FO6BA teat Exch Flow Control 4 Y 0.510 1.047 0.340 | Failure of FOGBA or B causes loss of heat removal for sil modes of one RHR loop.

1E11-FO6BB Heat Sxch Flow Control Y Y 1.348 2.9%% 984 The importance of FO688 to the CDF and containment failure frwy exceeded
rrcent, placing it in the HIGH cat y. The importence of to the CDF uas
ess than one percent, but its contribution to containment failure exceeded 1
percent. FO6BA uas to the HIGH category. No credit was taken for .ocal
manual recovery of F or B in the PRA,

1E41-FOD1  HPC1 Steam Inlet Y Y 1.1968 0.426 0.160 | Demsnd failure of the vaives listed on the left cause complete loss of WPCI or

1E41-F0086  HPCI Injection Y Y 1.199 0.426 0.161 RCIC. HPCI and RCIC ere risk-significant systems for Plant B because h pressure

1€51-F013  RCIC Injection ¥ Y 0.743 0.057 0.023 injection systems are reiatively limited compared to low pressure injection

1€51-F045 RCIC Steam Inlet ) Y 0.742 0.057 0.023 systemy. Feedwater has turbine-driven ugﬁ which fail on MSIV closure, and WPCI
and RCIC sre both single-train systems with relatively high unavaiiabilities

to the t low pressure motor-driven systems. Loss of high pressure

injection with ADS inhibited requires operator sctions to emergency depressurire.
menuvﬂnshdﬂ"1¢unmn)mthhnunpnaﬂ,htﬁnonhntmm
mfr-bd to the HIGH category because of the similarity of function to the HPCI
valves, and because ths RCIC sys:em was one of the most importent systems to the
COF.

1E41-F059  HPCI Lube 01l Cooling Water Y N 0.000 0.000 0.000 | These valves were included within the pusp/turbine boundary of the HPCI and RCIC

1651-F046  RCIC Lube 0il Cooling Water ¥ N 0.000 0.000 0.000 tems and were not explicitly modeled in the PRA. However, demand failure of
t valves is ted to cause loss of WPCI end RCIC. HPCI end RCIC totel
importances were and 16% respactively. These valves vere upgraded to NIGH
based on the importsnce of H°CI and RCIC to the CDF.
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TABLE Bi PRIORITIZATION OF MOTOR-OPERATED VALVES FOR PLANT B (Continued)

1E41-F002
1E41-F003
1E51-F007
1€51-F008

HPCT Steam Line Isolation
HPCI Steam Line Isolation
RCIC Steam Line Isolation
RCIC Steam Line lsoletion

- g g -
- < < <
oo
3888
o0
8888
coo2
3888

The HPCI/RCIC velves function to isolate the steam lines given a bresk outside
containment. The valves isclate on Mr steam line flow or M’n temperature in the
respective rooms. The {sclation function of these velves was implicitly modeled in
the unisclated LOCAs cutside containment initiet event 'r:roney. Unisolated
LOCAs cutside containment accounted for less than 1 percent the total COF, but
exceeded 1% of the frequency of large releases. Sensitivity analysis shows that
small changes in the common ceuse failure probsbility of motor cperated valves can
eignificantly increase the contribution of unisolated LOCAs outside containment to
the frequency of large relesses. Other factors which support the categorization of
these valves as high pﬂoﬂz valves are: 1) the velves are "squired to close

inst high dp conditions which are not replicated during opersbility tests, and
2 u:tm of the valves to {sclate leads to & potential large release outside
containment.

1631-F001
1631-FOD4

RUCU Isolation
RUCU Isolstion

3
88

The RUCU isolation valves function to fsolate the RUCU Lines ’im a bresk outside
containment. The isolation function of these vaives wvas implicitly modeled in the
unisolsted LOCAs outside containment initiating event ,W h valves vere
explicitly modeled in the containment fsolation model. m; ity of these .
valves vas to HIGH based on the same reasoning as HPCI/RCIC steam Line

isolation valves,

RIORITY MHOVS

1E11-FO15A
1E11-F0158

LPCE Injection
LPCI Injection

oo
?
q

oo

32

oo

ratlure of & single LPCI injection valve fails one loop of LPCI. These valves fall
below the HIGH importence ranking because of the redundancy and diversity of low
pressure injection systems.

1611-FO28A
1E11-F0288

RHR Torus Test/Spray
RHR Torus Test/Spray

23
13
58

1)
-0
$

2

Failure of FO28A or FO2BR fails both suppression pool cooling end suppression pool
spray modes for one loop of RHR. These valves sre not renked as WIGH priority
valves because failure of theze velves does not affect the Shutdown Cooling Mode of
RHR, and becsuse other means of decay hest removal are svailsble (main

eand containment venting). Also, local manusl acticns cen open these valves for
most sequences in which these valves are failed,

1€21-FO05A
1€21-F0058

CS Injection
CS Injection

< <
< =
oe
25
-} .
e

failure of the Core Spray injection velve to open causes loss of one loop of Core
Spray. These valves were just below the cutoff for LOV importance valves, and were
wrodod to MEDIUN because of the simitarity of function to the LPCi injection
valves,

|—

1P41-F310A
1P41-£3108
1P61-F310C
1P41-F3100

PS¥ Turbine Bidg Header Isc
PS¥ Turbine Bldg Header Iso
PS¢ Turbine Bldg Header Isc
PSW Turbine Bldg Header 1so

< < <<
< < <<
ooen
b b
2833
coos
23%%
o>
sooe

The Turbine Building PSW header fsolation valves are required to close during LOCA
or LOSP to ensure adequate cooling water to essential componenta. Failure to close
during en LOSP is the most important failure mode, becsuse of the of the
diesels on PSW for cooling. The A and B valves had importances in NEDIUM
{mportance renge, while the C and D velves had importances in the LOV range. The A
and B valves are more important because of the divisionsl power arrangement (only
valve A can isolate service water for diesel A vhen diesel C {s down). Valves ¢
and D vere upgraded to MEDIUK importance for consistency.
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TABLE Bl PRIORITIZATION OF MOTOR-OPERATED VALVES FOR PLANT B (Continued)

LOW PRIORITY HNOVS

1821-#016 MSL Drain lsolation Y M 0.000 0.000 0.000 | FO16 and FO19 are opened during startup to drain condensate from the main steem
1821-F019  MSL Drain Isolation Y N 0.000 0.000 0.000 ! lines. These valves are clocsed once main turbine is reiled. Discharge from
these valves passes th other valves to the condenser. Closure of the NSIVs
does not tsolate thess valves from the reactor, so that failure of both FO16 and
FO19 to close couid result in continued blowdown from the resctor to the condenser.
Flow is limited by restrictive orifices in the drain Lines from each HSIV. The low
importance rankin of these valves is justified because the vaives are normally
closed during power operation.
1831-F031A Recirc Pump Disch Isolation Y N 0.000 0.000 0.000 | The only accident sequence in which recirculation pump discharge valve closure is
1831-F0318 Recirc Pump Disch Isolation Y N 0.000 0.000 0.000 | needed to prevent core damage is & 1 break in the recirculation piping. These
valves were modeled impiicitly in the large LOCA initisting event model. Failure
of the discharge valve in the unbroken loop to close could result in LFCI flow from
both loec: being lost through the bresk. Both loops of Core Spray uruld aiso have
to fail before significant core damage would occur. Based on estimates for the
IPE, less than 15 percent of large break LOCAs would require discharge valve
closure. If core did occur because LPC1 flow wes diverted through the
break, containment failure is unlikely due to the asvailability of debris oo;l.::
A LOW priority is justified because of the combined low frequency of large
LOCAs and the fow failure probability of both loops of Tore Spray.
1E11-FOO3A RMR Heat Exch Outlet Y N 0.00C 0.000 0.000 The heat exchanger inlet and outlet valves sre normally open and not required to
1611-FOO38 RHR Heat Exch Outlet ¥ N 0.000 0.000 0.000 close for any sccident sequences modeled in the IPE. Thase valves receive no
1E11-FO4TA RHR Heat Exch Inlet Y N 0.000 D.000 0.000 | sutomatic isolation signals. The risk significance of these valves is low.
1€11-FO478 AHR Heat Exch Inlet Y N 0.000 0.000 0.000
1E11-FOD4A RHR Torus Suction Y Y 0.000 0.000 0.000 | Each RHR pump has one Torus suction and one vessel suction isolstion valve. The
1611-F0048 RHR Torus Suction Y Y 0000 0.000 0.000 | FOO4 valves isolate the Torus suction paths, and the FOOE valves fsolate the vessel
1E11-FOD4C  RHR Torus Suction Y ¥ 0.000 0.000 0.000 | suction paths. The F004 valves are normally open, and the FODS valves are normally
1611-FOD4D RHR Torus Suction A Y 0.000 0©0.000 0.000 | closed. Each FOO4 and FOO6 valve pair must close/open respectively to align an RHR
1E11-FODSA RHR SDC Pump Suction Y 0.000 0.000 0.000 | pump for shutdown cooling. To eliminate a modeling problem, oniy two of vessel
1E11-FODSR RHR SDC Purp Suction Y Y 0000 0.000 0.000 | suction valves were modeled in the PRA (this wes conservative). These valves are
1E11-FO06C RHR SOC Pump Suction Y N 0.000 0.000 0.000 | considered LOW importance to risk because failure of a valve pair to function enly
1611-F006D RMR SDC Pump Suction Y N 0.000 0.000 0.000 impacts one RHR pump for one mode of RMR operation. Also, for most events for
which shutdown cooling is needed, time is available to menually /close the
valves given failure of a motor operator. ALl of the FOO4 and valves have
hand-whael operators, and would be accessable for most sccident sequences.
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PRIORITIZATION OF MOTOR-OPERATED VALVES FOR PLANT B (Continued)

1E11-FOO7A RHR Hinimum Flow
1E11-F0078 RHR Minimum Flow

There are two RHR minimum flow valves, cne for esch loop. The sinimum flow valves
mmltywuﬂwlﬁnﬂupﬁf&tﬁclﬂmlnml.Ptl mode until
the injection valves open and vessel decreases balow the LPCI shutoff
head. failure of the minimum flov vaives results in some reduction in RHR flow in
all modes of operation. The IPE evaluated the reslistic impact of faflure of a
minimum flow valve to close, and concluded that the n-ﬁﬂg.flw rate would be
sdequste for ali modes of RHR operation. Thus, fatlure of minimum flow valves
to close is considered of low risk significence. If an RMR is mtin, in
test or suppression L cooling, the minimum flov valve could be closed. If »
LOCA occurred, the system is doﬂrd to sutomatically realign to the LPCI
mode. and the minimum flow velve would receive a signal to ocpen. It wes conc luded
in the IPE anslysis that even if the minimum flov velve failed to realign, the RHR
pumps would Likely operste long enough for either vessel depressurization or
operator intervention,

I 1611-F008 RHR SDC Vessel Isolation
1611-F009 RMR SDC Vesse! lsolation

20
O

pemand fallure of either FOUB or FOO9 fails the shutdoun cooling mode of RMR. This
mode is not risk-significent because Shutdoun Cooling s vulnersble to single
fatlures and is less likely to be svailable then Suppression Pool Cooling. These
vaives aiso receive isolation signals designed to prevent vessel drain-down during
refuel ing outages, but the risk significance of failures to isolate during

refuel is beleived te be small zeu-o of the low differentisl prassure and the
time svailable for operator intervention.

1611-FO16A RHR Drywell Spray
1€11-F0168 RMR Drywell Spray
1E11-FO21A RHR Drywell Spray
1£11-¢0218 RHR Drywell Spray

- L < <

- o g -

3322

3383
EREE

The RHR FOT6A/FO21A and FOV6B/FOZ1B valve peirs sre normally closed containment
{solation valves thet must be cpened to initiate the w& mode of RHR.
failure of any single valve to open fails one loop of in (L spray
m,mmmswtmuwmunmm. The L sprays appear
in both the Level 1 and Level 2 IPE models. The RHR Drywell mode msy be used
to reduce the Drywsil temperature to prevent the vessel leval instrumentation
reference legs from boiling. 1f no contsinment cooling fe asveilable and Drywell
spray cannot be initisted, emergency depressurization end vessel flooding must be

forme”, These types of sequences were relatively unimportant to plant risk,

LL sprays vere also modeled in preventing containment failure following vessel

failure. The sprays are relatively unimportent because for many of the
in which the sprays coulu perform, LPCI injection is slsc svailable for debris
cooling. Either Drywell sprays or LPCI or Core Spray injecting t the failed
vessel were considered sdequste to prevent containment failure following & core

damage event.

1611-FO17A LPC! Throttle
1611-¥0178 LPCI Throttle

28

33

The LPCI throttle valves (FO17A,8) are mr-l:‘ open and not required to close
during any sccident modeled in the IPE. The throttle valves ere
interlocked open for 10 minutes following any LPCI tnitistion signel, to prevent
operators from throttiing flow until core ceoling irements are satisfied.
feilure of the F017 valve to throttle flow does not impact the sbility to cool the
core. Following LPCI injection, either the throttie valve or injection valve
(F015) may be required to close before other modes of RHR cen be initiated. The
redundancy of the throttle valve with the FO15 valve makes tuis function reletively
unimportant to plant risk. Containment isolation is provided by the FO50 check
velves and FO1S injection valves.
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TABLE B1 PRIORITIZATION OF MOTOR-OPERATED VALVES FOR PLANT B (Continued)

1E11-FO24A
1€11-F0248
1E11-F027A
1E11-F0278

RHR Torus Test Inboard
AMR Torus Test Inboard
RHR Torus Spray inboard
RHR Torus Spray Inbosrd

- - L <
cooo
83383
onoo
8888

- -

Establishing suppression | heat removal requires opening FO28A/B and either
FO24A/8 (test Line) or A/B (suppression rnl spray). Because of the added
redundancy of the FO24/F027 velves, these valves are significantly less important
to the core damage freguency than FO28. For almost all sequences involving loss of
decay heat removal, adequate time is availsble for these valves to be manually
opened using the handwheel operators. Thus, the risk significance of these valves

is low.

1E11-FOLBA
TE11-FO488

RHR Heat Exch Bypsds
RHR Heat Exch Bypass

3
3

This velve is normally open, and remains during the LPCI injection phase. It
must be throttied closed to control flow the RHR hest exchanger for any RNR
mode involving heat removal. If RHR is in suporession pool eooum vhen 8 LOCA
occurs, this valve could mlnl flow 1f it fails to open. is failure mode
is relatively unimportant, e adequate LPC! flow cen stiil pass through the
heat exchanger to realistically t significent core damage. Faiture of this
valve to close will degrade the t removal capacity of a single loop of RHR in
suppression pool cooling, shutdown cooling, and other modes. is fatlure mode is
relstively risk-insignificant becsuse the t removel capsbility is not completely
failed end becauae for most risk-significant sequences, time is available to
manuslly close the valve using the -wheel operator.

TE11-F1032
1E11-F1038

Heat Exch Vent
Heat Exch Vent

o0

38

This valve is only used to vent the heat exchangers of noncondensible gases in the
steam condensing mode, and to flush the heat ex during shutdown cooling. It
is normally closed snd remsins closed during ell o modes of RHR operation. The
stesm condensing mode was not modeled in the IPE, because it {s not » preferred
mode of tion at Plant B, and because it is & more complex and therefore less
reliable removal mode then suppression pool cooling or shutdown cooling. If
shutdown cooling was the only heat removal mode availeble, a failed closed vent
valve would not physically prevent the operators from using shutdown cooling to
protect containment.

The core spray suction isolation velve {s normally and receives no sutomatic

1E21-FCO01A €S Pump Suction Isolation Y 0.000 0.000 0.000

1£21-F0018 €S Pump Suction Isolestion 4 0.000 0.000 0.000 isolation signail. These valves are not required to closed for any sccident
modeled in 1PE.

1621-FO31A €3 Minimum Flow Isclation Y 0.000 0.000 0.000 There are tvo CS minimum flow valves, one for each pump. The ainimum flow valves

1621-FO318 €S Minimum Flow Isolation 4 0.000 0.000 0.000 | are normally open and provide a flow path for the (S mmll the injection
valves open and vessel pressure decreases below the (S off head. Feailure of

the minimum flow valves to close results in some reduction in flow. The IPE
evaluated the realistic impact of failure of  minimum flow valve to close, end
concluded that the remaining flow rate would be adequate to prevent significant
core damage. Thus, failure of the minimum flow valves to close is considered of
tow risk significance. If a loop of €S is in test mode, the minimum flow valve
could be closed. If a LOCA occurred, the CS system is designed to automaticsily
reslign from test to injection, and the minimum flow valve would receive a signal
to open. It wes concluded in the IPE snalysis that even If the minimum flow valve
failed to realign during a test, the CS pump would Likely operate long enough for
either vessel depressurization or operator {ntervention.
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TABLE B1 PRIORITIZATION OF MOTOR-OPERATED VALVES FOR PLANT B (Continued)

TEAY-FOO4
1674 -F041
Y. J0e2

,-F010
1£51-F029
1E51-FOY

HPCl
HPCl
HPCl
RCIC
Rel
RCL

CST Suctien lsolation
Torus Suction lsolation
Torus Suction lsolation
€57 Suction Isolation
Torus Suction Isolation
Torus Suction lsolation

E & B & 5 B

sooc00
eccoome
occosoo

HPCE and RCIC will auto-swep from the CST te the suppression pool on low CST Level
or h suppression pool level. Interlocks are provided such that the CST suction
valve will only close sfter the suppression suction velves sre both fully
open. Thus, if either suppression pool suction valve fails to open the CST line
vill remain svailable. 1f the CST valve fails to close or {f the torus pethvay
fails to open, MPCI/RCIC will continue to operate until the CSY wv-norz is
depleted. For all but a small fraction of LOCA events, operation of HWPCI or RCIC
from the CST provides an extended period of high pressure cooling. For e
transient, {f HPCI or RCIC maintains vessel level until the CST ia depleted, more
then an hour is available before te core cooling becomes » concern. This s
adequate time for the operators tu either manuelly open the failed valves or
provide injection from other m!\ pressure sources such as CRD or condensate.
Thus, demand failures of the 1/RCIC CST snd suppression pool suction Lines ere
insignificent contributors to core demege.

1E41-FOT2
1E51-FONO

HeCl
RCIC

Minimum Flow
Mintmum Flow

< <

ok

The minimum flow valves for HPCI and RCIC did not sppear as risk-significant in the
IPE because it {s not enticipated that HPCI and RCIC would ever operate without a
flow path to the vessel o CST. 1f the WPCI/RCIC discharge MOV feiled to cpen
on HPCIZRCIC initietion, o condition would exist, but in this cese, '
MPCI/RCIC {s unavailabie for injection regardless of the status of the minimum flow

valve,

1641-F104
TELT-F1TY
1€51-F104
1€51-F105

HPCl
wPCl
RCIC
RCIC

Veac Breaker Isolation
Vac Breaker Isolation
Vac Breaker Isolation
vac Breaker lsolation

- € "

oooo
osoo

oooo

The vacuum bresker isolation valves isolate the vacuum bresker Line on low steear
iine pressure and hi :x\eu pressure. The purpose of this fsolation is to
eliminate & potential | pathuay from the suppression pool airspace

the turbine exhsust line turbine seals into containment. This
teakage pathuay could exist if containment pressure vas igh and HPCI wes tri k
This potmny would bypass the water seal thst the exhsust line rormally hes.

| tance of this isolation failure is emall becsuse any relceses dt:

filtered through the n?rnﬂen pool, and becesuse of the redundency of
{solation valves. If this pathuay fails to fsolete, it is likely due to loss of

pover to the valves and not hardvare failure,

1E51-F119

RCIC

Low Spesd Bypass

0.

The RCIC lov speed bypass line was added as an cperationsl !Tmttorduu
stresses on the RCIC components during startup. Failure of this velve to open
during RCIC startup will not preveat RCIC initietion, and feilure of this velve to
close will not impact the {solation functions of the RCIC steam line {solation

valves,

TE51-F524

RCIC

Trip and Throttle

RCIC trip and throttle valve closure {s needed to terminate RCIC injection given a
RCIC ine trip. Failure of RCIC to trip with no other meifunctions present
results in continued injection to the veasel. Becsuse of the small injection

ity of RCIC, operstors have adequate time %o take sctions to prevent vessel
overfitl. Failure of F524 to close given a condition requiring RCIC trip could
result in to the RCIC system. 1If a condition requiring RCIC trip fs
present, then RCIC would most Likely be unsvailable for the remsinder of the event

less of F524 success or feiiure. If BCIC wae due to failure of FS524
to close, steam release cutside primery containment would be limited {solation
valves FOO7 end FOOB. Furthermore, the sbility of the trip snd throttle valve to
close while exposed to full reactor pressure is verified during monthly RCIC

opersbility testing.

B-7
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TABLE Bl PRIORITIZATION OF MOTOR-OPERATED VALVES FOR PLANT B (Continued)

1PL1-FOL9
1P41-FOS0

PSE to DV Coolers lsolation
e=t t5 DY Coolers Iscletion

Y
Y

-~ -

oo

T

The PLd System is @ closed system within containment, and the isclation vaives
receive no sutomatic isolation signals. lsolation is only needed if the PSU
pressure boundary within containment is failed. PSW s within containment will
require a shutdown due to loss of drywel! cooling and will linl{ generate a LOCA
signal on high drywell pressure. However, risk significance is LOR because no
systems important to safe shutdoun are impacted.

wa-F312

PSW Radwaste Dilution Line

The 30" ditution line ties directly into Unit 1 division 1 PS¥, and is typiull{
only opened occasionelly during out . During non-outage periods, dilution flow
is provided from circulating water blowdown to the river.

1P42-F051
1P42-FO52

RBCCW Dryweil Inlet
RBCCY Drywell Outlet

8o

The RBCCY System is a closed system within conteinment, and the containment
{solation valves receive no automstic isolstion ﬂr-l. Isolation {s only required
if the RBCCY pressure boundary within contsinment is failed. If an RBCCW break
occurs within containment during power operstion, a shutdown due to loss of resctor
recirculation pump cooling is required. However, risk significance is LOW because
no systems importent to sefe shutdown are impacted.

1PS2-F874

N2 Backup MOV to Inst Air

0.023

0.051

This valve on lov pressure in the noninter ible instrument air hesder to
pressurize the header from the nitrogen system, is valve is not in the scope of
6L 89-10, but is modeled in the PRA. Its importance to the CDF {s below the medium
cutoff of 0.1 percent, so this MOV does not need to be added to the test schedule.
1t is provided here as an example of an MOV in the PRA that fs not in the scope of

GL 89-10.
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Table C1 -~ Prioritization of MOVs for BWR C
FV Importance Number of Valves Cumulative Number of
in Category Valves
0.05 0 0
0.01 6 6
0.001 17 23
0.0001 34 57
<0.0001 120 177
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Current R9-10 MOVs with Low Risk Significence

-

|

Description

89-10

PRA REASONING

2cCPAMOV1I22

2CCPAMOVI2E

2CCPRHOVILA

2CCPYHOVILE

———— - —————— - ——————— - ———— - —— - - ——— - - . - — . ———. ———— -~ —— - -~

DRS-CONT IS0 INBD (MOTOR OPERATED VALVE)

DRS-CONT ISOL OUTAD (NOTOR OPERATED VALVE)

GATE VALVE SFCAETA INLET {MOTOR OPERATED VALY

GATE VALVE SFCKETB INLET (MOTOR OPERATED VALV

———————— - — - — —— . T —— - — — ——— ———————— - —— —. - — . ———— ———

YES

YES

YES

YES

| NECESSARRY TO BREACH CONTAINHENT IS A
j OUTSIDE CONTAINMENT , AND 2 MOVS FAILING TO ISOLATE (BOTH
CONTR

|
|
|
|
|
i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
i
|
|
|
|
|
|
|
i
|
|
|
!
|
|
|

THIS IS A CONTAINMENT ISOLATION VALVE, AND UAS CONSIDERED IN
CONTAINMENT ISOLATION SECTION. ThE l‘m Co0L
(CCP) IS A CLOSED LOOP SYSTEM, IF LEAKAGE WERE TO LEAK INTO
SYSTEM, IT WOULD REMAIN CONTAINED IN "L!

1SOLATION VALVES). THIS IS CONSIDERED A VERY SMALL
CONPARISON TO OTHER FAILURE MODES.

CONTAINMENT ISOLATION SECTION. THE REACTOR
(CCP) 1S A CLOSED LOOP SYSTEM. IF LEAKAGE Yo

SYSTEN, 1T WOULD REMAIN CONTAINED IN THE LOOP, THE FAILURE MECHANISM
NECESSARRY 1O BREACH CONTAINMENT IS A LINE BREAK BOTH INSIDE AND
OUTSIDE COMTAINNENT , AND 2 MOVS FAILING TO ISOLATE (BOTH

ISOLATION VALVES). THIS 1S CONSIDERED A VERY SMALL CONTR
COMPARISON TO OTHER FAILURE MODES.

REACTOR BUILDING CLOSED LOOP COOLING (CCP) TO SPENT FUEL COOLING, THIS
VALVE IS IN ONE OF THO TRAINS OF COOLING. SPERT FUEL COOLING
IS NOT INCLUDED IN THE SCOPE OF THE IPE, AND NO CREDIT IS TAKEN FOR THE
SYSTEM. HOWEVER, SPENT FUEL POOL COOLING RISK IS LOW BECAUSE HEATUP
OCCURS SLOWLY AND MANRY AVAILABLE FOR RECOVERY. ALSO, THIS
VALVE IS NORMALLY OPEN AND MUST REMAIN OPEN.

REACTOR BUILDING CLOSED LOOP COOLING (CCP) TO SPENT FUEL COOLING. THIS
VALVE 1S IN ONE OF TUO REDUNDANT TRAINS OF COOLING. SPENT FUEL COOLING
IS NOT INCLUDED IN THE SCOPE OF THE IPE, AND NO CREDIT 1S TAXEN FOR THE
SYSTEM. HOWEVER, SPEMT FUEL POOL COOLING RISK IS LOW BECAUSE HEATUP
OCCURS SLOWLY AND MANY MOURS ARE AVAILABLE FOR RECOVERY.




Current 89-10 MOVs with Low Risk Significance
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Component [P

Description

3
2
3

- — - - ——— ——— - ————— ) -~

2CCPAMOVISA

2CCPANOVISE

2CCPAMOVIEA

———— i — — . —— - ———— s — o —————————— v — - - —————— oy —

RCS-CONT 1SOL OUTBD (HOTOR OPERATED VALVE)

RCS-CONT 1SOL OUTBD (MOTOR OPERATED VALVE)

RCS-CONT ISOL INBD (MOTOR OPERATED VALVE)

TH'S IS A CONTAINMENT ISOLATION VALVE, AND WAS CONSIDERED IN THE
CONTAIKMERY SECTION. THE REACTOR BUILDING CLOSED LOOP COOLING SYSTEM
(CCP) IS A CLOSED LOOP SYSTEM. IF LEAKAGE WERE TO LEAK INTO THE
SYSTEN, 1T WOULD REMAIN IN THE LOOP. THE FAILURE MECHANISM NECESSARY
TO BREACH CONTAINMENT,IS A LINE BREAX BOTH INSIDE AND OUTSIDE
CONTAINMENT, AND 2 MOV'S FAILING TO ISOLATE (BOTK CONTAINMENT ISOLATION
VALVES). TMIS i$S CONSIDERED A VERY SMALL CONTRIBUTER IN COMPARISON YO
OTHER FAILURE MODES.

3

THIS IS A CONTAINMENT ISOLATION VALVE, AND WAS CONSIDERED IN THE
COMTAINMENT SECTION. THE REACTOR BUILDING CLOSER LOOP COOLING SYSTEM
(CCP) IS A CLOSED LOOP SYSTEM. IF LEAKAGE WERE TO LEAK INTO THE
SYSTEM, 17 WOULD REMAIN IN YME LOOP, THE FAILURE MECHANISM NECESSARY
70 BREACH CONTAINMENT,IS A LINE BREAK BOTH INSIDE AND OUTSIDE
CONYAINMENT, AND 2 MOV'S FAILING TO ISOLATE (BOTH CONTAINMENT ISCLATION
VALVES). THIS IS CONSIDERED A VERY SMALL CONTRIBUTER IN COMPARISON TO

OTHER FAILURE MODES.

3

THIS IS A COMTAINMENT [SOLATION VALVE, AND UAS CONSIDERED IN THE
CONTAINMENT SECTION. THE REACTOR BUILDING CLOSED LOOP COOLING SYSTEM
(CCP) IS A CLOSED LOOP SYSTEM. IF LEAKAGE WERE YO LEAK INTO THE
SYSTEM, IV WOULD REMAIN IN THE LOOP. THE FAILURE MECHANISH NECESSARY
70 BREACH CONTAINMENT,IS A LINE BREAK BOTH INSIDE AMD OUTSIDE
CONTAINMENT, AND 2 MOV'S FAILING TO ISOLATE (BOTH CONTAINMENT ISOLATION
VALVES). THIS IS CONSIDERED A VERY SNALL CONTRIBUTER IN CONPARISOM TO
OTHER FAILURE MODES

g

. ——————————— — ——— ——— . —— ———— — — o — -, —— ———————"—— -~ — —— ——— - -y -l
————————— —— -~ —— -~ ——— - —————————— ———-— ——— - ———. > —————— b o i
———————————— -~ —— —— —— -~ ———— ——— - — ———— . — - —-———————
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- T
Component 10 | Description B85-10 | PRA REASONING
- e m— - i m————— - ] e ——

2CCPANOVISAR RCS-CONY ISOL INBD (MOTOR OPERATED VALVE) THIS IS A CONTAINMENT ISOLATION VALVE, AND UAS CONSIDERED IN THE
CONTAINMENY SECTION THE REACTOR BUILDING CLOSED LOCP COOLING SYSTEM
(CCP) 1S A CLOSED LCOP SYSTEM. IF LEAKAGE WERE YO LEAK INTO THE
SYSTEM, IT UOULD REMAIN IN THE LOOP. THE FAILURE MECHANISM NECESSARY

§ TO BREACH CONTAINMENY, IS A LINE BREAK BOTH INSIDE AMD OUYSIDE

CONTAINMENT, AND 2 MOV'S FAILING TO ISOLATE (BOTH CONTAINMENY ISOLATION
VALVES). THIS IS CONSIDERED A VERY SMALL CONTRIBUTER IN COMPARISON TO
OTHER FAILURE MODES

2CTPAMOVITA RCS-CONTY ISOL OUTBPR (MOTOR OPERATED VALVE) - 3 THIS 1S A CONTAIMMENT ISOLATION VALVE, AND UAS CONSIDERED IN THE
CONTAINMENT SECTION. THE REACTOR BUILDING CLOSED LOOP COOLING SYSTEM
(CCP) IS A CLOSED LOOP SYSTEM. IF LEAKAGE WERE YO LEAK INTO THE
SYSTEN, 17T WOULD REMAIW IN THE LOOP., THE FAILURE MECHANISM NECESSARY
TO BREACH CONTAINMENT, IS A LINE BREAK BOTH INSIDE AND OUTSIDE
COMTAINMENT, AND 2 MOV'S FAILING TO ISOLATE (BOTH CONTAINMENT ISOLATION
VALVES). THIS IS CONSIDERED A VERY SMALL CONTRIBUYER IN COMPARISON TO
OTHER FAILURE MODES '

2CCPiMovI7R RCS-CONT ISOL OUTBD (MOTOR OPERATER VALVE) THIS 1S A CONTAINMENT ISOLATION VALVE, AND UAS CONSIDERED IN THE
CONTAINMENT SECTION., THE REACTOR BUILDING CLOSED LOOP COOLING SYSTEM
(CCP) IS A CLOSED LOOP SYSTEM., IF LEAKAGE WERE YO LEAK INTO THE

{ SYSTEM, IT WOULD REMAIN IN THE LOOP. THE FAILURE MECHANISH NECESSARY

10 BREACH CONTAINMENT, IS A LINE BREAK BOTH INSIDE AKD CUTSIDE
CONTAINMENT, AND 2 MOV'S FAILING TO ISOLATE (BOTH CONTAINMENT ISOLATION
VALVES), THIS IS CONSIDERED A VERY SMALL CONTRIBUTER IN COMPARISON YO
OTHER FAILURE MODES.

VALVE IS IN ONE OF THO REDUNDANT TRAINS OF COOLING. SPENT FUEL COOLING
1S HOT INCLUDED IN THE SCOPE OF THE IPE, AND NO CREDIT IS TAKEN FOR THE
SYSTEM. HOWEVER, SPENT FUEL POOL COOLIMG RISK IS LOW BECAUSE HEATUP
OCCURS SLOVLY AND MANY HOURS ARE AVAILABLE FOR RECOVERY. ALSO, THIS
VALVE 1S MORMALLY OPEN, AND MUST REMAIN OPEN.

2CCPAHOVIBA | GATE VLV. SFCYETA OUTLEY (MOTOR OPERATED VALY $ REACTOR BUILDING CLOSED LOOP COOLING (CCP) TO SPENT FUEL COOLING. THIS

R ———————————————————— -
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O — - - — -~y

pescription

89-10

PRA REASONING

2CCPAHOV2TS

2CCPANOVILA

GATE VLV. SFCYE1B OUTLET (MOYOR OPERATED VALV

DRS-CONT 1SOL OUTBD (MCTOR OPERATED VALVE)

DRS-CONT ISOL INBD (MOTOR OPERATED VALVE)

RCS-CONT 1SOL INBD (MOTOR OPERATED VALVE)

o o o i o o o e o o o o e e e e o o o s i s e o e e e e s s i e

—— —————— ———————— ——— —— —————— —— ——————— ——. ———— — . —— — - — " - ——— — >y ooy

YES

YES

YES

YES

S —— Y—

REACTOR BUILDING CLOSED LOOP COOLING (CCP) YO SPENT FUEL COOLING. THIS
VALVE IS IN ONE OF THO REDUNDANY TRAINS OF COOLING. SPENT FUEL COCLINS
1S NOT INCLUDED IN THE SCOPE OF THE IPE, AND NO CREDIT IS TAKEN FOR THE
SYSTEM. HOWEVER, SPENT FUEL POOL COOLING RISK IS LOW BECAUSE HEATUP
OCCURS SLOWLY AND MANY HOURS ARE AVAILABLE FOR RECOVERY. ALSC, THIS
VALVE IS NORMALLY CPEN AND MUST REMAIN OPEN.

THIS 13 A CONTAINMENT ISOLATION VALVE, AND WAS CONSIDERED IN THE
CONTAINMENT SECTION. THE REACTOR BUILDING CLOSED LOOP COOLING SYSTEM
(CCP) IS A CLOSED LOOP SYSTEM. [IF LEAKAGE UERE YO LEAK INTO THE
SYSTEM, 17 WOULD REMAIN IN THE LOOP. THE FAILURE MECHANISM NECESSARY
10 BREACH CONTAINMENT, IS A LINE BREAK BOTH INSIDE AND OUTSIDE
CONTAINMENT, AND 2 MOV'S FAILING TO ISOLATE (BOTH CONTAINMENT ISOLATION
VALVES). THIS IS CONSIDERED A VERY SMALL CONTRIBUTER IN COMPARISON TO
OTHER FAILURE MODES.

THIS IS A CONTAINMENT ISOLATION VALVE, AND UAS CONSIDERED IN THE
CONTAINMENT SECTION. THE REACTOR BUILDING CLOSED LOOP COOLING SYSTEW
(CCP) IS A CLOSED LOOP SYSTEM. [IF LEAKAGE WERE YO LEAK INTO THE
SYSTEM, IT WOULD REMAIN IN THE LOOP. THE FAILURE MECHANISN NECESSARY
70 BREACH CONTAINMENT, IS A LINE BREAK BOTH INSIDE AND OUTSIDE
CONTAINMENT, AMD 2 MOV'S FAILING TO ISOLATE (BOTH CONTAINMENT ISOLATION
VALVES). THIS 1S CONSIDERED A VERY SMALL CONTRIBUTER IN COMPARISON TO
OTHER FAILURE MODES.

THIS 1S A CONTAINHMENT ISOLATION VALVE, AND UAS CONSIDERED IN THE
CONTAINMENT SECTION. THE REACTOR BUILDING CLOSED LOOP COOLING SYSTEM
(CCP) S A CLOSED LOOP SYSTEM. IF LEAKAGE WERE TO LEAK INTO THE
SYSTEH, IT WOULD REMAIN IN THE LOOP. THE FAILURE MECHANISM NECESSARY
T0 BREACH CONTAINMENT,IS A LINE BREAK BOTH INSIDE AND OUTSIDE
CONTAINMENT, AND 2 MOV'S FAILING TO ISOLATE (BOTH CONTAINMENT TSOLATION
VALVES). THIS IS CONSIDERED A VERY SMALL CONTRIBUTER IN COMPARISON TO
OTHER FATLURE HODES.
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Component 1D

pescription

89-10

- _-—-q—‘--—----—--------—-——--------—-1 -

2CCPAMOVILR

2CSHANOVII0

2CSHAMOVITY

2CSHANHOVT12

2CSLAFVING

T
|
'
|
|
|
|
|
I
|
!
|
I
!
|
|
|
i
I
|
i
|
|
|
|
i
|
|
i
|
I
|
|
|
|
|
|
i
|
|
|
|
i
|
|
|
|
|

RCS-CONT ISOL INBD (MOTOR OPERATED VALVE)

HOTOR OPERATED VALVE

MOTOR OPERATED VALVE

MOTOR OPERATED VALVE

CORE SPRAY PUMP TEST

YES

g

3

YES

YES

——— —— ——— ——————————— ——— —— —— —— —— I~ ———— . —

THIS IS A CONTAINMENT ISOLATION VALVE, AND UAS CONSIDERED IN THE
CONTAINMENT SECTION. THE REACTOR BUILDING CLOSED LOOP COOLING SYSTEM
(CCP) IS A CLOSED LOOP SYSTEM. IF LEAKAGE VERE TO LEAK INTO THE
SYSTEM, IT WOULD REMAIN IN THE LOOP. THE FAILURE MECHANISM NECESSARY
TO BREACH CONTAINMENT, IS A LINE BREAK BOTH INSIDE AND QUTSIRE
CONTAINMENT, AND 2 MOV'S FAILING YO ISOLATE (BOTH CONTAINMENT ISOLATION
VALVES). THIS iS CONSIDERED A VERY SMALL CONTRIBUTER IN COMPARISON TO
OTHER FAILURE MODES.

VALVE IS IN A FULL FLOW TEST RETURN LINE. VALVE 1S ONLY PLACED IN THE
OPEN POSITION ON A QUARTERLY BASIS FOR ABOUT SIX MOURS. THE EXPOSURE
TO AN INCIDENT FOR THIS VALVE IS SO SMALL AS NOT TO BE CONSIDERED.
ALSO, ON SYSTEM INITIATION, THE VALVE RECEIVES AN ISOLATION SIGNAL AND
THEREFORE IS HOT FURTHER CONSIDERED.

VALVE IS IN A FULL FLOW TEST RETURN LINE. VALVE IS ONLY PLACED IN THE
OPEN POSITIOR ON A QUARTERLY BASIS FOR ABOUT SIX HOURS. THE EXPOSURE
YO AN INCIDENT FOR THIS VALVE IS SO SMALL AS NOT TO BE

ALSO, ON SYSTEM INITIATION, THE VALVE RECEIVES AN ISOLATION SIGNAL AND
THEREFORE 1S NOT FURTHER CONSIDERED.

VALVE IS IN A FULL FLOW TEST RETURN LINE. VALVE IS ONLY PLACED IN THE
OPEN POSITION ON A QUARTERLY BASIS FOR ABOUT SIX HOURS. THE EXPOSURE
TO AN INCIDENT FOR THIS VALVE IS SO SMALL AS NOT YO BE CONSIDERED.
ALSO, ON SYSTEN INITIATION, THE VALVE RECEIVES AN ISOLATION SIGNAL AND
THEREFORE IS NOT FURTHER CONSIDERED

VALVE IS IN A FULL FLOW TESY RETURN LINE. VALVE IS ONLY PLACED IN THE
OPEN POSITION ON A QUARTERLY BASIS FOR ABOUT SIX HOURS. THE EXPOSURE
TO AN INCIDENT FOR THIS VALVE IS SO SMAL. AS NOT TO BE CONSIDERED.
ALSO, ON SYSTENM INITIATION, THE VALVE RECEIVES AN ISOLATION SIGNAL AND
THEREFORE IS NOT FURTHER CONSIDERED.
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—

Component D Description

89-10 | PRA REASONING

2CSLAMOVIOT GATE VALVE

2CSLeMOvVI 12 LPCS PHP SUCT VALVE ( P1 )

2FUSTMOV21A REACTOR VESSEL SUCTION ISOLATION VALVE

2FUSHHOV218 REACTOR VESSEL SUCTION ISOLATION VALVE

2GTSEMOVIA GAS TREATMENT FILTER TRAIN SUCTION IS0 VALVE

2GTS*MOV1IB GAS TREATMENT FILTER TRAIN SUCTION 1SD VALVE

GATE VALVE - MOTOR OPERATED RBNR1A OUTLET OUT

GATE VALVE - MOTOR OPERATED RENRTB OUTLET OUT

- - -V ——— - .-~
[P ————————————— e i - -

-

YES

| s e o ————— - ——— -~ —————— - ——— T —— - — - . ———— ——————. -

YES

YES

YES

YES

YES

YES

)
|
|
|
|
{
|
I
|
i
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i
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|
|
|
|
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I
|
|
|
|
|
!
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|
|
|
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i
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i
|
|
|
!
|
I
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THIS 1S A WINIMUM FLOW VALVE, FOR PUMP PROTECTION, AND IN COMBINATION
WITH A LOCKED POSITION DOUNSTREAM MANUAL VALVE, THIS VALVE CAN ONLY
PASS 1000 GPM IN TEST FLOW. If THE VALVE DOES NOT CLOSE ON DEMAND (A
SYSTER ACTUATION), THE LOSS OF 1000 GPH 1S MINOR COMPARED TO THE PUNP
OUTPUT OF 7800 GPH.

THIS IS THE PUNP SUCTION ISOLATION VALVE. 1T IS NORMALLY KEYLOCKED OPEN

AND DOES NOT NEED TO CHANGE POSITION FOR SYSTEM OPERATION. IT IS

THEREFORE CONSIDERED OF LITTLE IMPORTANCE IN THE IPE.

THESE VALVES ARE NOT MODELED IN THME IPE. FOR FEEDWATER INJECTION, THE
VALVE IS MOT REQUIRED TO REPOSITION. FOR ISOLATION, IF THE VALVE FAILS
10 CLOSE, THERE IS SUFFICIENT PASSIVE REDUMDANCY (3 CHECK VALVES IN
SERIES) TO CONSIDER THE MOV FAILURE OF LOW IMPORTANCE.

THESE VALVES ARE NOT MODELED IN THE IPE. FOR FEEDWATER INJECTION, THE
VALVE 1S NOT REQUIRED TO REPOSITION. FOR ISOLATION, IF THE VALVE FAILS
1O CLOSE, THERE IS SUFFICIENY PASSIVE REDUNDANCY (3 CHECK VALVES IN
SERIES) TO CONSIDER THE MOV FAILURE OF LOW IMPORTANCE.

. THE DOMINANT FAILURE

THESE VALVES WERE IMPLICITELY MODELED IN THE I
TO ALIGN STANDBY GAS

MECHANISM IN THE SCENARIO IS OPERATOR ERROR
TREATHMENT FOR VENTING.
IN

THESE VALVES WERE IMPLICITELY MODELED THE I
MECHANISM IN THE SCENARIO IS OPERATOR ERROR TO
TREATMENT FOR VENTING.

THIS 1S IN A HYDROGEN RECOMBINER SYSTEM. NO CREDIT IS TAKEW FOR THIS
SYSTEM IN TME IPE. THIS SYSTEN DOES NOT IN

RESULTS OF ANY ANALYZED ACCIDENT
ANALYSIS. THE FAILURE OF ANY VALVE
BECAUSE IT IS A CLOSED SYSTEN.

PE. THE DOMINANT FAILURE
ALIGN STANDBY GAS

THIS 1S IN A HYDROGEN RECOMBINER SYSTEN. NO CREDIT IS TAKEN FOR THIS
SYSTEM IN TME IPE. THIS SYSTEN DOES NOT IN ANY UAY RITIGATE THE
RESULTS OF ANY ANALYZED ACCIDENT SCENARIO THROUGH A LEVEL 2 IPE
ANALYSIS. THE FAILURE OF ANY VALVE YO OPERATE IS OF NO CONSEQUENCE
BECAUSE 1T IS A CLOSED SYSYEM.

T ——— —




Current 89-10 MOVs

NEDC-32264-2

Teble €2 (Continued)
with Low Risk Significance

Component 1D

Pescription

89-10

[ ———————— e bl i | e

2HCSHROV2SA

ZHCSHOV258

2UCSAHOV268

2HCSHHOV2A

2HCSAMOVIE

———— ——————— " - — - — - - — . . T~ ——— — — —— ————. ————— — ", vy -

MOTOR OPERATED - GLOBE VALVE RBNRIA IN FLOW

MOTOR OPERATED - GLOBE VALVE RBNRIB IN FLOW

GLOBE VALVE RBNRIA CLG ¥TR 1

MOTOR OPERATED -

HOTOR OPERATED - GLOBE VALVE RBNRIB CLG WTR I

MOTOR OPERATED - GLOBE VALVE RBMRIA INLEY

MOTOR OPERATED - GLOBE VALVE RBNRIA INLET

i - o € S o S - S - T - - - - - - - - ) -

——— ———— . ———— - - ——— - ——. ————————— — —— - — ————— - —————— - —— —————— - —_—"— -

YES

YES

YES

YES

YES

YES

THIS IS IN A WYDROGEN RECOMBINER SYSTEM.
SYSTEM IN THE IPE. TMIS SYSTEM DOES NOT
REMULTS OF ANY ANALYZED ACCIDENT SCENARIO
ANALYSIS. THE FAILURE OF ANY VALVE 7O OPESATE IS
BECAUSE 1T IS A CTLOSED SYSTEM.

THIS 1S IN A HYDROSEN RECOMBINER SYSTEM. NO CREDIT IS TAKEN FOR THIS
SYSTEM IN THME IPE. THIS SYSTENM DOES NOT 7™t ANY WAY MITIGATE THE
RESULTS OF ANY ANALYZED ACCIDENT SCENARIC /MROUGH A LEVEL 2 IPE
ANALYSIS. THE FAILURE OF ANY VALVE TO OPERATE IS OF MO CONSEQUENCE
BECAUSE IT 1S A CLOSED SYSTEM.

THIS 1S IN A HYDROGEN RECOMBINER SYSTEN. NO CREDIT IS VAKEN FOR THIS
SYSTEM IN THE IPE. THIS SYSTEM DOES NOT IN ANY UAY MITIGATE THE
PESULTS OF ANY AMALYZED ACCIDENT SCENARIO THROUGH A LEVEL

ANALYSIS. THE FALLURE OF ANY VALVE TO CPERATE IS OF NO
BECAUSE IT IS A CLOSED SYSTEM.

THIS 1S IN A HYDROGEN RECCMBINER
SYSTEM IN THE IPE. THIS SYSTEM
RESULTS OF ANY ANALYZED ACCIDENT
ANALYSIS. THE FAILURE OF ANY VALVE
BECAUSE IT IS A CLOSED SYSTEM.

Yo

THIS 1S IN A HYDROGEN RECONBINER SYSTEM. NO CREDIT IS VAKEN FOR THIS
SYSTEM IN THE IPE, THIS SYSTEM DOES IN ANY
RESULTS OF AMY ANALYZED ACCIDENT SCENARIO
ANALYSES. THE FAILURE OF ANY VALVE TO OPERATE I
BECAUSE 1T IS A CLOSED SYSTEM,

3>

THIS 1S IN A HYDROGEN RECOMBINER SYSTEN.
SYSTEM IN THE IPE. THIS SYSTEM DOES NOT
RESULTS OF ANY ANALYZED ACCIDENT SCENARIO
AMALYSIS. THE FAILURE OF ANY VALVE TO OPERA
BECAUSE IT IS A CLOSED SYSTEM.

-
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{ PRA | 89-10

- —— —————_——— — —— ———— ———————— —_— - . —— —— —— ——. - . . ——————————— ——— ——— —————. —— -

HOTOR OPERATED - GATE VALVE RBNRIA INLET OUTL

RBNRIB INLET OUTLBD ISOL

Description
MOTOR OPERATED - GLOBE VALVE RBN1B INLET INSD

MOTOR OPERATED - GLOBE VALVE RBNIA INMLET INBD

RENRTA OUTLET INBD ISOL
#BNR1B OUTLEY INBD 1SOL

T
i
1
|

——————————— - ———— . — —— ——— — . — ———. —_—-

| B

2HCS*NOVIE
SRMOVAA
ZHCSAMOVAD

Component 10

b -
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Current B9-10 MOVs with Low Risk Significance

NEDC-32264-A

Teble (2 (Continued)
04/07/93 Page 10 of 18

PRA | 89-10 PRA REASONING

S i
Component 1D | Description
| 26Cstmovi21 | STEAM SPLY LINE 1SOL VALVE
L) |
] |
i i
i |
L] |
1 i
i |
] |
i :
! 2icsemoviz2 | RCIC TURR EXH TO SUPPR
i |
] |
1 |
] |
) |
e |
{ 21CSWMOVI2¢ | MOTOR OPERATED VALVE FOR RCIC TEST FCV TO CND
] |
) |
] |
1 |
' |
) i
i |
| 21CSMWOVI2B | RCIC ST SPLY LINE ISOLATION NOTOR OPERATED
i |
1 |
] |
f |
] i
] |
| i
] |
| !
| 21cSM0VI29 | HOTOR OPERATED VALVE FOR PUNP SUCT FRON CNDS
] i
] |
i |
i |

YES | YES THIS IS THE RCIC TURBINE STEAM SUPPLY SHUTOFF. [T IS NORMALLY OPEN,
AND MUST REMAIN OPEN FOR INJECTION. IT IS THEREFORE CONSIDERED OF
LITTLE IMPORTANCE COMPARED TO OTHER FAILURE NECHANISNS. THE
PROBABILITY Of HELB, DURING WHICH THIS VALVE COULD CLOSE AND ISOLATE
THE RUPTUE, IS CONSIDEPED LOW RISK SIGNIFICANCE TO CORE DAMAGE (i.e.,
LOY 1E PROBABILITY AND HIGH PROBABILITY TO PROVIDE ADEQUATE CORE

COOLING) .

YES | YES

YES

THIS 1S THE RCIC INSIDE I1SGLATION VALVE. IT IS NORMALLY OPEN AND MUST
RENAIN OPEN FOR SYSTEM OPERATION. IT !5 YTHEREFORE CONSIDERED
UNIMPORTANT IN COMPARISON TO OTHER FAILURES. THE PROBABILITY OF HELSB,
DUR G w "CH THIS VALVE COULD CLOSE AND ISOLAYE THE LINE RUPTURE, IS
C5ASIDERED Luw RISK SIGNIFICANCE TO CORE DAMAGE (1.e., LOW 1E

' PROBABILITY AN HIGH PROBABILITY TO PROVIDE ADEQUATE CORE COOLING).

THIS IS THE PUNP SUCTION ISOLATION VALVE. IT IS NORMALLY OPEN, AND
NEEDS TO REMAIN OPEN FOR INJECTION. [T IS THEREFORE COMSIDERED OF
SHALL IMPORTANCE IN COMPARISON TO OTHER FAILURES,

YES | YES

- — s - " — - —————— —— 1 ———— $7o o — " o — o e — . — 2 e e 4

e — " —— """ —— — 7" . —— —— " - — " ———— ity o> —— v — - ——— 4 ——
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Component 1D | Description PRA | 89-10 | PRA REASONING

1
YES | RCIC 1S MODELED TO FAIL if EITHER OF THE CONDENSATE STORAGE TANKS (CSY
A & B) ARE NOT AVAILABLE. 135,000 GAL. OF CST A
THE SUPPRESSION POOL SUCTION PATH IS NOT MODELED BECAUSE ITS IMPORTANCE
IS VERY SMALL. BOTH TANKS ARE CONNECTED ABOVE
| GAL. AND THE FREQUENCY OF MOT HAVING SUFFICIENT WATER FROM BOTH TANKS
| YO CONTINUE INJECTING FOR 24 HOURS IS MNEGLIGIBLE AND NOT EVALUATED IN
ANY SEQUENCE ANALYSIS. N2-EOP-RPV, SEC RL INSTRUCTS OPERATORS TC
CONTINUE USING THE CST SOURCE, IF AVAILABLE.

21CS*HOVIZE HOTOR OPERATED VALVE FOR RCIC PHP SUCT FRON

YES WININU® FLOW TO THE SUPPRESSION POOL IS NOT WODELED. LOW FLOW
CONDITIONS WHICH REQUIRE THIS (PUMP) PROTECTION ARE CONSIDERED UNLIKELY
BECAUSE TME STEAH ADMISSIONS VALVE CLOSES, THEREEBY TERNINATING
IRJECTION ON RPV LEVEL B, AND IF MOVIA3 FAILS OPEN, FLOW DIVERSION IS
NOT SIGNIFICANT ENOUGH YO PREVENT SUCCESS.

21CSHMOVIA3 MOTOR OPERATED VA{VE FOR RCIC WIN FLOW TO

21CS*MOVIAE RCIC VAC BRKR ISOLATION MCTOR OPERATED VALVE YES THIS IS A VACUUM BREAKER USED TO PREVENT THE SIPHORING OF WA

21CSANOVIAL RCIC VAC BRKR ISOLATION MOTOR OPERATED VALVE YES THIS IS

TAKE CREDIT FOR THIS VALVE IN THE PRA. IT IS NORMALLY OPEN,
THERE IS A LOW PROBABILITY OF WATER MAMMER OCCURING OUF TO SIPHONING OF
SUPRESSION POOL WATER, AND EVEN SO, THE SYSTEN CAN ToL

WAMNER TO THE DIFFUSER IN AN ACCIDENT SITUATION.

21Ccs4MoVI70 RCIC STEAM LINE WARM-UP HOTOR OPERATED VALVE

ACCIDENT SITUATION.

'
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Component 1D

pescription PRA H

2
3

2RitsANOVITS

2RHSEMOVIZA

2RHSENOVIZE

2RNSANOV142

2RHSHMOVILS

2RHSAMOVIA

2RiS*MOVIE

2RHS*MOVIC

2RUSHMOV22A

e L

. ——— —— — o ————— —————— - ——— - —— . - ———— . - ——— ——— -—————. ———— - ——. —— v—

RHR SHT DN CLG SUCT ISOL , GATE VALVE

3

DISCHARGE FROM E1A

3

DISCHARGE FROW E18

RHR DISCHARGE TO RADVASTE GLOBE VALVE , MOTOR

RHR DISCHARGE TO RADUASTE , GATE VALVE , MOTO

"
—— — - —— —— —— v — - ——— —— - {— —. S ——— — T~ —— ——— ——— - . —————", ——— - ———

MR PMP P1A SUCTION , MOTOR OPERATED VALVE

3

RHR PHP P1B SUCTION , MOTOR OPERATED VALVE

3

RHR PHP P1C SUCTION , MOTOR OPERATED VALVE

|
|
|
i
|
I
|
|
|
i
|
|
|
i
|
|
|
i
|
i
|
t
|
t
i
i
i
|
|
1
|
|
|
|
I
|
i
%
RHR A STM LINE ISOL , GLOBE VALVE MOTOR |
|
|
|
|

YES

YES

YES

YES

YES

YES

YES

YES

YES

SHUTDOWN CCOLING FUNCTION, AND IS
NOT TAKE CREDIT FOR IT. VALVE
MO PURPOSE TO PREVENT OR

THIS IS AN ISOLATION VALVE FOR

THEREFORE NOT APPLICABLE TO IPE
SCRVES ONLY A SHUTDOUN MODE AND
MITIGATE A SEVERE ACCIDENT.

THIS 18 THE MEAT EXCHANGER OUTLET VALVE. I7 IS NORMALLY OPEN, AND DOES
MOT NEED TO CLOSE 1T IS THEREFORE CONSIDERED UNIMPORTANT COMPARED TO
OTHER FATLURES.

THIS IS THE MEAT EXCHANGER DISCHARGE VALVE. IT 1S NORMALLY OPEN AND
DOES MOT NEED TC CLOSE UNLESS YHE OPERATOR IS ALIGNING THE SERVICE
WATER SYSTEM TO FLOOD CONTAIMNENT. THE FAILURE YO FLOOD CONTAINMENT IS
NHOT AN IMPORTANT CONTRIBUTION YO RISK,

THIS IS AN ISOLATION VALVE FOR THE SHUTDOWN CCOLING FUNCTION, AND IS
THEREFORE NOT APPLICABLE TO IPE AND DO NOT TAKE CREDIT FOR IT. VALVE
SERVES ONLY A SHUTDOUN MODE AND SERVES NO PURPOSE TO PREVENT OR
MITIGATE A SEVERE ACCIDENT.

THIS 1S AN ISOLATION VALVE FOR THE SHUTDOUN COOLING FUNCTION, AND IS
THEREFORE NOT APPLICABLE TO IPE AND DO MOT TAKE CREDIT FOR IT. VALVE
SERVES ONLY A SHUTDOWN MODE AND SERVES NO PURPOSE TO PREVENT OR
MITIGATE A SEVERE ACCIDENT.

THIS IS THE PUMP SUCTION VA'VE FROM THE SUPPRESSION POOL. IT IS
NORMALLY OPEM, AND DOES NOT NEED TO CHANGE POSIYYON FOR SYSTEM
OPERATION. IT IS THERTFORE COMSIDERED UNIMPORTANT IN COMPARISON TO

OTHER FAILURES.

RHR PUMP “B' SUCTION ISOLATION VALVE FROM SUPPRESSION POOL, NORMALLY
OPEN, IT IS NOT REQUIR D TO CHANGE POSITION. IT If THEREFORE
CONSIDERED UNIMPORTAMT COMPARED TO OTHER FATLURES,

RHR PUMP SUCTION ISOLATION VALVE, NORNALLY OPEN, AND IT DOES NOT NEED
TO CHANGE POSITION FOR SYSTEM OPERATION. m‘m IT IS CONSIDERED
UNINPORTANY TO SYSTEM OPERATION.

SERVES AS A STEAN CONDENSING FUNCTION ONLY IN SHUTDOWN MODE. NORMALLY,
CLOSED DURING OPERATION. DE-ENERGIZED DURING NORMAL PLANT OPERATION.
THEREFORE NOT IN THE SCOPE OF IPE.

1
1% e o e i oo o o o . o S s o ——————————————— - - - — - — ————— - S ———— — — - ——— . —
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d

—
Component 1D

Description

3
E

PRA REASONING

2RHS*NOV228

2% SRMOV2IA

2RHSAMOV2TA

2RHSAMOV27E

ZRUSHHOV2A

2RHS*MOV2E

———————————————_—— ————" -~ ———— - — . —— -~ —— ——————— -~ ————— —— .~ — — v —. -y -
-

RHR B STM LINE ISOL , GLOBE VALVE MOTOR

RHR A STM LINE ISOL , MOTOR OPERATED VALVE

RMR B STM LINE ISOL , GLOBE HOTOR OPERATED

RMR H_E. A VENT TO SUPP P , MOTOR OPERATED

RMR M.E. VENT TO SUPP P , NOTOR OPERATED GLOB

SR W.E. A VENT YO SUPP P , MOTOR OPERATED

RHR H.E. B VENT TO SUPP P , MOTOR OPERATED

RHR A SHUT DOMN COOLING SUCTION , MOTOR

RHR B SHT DN COOLING SUCT , MOTOR OPERATED

——————. ———— ————. —— ———— ———— — — — - ——. ——— - ———— - —— —— -~ ——— . —~ -——— ——— -
—

'

——————— —— ——————————— - ———— T — - — — -, - -——— - ———— —— o — ———— —— -~ - — . ——————, - ——————; -’

: : :

3

3 3

3

3

g

SERVES AS A STEAM CONDENSING FUNCTION ONLY IN SHUTDOWN MODE. NORMALLY,
CLOSED DURING OPERATION. ODE-ENERGIZED DURING NORMAL PLANT OPERATION.
AS THIS VALVE IS DOMNSTREAN OF A CLOSED DE-ENERGIZED VALVF, IT HAS NO
CONSEQUENCE DURING PLANT FULL POWER CPERATION AND IS NOT MODELED IN THE
IPE.

SERVES AS A STEAM COMDENTING FUNCTION ONLY IN SHUTDOWN MODE. NORMALLY,
CLOSED DURING OPERATION. DE-ENERGIZED DURING NORMAL PLANT OPERATION.
AS THIS VALVE IS DOUNSTREAN OF A CLOSEL DE-ENERGIZED VALVE, IT HAS NO
CONSEQUENCE DURING PLANT FULL POVER OPERATION AND IS NOT #CDELED IN THE

SERVES AS 2 STEAM COMDEMSING FUNCTION ONLY IN SHUTDOWUN MODE. NORMALLY,
CLOSED DURING OPERATION. DE-ENERGIZED DURING NORMAL PLANT OPERATION,
AS THIS VALVE IS TOUNSTREAM OF A CLOSED DE-ENERGIZED VALVE, IT HAS NO
CONSEQUENCE DURING PLANT FULL POWER OPERATION AND IS WOT MODELED IN THE

IPE.

DO MOT TAKE CREDIT “OR THIS IN THE IPE. USED TO VENT HEAT EXCMANGER AS
YOU FILL IT AFTER MAINTENANCE, DURING SHUTDOWN. NORMALLY CLOSED.

MOT TAXE CREDIT FOR THIS IN THE IPE. USED YO VENT HEAT EXCHANGER AS
FILL IT AFTER MAINTENANCE, DURING SHUTDOUN. NORMALLY CLOSED.

NOT TAKE CREDIT FOR THIS IN THE IPE. USED YO VENT HEAT EXCHANGER AS
FILL IT AFTER MAINTENANCE, DURING SHUTDOWN. NORMALLY CLOSED.

33

DO NOT TAKE CREDIT FOR THIS IN THE IPE. USED YO VENT MEAT EXCHANGER AS
YOU FILL IT AFTER MAINTENANCE, DURING SHUTDOWN. NORMALLY CLOED.

THIS 1S ONE OF TWO CROSS TIE VALVES BETWEEN THE A AND B TRAINS. THE
IPE DOES NOT TAKE CREDIT FOR THIS VALVE. IT IS USED DURING SHUTDOWN
OPERATIONS, AND IS THEREFORE NOT IN THE SCOPE OF THE IPE.

THIS IS ONE OF TWO CROSS TIE VALVES BETWEEN THE A AND B TRAINS. THE
IPE DOES NOT TAKE CREDIT FOR THIS VALVE. IT IS USED DURING SHUTDOWN
OPERATIONS, AND IS THEREFORE NOT IN YHE SCOPE OF THE IPE.
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Component 1D

v

Pescription

29-10 |

BN S —— . G - - ——— Ay —_ . —— -~y

2RUS*MOVI08

2RHSANOVI2A

ZRUSAMOVIZB

2AHSAROVIIA

2RNSAMOVISE

ZRHS*NHOVITA

2RHS*HOVITR

2RUSANOVLDA

2RHS*HOVADB

PRHSEMOVEA

——— —————— ——— —————————————————— - ———————— ———————— —————— -

RHR A RTN TO SUPP POOL IS MOTOR OPERATED

RHR B RTN TO SUPP POOL IS MOTOR OPERATED

RHR H.E. A FLOW YO RCIC MOTOR OPERATED GATE
RMR M.E. 8 FLOW TO RCIC , MOTOR OPERATED VALV

RHR A SUPP POOL SPRAY , NCTOR OPERATED GLOBE

RHR 8 SUPP POOL SPRAY , HOTOR OPERATED GLOBE

RHR M.E. A FLOW TO SUPP P , MOTOR OPERATED

RHR M.E. B FLOW YO SUPP P , MOTOR OPERATED
RMR A SHT DN CLG RETURN , MOTOR OPERATED VALV

RHS B SHUTDOWN CCILING , HOTOR OPERATED VALVE

RHR A MIN FLOW BYPASS , MOTOR OPERATED GATE

———————— ———— - — ——" - - —— ————-— - - —— — —-——— . -, ————— —— —————— - - —— ———— oy -y

3

YES

YES

YES

B T e e T ——

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

| THIS IS THE SUPPRESSION POOL INJECTION VALVE,

IT IS NORMALLY OPEN AND
DOES NOY NEED YO CHANGE POSITION FOR SYSTEM OPERATION. THEREFORE IT IS
CONSIDERED UNIMPORTANT IN COMPARISON TO OTHER FAILURES.

THIS IS THE SUPPRESSION POOL COOLING ISOLATION VALVE. IT IS NORMALLY
OPEN, AND MUST REMAIN OPEN FOR SY"TEM OPERATION. THEREFORE IT 1S
CONSIDERED UNIMPORTANT IN COMPARISON TO OTHER FAILURES.

THIS VALVE IS USED IN THE STEAM CONDENSING MODE OF RMS. IV IS A

SHUTDOUN FUNCTION AND IS NOT CONSIDERED IN THE IPE

THIS IS IN THE STEAM COMDENSING MODE OF RHS, A SHUTDOWN FUNCTION. IV
1S THEREFORE NOT IN THE SCOPE OF THE IPE.

THIS IS SUPPRESSION POOL SPRAY ISOLATION VALVE. IT IS NORMALLY CLOSER,
AND MUST OPEN FOR OPERATION. ITS INPORVANCE TO CORE DAMAGE IS
INSIGNIFICANT IN COMPARISON TO OTHER FAILURES.

THIS 1S THE SUPPRESSION PCOL SPRAY ISOLATION VALVE. IV IS NORMALLY
CLOSED AND MUST OPEN FOR OPERATION. ITS CONTRIBUTION TO CORE DAMAGE 1S
MINOR COMPARED TO OTHER FAILURES.

TE1S VALYE SERVES THE STEAM CONDENSING MODE,
SHUTDOUN FUNCTIONS ARE NOT IN THE SCOPE OF THE IPE, AND NO CREDIT IS
TAKEN FOR THE VALVE.

THIS VALVE SERVES THE STEAN
SHUTDOWN FUNCTIONS ARE NOT IN
TAKEN FOR THE VALVE.

THIS VALVE SERVES THE SHUTDOUN COOLING NKODE
SHUTDOWN FUNCTIONS ARE NOT IN THE
TAKEN FOR THE VALVE.

THIS VALVE SERVES THE SHUTDOWN COOLING
SHUTDOMN FUNCTIONS ARE NOT IN THE SCOPE
TAKEN FOR THE VALVE.

THIS 1S THE MININUM FLOW BYPASS VALVE, NORMALLY OPEN. IT DOES NOT NEED
TO CLOSE, EVEN UPON INJECTION, AS THE BYPASS FLOW IS MINOR. IT DOES
NEED TO OPEN FOR PUMP PROTECTION, IF IT CLOSES.

THE SCOPE OF THE IPE, AND NO CREDIT IS

IPE, AND NO CREDIT IS

THE IPE, AND NO CREDIT IS
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{ 89-10 | PRA REASONING

¥ AJ
1

Component 1. ,~ Description

RMR B MIN FLOW BYPASS , MOTOR OPERATED VALVE THIS 1S TME MININUN FLOW BYPASS VALVE, IT IS NORMALLY OPEN AND DOES

NOT NEED TO CLOSE, AS BYPASS FLOW WOULD BE MININAL. 17 DUES NEED TO
CPEN FOR PUHP PROTECTION, IF IT CLOSES.

-
a2
3

2RHSANOVLE

THIS IS A MININUM FLOW BYPASS VALVE. IT IS NORMALLY OPEN, AND DOES NOT
NEED TO CLOSE AS RYPASS FLOW WOULD BE MINIMAL. IT DOES NEED YO OPEN
FOR PUMP PROTECTION, IF IT CLOSES.

g

ZRHSAMOVAC RHR C MIN FLOW BYPASS , MOTOR OPERATED VALVE

THIS VALVE SERVES THE SHUTDOWN COOLING FUNCTION OF RHS, AND IS
THEREFORE NOT IN THE SCOPE OF THE IPE.

THIS VALVE SERVES THE SHUTDOWN COOLING FUNCTION OF RHS, AND IS
THEREFORE MOT IN THE SCOPE OF THE IPE.

THIS VALVE SERVES THE STEAM CONDENSING MODE, A SHUTDOWN FUNCTION.
SHUTDOWN FUNCTIONS ARE NOT IN THE SCOPE OF THE IPE, AND NO CREDIT iS
TAKEN f: THE VALVE. THIS VALVE 1S ALSO DE-ENERGIZED DURING MNORMAL
OPERATION.

g

2RHSAMOVETA RMR A SHT DNCLG CV BYPASS , MOTOR OPERATED

3

PHR B SHT DN CL6 CV BYPAS

g

HEAT EXCHANGER SUCTION ISOLATION VALVE

L]
|
|
|
|
i
1
|
i
!
|
|
|
i
|
!
|
|
|
|
|
!
|
3
| THIS VALVE SERVES THE STEAM CONDENSING MODE, A SHUTDOWN FUNCTION.
| SHUTDOWN FUNCTIONS ARE NOT IN THE SCOPE OF THE IPE, AND NO CREDIT IS
|
|
i
|
|
|
|
|
|
|
|
|
|
!
|
|
{
|
|
|
|
|
|
i
|
|

3

MEAT EXCHANGER SUCTION ISOLATION VALVE

TAKEN FOR THE VALVE. THIS VALVE IS ALSO DE-ENERGIZED DURING NORMAL
OPERA" 10N.

THIS IS THE HEAT EXCHANGER INLET VALVE, NORMALLY OPEN. IT DOES NOT
NEED TO CHANGE POSITION FOR SYSTEM OPERATION. ITS CONTRIBUTION TO CORE
DAMAGE 1S MINIMAL IN COMPARISON TO OTHER FAILURES.

3
3

RHR M.E. A SHELL SIDE INL MOTOR OPERATED

THIS 1S THE HWEAT EXCHANGER INLET VALVE, NORMALLY OPEN. IT DOES NOT
NEED TO CHANGE POSITION FOR SYSTEM Q!‘QYM. ITS CONTRIBUTION TO CORE
DAMAGE 1S MINIMAL IN COMPARISON YO OTHER FAILURE MODES.

d

B
“

RHR W.E. B SHELL-SIDE 1Nt MOTOR OPERATED VALV

|

THIS 1S A MOTOR OPERATED STOP CHECK VALVE. 1T OPERATES AS A GLOBE
STYLE CHECK VALVE DURING OPERATION. THE MOTOR IS USED TO
POSITIVE SEATING LATE IN CERTAIN SCENARIOS. THE MOTOR DOES
OPENING OR CLOSING THE VALVE.

25LSHNOVSA RPY INJECTION 1SOL STOP CHECK VALVE

YHIS 1S A MOTOR OPERATED STOP CHECK VALVE. 1T OPERATES AS A GLOBE
STYLE CHECK VALVE DURING OPERATION. THE MOTOR IS USED TO A
~SITIVE SEATING LATE IN CERTAIN SCENARIOS. THE MOTOR DOES NOT AID IN

OPENING OR CLOSING THE VALVE.

3

2SLSAMOVS8 RPV INJECTION ISOL STOP CHECK VALVE

R —————————— e iy S

¥
|
|
|
|
{
i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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|
|
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Description

| 89-10

ﬂ-

25UPAMOVIBA

2SUPAMOVIES

25UPRMOVIA

2SUPHMOVIB

25UPAMOVIC

2SUPAMOVID

A S o o S T S N i N RS W S S s i R O . W D e Y W S S e s it it o i A e el iy o)

SPENT FUEL COOLING HEAT EXCHANGER SUCTION VAL

SPENT FUEL COOLING MEAT EXCHANGER SUCTION VAL

SPENT FUEL COOLING MEAT EXCHANGER DISCHARGE V

SPENT FUEL COCLING MEAT EXCHANGER DISCHARGE V

SERVICE UATER PUMP DISCHARGE ISOLATION VALVE

SERVICE WATER PUMP DISCHARGE ISOLATION VALVE

SERVICE WATER PUMP DISCHARGE ISOLATION VALVE

SERVICE UATER PUMP DISCHARGE ISOLATION VALVE

' E

3

- - 3

- b el - i il o i SO S

THIS 1S A BACKUP COOLING SOURCE YO THE SPENT
SPENT FUEL POOL COOLING IS NOT IN THE SCOPE OF
IS TAKEN FOR THIS VALVE.

E
e
-
3%
i

THIS 1S A BACKUP COOLING SOURCE TO THE
SPENT FUEL POOL COCLING IS NOT IN THE
IS TAKEN FOR THIS VALVE.

i
bt
32
-
£

THIS I3 A BACKUP COOLING SOURCE TO THE
SPENT FUEL POOL COOLING If NOT IN THE §
IS TAKEN FOR THIS VALVE.

i
B
33

£

38
&
F

3

THIS IS A BACKUP COOLING SOURCE TO THE SPENT
SPENT FUEL POOL COOLING IS NOT IN THE SCOPE OF
IS TAKEN FOR THIS VALVE,

COOLING SYSTEM.
AND NO CREDIY

i#
38

r

THIS VALVE PROVIDES AUTOMAYIC STRAINER BACKWASH FOR THE SERVICE SYSTEM.
THERE 1S SUFFICIENT PUMPING CAPACITY SUCH THAT TMESE VALVES ARE NOT
NEEDED TO RESPOND IN AN ACCIDENT SITUATION. SYSTEM PROCEDURES AND
ALARMS ALERT OPERATORS YO ANY CLOGGING CONCERNS.

THIS VALVE PROVIDES AUTOMATIC STRAINER BACKUASM FOR THE SERVICE SYSTEM,
THERE IS SUFFICIENT PUMPING CAPACITY SUCH THAT THESE VALVES ARE NOT
NEEDED TO RESPOND IN AN ACCIDENT SITUATION. SYSTEM PROCEDURES AND
ALARMS ALERT OPERATORS TC ANY CLOGGING CONCERNS.

THIS VALVE PROVIDES AUTOMATIC STRAINER BACKWASH FOR THE SERVICE SYSTEM.
THERE IS SUFFICIENT PUMPING CAPACITY SUCH THAT THESE VALVES ARE NOT
NEEDED TO RESPOND IN AN ACCIDENT SITUATION. SYST™M PROCEDURES AND
ALARMS ALERT OPERATORS YO ANY CLOGGING CONCERNS.

THIS VALVE PROVIDES AUTOMATIC STRAINER BACKWASH FOR THE SERVICE SYSTEM.
THERE 1S SUFFICIENT PUNPING CAPACITY SUCH THAT THESE VALVES ARE ROT
NEEDED TO RESPOND IN AN ACCIDENY SITUATION. SYSTEM PROCEDURES AND
ALARMS ALERT OPERATORS TO ANY CLOGGING CONCERNS,
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Comporent ID PRA REASONING

|

¥
I
f
i
i
I
!
|
!
i
i
I
i
i
!
I
i
|
)
I
|
|
1
|
i
i
i
i
i
'
i
t
1
!
!
i
i
|
!
|
i
i
i
|
|
|
I
i
I
!

2SUPAMOVIE

2SUPRMOVYF

2SUPTROV21A

2SWP4MOV21B

2SUPRNMOVETA

2SUPRNOVATA

2SUPRMOVISA

2SUP*HOVESH

2UCS*NOVZ00

e ar—————— 2=

|
|
|
|
|
|
i
|
|
|
|
|
|
i
|
|
|
|
!
|
I
|
|
|
|
|
|
i
|
|
!
|
!
|
|
|
|
i
!
|
i
i
|
|

SERVICE WAYER PUNP DISCHARGE ISOLATION VALVE

SERVICE WATER PUMP DISCMARGE ISOLATION VALVE

SPENT FUFL EMERGENCY SERVICE VATER VALVE

SPENT FUEL EMERGENCY SERVICE WATER VALVE
SHP TO CLR 2HVKRCHLIA-MOTOR OPERATED VALVE
MOTOR OPER VALVE , SWP TO CLR 2HVKRCHLIB
SUP TO CLR 2EGS®EG2- MOTOR OPERATED VALVE

MOTOR OPER VALVE SWP TO CLR 2EGSVEG2

RUCH RETURN ISOL , MOTOR OPERATED GLOBE VALVE

3
™
w

e
~
”

THIS VALVE PROVIDES AUTOMATIC STRAINER BACKUASH FOR THE SERVICE SYSTEN.
THERE 1S SUFFICIENT PUNPING CAPACITY SUCH THAT THESE VALVES ARE NOY
NEEDED TO RESPOND IN AN ACCIDENT SITUATION. SYSTEM PROCEDURES AND
ALARMS ALERT OPERATORS TO ANY CILOGGING CONCERNS.

THIS VALVE PROVIDES AUTOMATIC STRAINER BACKWASH FOR THE SERVICE SYSTEM
THERE 1S SUFFICIENT PUMPING CAPACITY SUCK THAT THESE VALVES ARE MNOT
NEEDED TO RESPOND IN AN ACCIDENY SITUATION. SYSYEM PROCEDURES AND
ALARMS ALERT OPERATORS TO ANY CLOGGING CONCERNS.

THIS VALVE SUPPLIES A REDUNDANY SOURCE OF COOLING TO THE SPENT FUEL
POOL COOLING SYSTEM, WHICH IS NOT IN THE SCOPE OF THE IPE, AND NO
CREDIT IS TAKEN

THIS VALVE SUPPLIES A RODUNDANT SOURCE OF COOLING TO THE SPENT FUEL
POOL COOLING SYSTEM, UMICH IS NOT IN THE SCOPE OF THE IPE, AND NO
CREDIT IS TAKEN,

IN THE CONTROL BUILDING CHILLED WATER SYSTEM. THE
SYSTEM TRAINS MAKES THE FAILURE OF ANY SINGLE VALVE
TO RISK

THIS VALVE IS
REDUNDANCY IN
INSIGNIFICANTY

IN THE CONTROL BUILDING CHILLED UATER SYSTEM. THE
SYSTEM TRAINS MAKES THE FAILURE OF ANY SING.E VALVE
TO RISK.

THES VALVE IS
REDUNDANCY IN
INSIGNIFICANT

FAILURE OF THE DIVISION III HPCS DIESEL TO POWER ITS EMERGENCY BUS IS
NOT INPCRTANY TO RISK, SINCE THIS CAPABILITY IS NOT CREDITED IN THE
STATION BLACKOUT EVENY MODEL

FATILURE OF THE DIVISION III HPCS DIESEL TO PONER ITS EMERGENCY BUS iS
NOT INPORYANT TO RISK, SINCE THIS CAPABILITY IS NOT CREDITED IN TME
STATION BLACKOUT EVENY MODEL.

OTHER THAN FOR CONTAINMENT ISOLATION, WHICH 1S MODELED, (THIS VALVE IS
NOT APPLICABLE) THE REACTOR WATER CLEANUP SYSTEN HAS NO FUNCTION IN THE
PREVENTION OR MITIGATION OF A SEVERE ACCIDENT. THIS VALVE IS NOY
IMPORTANT TO CONTAINMENT ISOLATION BECAUSE OF REDUNDANT CHECK VALVE AND
HIGH PRESSURE DESIGN. THEREFORE TYHIS VALVE IS NOT NODELED IN THE IPE
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NEDC-32264-A

TABLE B2 MOV SUMMARY - BWik D

¥ =

SYSTEM/ MOV FRA DICTERM,
VALVE FUNCTION PFOSITION sn iNpizx | CORE. CONT. COMMENTS

M0)-2014
MO 213 - Prevention of part 110 rolease.

MO- 206

MO-2061
MO 2062 ST are not Seismie §; roguired for swiichover fo Toms on

depleted or ruptured CST.

MO 2063
Velve ducs not need te close 1o molntain pwp NI'SIE

MO-2067
MO 2068

MO 2071

MO 2078 Stouin supply to turhine NO

MO 2076 Steam fino lsnlailon NO.-C Y X X Prevention of part 10X relesse.

MO 2978 Stonm wrgyply 10 tuetine NCO Y X X | _x X

MO 2080 Tilp throttle vaive NO

MO- 296 Cool 15,0 1o harometrio cond. NC.O Y X < X

MO 2100 Torus suction lsolstlon N( X CS1s are not Selsmio 1; required for swiichover to Turus on

MO 2104 Torus aweilss N0 Y X depleted or tapinred CST,

MO 2102 CST suction NGO Valve dues nut need 1o close to maintaln NISTE not roquired for
CST auction laolation NO-C Y X 1OCA.

n-4
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NEDC-32264-A
TABLE D2 MOV SUMMARY - BWR D (CONTINUED)

eSS IS

SYSTRW/ MOV PRA DETERM. i o
VALVE FUNCTION POSITION SR mopx | CORE CONT. | ppview CoMMENTS
MO-2106 Pumip discharge te veasel NC.O Y X X X X
MO 2107
MO 2110 Test line to (ST NG
MOASE Test fine to (ST NC
= = — = e
FW/Cond --

MO-1RR
MO 108Y
MO
MO-1134
i MO 1614
MO-1615

MO-171
MO-1742

MO-1749
MO-1750

| MO-1751
M. 1752

MO-1753
MO-1754

7 RIHR (LPCI)

Vaives may be useful In isolation of & pump for » seal feilure, but

MO-1986 Toms suction NO ¥ X
MO- 1987 Torme auction lsolation (SDC) NO-C not & safety relsted function.
MO.2012 Pump dischargo to vessel NC-O Y X PRA sssumes valves normslly open whereas it Is currently closed.

Non-selected loop - requesied onty for LOCA in opposite loop.
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NEDC-32264-2

TABLE D2 MOV SUMMARY - BWR D (CONTINUED)

e ——————— = ==
SYSTEM/ PRA cont, | PEVERM. ;
VALVE FUNCTION " REVIEW COMMENTS
RIIR (SDHC) -«
MO 1988 SDC Suction NC-O Y SDC function is backed by other modes of RIR.
MO- 1989
MO-2029 SDC Suction NC.O L ¢
MO- 2000 SDC suction Isolation oC Y X RII overpressure protection during shutdown.
’ P ————— FE—E——
RUR (SPC) -
2 s — ——— — S ——— ——————— _ = — m— =
MO X6 Pamp discharge to torus NC-O Y X Principal means of decsy hest removal for accidents and transients
| MO-2007 even though contsinment can survive days with no decay hest
MO 2008 removel befor faiture.
MO-2000
| i
RIR (Torus Spray) --
MO-2010 Pump discharge o torms NC-O Y X Other means of DIR (SPC, MC, Vent).
i MO.2001
. — — —
| RIIR (DW £ ) -
MO 2020 Pamp discherge to deywell NC-O Y Other means of DHR (SPC, MC, Vent). No credit in lmlting
MO.2021 containment pressure during DHA. No credit in compiiance with
i MO 2022 TOCFRTI00.
MO 2021
s —— e e S prerme g g —
| RIIR (Misc) -
MO 2002 I hix bypass NO.-C Y Faiture of valve to close on demand does not disable DIR
it Mo-200 function.




NEDC-32264-A
TABLE D2 MOV SUMMARY - BWR D (CONTINUED)

SYSTitM/ MOV p— .‘“A‘ ONT DETERM
VALVE FUNCTION POSITYON SR INDEX — ’ REVIEW COMMENTS
MO .2026 Hond spay NC Y
MO 2027
MO 2000 Hin lnur crowsils NO) Y
MO-2002 Dikchorge 1n radwasts NC Y X Valves normsily In thelr safoly-position
MO-2407
MO-40RSA Recie loop intertis NC Y
MO 40RSH
MO 4086 Reclre inop intortio NO Y
Renctor Reclre. --
-
MO-2 A Rucire pwmp suction lsoletion NO v
MO-2 431N
MO-2.53A flochre punp disch ixolution NO € Y X LICE adoguate without valve closure for sl tranclents and 1A=
MO.2 5 oxvept reclre LOCA, Fven large recire. 1OCA roguires failure of
buils core spray trains.
enctor Cleanwnp --
MO-237 Reactor clesnnp Ivolution NO-C Y X X Provanilon of part 100 releaso
MO 27R
Muin Steam --
MO 2373 MSL. dreln fsnlution NC Y X Valves normatly in thelr ssfoty position
MO 2774

h-8




NEDC-32264-A
TABLE D2 MOV SUMMARY - BWR D (CONTINUED)

PRA
SYSTiRM/ _— DETERM. 3
VALVE CORE.  CONT. | pgview COMMENTS
; - e e——————— rmesem— -

RBCCW --

MO-1426 DW conler roturn isolation NO-C x DW coolers are closed loops inside containment but are not

M().4230 o structurally Seismio § or HELED protect=d.

M0-4229 DW cooler gupply lsoistion NO-C X DW coolers are closed ioops inside contsinment bt irs mol
stmcturslly Seismic | or HELB protecied. in series with check
valve

| MO.1427 DW cooler supply Isolation NO

MO-1428

MO-1429

MO-14W) >

CGCS -

MO-4M0A
MO-A041

| MO-4014A
MO 40441

MO-4047A
il MO-44™T

More then 3 days Is required to reach the point that combustible
gns conceniration exists. If the decay heat removal system fs
wotking then Torue is subcooled and O, generation is minimized.

il O, were generated, venting or purging is svailable as an option.

MO-1045

MO-1MR
MO-1049

MO TRTA
MO THTH

Main Condenser --

Condonzor vaonum breaber
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NEDC-32264-2
Table D3

MOVs WITHI A COMMON CAUSE FAILURE BASIC EVENT - BWR D

— w
RCS lnventory LOCAs Tronsienis
Large Med Small Out C1, SORV 125 VDC Others
== o
MO 1753 & 1754 S INBOARD X X X X X X X
INJECTION - FTO
MO-2036 X X X
HeCH STM ADM - F1O
MO-2061 & 2062 X X X
HPCH TORUS SUCTION - FIO
MO-2067 X X X
HPCH INL/TEST - FTO
M- 2068 X X X
iiPCi INJ. - FTO
MO-2078 X X
RCIC STM ADM - FTO
MO-2096 X X
RCIC ACC. COOLING - FTO
MO-2102 X X
RCIC CST SUCTION - F10
MO-2106 & 2107 X X
RCIC INJECTION - FTO
MO-2014 & 2015 X X X X X X X
RIIR INBOARD INJ. - FTO

p-11



Table D3 MOVs WITH A COMMON CAUSE FAILURE BASIC EVENT  (Continued)

NEDC-32264-A

—
RCS Inventory LOCA= Transients LOooOP
A pe I 3 Sm.l 1 SRV 125 VDC Others
MO-2-5JA & 538 X X X X X X
RP.CIR. PUMP DISCIL - FTO L .
Reactivity Control = LOCAs LOOP
LOFW Others
ey SIS =Ty e
RWCU ISOLATION - FTC X X
4 . E—
Containment Heel Transients LOOP
Removal 125 VDC
rer— {N!c =y — - -
MO-1988 & 1989 X X X X
RHR SDC SUCTION - FTO
MO-2006 & 2007 X X X X X X X X
RHR TO TORUS - FIO
MO-2008 & 2009 X X ! X X X X X X
HR/TORUS COOLING - FTO
MO-2020 & 2021 X X X X X X X X
RIIROUTHD. DW SPRAY - FTO
MO-2022 & 2023 X X X X X X X X
RUHR/AINBD. DW SPRAY - FT1O
MO-2029 & 2030 X X X X X X X X
RIR SDC VALVES - FTO

D-12



NEDC-32264-A

TABLE D4 mvcmzm(xzn‘ﬁ/u)nmmcoum—mn
«SE-S/¥T

1.82E-02 1.028+00 3.872-03 2.328202
s = 1.01B+00 5.73E-03 2.27E402
6.812-03 1.012+00 5.752-03 2.282+02
5.358-03 1.012400 .412-0 3.132+00
5.35E-03 1.018+00 5.41E-05 3.132+00 |
L B=N02026 B BPE-03 4 21012400 1 5.258-05 1 3.108+00 |
|_E-MO2068 5.292-03 1.012+00 5.352-05 3.10B400 |
|_B-M02067 5.292-03 1.01E+00 5.352-05 3.10E+00 |
| 1-M02078 5.22%-03 1.018+00 4.532-05 2.78E+00
| L1-MO2096 $.222-03 1.018+400 4.532-05 2.78E+00
[ 1-}02107 2:22E-03 1.012400 4.33E-0% L IEEE00 ]
|_I-MO2106 5.228-03 1.012400 4.53E-05 2.78E+00
| _I-M0210) 5.192-03 1.012+400 4.51E-08 2.772+00 |
| I=MO2100 5.192-03 1.01E+00 4.51%-0% 2.77E+00
=MO2398 §.72E-06 1.008+00 £.852-08 1.00E+00
=MC2397 5.55E-06 1.00E+00 4.82E-08 1.008+00 |l
1-M02( 50) 3.38E-06 1.00B+00 1.25E-07 1.00E+00
MO2075(180) 3.38E-06 1.00B+00 1.25E-07 1.00E+00 |
2.75E-06 | __ 1.00B+00 1.45E-05 1.578+00 I
MO17 2.75E-06 1.00B+00 1.45E-05 1.57E+00
MO2063 1.44E-06 1.00B+00 7.60E-06 1.30B+00
4020 1.44E-06 1.00E+00 7.60E-06 1.30E400 |
402034 1.44E-06 1.00E+00 1.60E-06 1.30E+00
MO 20 0) 1.23E-06 1.00B400 1.06E-07 _1.00B+00 |
02076 (180 1.23E-06 1.008+00 1.06E-07 1.00E+00
401750 4.20E-07 1.00E4+00 4.448-06 1.18E+00 1
MO 20 Q) 1.60E-08 1.008+00 1.398-10 1.00E+00
MO20 0) 1.55E-08 1.00B+00 1.34E-10 1.00E+00
MO2397 (ISD) 4.58E-09 1.00E+00 4.63E-11 1.00E+00 |
=MO17 §0) 4.99E-10 1.00B+00 4.328-12 1.00E+00 |
|_C-MOC 180) 4.98E-10 | 1.008+00 4.328-12 1.00E+00 |
|_B-402036(150) 2.518-10 1. COE+00 4.33E-11 1.008+00 |
| L-MO2098 (IS0) __8.53E-11 __1.00E+00 7.38E-12 1.00E+00
NOIES: (l)Above ranking sorted by Fussell-Vesely..

D-13



MEDC-32264-A
‘Table D5
GL 89-10 SENSITIVITY STUDY FOR BWR D

#
Maodilied Case
Bascline Case
Accident Class CDF (1) —-— o )
_ CDF (2) delia (4) %Dif (5)
IA TRAN - IIIGH RPV PRESS 31E06 2.36-05 2.0E-05 0.27
IB STATION BLACKOUT 1.26-05 2.38-05 1L1E-05 0.15
ID TRAN - LOW RPV PRESS 3.26-07 6.8E-03 6.8E-03 90.89
1! LOSS OF CONT HEAT 1.36-07 1.4E-04 1.3B-04 1.81
REMOVAL
1A LOCA - RPV RUPTURE 11607 9.8E-05 9.8B-05 1.32
B LOCA - HIGH RPV 3.0B-07 3.6B-06 1.3E-06 0.04
PRESS
MIC LOCA - LOW RPY 3.9E-07 3.26-04 3.2B-04 432
PRESS
D LOCA - VAP SUP 30807 10607 0.0 0.00
FAILURE

D-14



NEDC-32264-4

Table DS GL 89-10 SENSITIVITY STUDY FOR BWR D (Continued)

Modified Case
Bascline Case
SURERY - Ll CDF (2) Delta (4) %Dl (5) CDF (3)
IV ATWS 1.96-06 3.4E-06 1.5E-06 002 34506
V LOCA OUTSIDE GONT 6.76-10 1.4B-09 7.25-10 0.00 6.7E-10
S-TOTAL 18505 7.4B-03 74E-03 98.78 2.0B.05
VI INTERNAL FLOOD 45T 08 7.36-05 6.5B-05 0.87 7.9E-06
TOTAL L 26805 | 74803 74B-03 2.8E.05

Noles

From BWR D IPE

Common Ceuso Factor of 087 applicd to every MOV which aperates under m dp conditions, where high dp conditions are MOV
opening or closing against reactor pressure, containment pressure o1 pump dichaige pressure.

Common Cause Factor of 087 applicd only to thuse MOVs helow a icd impottance.

“Delta® column is a comparison against the Bascline CDF.

% of total change in CDF.

ABL N
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NEDC-32264- A

Table D6
MOV SUMMARY - BWR D

® Important Valves Based on PSA Backed Up by Deterministic Rationale

HPCI & RCIC Pump Discharge MO-2067, MOV-2068, MO-2106, MO-2107
HPCI & RCIC Steam Supply to Turbine MO-2036, MO-2078

RCIC Cooling Water to Barometric Condenser MO-2096

Core Spray Discharge to Vessel MO-1753, MO-1754

RHR Pump Discharge to Vessel MO-2015

Important Valves Based on Deterministic Rationale

HPCI & RCIC Steam Line Isolation MO-2034, MO-2035, MO-2075, MO-2076
HPCI & RCIC Torus Suction MO-2061, MO-2062, MO-2100, MO-2101

RHR Pump Discharge to Vessel MO-2012, MO-2013

RHR Suppression Pool Cooling MO-2006, MO-2007, MO-2008, MO-2009
RHR SD Cooling Suction MO-2029, MO-2030

Reactor Water Cleanup Isolation MO-2397, MO- 2398

RBCCW DW Cooler Return Isolation MO-1426, MO-4230

RBCCW DW Cooler Supply Isolation MO-4229

Unimportant Safety Related Valves (<.1% F-V or Not Modeled)

HPCI & RCIC CST Suction MO-2063, MO-2102

Core Spray Pump Discharge to Vessel MO-1751, MO-1752
RHR Torus Suction MO-1985, MO-1987

RHR Pump Discharge to Vessel MO-2014

RHR SDC Suction MO-1988, MO-1989

RHR Torus Sprays MO-2010, MC-2011

RHR DW Spray MO-2020, MO-2021, MO-2022, MO-2023
RHR Discharge Radwaste MO-2032, MO-2407

RHR Hx Bypass MO-2002, MO-2003

Recirc Discharge Isolation MO-2-53 A & B

Main Steam Line Drain Isolation MO-2373, MO-2374
CGCS Gas Inlet 1o Recombiner MO-4043 A & B

CGCS Gas Recirculation MO-4044 A & B

CGCS Cooling Supply to Recombiner MO-4047 A & B
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NEDC-32264 -A

TABLE E1 - GL 89-10 MOV CATEGORIES AND IMPORTANCE

.

MODELED IN PSA SBO

Reactor Downstream
Head Vent to Drywell
Equip Drain Sump

1B21*MOVF002 Reactor Upstieam
Head Vent to Drywell
Equip Drain Sump

_ 1B21*MOVF005 Reactor Head Veni to
Main Steam Lins A

1B21*"MOVF016 Main Steam Line
Warmup Header
Inboard Containment
Isol Valve

1B21*MOVF019 Main Steam Line
Warmup Header
Outboard
Contalnment Isol
Valva

1B21*"MOVF027A Main Steam Isolation
Valve Leakoff Drain
Connection

1B21*MOVF0278 Main Steam Isolation <1.0E-07
Valve Leakoff Drain
Connection

1B821*MOVF001




TABLE Ei

NEDC-32264-A

GL 88-10 MOV CATEGORIES AND IMPORTANCE ({Continued)

1B21*MOVF027C

DESCRIPTION

Main Steam Isolation
Valve Leakoff Drain
Connection

MODELED IN PSA

LEVEL 1 LEVEL 2

Civ

1B21*MOVF027D

Main Steam Isoiation
Valve Leakoff Drain
Connection

SBO
EXEMPT

PSA IMPORTANCE

OVERALL
RISK
RANKING

1B21*MOVF065A

Feedwater to Reactor
Outboard Isolation
Vaive

1B21*MOVF065B

Faedwater to Reactor
Outboard Isolation
Valve

1B21*MOVF087A

Main Steam Line A
Drain Outhoard
Isolation Valve

1B21*MOVF0678B

1B21*MOVF067C

Main Steam Line B
Drain Outhoard
Isolation Valve

Main Steam Line C
Drain Quthoard
Isolation Valve

1B21*MOVFO0670D

Main Steam Line D
Drain Outbhoard
Isolation Valve




NEDC-32264 -A

TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)
MARK # DESCRIPTION MODELED IN PSA Civ SBO PSA IMPORTANCE OVERALL
EXEMPT RISK

1B21*MOVF085

Main Steam Line
Warmup Header
Shutoff Vaive

| 1B21*MOVF086

Malin Steam Line
Draln Header Shutoff
Valve

Main Steam Line A
Shutoff Vaive

1B21*MOVF098B

Main Steam Line B
Shutoff Vaive

1B21*MOVF098C

Main Steam Line C
Shutoff Valve

1B21*MOVF098D

Main Steam Line D
Shutoft Valve

1B33*MOVF023A

Raclircutation Pump A
Olscharge Valve

<1.0E-07

1B33*MOVF0238

Jecirculation Pump B
| Discharge Vaive

<1.0E-07

1B33*MOVFO67A

Reclrcutation Pump A
Supply Valve

<1.0E-07

1B33*MOVF0678

Recirculation Pump B
Supply Vaive

<1.0E-07

E-4



NEDC-32264-A
TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

MARK #

1CCP*MOV16A

DESCRIPTION

RPCCW Loop A
Mormal Supply Vaive

MODELED IN PSA

cwv

SBO

PSA IMPORTANCE

1CCP*MOV16B

RPCCW Loop B
Normal Supply Valve

1CCP*MOV129

RPCCW Loop A
Normal Retumn Valve

1CCP*MOV130

RPCCW Loop B
Normai Return Valve

1CCP*MOV138

RPCCW Contalnment
Supply Outboard
isolation Valve

1CCP*MOV142

Reactor Reclrculation
Pump Cooling Supply

1CCP*MOV143

Reactor Recircutation
Pump Downst eam
Retumn

1CCP*MOV144

Reactor Recirculation

Pump Upstream
Return

1CCP*MOV158

RPCCW Containment

Supply ‘nboard
Isolation Vaive




NEDC-32264 -A
TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

q =
MODELED IN PSA Ccwv SBO PSA IMPORTANCE OVERALL

MARK # DESCRIPTION

bt

Return Outboard
Isolation Valve

RPCCW to CRD
Pump Seals

| IPCCW to CAD
_Fump Seals

RAPCCW Loop A
Normal Return Valve

—

RPCCW Loop B
Normal Return Valve

1CNS*MOVi25 Condensate Makeup
Containment Isolation
Valve

1CNS*MOV130 Condensate Makeup X <1.0E-07

Contalnment Isolation

Valve

1CPM*MOV1A Hydrogen Mixing X <1.0E-07
Outlet - Qutboard

Dryweli Isolation Valve

1iCPM*MOV1B Hydrogen Mixing X <1.0E-07
Outlet - Jutboard

Drywell i solation Valve

E-6



NEDC-32264 -A
TABLE E1 GL 89-10 MOV CATEQORIES AND IMPORTANCE (Continued)

DESCRIPTION

MODELED iN PSA

Cciv

SBO
EXEMPT

PSA IMPORTANCE
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TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

MARK #

1CPP*MOV105

DESCRIPTION

Hydrogen Purge

Discharge
Containment Isolation
Valve

MODELED IN F5A

1C11*MOVF083

CRD Containment
Isolation MOV

1C41*MOVFOO1A

SLCS Pump 1A
Discharge MOV

1C41*MOVF001B

SLCE Pump 1B
Discharge MOV

Suppression Pool
% Retumn -
Cont. Isolation Valve

RHS Train A Hx
Discharge MOV
(N.O)

RHS Train B Hx
Discharge MOV
(NO)

1E12*MOVF004A

RHS Pump A
Suppression Pool
Suction MOV (N.O )}

<1.0E-05
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TABLE E1 GL 89-10 MOV CATEGOR'ES AND IMPORTANCE (Continued)
—————— _ =
MARK # DESCRIPTION MODELED IN PSA cw SBO PSA IMPORTANCE

1E12*MOVF004B

1E12*MOVF006~

1E12*MOVF006B

1E12*MOVF008

1E12*MOVF009

1E12*MOVFO11A

1E12*MOVF0118

E9
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TABLE E1  GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

DESCRIPTION

Train A SPC Injeciion
Valve Rack to
Suppression Poo!

(NO)

MODELED IN PSA

Civ

SBO
EXEMPT

PSA IMPORTANCE

Train B SPC Injaction
Valve Back to
Supprassion Pool
(NO)

RHR Dischargse to
RCIC

RHA Discharge to
RCIC

1E12*MOVF027A

1. PCI Train A injaction

- MOV (NC)

—

<1.0E-05

1E12*MOVF0278B

-

i

' PCI Train B Injection
MOV (N.O)

<1.0E-05

1E12*MOVFO037A

Ratumn 1o Upper Pool
- Containment
Isolation Valve

<1.0E-07

1E12*MOVF0378

Return te Upper Pool
- Contalnment
Isolation Valve

<1.0E-07
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TABLE Et GL 89-10 MOV CATEQORIES AND IMPORTANCE (Continued)

MARK # DESCAIPTION MODELED IN PSA cwv SBO PSA IMPORTANCE OVERALL
EXEMPT RISK
RANKING

1E12*MOVF040 Discharge to <1.0E-07
Radwaste

1E12*MOVF042A LPCI Train A Injection s~ X 5.50e-04 4.12¢-04
MOV

1E12*MOVF042B LPCI Train B Injection X X 550004 4 12a-04
MOV

1E12*MOVF042C LPCI Train C Injection X X 5.50e-04 412004
MOV

1E12*MOVF047A AHS Train A Hx inlet X <1.0E-05
Valve (N.O)

1E12*MOVF0478 RHS Train B Hx Inlet X <1.0E-05
Valive (N.O)

1E12*MOVF048A RHS A Heat X X HIGH 2.50e-03
Exchanger Bypass
MOV (N.O)

1E12*MOVF048B AHS B Heal X ¥ HIGH 2.508-03
Exchanger
MOV (N.O.)

1E12*MOVF049 RHA Discharge to <1.0E-07

_ Radwaste

1E12*MOVF0524 Heat Exchanger 0
Steam Supply -
Locked Closed
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TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

1E12*MOVF0523

DESCRIPTION

Heat Exchanger

Steam Supply -
Locked Closed

MODELED IN PSA

cw

SBO
EXEMPT

PSA IMPORTANCE

1E12*MOVF053#

SDC Train A MOV to
Mixing Tee

1E12*MOVF0538

SDC Train B MOV to
Mixing Tee

1E12*MOVF064A

RHS Pump A
Minimum Flow
Raclirculation MOV

RHS Pump B
Minimum Flow
Recircutation MOV

1E12*MOVF064C

RHS Pump C
Minimum Flow
Recirculation MOV

(N.O)

1E12*MOVFO0G68A

SWP Train A from
RAHA Heat

Exchangers A & C

2.50e-03

1E12*MOVF068B

SWP Train B from
RHAR Heat
Exchangers B & D

250e-03
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TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE {Continued)

MARK #

1E12*MOVFO73A

DESCRIPTION

MODELED IN PSA

cw

sBO
EXEMPT

PSA IMPORTANCE

1E12*MOVF0738

1E12*MOVFO074A

1E12*MOVF074B

1E12*MOVF087A

1E12*MOVF0878

1E12*MOVF094

1E12*MOVF096

1E12*MOVF105
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TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

MARK #

7 1E21*MOVF001

S S

DESCRIPTION

LPCS Suction MOV

from Suppression
Pool (NO)

1E21*MOVF005

LPCS Injection Line
MOV

MODELED IN PSA

———— e

LEVEL 1 LEVEL 2
o e T ey .
X ' X

Civ S80

EXEMPT

———.
e

PSA IMPORTANCE

OVERALL
RISK
RANKING

<1.0E-05

4408 04

3.308-04

1E21*"MOVFO11

1E21*MOVF012

1E22*MOVF00 1

LPCS Min Flow
Recircudation. MOV
NO)

LPCS Test Retumn -
Containment Isolation
Valve

4.408-04

3.308-04

<1.0E-07

HPCS Suction from
CST (N.O)

<1.0E-05

1E22*MOVF004

1E22*MOVF010

HPCS Injaction MOV

9.84e-03

| 7.380-03

HPCS Test Retumn to
CST

1E22*MOV,011

HPCS Test Retumn to
CST

<1.0E-07

1E22*MOVF012

S

1E22*MOVF015

HPCS Minimum Flow
\"aive

<1.0E-07

J.84e-03

7.386-03

HPCS Suction from
suppression Pool

9 66e-03

7.25e-03




NEDC-32264 -A
TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

) & :
DESCRIPTION MODELED IN PSA rCN SBO PSA IMPORTANCE OVERALL
EXEMPT RISK

HPCS Return to
Suppression Pool -
Cont. Isolation Vaive

MSIV Sealing System <1.0E-07
Division | injection
Valve

MSIV Sealing System <1.0E-07
Division | Drain Vaive

MSIV Sealing System <1.0E-07
Division | Isolation

Valve

MSIV Sealing System X X <1.0E-07
Division | Containment
isolation Vaive

MSIV Sealing System <1.0E-07
Division Il Injection
Valve

MSIV Sealing System <1.0E-07
Division i Drain Valve

MSiV Sealing System <1.0E-07
Division 1 isolation
Vaive
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TABLE E1

NEDC-32264 -A

GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

DESCRIPTION

MODELED IN PSA Ccwv SBO
EXEMPT

PSA IMPORTANCE

1E51*MOVF010

1E51*MOVF013

1E51*"MOVF019

1E51*MOVF022

1E51*MOVF031

1E51*MOVF046

1E51*MOVF059
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NEDC-32264-A
TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

!i #
MARK # DESCRIPTION MODELED !N PSA cw S80C PSA IMPORTANCE
EXEMPT

RCIC Turbine Inboard
Isoiation MOV (N.O.)

1E51*MOVF064

RCIC Turbine
Outboard Isolation
MOV (N.O)

<1.0E-05

1E51*MOVF068

ACIC Turbine Exhaust
Line MOV (N.O.)

<1.0E-05

1E51*MOVF076

RCIC Line Warming
Contalnment isolation
Vaive

<1.0E-07

1ES1*MOVFO077

RCIC Vacuum
Breaker Contalnment
isolation Valve

LOW

2.508-04

1E51*"MOVFO78

RCIC Vacuum
Breaker Containment
isolation Vaive

<1.0E-07

1FPW*MOVi21

Fire Protection
Header - Containment
Isolation Valve

<1.0E-07

1FPW*MOV122

Fire Protection Water
L eakage Controi
Valve

<1.0E-07
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TABLE E1

NEDC-32264-A

GL 89-10 MOV CATEGORIES AND IMPORTANCE {Continued)

T

DESCRIPTION

1FWS*MCV7A

“A" Reaclor
Fesdwater Inlot
Containment Isolation
Vaive

MODELED IN PSA

Civ

SBO
EXEMPT

PSA IMPORTANCE

LEVEL 2

OVERALL
RISK
RANKING

LEVEL 1 LEVEL 2 LEVEL 1
X

1FWS*MOV7B

"B" Reactor
Feadwater Inlel -
Containment Isolation
Vaive

1G33*MOVF001

1G33*MOVF004

RWCU Pump Suction
inbvard Containment
Isolation Valve

RWCU Pump Suction
Outboard
Containment Isolation
Valve

2.50e-04

1G33*MOVF028

RWCU Blowdown
Inboard Contalnment
Isolation Valve

1G33*MOVF031

1G33*MOVF034

RWCU Blowdown
Orifice Bypass

2.50e-04

<1.0E-07

RWCU Bilowdown
Outhoard
Containmaent isolation
Valve

2.508-04




TABLE E1

NEDC-32264-A

GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

1G33*MOVF035

RWCU Drain to
Radwaste

1G33*MOVF039

RWCU Retumn to
Feedwater
Containment Isolation
Vaive

1G33*MOVF040

RWCU Retum to
Feedwater
Contalnment isolation
Valve

1G33*MOVF042

RWCU Heat

Exchanger Throttie
Valve

1G33*MOVF044

RWCU Filter
Demineralizer Bypass

1G33*MOVF046

RWCU Drain to Main
Condanser

1G33*MOVF053

RAWCU Pump
Dizcharge
Containment Isolation
Valve

LOW

2.508-04
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NEDC-32264 -A
TABLE E1 GL 89-10 MOV CATEGORIES AND iIMPORTANCE (Continued)

MODELED IN PSA

Cwv

LEVEL 1

SBO
EXEMPT

PSA IMPORTANCE |

1G33*MOVF101

RWCU Bottom Head
Drain

1G33*"MOVF 102

Recircutation Suction
Valve

RWCU Heat
Exchanger Bypass
Valve

RWI(:U Suction from
Reattor
Hedtqlanomlauon

1G33*MOVF107

IWCU Regenerative
Heat Exchanger
Bypass Valve

THVC*MOV1A

Controm Room Alr
Handiing Unit inlet
isolation Vaive
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TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

NEDC-32264 -A

Controm Reom Air
Handling Unit Inlet
isolation Vaive

Chilled Water
Compresslon Tank
Makeup Water Vaive

Chilled Water

Compression Tank
Makeup Water Valve

<1.0E-07

Chitied Water Comp.
Tank Alternate
Makeup Water Valve

<1.0E-07

THVK*MOV11B

Chilled Water Comp.
Tank Alternate
Makeup Water Valve

<1.0E-07

1HVK*MOV20A

Control Buliding
Chilied Water Pump
P1A Discharge Valve
(N.O)

<1.0E-05

THVIC'"MOV20B

Control Buliding
Chilled Water Pump
P18 Discharge Vaive
(N.O)

<1.0E-05




NEDC-32264 -A

TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

ﬁf mm__ =
MARK # DESCRIPTION MODE' ED IN PSA cw SBO PSA IMPORTANCE OVERALL
EXEMPT RISK

t et
Control Building

Chilled Water Pump

P1C Discharge Valve

Control Bullding
Chiiled Water Pump
L_.'110 Discharge Valve

Containment Unit
Cooler Discharge
Valve

Contalnmeni Unit
Cooler Discharge
Valve

Ventillation Chilled
Water Retum
Containment Isolation
Valve

1HVN*MOV127 Ventiliation Chilled
Water Supply
Containment Isolation
Valve

THVN*MOV128 Ventiltation Chilled X X <1.0E-07
Weater Return
Containment Isolation
Valve

E-22
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TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

DESCRIPTION MODELED IN PSA cw SBO PSA IMPORTANCE
EXEMPT

THVN*MOV129 Ventittation Chilled
Water Supply Vaive

THVN*MOV130 Ventillation Chilted
Water Relurn Vaive

1IAS*MOV1086 Instrument Alr
Containment Isolation
Vaive

1IAS*"MOV107 Instrument Alr
Containment Isolation
Valve

LSV*MOV11A PVLCS Isolation Valve
to FPW, HVN, WCS,
8 CNS

1LSV*MOV1iIB PVLCS Isolation Valve
to FPW, HVN, WCS,
& CNS

1LSV*MOV13A PVLCS Isolation Vah=
lo SAS & IAS

1LSV*MOV13B PVLCS Isolation Valve
to SAS & IAS

1LSV*MOC/15A PVLCS Isolation Valve <1.0E-07
to Fesdwater

B-23



NEDC-32264-A

TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE ontinued)

.

" DESCRIPTION f MODELED IN PSA

—

1LSV*MOV15B

PVLCS Isolation Valve
to Fesdwaler

1LSV*MOV16A

to Fesdwater

PVLCS Isolation Valve

LEVEL 1 I] LEVEL 2

Cwv

SBO
EXEMPT

PSA IMPORTANCE

RISK

LEVEL 1

LEVEL 2

m%
<1.0€E-07

OVERALL

RANKING

<1.0E-07

1LSV*MOV168B

PVLCS Isolation Valve
lo Feedwater

<1.0E-07

1LSV*MOV19A

PVLCS Header "A"
injection Valve

1LSV*MOV198
——

PYLCS Header "B"
Injection Valve

<1.0E-07

<1.0E-07

1RCS*MOVS58A

"A" HPU Drywell
Isolation Valve

1RCS*MOVS588

"B8" HPU Drywell
isolation Vaive

<1.0E-07

1RCS*MOVS59A

"A" HPU Dryweil
Isolation Valve

<1.0E-07

<1.0E-07

1RCS*MOV598

“B" HPU Diywell
Isolation Vaive

<1.0E-07

1RCS*MOVE0A

"A" HPU Drywell
Isolation Valve

<1.0E-07

1RCS*MOVE0B

“B" HPU Drywell
, Isola’ = Vaive

<1.0E-07

~—




TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

NEDC-32264-A

1RCS*MOVEB1A

*A” HPU Drywell
isolation Valve

cwv

1RCS*MOVE1B

"8" HPU Drywelt
Isolation Valve

1SAS*"MOV102

Service Alr to
Contalinment and
Drywsl! Isolation Vaive

1SAS*MOV103

Service Alr Leakage
Control Vaive

1SFC*MOV119

Containment Fuel
Poo! Inlet
Containment i=olation
Vaive

Fuel Pooi Cooling
Suction Contalnment
Isolation Valve

1SFC*MOV121

Fuel Pool Purification
Suction Contalnment
isolation Valve

1SFC*MOV122

Fuei Pool Cooling
Suction Containment
Isolation Vaive

<1.0E-07
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TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

1SFC*MOV139

DESCRIPTION

Fuel Pool Purification
Suction Containment
Isolation Valve

MODELED IN PSA

LEVEL 1

X

LEVEL 2
= e

Ccwv

SBO
EXEMPT

PSA IMPORTANCE

LEVEL 1

LEVEL 2

—

OVERALL
RISK
RANKING

1SVV*MOV1IA

Steam Safety & Relief
Valve System

Containment Isolation
Valve

1Svv*MoviB

-

Steam Safety & Relief

Valve Systemn
Containment Isolation
Valve

1SWP*MOV4A

r. ————————————————————

1SWP*MOV4B

Normal Service Water

"A" Supply to Drywell
isolation Valve

Normal Service Water

: "B"* Supply to Drywell

isolation Valve

<1.0E-07

1SWP*MOVS5A

Normal Service Water
“A" Reiurn to Drywsil
isolation Valve

<1.0E-07

1SWP*MOVSB

Normal Service Water
"B" Retumn 1o Drywsil
Isoiation Valve

<1.0E-07




NEDC-32264-A
TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

DESCRIPTION MODELED IN PSA

SBO
EXEMPT

PSA IMPORTANCE

1SWP*MOV27B

1SWP*MOV40A

1SWP*MOVA408

1SWP*MOV40C

1SWP*MOV40D
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NEDC-32264-A
TABLE E1  GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

DESCRIPTION MODELED IN PSA cwv SBO PSA IMPORTANCE OVERALL
EXEMPT

SSW Train A
_Dlsdmgevm

SSW Train B X 3.04e-02 2.288-02
. Dischargs Vaive

NSW Supply to X <1.0E-05
Safety-Related
Service Water Train A

NSW Supply to X - <1.0E-05
Safety-Related
Service Water Train B

NSW Isolation to Unit <1.0E-07
2- No Seat Line

Capped

1SWP*MOVS18 NSW Return to Unit <1.0E-07
2- No Seat Line

Capped

1SWP*MOV73A Service Water Supply <1.0E-07
to HPCS UC
HVR*UCS

1SWP*MOV738 Service Water Supply <1.0E-07
to HPCS UC
HVR*UCS

1SWP*MOV61A




MARIK #

e S S E S S S

DESCRIPTION

Service Water Return
to HPCS UC
HVR*UCS

NEDC-32264 -A
TABLE E1 GL 89-10 MOV CATEQORIES AND IMPORTANCE (Continued)

MODELED IN PSA

cwv

SBO
EXEMPT

PSA IMPORTANCE

Service Water Return
to HPCS UC
HVR*UCS

Service Water 1o
HPCS Diessi from
Train A

Service Water t0
HPCS Diesel from
Train B

NSW Retumn from
Drywell &
Containment Isolation
Valve

NSW Rstumn from
Drywell &
Contalnment Isolation
Vaive

NSW Train A
Discharge Valve

1SWP*MOV96B

NSW Train B
Discharge Valve

<1.0E-05




NEDC-32264 -A
TABLE E1 GL 89-10 MOV CATEGORIES AND iIMPORTANCE (Continued)

MARK #

DESCRIPTION

SSW Train A

Discharge MOV from
Aux. Bidg Unit
Coolers

MODELED IN PSA Civ

SBO
EXEMPT

2SS

PSA IMPORTANCE

SSW Train A Header
MOV to Aux. Bidg
Unlt Coclers

SSW Train B

1SWP*MOV174




NEDC-32264-A
TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

DESCRIPTION

SWP Traln A to
Containment Fan Unit
Cooler

MODELED IN PSA

Cwv

SBO
EXEMPT

PSA IMPORTANCE

SWP TrainB to
Containment Fan Unit
Cooler

SWP Train A from
Containment Fan Unit
Cooler

SWP Train B from
Containment Fan Unit
Cooler

SWP Train A from
RPCCW Loads

SWP Train B from
RPCCW Loads

SSW Crossover Valve

SSW Crossover Valve

1SWP*MOVS506A

Service Water from
HPCS Diesel to SWP
Train A

<1.0E-05




NEDC-32264-A
TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Continued)

1SWP*MOV5068

DESCRIPTION

Service Waler from
HPCS Diesel to SWP
Train B

MODELED IN PSA

Civ

sBo
EXEMPT

PSA IMPORTANCE

LEVEL 1 LEVEL 2

1SWP*MOV507A

SWP Train A to
Containment Fan Unit
Cooler (N.O)

SWP Train B to
Containment Fan Unit
Cooler (N.O.)

SWP Train A to
RPCCW Loads

SWP Train B to
RPCCW Loads

SWP Return Isolation
to CCP Heal

Exchangers

1SWP*MOV511B

SWP Return Isolation
to CCP Heat
Exchangers

1WCS*MOV1ITN

RWCU Blowdown

<1.0E-07
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TABLE E1 GL 89-10 MOV CATEGORIES AND IMPORTANCE (Conlinued)

1WCS*MOV172
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TABLE E2 - GL 89-10 MOV INFORMATION

OVERALL
DESCRIPTION RISK EXPLANATION

SSW Train A Discharge

Vaive salety, including EDG A, LPCS. LPCI A, 8PC, SDC, RCIC (unless high
temp. trips are bypassed) and Contalnment UC 1A. This vaive Is of
high risk importance.

SSW Pump C Discharge 3.120-02 | Fallure of this valive in conjunction with fallure of 40A causes a failure of

MOV EDG A, LPCS, LPCI A, SPC, SDC, RCIC (unless high temp. trips are
bypassed) and Containment UC 1A. This vaive is of high risk
Importance.

SSW Pump A Discharge 3.040-02 | Fallure of this valve in conjunction with fallure of 40C causes a faliure of

MOV EDG A, LPCS, LPCI A, SPC, SDC, RCIC (uniess high temp. trips are
bypassed) and Containment UC 1A. This vaive is of high risk
importance.

SSW Pump B Discharge 2.64e-02 | Fallure of this valve In conjunciion with fallure of 40D causes a fallure of

MOV EDG A, LPCI B&C, SPC, SDC and Containment UC 1B. SSW B train
requires both pumps due to high heat loads. This valve is of high risk
importance.

SSW Pump D Discharge 2.84e-02 | Fallure of this valve In conjunction with fallure of 40D causes a fallure of

MOV EDG A, LPCI B&C, SPC, SDC and Containment UC 1B. SSW B train
requires both pumps due to high heat loads. This vaive Is of high risk

3SW Train B Discharge 2.28e-02 | Fallure of this valve causes a fakure of several systems important to

Vaive safety, including EDG B, LPCI B&C, SPC, SDC, RCIC (unless high
temp. trips are bypassed) and Containment UC 1B. This valive Is of
high risk importance.

1E12*MOVF024A Train A SPC injection 1.25¢-02 Fallure of this valve wilt cause a fallure of SPC train A. This is
Valva Back to Important since loss of SPC could cause a long term containment
Suppression Pool (N.O.) overpressurization.
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TABLE E2 GL 89-10 MOV INFORMATION (Continued)

1E12*MOVF0248B Train B SPC injection 1.250-02 | Failure of this vaive will cause a fallure of SPC train B. This Is
Valve Back lo Important since loss of SPC could cause a iong term contalnment
Suppression Pool (N.O.) overpressurization.
1E12*MOVF048A RHS A Heat Exchanger 1.256-02 | This valve must close for SFC and SOC mode of RHR train A.
Bypass MOV (N.O) However, the other train of Faat exchangers is avallabie for decay heat
removal.
tE12*MOVF0488 RHS B Heat Exchanger 1.250-02 | This valve must close for SPC and SDC mode of RHR train B.
Bypass MOV (N.O.) However, the other train of heat exchangeis Is avallable for decay heat
removal.
1E12*MOVFO6BA SWP Train A from RHR 1.250-02 | This valve controls service water fiow through the heat axchanger.
Heat Exchangers A & C Fallure of this valve causes a loss of SPC and SDC in RHR train A.
Contalnment over-pressurization could occur due to high SP
temperature.
1E12*MOVF0688B SWP Train B from RHR 1.250-02 | This valve controls service water flow through the heat exchanger.
Heat Exchangers B & D Fallure of this vaive causes a loss of SPC and SDC in RHR train B.
Contalnment over-pressusization cou’d occur due to high SP
temperature.
1E22*MOVF004 HPCS Injection MOV 7.380-03 | This valve must open to allow HPCS injection Into the reactor vessel.
This valve has medium risk significance, since it Is one of two sources
of injection during an SBO and one of thres high pressure Injection
SOUICes.
1E22*MOVF012 HPCS Minimum Flow 7.380-03 | This valve must open during HPCS startup and close after the flow
Valve reaches 750 gpm. Fallure uf this vaive does not cause flow diversion
from HPCS injection due 1o the line siza. This valve has medium risk
significance.
1E22*MOVFO015 HPCS Suction from 7.256-03 | This valve opens on low CST level or high SP level. PSA assumes
Suppression Pool swapover necessary for long term injection due to low CST level. This
valve has medium importance.
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TABLE E2 GL 89-10 MOV INFORMATION (Continued)

1E51*MOVF031 RCIC Suppression Pool 3.47e-03 | This valve opens on low CST level or high SP level. PSA assumes
Suction MOV swapover necessary for iong term injection due to low CST level. This
valve has medium importance because of RCIC's imporance during
SBO.
1ES51*MOVF045 RCIC Turbine Steam 3.03e-03 This vaive must open 1o allow steam flow to the RCIC trubine. This
Iniet MOV vaive Is a medium risk valve because of RCIC's importance during
SBO.
1E51*"MOVF013 RCIC Reactor injection 298e-03 | This valve must open to aflow RCIC Injection Into the reactor vassal.
1AV This vaive Is 2 medium risk vaive because of RCIC's importance during
' SBO.
1E51*MOVF019 RCIC Test Raturn Line 298e-03 | This valve must open to allow RCIC minimum fiow during system
MOV starlup. This valve Is a medium risk valve because of RCIC's
e & importance during SBO.
1ES1*MOVF046 RCIC iLubs Ol Cooler 298e-03 | This valve must open to allow flow to the turbine lube oll cooler. This
MOV vaive Is a medium risk valve because of RCIC's importance during
SBO.
1E12*MOVF042A LPCI Train A Injection 412004 Fallure of this valve would cause a loss of LPCI train A, Several other
MOV sources of low pressure injection are available to backup this fallure,
therfore this valve is of low importance. Common cause considered.
1E12*MOVF042B LPCI Train B injection 4.12e-04 | Fallure of this vaive would cause a loss of LPCI train B, SSW Injection
MOV and FPW Injection. Gther sources of injection must also fail for core
damage 1o occur. This valve is of low importance. Common cause
considered.
1E12*MOVF042C LPCI Train C Injsction 4.120-04 | Fallure of this valve would cause a loss of LPCI train C. Several cther
MOV sources of low pressurs injection are avaliable to backup this fallure,
therfore this vaive Is of low Importance. Common cause considerad.
1E21*MOVF005 LPCS injection Line MOV | 3.30e-04 | This vaive must open to allow LPCS injection into the reactor vessei.
This valve has low risk significance due to the number of other systems
avallable for core injection.
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NEDC-32264-A
TABLE E2 GL 89-10 MOV INFORMATION (Continued)

7.008-05 | This valve provides flow from Containment unit cooler 1B following a
LOCA signal. This vaive Is required to open to supply 5SW to the UC.
This valve has low risk significance due to number of systems that must
fallure prior to HVR usagse.

CRD Is used in accident conditions as a source of high pressure
Injection only when the flow rate Is adequate for core cooling and
nothing elss is available. Contalnment bypass Is prevented by a check
vaive in the line. Low Risk.

1C41*MOVFO01A Standby Liquid Control is used only in ATWS situations to lower core
reactivity. ATWS Probabiliity Is very small. Low Ris".

1C4A1*MOVF0O018 Standby Liquild Control is used only L.« ATWS situations to lower core
reactivity. ATWS Probability is very smail Low Risk.

1CCP*MOV1i29 Needed for RPCCW supply to RHR Pump Seals. Has low PSA
Importance since the function is backed up by SSW.

1CCP*MOV130 Needed for RPCCW supply to RHR Pump Seals. Has low PSA
importance since the function is backed up by SSW.

1CCP*MOV163 Needed to supply RPCCW lo the CRD pump seals. CRD pumps are
used In accident conditions as a source of high pressure injection only
when the flow rale Is adsquate for core cooling and nothing eise is
available. Low Risk.

1CCP*MOV 169 RPCCW to CRD Pump <1.0E-05 | Needed to supply RPCCW to the CRD pump seals. CRD pumps are
Seals used In accident conditions as a source of high pressure Injection only
when the flow rale is adequate for core cooling and nothing else is
avaliable. Low Risk.

1CCP*MOV16A RPCCW Loop A Normal <1.0E-05 | Needed for RPCCW supply to RHR Pump Seals. Has low PSA
Supply Vaive Importance since the function Is backed up by SSW.
1CCP*MOV 168 RPCCW Loop B Normal <1.0E-05 | Needed for RPCCW supply to RHR Pump Seais. Has low PSA

Supply Valve ‘mportance since the function Is backed up by SSW.
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TABLE E2 GL 8910 MOV INFORMATION (Continued)

1CCP*MOV335 RPCCW Loop A Normal <1.0E-05 | RPCCW A return line from Safety-Related equipment. Low PSA
Return Valve importance since it has . low fallure probabiiity and Is backup up by
standby service water.
1CCP*MOV336 RPCCW Loop B Normal <1.0E-05 | RPCCW B return fine from Safety-Related equipment. Low PSA
Return Vaive importance since it has a low failure probability and Is backup up by
standby service water.
1E12*MOVFO03A AHS Train A Hx <1.0E-05 | RHR Hxs A and C are necessary for SPC and SDC modes of RHR.
Discharge MOV (N.O.) However, this valve is not required to change state during an accident,
therefore the valva Is a low risk vaive.
1E12*MOVF0038 RHS Trailn B8 Hx <1.0E-05 | AHR Hxs B and D are necessary for SPC and SDC modes of RHRA.
Discharge MOV (N.O)) Howsver, this valve Is not required to change state during an accident,
therefore the valve is a low risk vaive.
1E12*MOVFQ04A RAHS Pump A <1.0E-05 | This valve must remain open for LPC! or SPC modes of RHR and close
Suppression Pool during SDC mode of RHR. However, since other single fallures will fall
Suction MOV (N.O.) all three modes of RHR train A operation, this fallure mode has low risk
- significance.
1E 12*MOVF004B RHS Pump B <1.0E-05 | This valve must remaln open for LPCi or SPC modes of RHR and close
Suppression Pool during SDC mode of RHR. However, since other single failures will fall
Suction MOV (N.O.) all three modes of RHRA train B operation, this fallure mode has low risk
significance.
1E12*MOVFO008A RAHS Pump A SDC <1.0E-05 | This vaive Is necessary if the RHR train A Is in SDC mode. However,
Suction MOV since other fallures will fall ail three modes of RHA train A, this fallure
has low risk significance.
1E12*MOVF006B RHS Pump B SDC <1.0E-05 | This valve Is necessary if the RHR train B is in SDC mode. However,
Suction MOV since other fallures will fall all three modes of RHR train B, this falilure
has low risk significance.
1E12*MOVF008 RHS Pumps A and B <1.0E-05 | Failure of this valve will cause a fallure of all SDC. However, decay
SDC Suction MOV heat removal can still be performed via SPC. This fallure Is of low
importance.
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TABLE E2 GL 89-10 MOV INFORMATION (Continued)

1E12*MOVF009

RHS Pumps A and B
SDC Suction MOV

<1.0E-05

Fallure of this vaive will cause a failure of ait SDC. However, decay
heat removal can stif! be performed via SPC. This falbire is of low

importance

1E12*MOVF027A

LPC! Train A Injection
MOV (N.O)

Fallure of this valve would cause a loss of LPCI train A. Several other
sources of low pressure injection are available to backup this falkure,
therfore this vaive Is of low importance

1E12*MOVF0278

1E12*MOVF047A

LPCI Train B Injection
MOV (N.O)

<1.0E-05

Failure of this vaive wouid cause a loss of LPCI train B, SSW injection
and FPW injection. Other sources of Injection must also fall for core
damage 1o occur. This vaive Is of low importance.

RHS Train A Hx Inlet
Valve (N.O))

<1.0E-05

RHR Hxs A and C are necessary for SPC and SDC modes of RHR.
However, this valve is not required to change state during an accident,
therefors the valvs iIs a low risk valve.

TE12*MOVF047B

1E12*MOVFO053A

RHS Train B Hx Inlet
Vaive (N.O)

RAHRA Hxs B and D are necessary for SPC and SDC modes of RHA.
However, this vaive Is not required to change state during an accident,
therefora the valve is a low risk vaive

SDC Train A MOV to
Mixing Tee

This valve Is necessary if the RHR train A Is In SDC mode. However,
since other failures will fail all three modes of AHR train A, this fallure
hae ow risk significance

1E12*MOVF0538

SDC Train B MOV to
Mixing Tee

<1.0E-05

This vaive Is necassary If the RHR train B Is in SDC mode. However,
since other fallures will fall all three modes of RHA train B, this fallure
has low risk significance.

1E12*MOVF064A

RHS Pump A Minimum
Flow Recirculation MOV

1E12*MOVF0648

IHS Pump B Minimum
Flow Recirculation MOV

This valve prevents RHR Train A deadhead during startup. This vaive
does not have to change position since it Is kept normally open and
does not have to close since the startup Hine Is not big enough to be a
diversion path during full flow

This vaive prevents RHR Train B deadhead during startup. This vaive
does not have to change position since it Is kept normally open and
does not have 1o close since the startup line Is not big enough to be a
diversion path during full flow.
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TABLE E2 GL 89-10 MOV INFORMATION (Continued)

1E12*MOVF084C RHS Pump C Minimum <1.0E-05 | This valve prevents RHR Train C deadhead during Startup. This valve
Flow Recirculation MOV does not have to change position since it is kept normally open and
(N.O) does not have to close since the startup line Is not big enough to be a
o diversion path during full flow.
1E12*MOVF094 SWP Injection Line MOV <1.0E-05 | This vaive Is used to supply SSW for injection into the RHR B line as
directed by the EOPs. Low risk dus to muttiple fallures that must ocour
prior to usc ~* S5V Injection.
1E12*MOVF096 SWP Injection Line MOV <1.0E-05 | This valve is used to supply SSW for injection into the RHR B line as
directed by the EOPs. Low risk dus to multiple fallures that must occur
prior 1o use of SSW Injection.
1E12*MOVF 105 LPCl Pump C <1.0E-05 | This valve must remain open for LPCI train C operation. This fallure
Suppression Pool mode has low risk significance, since It disables only one of the seven
Suction Valve {(N.O) sourcas of low pressure Injection.
1E21*MOVFO001 LPCS Suction MOV from <1.0E-05 | This valve must remain open during LPCS operation for LPCS suction.
Suppression Pool (N.O) This valve has low risk significance because it does not need to change
stata during an accident.
1E22*MOVF001 HPCS Suction from CST | <1.0E-05 | This vaive must remain open during HPCS operation for CST suction.
(NO) This valve has low risk significance because It does not need to change
state during an accident.
1E51*MOVFO010 RCIC CST Suction Valve | <1.0E-05 | This valve must remain open during RCIC operation. This valve has
{(N.O) low risk significance because It Is a passive valve under accident
conditions.
1E51*MOVF063 RCIC Turbine Inboard <1.0E-05 | This valve must remain open to permit steam fiow to the RCIC turbine.
isolation MOV (N.O) This valve has low risk significance because !t Is a passive valve under
accident conditions.
1E51*"MOVF064 RCIC Turbine Outhoard <1.0E-05 | This valve must remain open to permit steam fiow to the RCIC turbine.
Isolation MOV (N.O.) This vaive has low risk significance because It Is a passive valve under
accident conditions.
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TABLE E2 GL 89-10 MOV INFORMATION (Continued)

1E51*MOVF068 RCIC Tuwrbine Exhaust <1.0E-05 | This valve must remain open to permit steam condensed in the RCIC
Line MOV (N.O} turbine to flow to the SP. This vaive has low risk significance because
it is a passive vaive undei accident conditions.
1HVIC*MOV20A Control Buliding Chilied <1.0E-05 | This valve was modelled assuming that HVK pump 1A Is running.
Water Pump P1A Based on this assumption, the fallure mods of this valve is passive and
Discharge Valve (N.O.) of iow risk significance.
THVIK*MOV208 Control Building Chilled <1.0E-05 | This vaive was modelled assuming that HVK pump 1B Is in standby.
Water Pump P1B Based on this assumption, the fallure mode of this vaive is passive and
Discharge Valve (N.O.} of low risk significance.
1HVK*MOV20C Control Buliding Chifted <1.0E-05 | This vaive is modelled assuming that HVK pump 1C Is in standby.
Water Pumyp P1C Based on this assumption, the vaive has to change state, however,
Discharge Valve HVK Pump train A also has to fall. Therefore the vaive has low risk
significance.
THVIC"MOV20D Control Bullding Chilled <1.06.05 | This valve is modelied assuming that HVK pump 10D is in standby.
Water Pump P1D Based on this assumption, the valve has to change state, however,
Discharge Valve HVK pump train B aiso has 1o fall. Therefore the valve has low risk
significance.
1SWP*MOVI1T1 SSW Train A Discharge <1.0E-05 | This vaive Is provides SWP from Division A Aux. Bullding unit coolers
MOV from Aux. Bidg Unit and to the HPCS unit cooler. Fallure of this valve would cause a loss
Coolers of several safety systems, however since It Is a passive valve, it is a
low risk significant valve.
1SWP*MOV172 SSW Train A Header <1.0E-05 | This valve is provides SWP to Division A Aux. Buliding unit coolers and
MOV to Aux. Bidg Unit 1o the HPCS unit cooler. Fallure of this valve would cause a loss of
Coolers several safely systems, however since it is a passiva valve, it is ¢ ow
risk significant valve.
1SWP*MOV173 SSW Train B Discharge <1.0E-05 | This valve Is provides SWP from Division B Aux. Bullding unit coolers
MOV from Aux. Bidg Unit and to the HPCS unit cooler. Fallure of this vaive would cause a loss
Coolers of several safety systems, however since It is a passive vaive, it is a
low risk significant valve.
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TABLE E2 GL 89-10 MOV INFORMATION (Continued)

1SWP*MOV174 SSW Train B Header <1.0E-05 | This vaive is provides SWP to Division B Aux. Bullding unit coolers and
MOV to Aux. Bidg Unit 1o the HPCS unit cooler. Fallure of this valve would cause a loss of
Coolers several safety systems, however since It is a passive vaive, it is a fow
risk significant valve.
1SWP*MOV504A SWP Train A from <1.0E-05 | This valve provides flow from safety-related CCP loads following a loss
RPCCW Loads of CCP. This valve Is a low risk sigr’">ance since a train B fallure must
also occur to cause a loss of SPC s SDC.
1SWP*MOV504B | SWP Traln B from <1.0E-05 | This valve provides flow from safely-relaied CCP loads following a loss
RPCCW Loads of CCP. This valve Is a low risk significance since a train A fallure must
also occur to cause a loss of SPC or SDC.
1SWP*MOV506A Service Waler from <1.0E-05 | This valve returns SWP flow from the HPCS diesel generator. Fallure
HPCS Diesel to SWP of this valve Is of low significance due to a backup #-w path from SWP
Train A train B.
1SWP*MOV5068 Service Water from <1.0E-05 | This valve returns SWP flow from the HPCS diasel generator. F.'hure
HPCS Diesel to SWP of this vaive Is of low significance due to a backup fiow path from SWP
Train B train A,
1SWP*MOV507A SWP Train A to <1.0E-05 | This valve provides flow wom Containment unit cooler 1A following a
Containment Fan Unit LOCA siqnal. This valve is required lo open to supply SSW to the UC.
Cooler (N.O)) This valve has low risk significance becuase It does not have to change
state.
1SWP*MOV5078 SWP Train B to <1.0E-05 | This valve provides flow from Containment unit cooler 1B following a
Containment Fan Unit LOCA signal. This valve is required to open to supply SSW to the UC.
Cooler (NO) This valve has low risk significance because It does not have to change
state.
1SWP*MOVS 1A SWP Train A to RPCCW <1.0E-05 | This vaive provides flow to salety-related CCP loads following a loss of
Loads CCP. This valve Is a low risk significance since a train B fallure must
also occur to cause a loss of SPC or SDC.

i-44



NEDC-32264-A

TABLE E2 GL 89-10 MOV INFORMATION (Continued)

<1.0E-05 | This valve provides flow to safety-related CCF loads following a loss of
Loads CCP. This valve is a low risk significance since a train A fallure must
also occur to cause a loss of SPC or SDC.
1SWP*MOVS57A NSW Supply to <1.0E-05 | This vaive must close on a loss of service water or a loss of RPCCW.
Safety-Related Service However, since NSW Is a closed loop system, faliure of the vaive to
Water Train A close would not divert a significant amount of water from SSW. This
valve Is of low risk significance.
1SWP*MOV578 NSW Supply to <1.0E-05 | This vaive must close on a loss of service water or a loss of RPCCW.
Safety-Related Service However, since NSW Is a closed loop system, fallure of the valve to
Water Train B close would not divert a significant amount of water from SSW. This
vaive is of low risk significance.
1SWP*MOV77A Service Water to HPCS <1 0E-05 | This valve supplies SWP flow to the HPCS diesel generator. Faliure of
Diesal from Train A this valve is of low significance due to a backup flow path from SWP
train B.
1SWP*MOV778 Service Water to HPCS <1.0E-05 | This vaive supplies SWP flow to the HPCS diesel generator. Fallure of
Diesel from Train B this vaive is of low significance due tu a backup flow path from SWP
train A.
1SWP*MOV96A NSW Train A Discharge <1.0E-05 | This valve must close on a lose of service water or a loss of RPCCW.
Vaive However, since NSW Is a closei loop system, failure of the vaive to
close would not divert a significant amount of water from SSW. This
vaive is of low risk significance.
1SWP*MOVI6B NSW Train B Discharge <1.0E-05 | This valve must close on a loss of service water or a loss of RPCCW.
Vaive However, since NSW is a closaed loop system, fallure of the valve to
cinreg would not divert a significant amount of water from SSW. This
valve Is of low risk significance.
1821*MOVF001 Reactor Downstream <1.0E-C7 | This valve is normally closed and Is nol required to open to mitigate any
Head Vent to Drywell PSA accident. Also fallure to remain ciosed does not effect PSA
Equip Drain Sump scenarlos because the line Is 1B21*MOVF002 Is aiso closed and the
fine Is not big enough to be a diversion paih.
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1B21*MOVF002 Reactor Upstream Head <1.0E-07 | This vaive is normally close= =iid is not required to open to mitigate any
Vent to Dryweil Equip PSA accident. Also falhwe to remain closed does not effect PSA
Draln Sump scenarios because the line is 1B21*MOVF001 Is also closed and the
fing is not hig enough to be a diversion path.
1821*MOVF005 Reactor Head Vant to <1.0E-07 | This vaive does not need to change position in any PSA accident
Main Steam Line A scenario. Also the line size for this valve is not big enough to reprasent
a diversion path for MSL A
1B21*MOVF027A Main Steam Isolation <1.0E-07 MSNWMMMMMO‘MMSN!OW”
Valve Leakoff Drain necessary function during an accident.
: Connection
1821*MOVF027H Main Steam isotation <1.0E-07 | MSIV leakage does not effect the abliity of the MSIV to perform its
Valve Leakoff Drain necessary function during an accident.
Connaction
1B21*MOVF027C Main Steam Isolation <1.0E-07 | MSIV leakage does not effect the abliity of the MSIV to perform its
Valive Leakoff Drain necessary function during an accldent.
C(_mcﬂon
1821*MOVF027D WMain Steam Isolation <1.0E-07 | MSIV leakage does not effect the ability of the MSIV to perform its
Valve Leakoif Drain necessary function during an accident.
Connection
1B21*MOVF065A Feedwater to Reactor <1.0E-07 | This valve Is not modelled because it is not required to change position
Outhoard isolation Valve during an accident and the probability of inadvertent closure of the
vaive during an accident Is very small.
1B821*MOVF0658 Feedwater to Reactor <1.0E-07 | This valve Is not modetled because it Is not required to change position
Qutboard Isolation Valve during an accident and the probability of Inadvertent closura of the
valve during an accident is very small.
1B21*MOVF067A Maln Steam Line A Drain | <1.0E-07 | This valve is a drain to the main condenser. It Is not needed to mitigate
Qutboard Isolation Valve any PSA accident scenarios and Is not big enough to be a diversion
path. It does not contribute to containment bypass since the line is <3"
(2" line)
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1B21*MOVF0678

b—

1B21*MOVF067C

Main Steam Line B Drain
Outboard isolation Valve

<1.0E-07

This valve iIs a drain to the main condenser. It Is not needed to mitigale
any PSA accident scenarios and Is not big enough to be a diversion
path. it does not contribute to containment bypass since the fine Is <3°
(2" ne)

Main Steam Line C Drain
QOutboard isolation Valve

This vaive Is a drain to the main condenser. It Is not needed to mitigate
any PSA accident scerarios and Is not big enough to be a diversion
path. it does not contribute to containment bypass since the line Is <3"
(2" line)

1B21*MOVF0O67D

Main Steam Line D Drain
Outhoard isoiation Valve

This valve Is a drain to the maln condenser. It Is not needed to mitigate
any PSA accldent scenarios and Is not big enough to be a diversion
path. It does not contribute to containment bypass since the fine Is <3*
(2" line)

1B21*MOVF085

Main Steam Line
Warmup Header Shutofi
Valve

This vaive is a drain to the main condenser. It is not neaded to mitigate
any PSA accldent scenarlos and Is net big enough to be a diversion
path.

1B21*"MOVF086

Main Steam Line Drain
Header Shutoff Vaive

This vaive Is a drain to the main condenser. it Is not needed to mitigate
any PSA accident scenarlos and is not big enough to be a diversion
path,

1B21*MOVF0984

Main Steam Line A
Shutoff Valve

This vaive Is not modelied in the Level 1 PSA because It must only
remain open following an accident to allow main steam flow to the
condenser. g

1B21*MOVF0988

1B21*MOVF038C

Main Steam Linc B

¢ Shutoff Valve

This valve Is not modelied In the Level 1 PSA because it must only
remain open foliowing an accident to allow main steam flow to the
condenser.

Main Steam Line C
Shutoff Valve

This valve is not modelled In the Level 1 PSA because it must only
remain open foliowing an accident to allow main steam fiow to the
condenser.
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TABLE E2 GL 89-10 MOV INFORMATION (Continued)

1B21*MOVF098L Main Steam Line D <1.0E-07 | This valve Is not modelled in the Level 1 PSA because it must only
Shutoff Valve remain open following an accident to allow main steam flow to the
condenser.
1B33*MOVF023A Recirculation Pump A <1.0E-N7 | This valve Is used to Isolate Recirculation Pump A In an accident. This
Discharge Valve valve should close to Isolate a potential Reclrculation line break. This
valve has iow risk significance due o low probabliity of ATWS or LOCA
events.
1B833*MOVF0238 Reckculation Prmp B <1.0E-07 | This vaive Is used to Isolate Recirculation Pump A In an accident. This
Discharge Valve valve should close to Isolate a potential Recirculation line break. This
valve has low risk significance due to low probabiiity of ATWS or LOCA
events.
1B33*MOVF0OS7A Recirculation Pump A <1.0E-07 | This valve Is used to isolate Recirculation Pump A In an accident. This
Supply Vaive valve shoud close to isolate a potential Recirculation line break. This
valve has low risk signiticance due o low probabllity of ATWS or LOCA
events.
1333*MOVF0678 Recirculation Pump B <1.0E-07 | This vaive Is used to Isolate Reclrculation Pump A In an accldent. This
Supply Valve vaive should close to Isolate a potential Recirculation line break. This
valve has low risk significance due to fow probabiiity of ATWS or LOCA
events.
1CCP*MOV138 RPCCW Containment <1.0E-07 | All equipment in containment is assumed 1o be Isolated during the PSA
Supply Outboard accident scenarlos, tharefore no this equipment is not modelled.
isolation Valve However, this valve must close te maintain conialnment integrity.
1CCP*MOV142 Reactor Recircutation <1.0E-07 | The recirculation pump Is not modelled except for its trip function during
Pump Cooling Supply an ATWS. Therelore, RPCCW to recirculation Is not needed during
accident conditions.
1CCP*MOV143 Reactor Recircutation <1.0E-07 | The recircutation pump Is riot modelied except for its trip function during §
Pump Downsiream an ATWS. Thersiore, RPCCW to recirculation Is not needed during
Return accident conditions.
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1CCP*MOV144 Reactor Reclrcuiation <1.0E-07 | The recircutation pump is not modelied except for its irlp function during
Pump Upstream Return an ATWS. Therefore, RPCCW to recirculation Is not needed during
accident conditions.
1CCP*MOV158 RPCCW Containment <1.0E-07 | Ali equipment in containment Is assumed to be isolated during the PSA
Supply Inboard Isolation accident scenarios, therefore no this eauipment is not modelled.
Valve Howsver, this valve must close to maintain containment integrity.
1CCP*MOV159 RPCCW Containment <1.0E-07 | All equipment in containment Is assumed to be isolated during the PSA
Return Outboard accident scenarios, therefore no this equipment is not modeliad.
- isolation Vaive However, this valve must close to maintain containment integrity.
1CNS*MOV 125 Condensate Makeup <1.0E-07 | Condensate Makeup Is not needed during accident conditions for any
Containment Isofation system Ingide containment. A check valve inside containment prevents
- Vaive backflow from containment and thus containment bypass.
1CNS*MOV130 Condensaia Makeup <1.0E-07 | Condensate Makeup Is not needed during accident conditions for any
Containment Isolation system Inside containment. A check valve inside containment pravents
Vaive backflow from containment and thus containmaent bypass.
1CPM*"MCV1A Hydrogen Mixing Outlet - <1.0E-07 | Hydrogen Mixing is not credited in Level 2 PSA since mixing Is not
Outboard Drywell avallable during significant scenarlos (SBO, LOSP) and spreads the
isolation Valve fission products to increase contamination In other scenarlos.
1CPM*MOV 1B Hydrogen Mixing Outiet - <1.0E-07 | Hydrogen Mixing Is not credited in Level 2 PSA since mixing Is not
Outhoard Drywell avaltabie during significant scenarios (SBO, LOSP) and spreasis the
Isolation Vaive fission products to Increase contamination in other scenarios.
1CPM*MOV2A Hydrogen Mixing Inlet - <1.0E-07 | Hydrogen Mixing Is not credited In Level 2 PSA since mixing Is not
Outboard Drywell avallable during significant scenarlos (SBO, LOSP) and soreads the
Isolaticn Valve fisslon products to increase contamination in other scenarios.
1CPM*MOV2B Hydrogen Mixing Inlet - <1.0E-07 | Hydrogen Mixing is not credited in Level 2 PSA since mixing Is not
Outhoard Drywell avallable during significant scenarios (SBO, LOSP) and spreads the
Isolation Valve fission products to Increase contamination In other scenarlos.
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1CPM*MOV3A Hydrogen Mixing Outiet - <1.0E-07 | Hydrogen Mixing Is not credited in Level 2 PSA since mixing is not
Inboard Drywell Isoiation avallable during significant scenarios (SBO, LOSP) and spreads the
Vaive fission products to increase contamination in other scenarlos.

1CPM*MOV3B Hydrogen Mixing Outlet - <1.0E-07 | Hydrogen Mixing Is not credited in Level 2 PSA since mixing Is not
inboard Drywell Isolation avallable during significant scenarlos (SBO, LOSP) and spreads the
Vaive fission products to Incroase contamination in other scenarios.

1CPM*MOV4A Hydrogen Mixing Inlet - <1.0E-07 | Hydrogen Mixing Is not credited In Level 2 PSA since mixing is not
Inboard Drywuli Isolation available during significant scenarlos (SBO, LOSP) and spreads the
Valve -{ fission products to Increase contamination in other scenarlos.

1CPM*MOV4B Hydrogen Mixing inlet - <1.0E-07 | Hydrogen Mixing Is not credited in Level 2 PSA since mixing Is not
Inboard Dryweli Isolation available during significant scenarios (SBO, LOSP) and spreads the
Vaive fisslon products to Increase contamination in other scenarios.

1CPP*MOV104 Hydrogen Purge <1.0E-07 | Hydrogen Purge is not credited in Level 2 PSA since purge is not
Discharge Containment available during signiilcant scenarlos (SBO, LOSP) and spreads the
Isolation Vaive fission products to increase contamination in other scenarlos.

1CPP*MOV105 Hydrogen Purge <1.0E-07 | Hydrogen Purge Is not credited In Level 2 PSA since purge Is not
Discharge Contalnment availabie during significant scenarlos (SBO, LOSP) and spreads the
Isolation Valve fisslor: products to Increase contamination in other scenarlos.

1DFRA*MOV148 Suppression Pool <1.0E-07 | Suppression Pool Pumpback Is not modelled In the PSA, since PSA
Pumpback Retumn - Cont. assumes the S.P. levsl Is kept within the limits specified in the EOPs

) Isotation Vaive throughout any accldent.

1E12*MOVFO11A Heat Exchangers A & C <1.0E-07 | This valve Is used as a teslt return during normal operations. it doss
Discharge to not represent a diversion path - RHR operation.
Suppression Pool

1E12*MOVF011B Heat Exchangers B & D <1.0E-07 | This valve Is used as a test return during normal operations. It does
Discharge to not represent a diversion path for RHR operation.
Suppression Pooi
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TABLE E2 GL 89-10 MOV INFORMATION (Continued)

1E21*"MOVF012 LPCS Test Retum - <1.0E-07 | This vaive is normally closed and is only opened during LPCS system
Containment isclation test. The valve receives a close signal on system startup, therefore this
Valve - vaive was not modelied in the PSA.
1E22*MOVF010 HPCS Test Return to <1.0E-07 | This vaive is normally closed and receives a close signal on system
CST startup. This valve is also backed up by FO11. Fallure of muitiple
passive components is not modetied.
1E22*MOVFO11 HPCS Test Retun to <1.0E-07 | This valve Is normally closed and receives a close signal on sysiem
CST startup. This valve Is also backed up by FO10. Fallure of multiple
passive components is not modelied.
1E22*MOVF023 HPCS Raturn to <1.0E-07 | This valve is normally closed and recelves a close signal on system
Suppression Pool - Cont. startup. Fallure of this passive component Is not modelied.
isolation Vaive
1E33*MOVF005 MSiV Seaiing System <1.0E-07 | In the majority of accidents, It is advantagous to heep the MSIVs open.
Division | Injection Valve In accidents in which the MSIVs must close, the leakage out tha MSIVs
wili not cause contalnment bypass and will not significantly increase
radiological dose.
1E33*MOVF008 MSIV Sealing System <1.0E-07 | in the majority of accidents, It Is advantagous to keep the MSIVs open.
Division | Drain Vaive in accldents In which the MS!Vs must closs, the leakage out the MSiVs
wiit not cause containment bypass and will not significantly increase
radiologlcai dose.
1E33*MOVF007 MSIV Sealing System <1.0E-07 | In the majority of accidents, It Is advantagous to keep the MSIVs open.
Division | Isolation Valve In accidents in which the MSIVs must close, the leakage out the MSiVs
wiil not cause containment bypass and will not significantly Increase
radiological dose.
1E33*MOVF008 MSIV Sealing System <1.0E-07 | In the majority of accidents, It Is advantagous to keep the MSIVs open.
Division | Containment This valve must remain closed to prevent containment bypass.
Isolation Vaive
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1E33*MOVF025 MSIV Sealing System <1.0E-07 | In the majority of accidents, it is advantagous to keep the MSiVs open.
Division !l Injection Vaive in accidents in which the MSIVs must closs, the ieakage out the MSIVs
will not cause containment bypass and will not significantly increase
radiological dose.
1E33*MOVF026 MSIV Sealing System <1.0E-07 | in the majority of accidents, It Is advantagous to keep the MSIVs open.
Division Il Drain Valve in accidents in which the MSIVs mus! closs, the leakage out the MSIVs
will not cause containment bypass and will not significantly increase
radiological dose.
1E33*MOVF027 MSIV Sealing System <1.0E-07 | i~ the majority ol accidents, it Is advantagous to keep the MSIVs open.
Division il Isolation Valve in accidents in which the MSIVs must close, the leakage out the MSIVs
will not cause containment bypass and will not significantly increase
radiological dose.
1E33*MOVF028 MSIV Sealing System <1.0E-07 | In the majority of accidents, it is advantagous to keep the MSIVs open.
Division il Contalinment This valve must remain closed to prevent containment bypass.
Isolation Valve
1E51*MOVC002 RCIC Turbine Trip <1.0E-07 | This vaive Is normally open and closes on a RCIC turbine trip. This
Throttie Valve valve protects the turbine from damage during trip conditions, but Is not
modelled in the PSA because it is a passive vaive during RClc
operation.
1E51*"MOVF022 RACIC CST Test Return <1.0E-07 | This vaive is not modelled because It Is normally closed and remains
closed during an accident. FO59 must also open for a diversion path.
Muttiple passion fallures are not modellad by the PSA.
1E51*MOVF059 RACIC CST Test Retumn <1.0E-07 | This vaive is not modeiled because It is normally closed and remains
closed during an accident. F022 must aiso open for a diversion path.
Muitiple passion faliures are not modelied by the PSA.
1E51*MOVF076 RCIC Line Warming <1.0E-07 | This vaive Is normally closed and receives a close signal from several
Containment Isolation sources. This valve was not modelied because its fallure mode Is
Valve passive and would not effect RCIC operation.
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1E51*MOVF078 RCIC Vacuum Breaker <1.0E-07 | This valve was not modelied because fallure of the valve would not
Containment Isolation effect RCIC operation during an accident.
Valve

1FPW*MOV121 Fire Protection Header - <1.0E-07 | This valvs Is used for fire supprassion Inside containment. Since PSA
Contalnment Isolation does not consider fire initiators, this valve was not modelied. This valve
Vaive does not lead to containment bypass because a check valve prevents

backfiow.

1FPW*MOV122 Fire Protection Water <1.0E-07 | This valve is used for fire suppression Inside containment. Since PSA
Leakage Control Valve does not consider fire Intiators, this vaive was not modelied.

1FWS*MOV7A "A" Reactor Feedwater <1.0E-07 | This vaive is not modelled because it Is not required to change position
iniet - Containment during an accident and the probability of inadvertent closure of the
isolation Valve vaiva during an acciden’ Is very small.

1FWS*MOV7B “B" Reactor Feedwater <1.0E-07 | This vaive is not modelled because It Is nol required to change position
inlet - Containment during an accident and the probabllity of inadvertent closure of the
Isolation Valve valve during an accldent Is very smail.

1G33*MOVF031 RWCU Biowdown Crifice <1.0E-07 | RWCU operation Is not needed to mitigate the effects of an accident.
Bypass

1G33*MOVF035 RAWCU Drain to <1.0E-07 | RWCU operation Is not needed to mitigate the effects of an accident.
Radwaste

1G33*MOVF042 RWCU Heat Exchanger <1.0E-07 | RWCU operation Is not needed to mitigate the effects of an accident.
Throttle Vaive

1G33*MOVF044 RWCU Fiiter <1.0E-07 | RWCU operation is not needed to mitigate the effecis of an accident.
Demineralizer Bypass

1G33*MOVF046 RWCU DOrain to Main <1.0E-07 | RWCU operation is not needad to mitigate the effects of an accident.
Condenser

1G33*MOVF 100 RWCU Suction from <1.0E-07 | RWCU operation Is not needed to mitigate the effects of an accident.
Reactor Recirculation
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1G33*MOVF 101 RWCU Bottom Head <1.0E-07 | RWCU operalion Is not needed o mitigate the effects of an accident.
Drain

1G33*MOVF102 Reclrcutation Suction <1.0E-07 | RWCU operation is not needed to mitigate the effects of an accldent.
Valve

1G33*MOVF 104 RWCU Heat Exchanger <1.0E-07 | RWCU operation Is not needad to mitigate the effects of an accident.
Bypass Valve

1G33*MOVF 106 RAWCU Suction from <1.0E-07 | RWCU operation Is not needed to mitigate the effects of an accident.
Reactor
Reclrcuiationutation

1G33*MOVF107 RWCU Regenerative <1.0E-07 | RWCU operation Is not needed to mitigate the effects of an accident.
Heat Exchanger Bypass
Valve

1HVC*MOV1A Controm Hoom Alr <1.0E-07 | This valve is normally opened and does not need to change state
Handling Unit inlet during an accident, therefore it was not modelled.
Isotation Valve

1HVC*MOV1B Controm Room Alr <1.0E-07 | This vaivs Is normally opened and does not need to change state
Handling Unit Iniet ‘ during an accident, therefore I was not modelled.
Isolation Vaive

1HVK*MOV10A Chilted Water <1.0E-07 | This valve was not modefied because the compression tank are
Compression Tank assumed to have suffiecent level (>12.5") prior to an accldent, therefore
Makeup Water Valve makeup would not be needed during the misslon time considerad.

1HVK*MOV108 Chilied Water <1.0E-07 | This valve was not modelled because the compression tank are
Compression Tank assumed 10 have suffiecent level (>12.5") prior to an accident, therefors
Makeup Water Valve makeup would not be needed during the mission time considerad.

THVK*MOV11A Chilled Water Comp. <1.0E-07 | This vaive was not modelled because the compression tank are
Tank Alternate Maksup assumed to have sufflecent level (>12.5") prior to an accident, therefore
Water Valve makeup would not be needed during the mission time considered.
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THVIK*MOV118 Chilied Water Comp. <1.0E-07 | This valve was not modellad because the compression tank are
Tank Alternate Makaup assumed to have suffiecent level (>12.57) prior to an accident, therefore
Water Valve mmwmwmmmmm
THVN*MOV102 Ventillation Chilled Water <1.0E-07 | This valve was not modetied because PSA did not credit HVN supply to
Return Containment contalnment unit coolers, since this function Is isolated on a LOCA
isolation Vaive signal anyway. Since HVN supply is closed loop, It does not matter i It
isoiates or not.
THVN*MOV127 Ventiflation Chited Water <1.08-07 | This valve was ~ot modelled because PSA did not credit HVN supply to
Supply Contalnment containment unlit comars, since this function is isolated on a LOCA
Isolation Vaive signal anyway. Sincs HVN supply Is closed loop, it does not matter if it
isolates or not.
THVN*MOV128 Ventiliation Chited Water <1.0E-07 | This valve was not modelled because PSA did not credit HVN supply to
Retumn Containment ~ontainment unk coolers, since this function is isolated on a LOCA
Isolation Valve signal anyway. Since HVN supply is closed loop, it does not matter If it
isolates or not.
1THVN*MOV129 Ventillation Chilled Water <1.0E-07 | This valve was not modefled because PSA did not credit HVN supply to
Supply Valve containment unit coolers, since this function Is isolated on a LOCA
signal anyway. Since HVN supply Is closed loop, It does not matter If it
Isolates or not.
THVN*MOV130 Ventillation Chilled Water <1.0E-07 | This valve was not modelied because PSA did not credit HVN supply to
Return Valve containment unit coolers, since this function Is isolated on a LOCA
signal anyway. Since HVN supply Is closed loof It does not matter if it
isolales or not.
1HVN*MOV22A Containment Unit Cooler <1.0E-07 | This valve was not modelled because PSA did not credit HVN supply to
Discharge Vaive containment unit coolers, since this function Is isolated on a LOCA
signal anyway. Since HVN supply Is closed loop, It does not matter if it
isolates or not.
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THVN*MOV228 Containment Unit Cooler <1.0E-07 | This ‘alve was not modelled because PSA did not credit HVN supply to
Discharge Vaive contalm~ant unit coolers, since this function is isolated on a LOCA
signal anyway. Since HVN supply is closed loop, It does not matter if it
isolates or nol.
1IAS*"MOV106 Instrument Alr <1.0E-07 | This valve is used to isolate IAS to containment systems. The only
Containment Isolation Instruments modelied in the PSA that iAS containment Isolation would
Valve effact are the Inboard MSiVs and possibly SRVs. Thisis a
sub-category of loss of IAS scram.
1AS*MOV107 Instrument Alr <1.0E-07 | This valve Is used to Isolate IAS to containment systems. The only
Containment Isolation instruments modelied In the PSA that IAS coniainment isolation would
Vaive effect are the inboard MSIVs and possibly SRVs. Thisis a
sub-category of loss of IAS scram.
1 1LSV*MOV11A PVLCS Isolation Valve to <1.0E-07 | PVLCS Is not modelied in the PSA because fallure to control valve
FPW, HVN, WCS, & ieakage would not effect the system avallability during an accident and
CNS would not significantly increase radiological dose.
1LSV*MOV11B PVi.CS Isolation Vaive to <1.0E-07 | PVLCS Is not modelied in the PSA because fallure to control vaive
FPW, HVN, WCS, & leakage would not effect the system avaltability during an accident and
CNS would not significantly increase radiological dose.
1LSV*MOV13A PVLCS Isolation Vaive to <1.0E-07 | PVLCS is not modelied in the PSA because fallure to control valve
SAS & IAS leakage would not effect the system avallability during an accident and

would not significantly increase radiological dose.

1LSV*MOV138

PVLCS Isolation Vaive to
SAS & IAS

<1.0E-07

PVYLCS is not modelied in the PSA because failure to control vaive
leakage would not effect the system avallabifity during an accident and
would not significantly increase radiological dose.

1LSV*MOV15A

PVLCS isolation Vaive 10
Fasdwater

<1.0E-07

PVLCS Is not modelled in the PSA because failure to control vaive
leakage would not effect the system avallability during an accldent and
would not significantly increase radiological dose.
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PVLCS Isofation Valve to

1LSV*MOV15B <1.0E-07 | PVLCS Is not modelled In the PSA because fallure o control vaive
Feedwater leakage would not effect the system availability during an accident and
would not significantly increase radiologica! dose.
1LSV*MOV16A PVLCS Isoiation Valve to | <1.0E-07 | PVLCS is not modelled in the PSA because fallure to conirol vaive
Feedwaler ieakage would not effect the system avaliabiiity during an accident and
would not significantly increase radiological doss.
1LSV*MOV168B PVLCS Isolation Valve to | <1.0E-07 | PVLCS is not modelied in the PSA because fallure to control valve
Feedwater leakage would not effect the system avaflability during an accident and
would not significantly increase radiological dose.
1LSV*MOV19A PVLCS Header "A" <1.0E-07 | PVLCS Is not modelled In the PSA because faliure to control valve
injection Valve leakage would not effect the system availabiiity during an accident and
would not significantly increase radiological dose.
1LSV*MOV198 PVLCS Header "B* <1.0E-07 | PVLCS is not modelied in the PSA because fallure to control valve
injaction Valve ieakags would not effect the system availabiiity during an accident and
would not significantly increase radiological dose.
1RCS*MDOVS58A "A" HPU Drywell isolation | <1.0E-07 | Reactor recirculation Is not explicitly modelled by PSA. However, this
Valve system must trip to decrease power during an ATWS and must isolate
during a LOCA In case a reclrculation line breaks. Fallure of this valve
does not pravent sither function.
1RCS*MOV588B "B" HPU Drywell Isolation | <1.0E-07 | Reactor recirculation Is not explicitly modelled by PSA. However, this
Vaive system must trip to decrease power during an ATWS and must Isolate
during a LOCA In case a recirculation line breaks. Fallure of this valve
does not pravent elther function.
1RCS*MOVE9A "A" HPU Drywell Isolation <1.0E-07 | Reactor recirculation is not expiicitly modelled by PSA. However, this

Vaive

system must trip to decrease power during an ATWS and must Isolate
during a LOCA in case a reclrculation IIne breaks. Fallure of this valve
does not prevent elther function.
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1RCS*MOV59B

“B" HPU Drywell Isolation
Vaive

<1.0E-07

Reactor recirculation is not explicitly modelied by PSA. However, this
system must lrip to decrease power during an ATWS and must isolate
during a LOCA in case a recirculation line breaks. Failure of this valve
does not prevent elther function.

1RCS*MOVEB0A

"A" HPU Drywell isoiation
Vaive

Reactor rachrculation Is nol explicitly modeiled by PSA. However, this
system must trip 1o decrease power during an ATWS and must isolate
during a LOCA In case a recirculation line breaks. Fallure of this valve
does not prevent either function.

1RCS*MOV608

"B" HPU Drywell isolation
Valve

Reaclor recirculation is not explicitly modelled by PSA. Howsver, this
system must trip to dacrease power duning an ATWS and must isolate
during a LOCA In case a recirculation line breaks. Faliure of this valve
does not prevent either function

1RCS*MOVS1A

+ "A" HPU Drywell isolation

Valve

Reactor reclrculation Is not explicitly modelled by PSA. However, this
system must trip to decrease power during an ATWS and must isolate
during a LOCA in case a recirculation line breaks. Faliure of this vaive
does not prevent either function.

1RCS*MOVE1B

"B" HPU Drywell Isolation
Valve

Reactor recirculation is not explicitly modelied by PSA. However, this
system must trip 1o decrease power during an ATWS and must Isolate
during a LOCA In case a recirculation line breaks. Fallure of this vaive
does nol prevent either function.

1SAS*MOV102

Service Alr to
Containment and Dryweli
Isolation Valve ]

1SAS*MOV103

Service Alr Leakage
Control Valve

b~ —

<1.0E-07

Service alr Is provided primarily for personnel use and Is not require for
the safe operation of any reactor shutdown equipment.

<1.0E-07

Service alr Is provided primarily for personne! use and Is not require for
the safe operation of any reactor shutdown equipment.

1SFC*MOV119

Containment Fuel Pool
inlat Containment
isolation Valve

<1.0E-07

Fuel pool cooling Is not normally performed during power operations.
The fuel pool cooling system Is not used for cooling the core In-vessel.
Fusel pool cooling will be considered in a Shutdown PSA.
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TABLE E2 GL 89-10 MOV INFORMATION (Continued)

i SFC*MOV120 Fuel Pool Cooling <1.0E-07 | Fusl pooil cooling Is not normally performed during power operations.
Suction Contalnmant The fuel pool cooling system s not used for cooling the core in-vessel.
isolation Valve Fuel poa! cooling will be conslidered in & Shutdown PSA.

1SFC*MOV1i21 Fuel Pool Purlfication <1.0E-07 | Fuel pooi coolfing Is not normally performed during power cperations.
Suction Contalnment The fus! pool cooling system Is not used for cooling the core in-vesssl.
isolation Valve Fuei pool cooling will be considered in a Shutdown PSA,

1SFC*MOV122 Fuel Poo! Cooling <1.0E-07 | Fuel pool cooling Is not normally performed during power operations.
Suction Containment The fusl pool cooling system is not used for cooling the core In-vessel.
Isolation Valve Fuel pool cooling will be considered In a Shutdown PSA.

1SVV*MOV1A Steam Safety & Rellef <1.0E-07 | This vaive supplies compressed alf to open the Division A SRVs. This
Valve System valve was not modelied because it does not change state during
Contalnment isolation accident conditions and the accumulators for each SRV would also
Vaive have 1o fail In order for pressure control to fall.

1SVW*MOV18B Steam Safaty 8 Relief <1.0E-07 | This vaive supplles compressed air to open the Division B SRVs. This
Valve System valve was not modefled because it does not change state during
Containment Isolation accldent conditions and the accumutators for each SRV would also
Vaive have to fall in order for pressure control to fall.

1SWP*MOV180 Service Water to CCP - <1.0E-07 | This valve takes SWP flow upsteam of 510A and direcis It to the RHR
Nol Powsred, pump A seals. It Is a smali line (1) any is not credited for any
Administratively accident. Not called out In AOP-0011.

Controfied

1SWP*MOV27A Control Building Chitier <1.0E-67 | This vaive was modefled assuming that HVK pump 1A iIs running.

"A" Recirculation Pump Based on this assumption, the failure mode of this valve Is passive and
Suction Valve of low risk significance.

1SWP*MOV27B - Contro! Building Chiller <1.0E-07 | This valve was modelled assuming that HVK pump 1B Is In standby.
“B" Recirculation Pump Based on this assumption, the fallure mode of this valve Is passive and
Suction Vaive of low risk significance.
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TABLE E2 GL 89-10 MOV INFORMATION (Continued)

1SWP*MOV27C l Control Building Chiller <1.0E-07 | This valve is modelle d assuming that HVK pump 1C is in standby.
| “C" Recirculation Pump Based on this assumption, the valve has to change state, however,
Suclion Vaive HVK Pump train A also has to faill. Therefore the vaive has low risk
significance.
1SWP*MOV27D Control Bufiding Chiller <1.0E-07 | This vaive is modelled assuming that HVK pump 1D Is in standby.
"D" Recirculation Pump Based on this assumption, the valve has to change stats, however,
Suction Valve HVK pump train B also has to fall. Therefore the valve has low risk
significance.
1SWP*MOV4A Normal Service Water <1.0E-07 | This vaive provides flow to the Drywell unit coolers. This valve was not
"A" Supply to Drywell consioer:d in the PSA because it does not effect injection and drywell
Isniation Valve and containment analysis was done without drywell unit coolers.
1SWP*MOV4B Normal Service Water <1.0E-07 | This valve provides flow 1o the Drywell unit coolers. This valve was not
"8" Supply to Drywell considered In the PSA because it does not effect injection and drywell
isotation Vaive and contalinment analysis was done without drywell unit coolers.
1SWP*MOVS501A SWP Supply Isolation to <1.0E-07 WWMBMMMNH—MWIHOIMSWPMMA
CCP Heat Exchangers heat loads to be able to be cooled by one SSW pump. It does not need
to change state, therefore it Is not modelied.
1SWP*MOVS501B SWP Supply !solation to <1.0E-07 | This valve normally supplies SWP flow through the CCP heat
CCP Heat Exchangers exchangers. Failure of this valve Is considered In the loss of CCP
initiator, however It Is not modelied explicitly since It Is a passive valve.
1SWP*MOVS505A SSW Crossover Valve <1.0E-07 | This vaive allows for crossover flow from SSW A to SSW B. This valve
. is not credited due to lack of procedural guidance.
1SWP*MOV5058 SSW Crossover Valve <1.0E-07 | This valve allows for crossover flow from SSW A to SSW B. This vaive
is not credited due 1o tack of nrocedural guidance.
1SWP*MOVS511A SWP Return isolation lo <1.0E-07 | This vaive Is normally closed (MR-86-0161) to allow SWP division A
CCF Heat Exchangers heat loads to be able to be cooled by one SSW pump. It does not need
to change state, therelore it is not modelted. :
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1SWP*MOV511B SWP Retumn Isolation (o <1.0E-07 | This valve normally supplies SWP flow through the CCP heat
CCP Heat Exchangers exchangers. Failure of this valve Is considered In the loss of CCP
Initiator, however i Is not modellad explicitly since it is a passive vaive.
1 SWP*MOVSA Normal Service Water <1.0E-07 | This vaive provides flow from the Drywell unit coclers. This vaive was
"A* Return to Drywell not considerad In the PSA because It does not effect injection and
Isclation Vaive drywsll and containment analysis was done without drywall unit coolers.
1SWP*MOVSB Normal Service Water <1.0E-07 | This valve provides flow from the Drywell unit coolers. This valve was
"B" Return to Drywell not considered In the PSA because It does not effect injection and
isolation Valve drywell and containment analysis was done without dryweli unit coolers.
1SWP*MOVSB1A NSW isolation 1o Unk 2- <1.0E-07 | This vaive is capped since there is no Unit 2. Therefore it Is
b No Seat Line Capped insignificant.
1SWP*MOVE1B NSW Return to Unit 2- <1.0E-07 | This valve is capped since lifere Is no Unit 2. Therefore It Is
No Seat Line Capped Insignificant.
1SWP*MOV73A Service Water Supply to <1.0E-07 | This vaive supplies SWP to HPCS unit cooler. Loss of HPCS
HPCS UC HVR*UCS ventiflation Is assumed not to cause a HPCS system fallure. 1f this
fallure were modelied it would be a low risk valve due to backup from
738.
1SWP*MOV738 Service Water Supply 1o <1.0E-07 | This valve supplies SWP to HPCS unit cooler. Loss of HPCS
HPCS UC HVR*UCS ventiliation Is assumed not to cause a HPCS system fallure. If this
fallure were modelled it would be a low risk valve due to backup from
73A.
1SWP*MOV74A Servico Water Relurn to <1.0E-07 | This valve supplies SWP to HPCS unit cooler. Loss of HPCS
HPCS UC HVR*UCS ventiltation is assumed not to cause a HPCS system failure. If this
fallure were modelled it would be a low risk vaive dus to backup from
748,
1SWP*MOV74B Service Waler Retumn to <1.0E-07 | This valve supplies SWP to HPCS unit cooler. Loss of HPCS
HPCS UC HVR*UCS ventillation Is assumed not to cause a HPCS system fallure. If this
fallure were modelled | ‘would be a low risk valve due to backup from
74A.
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1SWP*MOVB1A NSW Return from <1.0E-07 | This vaive provides flow from the Drywell unit coolers. This vailve was
Drywell & Containment not considered in the PSA because It does not effect injection and
Isolation Valve drywell a: 3 containment analysis was done without drywell unit coolers. |
1SWP*MOVB1B NSW Return from <1.0E-07 | This vaive provides fiow from the Drywell unit coolers. This valve was ‘
Drywell & Containment not considered in the PSA bacausse it does not effect injection and
isolation Valve dryweli and containment analysis was done without drywell unit coolers.
1WCS*MOV111 RWCU Biowdown <1.0E-07 | RWCU operation is not needed to mitigate the effects of an accident.
1WCS*MOV172 RWCU Backwash <1.0E-07 | RWCU operation is not needed to mitigate the effects of an accident.
Discharge Containment
Isolation Vaive
1WCS*MOV173 RWCU Backwash o <1.0E-07 | RWCU operation is not needed to mitigate the effects of an accident.
Radwaste
1WCS*MOV178 RWCU Backwash <1.0E-07 | RWCU operation Is not needed to mitigate the effects of an accident.
Discharge Containment
Isolation Valve
1E12*MOVF026A AHR Discharge to RCIC 0.00 This valve was disabled during RF-3.
1E12*MOVF026B RHRA Discharge to RCIC .00 This valve was disabled during RF-3,
1E12*MOVF052A Heat Exchanger Steam 0.00 This vaive Is deleted during RF-3.
Supply - Locked Closed
1E12*MOVF0528 Heat Exchanger Steam 0.00 This valve Is deleted during RF-3.
Supply - Locked Closed
1E12*MOVF087A Heal Exchanger 0.00 This valve Is deleted during RF-3.
Pressure Regulating
Bypass Valve
1E12*MOVF0878B Heat Exchanger 0.00 This vaive Is deleted during RF-3.
Pressuie Regquiating
Bypass Valve
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TABLE E3 - GL 89-10 MOV FAILURE RATE SENSITIVITY

T T T T

MARK # DESCRIPTION Base Case | Worst Case
MOV=0.003) MOV=0.087)
| 1SWPMOVESA SSW TRAIN A DISCHARGE VALVE S.85E-02 350601
1SWPSMOV4OC SSW PUMP C DISCHARGE MOV 4.16E-02 127801
1SWPMOVAQA SSW PUMP A DISCHARGE MOV 4.05E-02 1.30E-01
1SWP*MOVA0D SSW PUMP D DISCHARGE MOV AMEQR 2.54E.01
1 SWIMOV 408 SSW PUMP B DISCHARGE MOV 1782 2.54E01
1SWPSMOVESE SSW TRAIN B DISCHARGE VALVE L0SE2 1.86E01
1 EZZ*MOVFO04 HPCS INJECTION MOV 8 B4EQ3 219E01
rjm HPCE MINIMUM FLOW VALVE 8.84EQ 217E-0
1EZZ*MOVFO1S HPCS SUCTION FROM SUPPRESSION POOL 9 66E-03 22901
1ES1*MOVFC Y1 RCIC SUPPRESSION POOL SUCTION MOV 4 63E3 234E02
1ES1"MO" /FO4S RCIC TURBINE STEAM INLET MOV 4 04E SITER
1EST*MOVF046 RCIC LUBE OIL COOLER MOV 3S7E0 £1SE®
1EST*MOVFO1S RCIC TEST RETURN LINE MOV IS7EQR £15EQ2
I 1E51"MOVFO13 RCIC REACTOR INJECTION MOV 397E-08 2.30E-Q2
I 1E12*MOVFO42E LPCI TRAIN B INJECTION MOV 5.50E 04 1.64E-01
1E12*MOVF042C LPCI TRAIN C INJECTION MOV £ 50€-04 1.62E-01
1E12°MOVFO42A LPC! TRAIN A INJECTION MOV 5.50E04 1 49E-01
1 E21*MOVFO11 LPCS MIN FLOW RECIRC. MOV (N.O.) 4.40E-04 9 95E-02
1E21"MOVFOCS LPCS INJECTION LINE MOV 4.40E-04 $.18E-02
1SWIPMOVSaaA SWP TRAIN A FROM CONTAINMENT FAN UNIT COOLER §.33E-08 707602
1SWPMOVSa2A SWP TRAIN A TO CONTAINMENT FAN UNIT COOLER §.33E-08 7.07EC2
1SWP*MOVS0SE SWP TRAIN 8 FROM CONTAINMENT FAN UNIT COOLER .33E-08 217602
1 SWPMOVSO2B SWP TRAIN B TO CONTAINMENT FAN UNIT COOLER §.33E-05 217602
1SWPMOVS10A SWP TRAIN A TO RPCCW LOADS o 295€-02
1SWP*MOVSO4A SWP TRAIN A FROM RPCCW LOADS ¢ 28SE-0C
1E12"MOVFOSBA SWP TRAIN A FROM RHR HEAT EXCHANGERS A & C 0 279E-02
1E1ZMOVID4BA RHS A HEAT EXCHANGER BYPASS MOV IN.O) 0 234E@
1SWC-MOVIC BWC PUMP C DISCHARGE MOV 0 1 BAE 02 I
“SEWPMOV170C NSW PUMP C DISCHARGE MOV o 182502 ﬂ
1E12°MOVFO2eA TRAIN A SPC INJECTION VALVE BACK TO 0 BETELS "

SUPPRESSION POOL (N.O)
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TABLE E3 GL 88-10 MOV FAILURE RATE SENSITIVITY (Continued)

1SWPMOVE 108

SWP TRAIN B TO RPCOW LOADS

0 £B6E -0
15WPMOVS048 SWP TRAIN B FROM RPCCW LOADS 0 £.86E 03
1E12°MOVFOSEE SWP TRAIN B FROM RMR HEAT EXCHANGERS B & D 0 ATIEQ
1E12"MOVFOS3A SDC TRAIN A MOV TO MOING TEE 0 T 99603
1E12°MOVIFO09 RHS PUMPS A AND B SDC SUCTION MOV 0 1 99E 00
1E12°MOVF008 RHS PUMPS A AND B SDC SUCTION MOV 0 1. 99E-03
1E12*MOVFO08A RMS PUM> A SDC SUCTION MOV 0 1 99E-C3
1E12MIOVFO04A HHS PUMP A SUCTION MOV (N.O.) 0 1.99E-03
1CCPMOV168 RPCCW TO CRD PUMP SEALS ¢ §38E-04
1CCPMOV1ES RPCCW TO CRD PUIP SEALS 0 5.38E-04
TE12MOVFOL88 RHS B HEAT EXCHANGER BYPASS MOV (N.O) 0 2.16E-04

| 1E12MOVF086 SWP INJECTION LINE MOV 0 2.04F -0

F=1m SWP INJECTION LINE MOV 0 2 06E 04
1E22*MOVF001 HPCS SUCTION FROM CST (N.O) 0 827EQS
1SWC-MOVEH SWC HEATER EXCHANGER BACKWASH MOVE 0 7 13E-08
1SWC-MOVIG SWC HEATER EXCHANGER BACKWASH MOVS 0 713608
1SWC-MOVEF SWC HEATER EXCHANGES E~CKWASH MOVS 0 7.13E-06
1SWC-MOVSE SWC HEATER EXCHANGER BACKWASH MOVS 0 713608
1SWC-MOVSD SWC HEATER EXCHANGER BACKWASH MOVS 0 713608
1SWC-MOVEC SWC HEATER EXCHANGER BACKWASH MOVS 0 7 136-08
1SWC-MOVSE SWC HEATER EXCHANGER BACKWASH MOVS 0 7.136-05
1SWC-MOVEA SWC HEATER EXCHANGER BACKWASH MOVS 0 713608
1E12MOVFOB4A RHS PUMP A MIN FLOW RECIRC MOV o ZBSE-08
1E12°MOVFO47A RHS TRAIN A HX INLET VALVE N.O) 0 2.98E-08
1E12°MOVFOO3A RHS TRAIN A HX DISCHARGE MOV (N.O) 0 2.98E-06
1HVIMOV20C CONT BLDG CHILLED WATER PUMP P1C DISCHARGE 0 248E-08

VALVE
1E2T"MOVFO01 LPCS SUCTION MOV FROM SUPPRESSION POOL N.O) 0 201E08
THVICMOV20D CON'T BLias CHILLET WATER PUMP P1D DISCHARGE 0 1 2E08
VALVE

1E51"MOVF068 RCIC TURBINE EXHAUST UNE sV (NO) 0 111E08 I
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TABLE E3 GL 88-10 MOV FAILURE RATE SENSITIVITY (Continued)

1E51"MOVFOB4 RCIC TURBINE OUTBOARD ISOLATION MOV (N.O.) 0 1.11E08
1ES1*MOVIE2 RCIC TURBINE INBOARD ISOLATION MOV (N.O) 0 1.11E08
1EST"MOVID10 RCIC CST SUCTION VALVE (N.0) 0 228E-06
1SWPMOVETE NSW MOV TO SERVICE WATER TRAIN B 0 0
| 1 BWP-MOVSTA NSW MOV TO SERVICE WATER TRAIN A 0 0
|1 SWP-MO 708 NSW PUMP B DISCHARGE MOV (] 0
15\VP-MOV1 704 NSW PUMP A DISCHARGE MOV 0 0
15V PMOVIOE NSW TRAIN B DISCHARGE VALVE 0 ol
TEWPSMOVRGA NSW TRAIN A DISCHARGE VALVE 0 0
1SWPMOVT7E SERVICE WATER TO HPCS DIESEL FROM TRAIN B 0 0
TSWPMOVTTA SERVICE WATER TD HPCS DIESEL FROM TRAIN A 0 0
1SWPSMOVSOTE SWP TRAIN B TO CONTAINMENT FAN UNIT COOLER 0 0
NO)
1SWPSMOVSOTA SWP TRAIN A TO CONTAINMENT FAN UNIT COOLER ] 0
WNO)
1SWP"MOVE08E :mczmmmoumosamwm 0 q
1SWP"MOVE06A :awczmmmuwcsmromm 0 o
ISWPMOV'1 74 SSW TRAIN B HEADER MOV TO AB UNIT COOLERS 0 ¢
1SWPMOV173 SSW TRAIN B DISCHARGE MOV FROM AB UNIT ° 0
COOLERS
1SWPMOV1 72 SSW TRAIN A HEADER MOV TO AB UNIT COOLERS 0 c
ISWPRMOVT T SSW TRAIN A DISCHARGE MOV FROM AB UNIT 0 0
COOLERS
1SWCMOVIE SWC PUMP B DISCHAF.GE MOV 0 0
1SWC-MOVIA SWC PUMP A DISCHARGE MOV 0 o f
THVIC'MOV208 CONT BLDG CHILLED WATER PUMP P18 DISCHARGE < °
VALVE (N.O)
THVICMOV204 CONT BLDG CHILLED WATER PUMP P1A DISCHARGE 0 0
VALVE (N.O)
1G3TMOVFO04 FWCL ISOLATION MOV OUTSIDE CONTAINMENT ) 0
1GIIMOVFOOT RWCL ISOLATION MOV INSIDE CONTAL 2EMT 0 0
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1E12MOVF108 :(g)m C SUF. ‘RESSION POOL SUCTION VALVE 0 °
1E12"MOVFOB4C RHS PUMP C MIN FLOW RECIRC MOV (N.O) 0 0
1E1ZMOVFOB4A RHS PUMP B MIN FLOW RECIRC MOV 0 0

{|_1€12movrosse SDC TRAIN B MOV TO MDING TEE ° <
1E12"MOVF0478 RHS TRAIN B HX INLET VALVE (N.O) 0 0
1E12MOVFQZ78 LPC! TRAIN B INJECTION MOV N.O.) 0 J
1E12*MOVFQZTA LPC! TRAIN A INJECTION MOV IN.O.) 0 3
1E12°MOVF0248 TRAIN B SPC INJECTION VALVE BACK TO 0 °

SUPPRESSION POOL (N.O.)
1E12°MOVF0068 RMS PUMP B SDC SUCTION MOV
1E12MOVFO048 RMS PUMP B SUCTION MOV (N.O.)

1E12*°MOVFo03S

RHS TRAIN B HX DISCHARGE MOV (N.O.)

1CCP"MOVES

RPCCW LOOP B NORMAL RETURN VALVE

1CCP*MOVEas

RPCCW LOOP A NORMAL RETURN VALVE

1CCP*MOV168

RPCCW LOOP B NORMAL SUPPLY VALVE

o jo jo jo |jo jOo O

1CCP*MOV1BA RPCCW LOOP A NORMAL SUPPLY VALVE

1CCP*MOV130 RPCCW LOOP B NORMAL RETURN VALVE 0

1CCP*MOV129 RPCCW LOOP A NORMAL RETURN VALVE 0

1C41*MOVFO01B SLCS PUMP 1B DISCHARGE MOV 0

1C41*MOVFO01 SLCS PUMP 1A DISCHARGE MOV 9
0

CRD CONTAINMENT ISOLATION MOV
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High 95

Low »95.9

High 9%
Medium 99.99%

Low >85.99
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TABLE E4
BWR E PRIORITIZATION RESULTS

NO. OF MOVs

20

199

31

182

E-68

CUMULATIVE

20

219

37

219
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TABLE ES
BWR E FAILURE RATE SENSITIVITY

NO. OF MOVe IN CATEGORY

% RISK EAILURE RATE = 0.087 EAILURE RATE = 0,003%
High 95 22 0

Medium 59.9 34 20

Low>99.9 163 199

High 99 35 .

Medium 95.99 28 31

Low >99.99% 156 182

CDF 6.1E-4/year 1.55E-5/year

*0.003 per demand used in plant IPE
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TABLE E6
BWR E FAILURE RATE SENSITIVITY

MOV _FAILURE RATE
% RISK CASE 1 CASE 2
High 95 0.003 0.003
Medium 99.9 0.087 0.003
Low»99.9 0.087 0.087
CDF 1.96E-5/year 1.56E-5/year
High 99 0.003 0.003
Medium 99.95% 0.087 0.003
Low>99.99 0.087 0.087
CDF 1.56E-5/year 1.55E-5/year
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1.0 SUMMARY

Several measures exist to rank the importance of structures, systems, and components (SSCs)
in Probabilistic Safety Assessments (PSAs) in reiation 10 core damage frequency (CDF) and
radionuciide release frequency (RRF).

The importances of SSCs in relation to CDF for average plant conditions are evaluated in
Level 1 PSAs as follows:

- Importance in relation to the effect on CDF when the SSC is assumed not to fail, (i.e.,
failure probability of an SSC is set equal to 0).

- Importance in relation to the effect on CDF when the SSC is assumed to fail, (i.e., failure
probability of an SSC is set equal to 1),

- Importance in relation to the SSC's contribution to the CDF.

- Importance in relation to the change in CDF when the SSC failure probability is
increased or decreased by a specified factor.

- PSA importance measures can be applied at the component or system level.

- In addition 10 single SSC failures, PSAs include the importance of initiating events,
common cause failures, maintenance unavailabilities, operator errors, and non-recovery
factors on the CDF.

- The evaluation of the importance measures for a typical BWR plant PSA indicates there
is a small set of components and failure events (less than 200) that significantly affect the
CDF. The remaining components and events have a marginal to insignificant effect on
the CDF. This same conclusion is drawn from a review of the majority of current PSAs.

- PSA importance measures provide an effective means of identifying the proper regulatory
emphasis and requirements to be placed on SSCs and other elements that contribute to
plant risk.

The importance of SSCs in relation to RRF is not as easily quantified as for CDF. The
significance depends upon what boundary is breached: the vessel, the drywell, and/or the
wenwell; and the accident class. Several different analytical techniques have been used by the
utilities for Level 2 PSAs, se no attempt is made in this report to identify a uniform method
for evaluating the importance of the SSCs on RRF.
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Some utilities have performed Level 2 PSAs but some of the models and evaluation
programs do not calculate importance measures for SSCs. Containment failure is the
dominant factor in RRF and fault tree models can and have been developed for loss of
containment. However, the models for some plants contain only frequencies for events
leading up to the containment loss and not the cutsets for those events. Therefore,

importances cannot be calculated fur basic events leading up to the containment loss and
ranking of those basic events must be done qualitatively.

2.0 INTRODUCTION

The BWR Owners' Group Committee on Integrated Risk-Based Regulation (IRBR) was
established in 1992. One of the primary objectives of this Committee is to provide a
mechanism for exchange of IRBR technology among participating utilities. An initial task of
this Committee was to collect data on ranking of Systems, Structures, and Components
(SSC) from each utility's plant PSA. Most utilities have performed PSAs as part of their
Generic Letter 88-20 Individual Plant Examination (IPE) submittal.

The purpose of this report is to provide a summary discussion of different CDF importance
measures and how they can be used to rank SSCs for use in IRBR. Data from the PSA of one
of the survey plants was used to demonstrate the ranking schemes. It is recognized that the
ranks of the basic events are dependent on the specific plant's PSA results and therefore may
vary from plant to plant. These plant differences will be addressed in future IRBR
Committee activities.

The IRBR Committee plans to demonstrate how these risk importance measures can be
effectively used to sstablish priorities for SSCs in several different regulatory and operations
applications. As work progresses, specific issues relating to the evaluation and implementa-
tion of importances will be addressed in these applications. The following is a listing of
some of these issues:

~ How should importances be used for win-win strategies?

~ How should uncertainties be considered?

- What criteria should be used to separate important from unimportant contributors?

- How should the effects of component configurations and the status of other components
in general be taken into account in calculating importances?

- How should the importances of multiple components and functions be e ‘aluated?

~ How should importances be utilized in developing risk management programs?

Add-2
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- How should importances be used in optimizing technical specifications, regulations, and
operations?

- What are the dynamic aspects of importances whuch can cause importance values to
change with different scenarios and time?

= What are the interactive aspects of importance which cause importances to change when
components interact”?

Initial applications are planned for prioritization of the testing of motor operated valves
(MOVs), evaluation of operator actions contained in Emergency Procedure Guidelines
(EPGs) and Accident Management Guidelines (AMGs), prioritization of plant work orders,
and configuration control (i.c., control of "tag outs" and currently operable systems). These
applications are intended to provide a broad spectrum of activities to test and address
different issues relating to risk based regulation.

CAUTION

THE NUMERICAL METHODS FOR DETERMINING SSC IMPORTANCE SHOULD
BE USED AS THE INITIAL INPUT FOR ANY EFFORT TO RANK OR GROUP SSCs
BY RISK IMPORTANCE. THE NUMERICAL IMPORTANCE RESULTS ARE TO
BE AUGMENTED AND VERIFIED BY SENSITIVITY STUDIES, QUALITATIVE
REVIEWS, OPERATIONS/MAINTENANCE REVIEWS, AND ENGINEERING
JUDGMENT TO PROVIDE CONFIDENCE IN THE RANKING.
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3.0 SSC IMPORTANCE MEASURES

There are several measures used in the industry today to rank the importance of SSCs. The
measures can be calculated at the system, train (subsystem), or component level. These
measures are calculated for "average” plant conditions, and are therefore appropriate for
decisions about maintenance programs, overall maintenance priorities, modifications, certain
Technical Specifications requirements, and similar resource allocations. The level is limited
by the degree of linking of the fault trees in the models. To obtain a better understanding of
these measures, some of the more common importance measures used 1o rank SSCs in PSAs
were calculated from data from one of the survey plants (designated as plant X). The total
CDF for this plant was 2.60E-05/year. The model for this plant is a "linked model" containing
initiating events as well as SSCs. There were a total of 429 basic events icluded in the core
damage accident sequences. The first basic event in an accident sequence is the initiating
event followed by component failures and other failure events that are necessary for core

damage to occur. The following is a summary of the different types of basic events included in
the plant X PSA:

1  Basic E Number of E
Initiating Event 24
Component/Hardware Failure 274
Common Cause Failure 68
Maintenance or Test Unavailability 24
Operator Error 25

Non-Recovery Factor or Probability  ]4
Total Basic Events 429

Approximately 2/3 of the basic events are single component failures. Most of the remaining
basic events are caused by multiple component failures or maintenance of components. Opera-
tor error is the only type of basic event not related to component failure or maintenance. A
more detailed description of the types of basic events is provided in Appendix Add A.

When using importance measures for particular types or families of basic events, two factors
need to be addressed: 1) Basic events not included in the PSA models, and 2) basic events
which may have been excluded from the final results by truncation limits used in the
evaluation of models. These are amplified as follows:

1) In developing models, specific basic events may have been omitted because their function
was not relevant to the sequence. Or they may have been incorporated in a "module”
formed from an independent-sub-tree. In either event it is necessary to understand the
detads of the PSA models and insure that the basic events of interest are in the models.
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2) In most evaluation programs truncation limits are set both in generating cutsets and again
in evaluating the cutsets. In normal calculations of CDF, the truncation discounts basic
events which do not contribute significantly to the results. If the importance of specific
events is desired it is necessary to set truncation limits that will allow events of interest to
appear in the end results. An alternate method is to set the unavailabilities of the events
of interest to a high enough level to insure that they will appear in the cutsets. The
evaluation of the cutsets can then be performed using a data base tailored to obtain the
importance measures of interest. It is important to recognize that these importance
measures are calculated for "basic events”, not components. Often several basic events in
the fault tree model are used 1o represent one component (i.e., Pump Fails to Start, Pump
rails to Run, Pump Out for Maintenance, etc). Properly determining "component"
impor.ance may involve working with several "basic events."

3.1 DEFINITIONS OF IMPORTANCE MEASURES
The following basic data were obtained for each basic event included in the plant X PSA:

SYMBOLS:
T = Base core damage frequency for all basic events

U = Failure probability (or unavailability) of
individual basic event

T(0) = CDF with basic event assumed to never occur,
(i.e., probability set equal to 0)

T(1) = CDF with basic event assumed to occur, (i.e.,
probability set equal to 1)

From the above basic PSA inputs the following importance measures can be calculated for
each individual basic event:

a) Risk increase where basic event is assumed to occur (i.e., basic event probability set
equal to 1).

Risk Increase = T(1)-T

b) Risk reduction where basic event is assumed never to occur (i.e.. basic event probability
set equal to 0).

Risk Decrease = T - T(0)
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¢) Fussell-Vesely (FV) importance is the fraction of the CDF which involves the basic event
divided by the base CDF. In some PSAs this represents the sum of the CDF for the
minimum cutsets containing the basic event divided by base CDF. A minimum cutset is
defined as the smallest combination of failures (or basic events) which, if they all occur,
will cause the top event (core damage) to occur.
FV = {T-T(O)}/T
d) Criticality (CRIT) importance is as follows:
CRIT = {[T(1) - T(O)]*U}/T = FV
€) Risk Reduction Worth (RRW) is the base CDF divided by CDF with U = 0.
RRW =T/ (0)
f) Birnbaum (BIRN) ‘ aportance is as follows:
BIRN = T(1) - T(0) = CRIT*(T/U)
g) Risk Achievement Worth (RAW) is the CDF with U = 1 divided by base CDF.
RAW = T(1)T
h) Cumulative % Risk Contribution is calculated by first ranking (sorting) the basic events
by decreasing "Risk Decrease" or decreasing "F-V." The % risk reduction is the risk
decrease divided by the sum of the risk decreases of all basic events. The cumulative %
risk reduction is then the sum of the individual % risk reduction in order of their size.
The number of SSCs included depends upon the total cumulative % of interest.

{T-T(0)}

% Risk Reduction =
m
S A{T-T,0)}*100
j=1
n
Cumulative % Risk Contribution = § {% Risk Reduction, }

1=]

where "n" is the number of SSCs required to obtain the cumulative % risk of interest.
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4.0 APPLICATION OF IMPORTANCE MEASURES

The following basic input information from the plant X PSA is provided in spreadsheet format
in Table Add-B1 of Appendix Add B. The presentation is in order of decreasing {T-T(0)}
(decreasing "Risk Decrease").

Column
A Basic Event Description and Type of Basic Event
B Basic Event Code
C  Event Probability

M Related to Risk Reducti

D CDF Where Event Does Not Occur
E Risk Decrease

Measures Related 1o Risk Increase

F CDF Where Event Occurs
G Risk Increase

Using the above input data, the different importance measures given in Section 3.1 (except
percent change in risk) were calculated for each basic event, ranked from high to low, and
grouped according to the type of importance measure (either risk reduction or risk increase).
In addition, the cumulative % risk contribution, as defined in Section 3.1, was calculated for
each basic event. The calculations are presented in Table Add-B2 of Appendix Add B in the
same order as Table Add-B1.

The first group of rankings in Table Add-B2 are related to risk reduction and includes the
Fussell-Vesely, Criticality, and Risk Reduction Worth importance measures. The second
group are related to risk increase and includes the Bimbaum. Risk Increase, and Risk
Achievement Worth importance measures. It can be seen from Table Add-B2 that for risk
reduction, ranking is nearly identical. For risk increase, correspondence is also very good for
the first 200 entries in the ranking. This means that the precise importance measure chosen to
evaluate risk reduction or risk increase may vary. Choice of any measure will result in a
comparable component ranking. However, the rankings are significantly different between the
two groups of importance measures. The reason for this difference is provided in the
following discussion:

4.1 Risk Reduction Importance Measures

The importance measures related to risk reduction evaluate the effect on CDF when the basic
event is assumed never to occur. This type ranking can be used to establish the priorities for
the importance of SSCs in relation to CDF risks'™. A high SSC ranking indicates that the SSC
is a major contributor to the CDF risk and should receive the most attention for improvement.
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This kind of importance measure helps in establishing priorities for modifications, corrective
maintenance work, as well as identifying which components merit more frequent testing or
replacement with more reliable components. A low SSC ranking beyond a specified criteria
indicates that improving the SSC has a very little effect on the CDF. Table Add-2 provides a
summary of the basic events from the plant X PSA that are ranked by risk reduction. Only six
component failure events appear in the top 25 basic event ranking. Common cause failures,
initiating events, and operator non-recovery events make up the balance of the top 25 basic
events.

“Many SSCs are represented by only one basic event. For these, the basic event
importance is equivalent to the component importance. For other components, like
diesel-generators, the component importance is some combination of basic event
importances (e.g., for fail-to-start, fail-to-run, etc). In this discussion, for simplicity, it
will be assumed that basic event importance and component importance are equivalent.

4.2 Risk Increase Importance Measures

The nisk increase measure provides the change in CDF when the basic event is assumed always
to occur. This type of importance measure is used for three purposes. The first is to identify
the risk insignificance of a basic event. This identifies which components could be removed
from maintenance and testing programs, and which could be removed from Technical
Specifications. A low SSC ranking implies the SSC has an insignificant effect on the CDF
without regard to its occurrence probability. A high SSC ranking may require further
evaluation of the SSC failure probability. A basic event, such as a common cause failure, an
initiating event, or a structural failure which may a have negligible failure probability could
have a high risk increase importance. Components with high risk increase importance are the
components whose performance should not be allowed to deteriorate. The risk increase
measure is also used when evaluating the effect on CDF when a system, train, or component is
taken out of service to perform maintenance or test. When an SSC is ‘ound to have a low risk
increase measure, this implies that when the SSC is taken out of service \here is very little
effect on CDF. Allowed out of service times should reflect this low risk significance.

Table Add-1 provides a summary of the basic events from the Plant X 1S A that are ranked by
risk increase. It can be seen that the top 25 basic events are due to common cause failures,
initiating events, and one operator error. However, almost all of these 25 basic events have a
low risk reduction ranking in Table Add-2 based on their low basic event probabilities. It is
not surprising that common cause events have a high risk increase importance. Note also that
when common cause events are excepted, component/hardware failures are the next single
most important type of event.

Other observations can be made concerning the risk increase importance of the different type
of PSA basic events. For example, only 11 individual component failures are included in the
top 50 basic event ranking. Basic events due to maintenance and test are not ranked in the top
100 important basic events.
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43 Cumulative % Risk Contributi

The cumulative % risk contribution importance measure is another method for evaluating the
importance and non-importance of SSCs and other basic events. This importance measure
provides an efficient method of identifying basic events that contribute to significant core
damage risk. Table Add-3 provides a summary of the cumulative % risk contribution for the
basic events given in the Plant X PSA. The same information is given in graphical form in
Figure 1. It can be seen that the top 54 of the total 429 basic events contribute 90% of the total
possible CDF improvement. Twenty-four (24) of these 54 events are individual component
failures. It can aiso be seen that the bottom 263 out of the 429 basic events contribute less than
1% to the total CDF. This implies that at least 61% of the PSA basic events have an
insignificant effect on the CDF.

4.4 Percent Change in Risk

This importance measure provides a realistic evaluation of the sensitivity of the changes in
SSC failure probabilities on the CDF as opposed to setting the basic event probability equal to
0 or 1. This importance measure ranks the effect on CDF when the basic event failure
probability is changed by a specified factor. If the basic event failure probability is changed by
a factor f, the risk reduction importance measure times (f-1) provides the change in CDF.

45 fioasion (onaidecas

This study has revealed several items which should be considered by analysts performing,
modifying, or utilizing PSA's in the future to enhance application of PSA results as a plant
management tool:

a) Initiating events must be included as basic events in the PSA and any components within
the initiating events need to be accounted for in any component importances.

b) High human error rates, recovery factors, maintenance events may mask true importance
when relative importance measures are used.

Remember that conservatisms in modeling factors not related to the items being ranked
become non-conservative when1 ~ _ve importances are used. Exzmple: if an operator
action is modeled "conservatively” and then becomes 95% of the CDF, then no other
components will contribute more than 5%. If operator error rate is a factor of 10
conservative, importance of other components will be under estimated in this case by a
large factor (~10x). If a known significant conservatism exists, a lower definition of
significant importance categories may need to be considered

Modeling Risk Acheivement Worth is a major perturbation to the model, and will not be
valid for many low importance components, because the model was not assembled with
"guaranteed failures” (i.e., U= 1) in mind.
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¢) Be aware of software-specific pitfalls (i.¢., unique approaches to importance calculations
and Leve! 1 1o Level 2 linking )

f) The analyst must look at more than sinzie issue (i.e., CDF).

g) The results group basic events into rough groups to de-emphasize risk and allow other
factors to influence the group into which events are placed.

5.0 SYSTEM IMPORTANCE MEASURES

The same importance measures developed for PSA basic events can be applied at the system
level. This analysis requires a good knowledge of the fault tree model and the inter-
dependencies of support systems for the system being considered. In essence, the system is
being treated as an independent module. The factor increase in CDF when the system is
assumed to fail (probability set equal to 1), % decrease in CDF when the system is assumed
never to fail (probability set equal to 0), and cumulative % risk contribution are presented in
Table Add-4 for the systems inc” .Jed in the plant X PSA. The same importance measures are
shown graphically in Figures 2, 3, and 4.

It can be seen from Figure 2 (risk increase) that for about half of the systems, the CDF changes
significantly when the system is assumed to fail. The CDF changes by a factor of 500 when
Reactor Protection System (RPS) is assumed to have failed. For the Residual Heat Removal
Service Water (RHRSW) and Emergency Diesel Generator (EDG) systeras, the CDF changes
by about a factor of 200 when each system is assumed to have failed. Other systems have a
negligible effect on CDF when they are assumed to have failed.

The same three systems having the greatest effect on CDF when assumed to have failed (RPS,
RHRSW, and EDG) also have the highest importance for % CDF risk reduction (refer to
Figure 3). Eleven (11) out of the 20 systems account for approximately 90% of the total CDF
(refer to Figure 4). Four of the systems are insignificant contributors to CDF, (i.e., together
they contribute less than 1% to the total CDF).

Other system importance measures can be developed by increasing the failure probabilities for
selected groups of PSA basic events within the system. For example, the effect of the CDF
can be evaluated when all failure probabilities of i1\dividual components within the system are
doubled while keeping the failure probabilities of the remaining basic events within the system
constant.
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TABLE Add-1
CDF RISK INCREASE
CUM.
NUMBER NUMBER OF BASIC EVENTS
OF
RANK  EVENTS C F I M 0 R
1-25 25 0 21 3 0 1 0
26-50 50 11 8 6 0 0 0
51-75 75 13 10 2 0 0 0
76-100 100 16 9 0 0 0 0
101-150 150 39 0 1 6 K 0
151-200 200 33 ] 3 10 3 0
201-250 250 32 9 2 1 5 1
251-300 300 46 0 2 0 0 2
301-350 350 42 0 2 0 2 4
351-400 400 29 3 3 3 7 5
>401 429 13 7 0 4 3 2
TOTAL 429 274 68 24 24 25 14
C = COMPONENT/HARDWARE FAILURE
F = COMMON CAUSE FAILURE
1= INITIATING EVENT
M = UNAVAILABILITY DUE TO MAINTENANCE OR TEST
O = OPERATOR ERROR

R = RECOVERY FACTOR OR PROBABILITY
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TABLE Add-2
CDF RISK REDUCTION
CUM
NUMBER NUMBER OF BASIC EVENTS
OF
RANK EVENTS C F I M 0O R
1-25 25 6 - 7 0 2 6
26-50 50 15 - 3 0 2 1
51.75 75 9 5 1 - 4 2
76-100 100 7 9 3 4 2 0
101-150 150 34 6 - 0 5 1
151-200 200 28 6 5 1 3
201-250 250 26 18 1 3 1 1
251-300 300 40 7 0 2 1 0
301-350 350 38 9 0 2 1 0
351-400 400 48 0 0 2 0 0
>401 429 23 0 0 6 0 0
TOTAL 429 274 68 24 24 25 14

C = COMPONENT/HARDWARE FAILURE
F = COMMON CAUSE FAILURE

I = INITIATING EVENT

M = UNAVAILABILITY DUE TO MAINTENANCE OR TEST

O = OPERATOR ERROR

R = RECOVERY FACTOR OR PRCBABILITY
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TABLE Add-3

CUMULATIVE CDF % RISK CONTRIBUTION

TOTAL CUM.

CUMULATIVE NUMBER NUMBER NUMBER OF BASIC EVENTS
% RISK OF OF
CONTRIBUTION EVENTS EVENTS e F I M 0O R
10% 1 1 0 0 0 0 0 !
20% 1 2 0 0 1 0 0 0
30% 1 3 0 0 0 0 0 1
40% 1 - 0 0 0 0 0 1
50% 1 5 0 0 0 0 0 1
60% 2 7 0 0 0 0 0 2
70% 4 11 0 : 1 0 1 0
80% il 22 - 2 4 0 1 0
90% L ) 54 20 - B 1 2 1
95% 33 87 9 8 3 6 5 2
96% 12 99 Rl 6 1 1 0 0
97% 16 115 11 0 1 0 3 1
98% 20 135 11 4 3 0 2 0
99% 31 166 21 - 1 0 4 1
99.9% 130 296 84 27 5 6 5 3
100% 133 429 110 11 0 10 2 0
429 274 68 24 24 25 14

C = COMPONENT/HARDWARE FAILURE

F = COMMON CAUSE FAILURE

[ = INITIATING EVENT

M = UNAVAILABILITY DUE TO MAINTENANCE OR TEST
O = OPERATOR ERROR

R = RECOVERY FACTOR OR PROBABILITY
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TABLE Add-4 - PLANT X SYSTEM RANKING

TOTAL CDF = 2.60E-05/YEAR FACTOR INCREASE % DECREASE
IN CDF WHEN U = 1 IN CDF WHEN U = 0

SAFETY PLANT {T(1)-T)/T {T-T(0)}*100/T CUM. % RISK

FUNCTION SYSTEM RANK RANK CONTRIBUTION
CONT. HEAT REMOV. RHRSW 223.08 2 24.2% 2 25.55%
CONT. HEAT REMOV. MAIN CONDENSER 1.42 12 14.3% 6 62.60%
CONT. HEAT REMOV. CONTAINMENT VENT 0.87 16 9.2% 10 87.57%
REACTIVITY RPS 500.00 1 24.0% 3 38.16%
REACTIVITY CRD HYDRAULIC 0.63 18 14.3% 7 70.12%
REACTIVITY sLC 1.19 15 2.3% 14 97.29%
REACTIVITY ARI c.81 17 Cc.4% i8 99.76%
REACTIVITY RPT 0.63 19 0.3% 19 99.92%
SUPPORT EDGs 203.85 3 24.4% 1 12.83%
SUPPORT INST. AIR 42.31 6 9.8% 9 82.73%
SUPPORT DC POWER 35.38 7 3.8% 13 96.08%
SUPPORT OFFSITE POWER 28.85 8 1.1% 17 99.55%
SUPPORT SERVICE WATER 92.31 5 0.15% 20 100.00%
WATER INJECTION HPCI 1.27 14 16.8% 4 46.99%
WATER INJECTION RHR/LPCI 169.23 4 15.4% 5 55.09%
WATER INJECTION RCIC 2.46 10 14.2% f 77.58%
WATER INJICTION CORE SPRAY 1.42 13 7.7% 11 91.62%
WATER INJYCTION ADS < 0.38 20 4.7% 12 94.09%
WATER INJEUTION FEEDWATER 8.08 9 1.6% 16 98.98%
WATER INJEC)TON CONDENSATE 1.54 11 1.6% 15 98.13%
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FACTOR INCREASE IN CDF (UNAVAIL. = 1)
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FIGURE 2

FACTOR INCREASE IN CDF WHEN UNAVAIL.=1
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FIGURE 4

CUMMULATIVE % RISK CONTRIBUTION
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APPENDIX Add A
Descriotion of T  Basic E in Plant X PS

Basic events are the primary elements of individual core damag= accident sequences. The
following types of basic events were included in the plant X core damage accident sequences:

)

2)

3)

4)

5)

6)

Initiating event - these events are the initiators of the individual core damage accident
sequences. Examples of initiating events include turbine trips, reactor isolation, loss of
offsite power, pipe breaks, and other events that cause reactor shutdown,

Component or hardware failure - examples of these type events include pump failures,
valve failures, electrical component or channel failures, and structural failures. In some
cases a system failure is given as a basic event (e.g., loss of feedwater or room cooling).

Common cause failure - these events include failure of multiple componeats, trains, or
systems due to a common cause. Examples of these type events include failure of two or
more diesel generators, failure of AC or DC power supplies, and failure of two or more
electrical control channels.

Maintenance unavailability - these events include system, train, or component
unavailabilities due to maintenance or test. Examples include maintenance
unavailabilities of diesel generators, pumps, valves, and electrical components.

Operator error - these events include operator errors that cause a component, train, or
system to be unavailable and errors where an operator fails to take appropriate action.
Examples include failure of an operator to restore equipment after test or maintenance
and failure of an operator to initiate standby liquid control or failure to depressurize the
reactor.

Non-recovery factor or probability - these events include failure to restore equipment

after failure or loss due to other causes. Examples include failure to restore offsite power
or diesel generators after a specified time interval.
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INPUTS FROM PLANT X TABLE Add-p1

BASE CORE DAMAGE FREQUENCY T = 2. 6DE-0S/YEAR

e s=rzezzes = E=azzw = re== - i

il il Il mEasumes mewatenr T || measumes mevaren vo I:

I 1 i RISK REDUCTION i RISK INCREASE I

BASIC EVENT DESTRIPTION ] H i = ]

AND ] I ||€oF WHERE EVENT|  ABSOLUTE  ||coF wnems EVENT|  assoture ||

I I EVENT ||voEs wor occum | pEcREAsE {|  occums | ncmease ||

TYPE OF BASIC EVENT {loasic evenr cove||  prosaBILITY ] o) | r-1m | " I v i

) i 8 I ) I ) | <€) | ) | ) I
---------------------------------------------------------- e | [T | | |
€ = COMPONENT/HARDUARE FAILURE 274 I ] ] | 1 | ]

F = COMMON CAUSE FAILURE 68 il i I | i | i

I = INITIATING EVENT 24 i H| il | i | i1

N = UNAVAILABILITY BUE TO MAINTENANCE OR TEST 24 ] 1 1] | i I i

© = OPERATOR ERROR 3 | 1 il | H | Hi

R = RECOVERY FACTOR OR PROBABILITY % i 1 I | 1 i ]

SN i - < I " I I 1 I I

@ || I I I I I I

OFFSITE POVER NON-RECOVERY AT 30 MINUTES LI R || é.408-01 I 1.276-05 | 1.33e-05 || 3.35€-05 | 7.546-08 ||
LOSS OF OFFSITE POVER 1 jjre i 7.90e-03 1] 1.286-05 | 1.326-05 || 1.69€-0% | 1.66€-0% ||
OFFSITE POWER CONDITIONAL NON-RECOVERY AT 2 HOURS RN Il &.50e-01 I 1.40€-05 | 1.20e-05 || 4.06e-05 | 1.468-08 ||
EDG NON-RECOVERY AT 2 HOURS r ||o62 Il 6.60e-m I 1.496-05 | 1.196-05 || 3.22¢6-05 | 6.24e-06 ||
OFFSITE POWER CONDITIONAL NON-RECOVERY AT 4 WOURS R || It 5.30-m I 1.46€-05 | 1.14e-05 || 3.61€-05 | 1.0%6-05 |}
CONDITIONAL NON-RECOVERY OF OFFSITE AC PONER AT 6 HOURS R | IceTRECS [l &.70e-m H 1.47€-05 | 1.13e-05 || 3.156-05 | 5.46€-06 ||
EDG COMDITIONAL NON-RECOVERY AT 4 HOURS R |]o63 i1 7.10e-01 1l 1.476-05 | 1.136-05 || 3.076-08 | 4.68€-06 ||
OPERATOR FAILS TO DEPRESSURIZE RX (45 MINUTES) 0 jixnPvaLDUNY I}  1.00e-03 il 2.03e-05 | 5.72€-06 || 5.75¢-08 | 5.72e-03 ||
DIESEL GENERATOR COMMON CAUSE FAILURE TO RUN F || aoLEDGXCCR I} 8.24e-0¢ I 2.17e-05 | 4.266-06 || 5.20€-03 | 5.17e-03 ||
RPS MECHANICAL FAILURE ] i 1.00e-08 1 2.35¢-05 | 2.46€-06 || 2.436-01 | 2.43e-01 ||
INTERNAL FLOOD IN ZONE 12 (SERVICE WATER - T.B. 93°' 1]jre2 Il 2.20e-08 i 2.36€-05 | 2.45€-06 || 1.11e-0 | 1.1e-m ||
INTERNAL FLOOD IN IONE & (SERVICE WATER - R.B. > 894') | j1es Il 2.10e-0¢ i 2.36€-05 | 2.42e-06 || 1.15e-02 | 1.15e-02 ||
TURBINE TRIP (ERA i 1.808-M ] 2.42E-05 | 1.81€-08 || 3.43e-05 | 8.32¢-06 ||
INTERNAL FLOOD IN ZONE 9 (SERVICE WATER - T.8. 911') 1 }|eo I} 7.606-04 I 2.43e-08 | 1.73e-06 || 2.30e-03 | 2.27e-08 ||
DG12 FAILS TO RUN € ||aoLoG120xR il 8.32¢-03 H 2.47€-05 | 1.346-08 || 1.86E-04 | 1.608-0¢ ||
0G11 FAILS TO RUN € ||aoLoGiiyve || 8.32¢-03 ] 2.47e-05 | 1.3646-06 |} 1.85€-04 | 1.59€-0¢4 ||
BREAKER B3304 FAILS YO CLOSE € | |AceB3304xc ii 4.67e-03 i 2.48E-05 | 1.246-06 || 2.91€-0¢ | 2.65E-04 ||
CONMON CAUSE FAILURE OF EDGESW PUMP 11 AND 12 TO RUN F j|ePnP111a0R Il 2.408-0¢ " 2. tacns | 1.21€-06 || 5.106-03 | 5.07e-03 ||
LOSS OF FU 11| Il 5.e0e-02 H 2.50€-05 | 9.88E-07 |} & 26€-05 | 1.66E-05 ||



INPUTS FROM PLANT X

NEDC-32264-A

YABLE Add-81

T = 2.60E-05/YEAR

" ] ||  MEASURES RELATED YO ||  measumes aeLATED TO i:
I I i RISK REDUCTION i RISK INCREASE I
BASIC EVENT DESCRIPYION i ] H 1"
aND ] Il |JcoF wneme Evewt|  ABSOLUTE  ||cor wMeme EvenT|  AmsoLute ||
1" 1 EVENT ||voEs ot occun | OECREASE ||  OcCuRs | inceease ||
TYPE OF BASIC EVENT {jeasic evenr cooe|| rPromaILITY ] o | t-mm || " | wm-v ||
w ] ® i {9 I ()] | {3 H 5 | ) I
--------------- I I I -} i [ I
COMMON CAUSE FATLURE OF EDGESU PUNP 11 AND 12 TO START  F | [EPHPITIABS 1l 1.926-04 i 2.50E-05 | 9.65e-07 || 5.04¢-03 | s.02e-08 ||
OPERATOR FAILS TO INJECT SLC - TURB TRIP INITIATOR 0 |jstcroey ||  4.00e-02 1 2.52e-05 | 8.22¢e-07 || 4.586-05 | 1.986-05 ||
D612 BREAKER 152-602 FAILS TO CLOSE € ||acets2s602c 1| 4.e7E-03 i 2.53e-05 | 7.44e-07 || 1.846-04 | 1.58e-0¢ ||
DG11 BREAKER 152-502 FAILS YO CLOSE ¢ | |ace152502¢ Il &.é7e-03 ] 2.53e-05 | 7.41-07 || 1.866-04 | 1.586-04 ||
SRV FAILS 7O CLOSE AS PRESSURE DROPS € | |xvesrvxxxc Il 1.52e-02 I 2.53e-05 | 7.368-07 || 7.368-05 | 4.766-05 ||
MANUAL SHUTDOUN 1 ||ns |} 3.30e-00 I 2.53e-05 | 6.866-07 |) 2.73e-05 | 1.305-06 ||
MSIV CLOSURE I |jm |} 7.20e-02 i 2.53e-05 | 6.81e-07 || 3.486-05 | 8.848-06 ||
MPCI PUNP P-209 FAILS TO START C | |urTP209XXS || 1.48E-02 i 2.536-05 | 6.608-07 || 6.99t-05 | 4.39€-05 ||
PROMPT NON-RECOVERY FACTOR FOR FU PUMPS R ||TFREC it 1.10e-01 I 2.54e-05 | 6.24e-07 || 3.09€-05 | 4.94e-06 ||
RCIC PUNP P-207 FAILS TO START € || ipTP207XXS |1 1.36e-02 I 2.54€-05 | 5.93¢-07 || 6.89¢6-05 | 4.296-05 ||
PG12 FAILS YO START C |jaoLegi2xxs il 3.72¢-03 ] 2.54€-05 | S.88e-07 || 1.836-0¢ | 1.57e-0¢ ||
DG11 FAILS TO STARY ¢ ||aoLoe11xxs || 3.72e-03 " 2.54E-05 | 5.856-07 || 1.836-0¢ | 1.57€-04 ||
DIESEL GENERATOR COMMON CAUSE FAILURE YO START F | |aoLEDGXCCS 11 1.15e-04 i 2.54€-05 | s.62¢-07 || 4.91€-03 | 4.896-08 ||
COMMON CAUSE FACTOR FOR RPT CIRCUIT BREAKERS F ||caBETA If  1.00e-01 i 2.55€-05 | 4.97e-07 || 3.046-05 | 4.426-06 ||
MEDIUM LOCA 1] {1  3.00e-04 il 2.55€-05 | 4.96e-07 || 1.67¢-08 | 1.64e-03 ||
HO-7 FAILS TG OPEM C | |meFHoTSTPN I 115602 1 2.55¢€-05 | 4.91€-07 || 6.846-05 | 424805 |
}H0-8 FAILS 7O OPERATE € | |MvrHOBXXXR It 1.15e-02 i 2.556-05 | 4.91€-07 || 6.84E-05 | 4.268-05 ||
OPERATOR DILUTES BORON BY FAILING TO CONTROL LEVEL o |jum 1l 1.00e-02 i 2.55¢-08 | 4, 846-07 |} 7.388-05 | 4.786-08 ||
AUTO TRANSFER SUITCH 12 FAILED TO TRANSFER YO ALT SUPPLY € |[ASAT2X0XXC |} 1.76e-03 I 2.55€-05 | 4.52€-07 || 2.836-04 | 2.57e-04 ||
FAILURE OF ACB 152-308 TO OPEN € ||ace152308N il 2.34e-03 i 2.568-05 | 3.808-07 || 1.886-0¢ | 1.62¢-04 |
FAILURE OF ACB 152-408 TO OPEN € ||acers2¢om . j] 234603 I 2.56€-05 | 3.77e-07 || 1.876-04 | 1.618-04 ||
&PS ELECTRICAL FAILURE F|ce i| 2.00e-05 ] 2.56€-05 | 3.77e-07 || 1.896-02 | 1.89e-02 ||
HPCI EGM FAILS TO OPERATE C | |HSCEGMXXXR Il e.77e-03 " 2.566-08 | 3.54e-07 || 6.60€-05 | 4.00e-05 ||
EDGESU PUNP P-111A FAILS TO RUM C ||ePrPIT1AXR It 2.16e-03 il 2.56€-0% | 3.516-07 || 1.886-04 | 1.62e-04 |}
RCIC EGH FAILS TO OPERATE ¢ || 1scecmonm || s.77¢-03 " 2.57¢-05 | 3.406-07 || 6.536-05 | 3.93e-05 ||
EDGESW PUMP P-1118 FAILS TO RUN ¢ |jePnritiBXR Il 2.16e-03 ) 2.57€-05 | 3.466-07 || 1.866-04 | 1.60e-04 ||
DG FAN VSFI0 FAILS TO STARY € | |arnvsFIOXS H 2.16e-03 ] 2.57¢-05 | 3.35¢-07 || 1.896-04 | 1.556-04 ||
'
ADD B1-2



INPUTS FROM PLANT X

BASE CORE DAMAGE FREQUENCY

NEDC-32264-A

TABLE Add-81

T = 2.60E-05/YEAR

i

1 1 HEASURES RELATED TO jl  MEASURES RELATED TO i

] I RISK REDUCTION ] RISK INCREASE il

BASIC EVENT DESCRIPTION I I i

AND i " CDF WMERE EVENT|  ABSOLUTE  ||CDF WHERE EVENT|  ABSOLUTE |}

I 1 EVENY S NOT OCCUR |  OECREASE ||  oOccums |  imcmease ||

TYPE OF BASIC EVENT ||®asIC EVENT CODE||  PROBABILITY T-1o || L{§}] | -1 |

w ] 8) i ) (E) I (F) | (6) ]
----------------------------------- I- -+ Eneyempegmen [Jemmmmmmeee] -
DG FAN VSFP FAILS YO START C | |AFNVSFOXXS I 2.16E-03 1 3.35e-07 |] 1.816-04 | 1.556-0¢ ||
JPERATOR FAILS TO INJECT SLC - NSIV CLOSURE INITIATOR o ||stemory il 4. 00€-02 1 3.28¢-07 || 3.386-05 | 7.80" 06 ||
PANEL Y20 BUS FAULT F | jresy20xxxe i} 8.01€-0¢ I 3.22¢-07 |} 4.00€-02 | 4.00e-02 ||
LARGE LOCA 1] {|  7.00e-05 I 3.17e-07 || 4.586-03 | 4. 556-03 ||
P-217 WPCI AUX. OIL PUNP FAILS YO STARY € jlnewp217F TS il 7.69e-03 il 3.07e-07 || 6.55€-05 | 3.95¢-05 ||
CORE SPRAY PUNP P-2088 FAILS TO RUN ¢ ||ceur2088x8 Il 3.1%e-03 il 2.91€-07 || 1.188-04 | $.23e-05 ||
HPCI SYSTEM UNAVAILABLE DUE TO TESY N | [HLonpcixxy Il 7.30e-03 i 2.838-07 || 6.45€-05 | 3.85€-05 ||
FAILURE OF CONTACT 152-308 TO CLOSE € ||acN152308¢ il 1.78e-03 i 2.81€-07 || 1.86€-04 | 1.606-04 ||
5 MOUR NON-REPAIR FACTOR FOR MACMINERY R ||rEPSHR || &.00e-00 i 2.78E-O7 |j 2.60€-05 | 0.00€+00 ||
COMMON CAUSE FAILURE TO START OF HPCI AND RCIC PUNPS F | [wPTRCHPCCS || 5.84E-04 i 2.78€-07 || 4.996-04 | 4.73e-06 ||
EDGESW PUNP P-T111A FAILS YO STARY ¢ ||eruPr1iaxs f|  1.73e-03 i 2.78e-07 |} 1.868-04 | 1.60€-04 ||
FAILURE OF CONTACT 152-408 TO CLOSE € | |ACN152408¢C I} 1.76e-03 I 2.78¢e-07 || 1.84€-04 | 1.58e-04 ||
EDGESY PUMP P-1118 FAILS YO STARY ¢ |jerHr1118XS I 17003 i 2.73e-07 |} 1.846-04 | 1.586-04 ||
OPERATOR FATLS TO MAMUALLY OPEN SV-4234/35 AND 593 0 | |NBOTTLEN2Y {|  5.00e-02 il 2.65¢-07 || 3.09€-05 | 4.94€-06 ||
2 OF B VACUUM BREAKERS FAIL OPEN F || 2vB2FALLXC il 2.956-04 I 2.54-07 || 8.92£-04 | B.66E-04 ||
OPERATOR FAILS TO INJECT SLC - LOFW INITIATOR 0 ||stcropy |1 &.00e-02 I 2.55€-07 || 3.22¢-05 | 6.24€-06 ||
OFF SITE POVER SYSTEM UNAVAILABLE (RANDOM-NOT INIT EVENT) F | [AOFFSITEXL I 2.16€-04 ] 2.53-07 || 1.20€-03 | 1.17€-08 ||
0G 12 FAILURE YO RESTORE AFTER TEST OR MAINTENANCE o jjavipGi2nxz I 1.61€-03 H 2.49€-07 || 1.80&-0¢ | 1.546-04 ||
DG 11 FAILURE TO RESTORE AFTER TEST AR MAINTENANCE 0 |japtog11xxz I 1.61-03 i 2.49e-07 || 1.206-04 | 1.548-04 ||
FAILURE OF RPY BREAKER 11A TO GPEN € ||PeBI1AXXXN il 2.68e-02 i 2.48e-07 || 3.51€-05 | 9.106-06 ||
FATLURE OF RPT BREAKER 118 TO OPEN ¢ | |peatiaxxxy Il 2.68€-02 " 2.486-07 || 3.51€-05 | 9.10e-06 ||
COMMON CAUSE FAILURE OF ALL SRVS TO OPEN F | |XxvRBSRVCCN Il 1.63-04 i 2.43e-07 || 1.52€-03 | 1.49e-03 ||
DG12 OUT FOR TESTING H || abLDGI2XXT Il 1.57€-03 H 2.43e-07 || 1.80€-04 | 1.548-04 |}
0G11 CUT FOR TESTING H || ABLDGITXXT il 1.57e-03 I 2.428-07 || 1.80€-04 | 1.54€-04 |}
MOV MO-1754 FAILS YO OPEN € ||ovmmon7Sen Il 2.72¢-03 i 2.40e-07 || 1.14€-04 | 8.81€-05 ||
45 MINUTE NON-RECOVERY FACTOR OUTSIDE CONT. ROON R | |RECESOUT il 2.50e-02 H 2.30e-07 || 3.351€-05 | 9.10e-06 ||
RCIC UNAVAILABLE DUE TO TEST n ] rLorcroxxy il 6.166-03 I 2.29e-07 || 6.29€-05 | 3.695-05 ||
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INPUTS FROM PLANT X

NEDC-32264-A

BASIC EVINT DESCRIPYION
AND

IYPE OF BASIC EVENY
\

SHALL LOCA
HI SUPPRESSION POOL LEVEL

COMMON CAUSE FAILURE CF VSF 9 AND 10 TO STARY

LOSS OF COMDENSER VACUUM

CORE SPRAY PUMP P-2088 FAILS TO START

INTERNAL FLOOD IN TONE 1 (TORUS RING HEADER BREAK)
HPC1 INJECTION TRAIN OUT FOR CORRECTIVE MAINTENANCE
OPERATOR FAILS TO CROSS TIE SERVICE WATER TO CONDENSER
0G12 OUT FOR CORRECTIVE MAINTENANCE

DG11 OUT FOR CORRECTIVE MAINTENANCE

COMMON CAUSE FAILURE OF CS AND RHR IN! MG VLVS TO OPEN
UPS INV. Y71 INTERNAL FAULY

SLC HANDSRITCH T1AST FAILS YO OPERATE

ALL SIX RMR/CS PUMPS FAIL TO RUN

ALL SIX RHR/CS PUMPS FAIL TO START

LC 52-104 BREAKER 401 FAILS TO REMAIN CLOSED

LC TRXAD SUPPLY BREAKER 152-609 FAILS TO REMAIN CLOSED
COMMON CAUSE FAILURE OF FW 94-1 AND 94-2 TO OPEN
COMMON CAUSE FAILURE OF FU 94-1 AND FU 97-2 TO OPEW
COMMON CAUSE FAILURE OF FW 97-1 AND FW 94-2 TO OPEN
COMMON CAUSE FAILURE OF FW 97-1 AND FU 97-2 TO OPEN
REACTOR TRIP WITHOUT TURBINE TRIP

RCIC UNAVATLABLE DUE TO CORRECTIVE MAINTENANCE
REACTOR PRESSURE SU PS2-3-52 ARB COMMON TAUSE FAILURE
ESW B.S. 1980 PLUGGED

ENG LOOP B STRAINER PLUGGED

OPERATOR FAILS TO START FEEDPUHPS AFYER A TRANSIENT

TABLE Add-81
BASE CORE DAMAGE FREQUENCY T = 2. 60E-0S/YEAR

I I ||  WEASURES RELATED TO ||  measumes metaves To :!

i ] I RISK REDUCTION I RISX INCREASE I

i I I "

] I ||COF UMERE EVENT|  ABSOLUTE  ||COF WMERE Event|  AmsowvTe ||

I I EVENT ||poEs woT occum | bECREASE ||  occums | mchease ||

|jeasic event cove|| ProsaILITY || o T-1o || T ] vn-r ||

i ) i «©) ] ) ® I 3] | ) i

rmama—— I - me I | I
1 ]ls2 [l  8.00e-04 ] 2.58e-05 | 2.23-07 || 3.04E-04 | 2.788-04 ||
£ ||vonus2 I} 1.00e+00 il 2.58¢-05 | 2.196-07 || 2.60¢-05 | 0.008+00 ||
F | |arnvsrot0s 1| 4.408-08 ] 2.586-05 | 2.11e-07 || 4.81€-03 | 4.786-08 ||
1 e || 1.90e-02 I 2.586-05 | 2.04e-07 || 3.6¢6-08 | 1.04-05 ||
C | |crue2088XS Il 2.25¢-08 ] 2.58€-05 | 1.956-07 || 1.126-04 | 8.638-05 ||
1 {|r [l  4.e0e-05 I 2.58¢-05 | 1.91€-07 || 4.00e-03 | 3.98¢-08 ||
M | jHLompcixeH Il 5.18e-03 " 2.58e-05 | 1.88¢-07 || 8.212-05 | 3.61e-08 ||
0 ||FsuxTiEXXY || 1.c08+00 H 2.588-05 | 1.706-07 || 2.60E-05 | 0.008+00 ||
N | |aoLpa12XCN || t.05e-03 ] 2.58¢-05 | 1.61€-07 || 1.798-06 | 1.53e-04 ||
N ||abLOG XN || 1.05e-03 1] 2.586-05 | 1.602-07 || 1.796-04 | 1.536-0¢ ||
F || RVMSVALVEN I 2.92-08 " 2.59€-08 | 1.586-07 || 5.436-03 | s.41e-038 ||
€ | |arvyrime || 9.67e-08 I 2.59¢-08 | 1.458-07 || 4.08e-05 | 1.40e-05 ||
€ |JLsmitasixn [| 6.57-08 I 2.59€-05 | 1.366-07 || 4.65€-05 | 2.05e-05 ||
F | |RPHePUNPSR 1| 2.45%-08 I 2.59¢-05 | 1.29€-07 || 5.28€-03 | 5.256-03 ||
F | |arnspunpsS I} 2.3%-08 I 2.59€-05 | 1.22¢-07 || 5.286-03 | s.25e-08 ||
¢ | |aceos24010 1l 4.3%-08 I 2.59-05 | 1.208e-07 || 2.766-03 | 2.73€-03 ¢
€ | |ace152609L Il 4.3%-05 " 2.596-05 | 1.208-07 || 2.768-08 | 2.73¢e-08 ||
F || Fveostoen Il 173605 i 2.59€-05 | 1.18€-07 |} 6.816-03 | 6.79¢-08 ||
F | |FveostoTon Il 17305 1 2.59€-05 | 1.188-07 j| 6.8%-03 | 6.79€-03 ||
F || FveoTioen Il 17308 ] 2.59€-05 | 1.186-07 || 6.81€-03 | 6.79e-03 ||
F | |FveoTI9ToN ii 17308 " 2.59€-05 | 1.188-07 || 6.81€-03 | 6.79¢-03 ||
1 ||wort Il 9.00e-02 I 2.59€-05 | 1.156-07 || 2.79c-05 | 1.066-06 ||
n || 1Loncicxen Il 3.53-08 ] 2.596-08 | 1.156-07 ! < 856-08 | 3.256-08 ||
¥ |jaspS2ascee Il 2.12¢-08 i 2.59€-05 | 1.94E-07 |, © BE-08 | 5.366-03 ||
¢ ||Esres1980F Il 7.20e-0¢ i 2.59€-05 | 1.12¢e-07 || 1.816-04 | 1.556-04 ||
€ ||EsRBS2414F il 7.20e-04 I 2.99-05 | 1.116-07 || 1.8VE-04 | 1.56e-04 ||
© || FRFPOPERRY I} 2.s0e-03 " 2.59€-05 | 1.088-07 || 6.45€-05 | 3.85e-08 ||



NEDC-32264.A

INPUTS FROM PLANT X TABLE Add-81

BASE CORE DAMAGE FREQUENCY T = 2.60E-05/YEAR

I 1 Il measumes reLares vo Il measumes peraves 1o
I ]| 1] RISK REDUCTION i RISK INCREASE
BASIC EVENT DESCRIPTION I I I
AND I H ||coF wnere event|  amsowure |1coF umeme event|  amsoture
I ) EVENT |[voEs woT occur | oecrease i1 occuss | ucrease
TYPE OF BASIC EVENT |leastc event cooe||  pnosaBILITY i T | rv-mom || T"n | mn -y
w I @) 1 «©) H ) | (3] il ) i 6)
S | B | ey + E— i | -
CORRECTION FACTOR FOR NBOTTLEN2Y R |n2cs il 2o00e-02 I 2.59€-05 | 9.75¢-08 || 3.07e-05 | 4. 6BE-D6
OPERATOR DOES NOT OPEN RHRSW-RMR XTIE O ||uvHinxTiEY I} 7.50e-01 i 2.59€-05 | 9.59€-08 || 2.60€-05 | 0.00£+00
INTERNAL FLOOD IN ZONE 10 (WEST DIESEL GENERATOR ROON) | {irie I} 4.e0e-05 I 2.59%-05 | 9.46E-08 || 2.08e-03 | ?
MOV MO-2036 FAILS TO OPEN ¢ | {nvemo2036n I 2.92e-03 1 2.59¢-05 | 9.39¢-08 || 5.80€-05 | 3.7
HO-2061 FAILS TO OPEN C | |rvimo2061n Il 2.92e-03 i 2.59€-05 | 9.39¢-08 || 5.80E-05 | 3.20¢-08
HO-2062 FAILS TO OPEN ¢ | |nvano20628 Il 2.92-03 I 2.59€-05 | 9.39€-08 |} 5.80E-05 | 3.20€-05
¥0-2067 FAILS TO OPEN € | |rivino20678 It 2.92¢-03 1] 2.59€-05 | 9.39¢-08 || 5.806-05 | 3.20e-05
NO-2068 FAILS TO OPEN ¢ | |nvemo2068n il 2.92¢-03 I 2.59€-05 | 9.396-08 || $.80€-05 | 3.20€-05
NO-2100 FAILS TO OPEN € || 1vimo2100.¢ I 2.92e-03 [} 2.59€-05 | 9.00e-08 || 5.67€-05 | 3.07e-08
MO-2101 FAILS TO OPEN ¢ || 1vimo2101m Il 2.92e-03 H 2.59€-05 | 9.00€-08 || 5.67€-05 | 3.07e-05
POV NO-2078 FAILS TO OPEN ¢ || rvmmozo7am il 2.92¢-03 I 2.59%-05 | 8.94€-08 || 5.64E-05 | 3.04€-08
HO-2096 FAILS TO OPEN € || 1vim02096n Il 2.92e-03 1 2.59€-05 | 8.94€-08 || 5.646-05 | 3.04€-05
H0-2106 FAILS TO OPEN € || remno21088 il 2.s2-03 I 2.59-05 | 8.94e-08 || S.648-05 | T %e-05
M0-2107 FAILS TO OPEN € |} vumo21078 {| 2.92e-03 1] 2.59€-05 | 8.946-08 || 5.64E-05 | 3. 04E-05
OPERATOR FAILS TO DEPRESSURIZE RX (10 MINUTES) o ||xrevi0 i 2.00€-02 I 2.59€-05 | 8.92¢-08 || 3.04e-08 | 4.42E-06
OPERATOR FAILS TO INJECT SLC - LOSS OF COND INITIATOR 0 ||siccory H 4.00€-02 il 2.59¢-05 | 8.66€-08 || 2.81€-05 | 2.08E-06
REFERENCE LEG LEAK INITIATING EVENT 1 ||sn || 4. 00e-03 I 2.59€-05 | 8.61€-08 || 4.73e-05 | 2.13-05
INTERNAL FLOOD IN ZOME 2 (CONDESATE SERVICE WATER - 1 }jr2 It 1.70e-04 1 2.59€-05 | 8.19e-08 || 5.106-04 | 4.B4E-D4
REFERENCE LEG LEAK COMMON CAUSE FACYOR F || REFLEGBETA ] 1.00€-01 | 2.59€-05 | 7.93¢-08 || 2.68E-05 | 7.806-07 ||
HPCI AUX OIL PUNP P-217 FAILS TO RUN € ||uenp217F TR [l  2.40e-03 ] 2.59€-05 | 7.28e-00 || 5.62€-05 | 3.02¢-05 ||
LOSS OF SERVICE WATER 1 f|rs il  9.00e-04 I 2.59€-05 | 7.25€-08 |} 1.07e-0¢ | 8.06e-05 ||
SW 145 FAILS TO OPEN € ||Fvnsurasxn Il 5.00e-01 i 2.59%-05 | 7.20€-08 || 2.60e-05 | 0.00€+00 ||
SW 147 FRILS TO OPEN € ||rvisursren I|  s.00e-m ] 2.59-05 | 7.206-08 || .60£-05 | 0.00£+00 ||
123V DC BATTERY D11 AND D21 FAILURE DUE TO CONMON CAUSE F j|oBAIZ2=vCCR Il 9.80e-07 i 2.59%-05 | 6.99€-08 |) 7.00€-02 | 7.12¢-02 ||
RCIC MO-B FAILS TO OPERATE € || 1venosaxxn Il 2.36:-03 ] 2.59€-05 | 6.71€-08 || 5.438-05 | 2.83e-05 ||
COMNON CAUSE FAILURE OF FUI PP BRG OIL PUNPS TO RUN F ljrPrIPi2ceR Il 2.«0e-04 ] 2.59€-05 | 6.666-08 || 3.02€-04 | 2.76E-04 ||
HO-7 LIMIT SWITCH LS 3 FAILS TO CLOSE € |usL3xxmorc I} 2.19-03 | 2.59€-05 | 6.326-08 || 5.49€-05 | 2.898-05 ||

ADD B1-5



INPUTS FROM PLANT X

NEDC-32264-A

TABLE Add-91

BASE CORE DAMAGE FREQUENCY

T = 2.606-05/veEAR

1
i ] Il measuses meraven 1o Il measures pevaves vo I
| i ] RISK REDUCTION H RISK INCREASE i
BASIC EVENT DESCRIPTION ] I it 1l
AND I ] |coF wnene evenr|  assoure [jcor wiEre event|  amsorure ]
1] I EVENT ||poEs wor occur | pecaease [l  occuns INCREASE ||
TYPE OF BASIC EVENT ||8asic eveny cooef|  promasrLyTy I T I r-wo || " I -1 §y
()] I ® I ) ] ()} | () I F) | ) i
------------------------- weegm———— | I e | | | ||
LIRIT SUITCH 4 OF MO-2061 FAILS TO close € ||usiax2o61c I 2.19-03 I 2.59¢-05 | 6.32¢-08 || 5.49¢-05 | 2.89¢-05 ||
LINIT SUITCH & OF MO-2062 FAILS TO cLOSE € ||useax20s2¢ Il 2.1%-03 ] 2.59%€-05 | 6.32¢-08 || 5.49¢-05 | 2.89€-05 ||
LINIT SWITCH 7 OF ®)-2036 FAILS TO cLosE ¢ | IusL7x2038¢ 1l 2.1%-03 il 2.59€-05 | 6.32¢-08 || 5.49¢-05 | 2.89¢-05 ||
COMMON CAUSE FAILURE TO RUN OF ALL COMPRESSORS F | Incucr23cen Il 1.408-06 i 2.59€-05 | 6.21e-08 || 4.71e-04 | &.45E-0¢ |}
RELIEF VALVE Av-2056 FAILS OPEN € | |uvanrv20ssL I 2.16e-03 il 2.595-05 | 6.21e-08 || 5.49€-05 | 2.89-05 ||
OPERATOR DOES NOT DEPRESS ARI PB SA, B, C & D WMEN REQUIREQ | ipsusascoxy Il 1.00e-03 i 2.59€-05 | §.16€-08 || 8.76€-05 | 6.16E-05 ||
LINIT SWITCH 16 OF MO-2078 FAILS TO CLOSE € |]isiLstéxxc I 2.19:-03 I 2.59€-05 | 5.93e-08 || 5.30€-05 | <.70e-05 ||
LIMIT SUITCH 4 OF MO-2078 FAILS TO CLOSE ¢ ||1siLseorac Il 2.1%-03 I 2.59€-05 | 5.93e-08 || 5.30€-05 | 2.70e-0s ||
LINIT SUITCH & OF MO-2096 FAILS TO CLOSE € |jrsiesso9sc I 2.19%-02 ] 2.59€-05 | 5.93e-08 || 5.30e-05 | 2.70e-05 ||
LIMIT SUITCH & OF MO-2100 FAILS T0 CLOSE € || rsLée2100xc Il 2.19-03 i 2.59-05 | 5.93¢-08 |) 5.30e-05 | 2.708-05 ||
LINIY SUITCH 4 OF MO-2101 FAILS 70 CLOSE ¢ || ista2101xc HH 2.19-03 I 2.59-05 | 5.93e-08 || 5.30e-05 | 2.708-05 ||
LIMIT SUITCH & OF XO6 FAILS 1O CLOSE € || 1stLLséxosc Il 2.19-03 ] 2.59€-05 | 5.93e-08 |} 5.30e-05 | 2.70e-05 ||
LIMIT SUITCH 4 OF XO7 FAILS TO cLosE € |jistLsexore Il 2.19%-03 i 2.59€-05 | 5.93¢-08 || $.30e-05 | 2.70€-08
LONG TERM BAYTERY DEMAND (=1.0) F | jouraTion |  1.00es00 I 2.59€-05 | 5.856-08 || 2.60€-05 | 0.00€+00 |
RV-2097 FAILS TO REMAIN CLOSED ¢ || tvrav2oer Il 2.16e-03 I 2.59€-05 | 5.85€-08 || 5.30¢-05 | 2.70e-05 ||
FAILURE OF RELAY 102-5 70 ENERGIZE ¢ ||are1025xxe Il 3.656-04 1 2.59€-05 | 5.33e-08 || 1.72e-04 | 1.468-0¢ ||
FAILURE OF RELAY 102-6 TO ENERGIZE ¢ | |ARE1026xxE Il 3.656-04 ] 2.59-05 | 5.33¢-08 || 1.726-04 | 1.466-04 ||
FAILURE OF RELAY 183-5X YO ENERGIZE € | |ArE1835xxE Il 3.65e-04 I 2.59%€-05 | 5.33¢-08 || 1.72e-0¢4 | 1.468-0¢4 ||
FAILURE OF RELAY 183-6X YO ENERGIZE C | jARe1836xxE Il 3.65¢-04 H 2.59¢-05 | 5.33e-08 || 1.72e-04 | 1.468-0¢ ||
HPCI SYSTEM NOT RESTORED AFTER TEST OR MAINTENANCE 0 | jHLonPCIXXZ Il 1.86e-03 1 2.59€-08 | 3.20¢-08 || 5.38e-05 | 2.78e-05 ||
DG ROOM 17 LOUVERS FAIL YO OPEN € | jaomoctiarn Il 3.56¢e-04 I 2.596-05 | 5.17e-08 || 1.726-0¢ | 1.468-04 |
DG ROOM 12 LOUVERS FAIL TO OPEN € ||aoHDG12RMN Il 3.56¢e-0¢ i) 2.59¢-05 | 5.17e-08 || 1.726-04 | 1.46e-0¢ ||
COMMON CAUSE FAILURE OF DG ROOM LOWERS YO OPEN F |jaoMpG1112v Il 1.106-05 il 2.59€-05 | 5.15e-08 || 4.71e-03 | 4.68¢e-03 ||
LOSS OF INSTRUMENT AIR I jjria Il 6.30e-03 I 2.60€-05 | 4.68¢e-08 || 3.33e-05 | 7.286-06 ||
FU 67-1 FAILS TO CLOSE ¢ ||rverusrixe Il 1.57¢-m3 I 2.60£-05 | 4.506-08 || 3.46€-05 | 2.86e-05 ||
AUXILIARY OIL PUMP P61 FAILS TO START C |jePuréixxxs Il 9.5%-03 I 2.60E-05 | 4.37e-08 || 3.04¢-05 | 4.42e-06 ||
RCIC FAILURE TO RESTORE AFTER TEST OR MAINTENANCE 0 || 1eorcicxn: I 1.75e-03 I 2.60€-05 | &.2¢e-08 || 5.02e-05 | 2.42¢-05 |)



NEDC-32264-A

INPUTS FROM PLANT X TABLE Add-81
BASE CORE DAMAGE FREQUENCY T = 2 6DE-05/YEAR

I ] ||  Weasumes mELAvED YO || MEAsURES mevavep To ”
I il i RISK REDUCTION ] RISK INCREASE H
BASIC EVENT DESCRIPTION 1] i1 i )
Anp il H ||coF wiEre event|  assoLute [IcoF wneRe evewr]  amsorure 1
] I EVENT ||p0Es WoT occum | pEcREAsE Il  occums | wcrease )
TYPE OF BASIC EVENTY ||BASIC EvEAT covE||  PROBABILITY ] T I v-wo " | -1 |4
) ] @) I «) H | ) i (E} 1 (F) | (6) i
---------------------------------------------------------- e R | B D o | .
FAILURE TO RESTORE SLC AFTER TEST OR MATNTENANCE 0 |jirosiexxx I 2.00e-03 i 2.60€-05 | 6.16€-08 || 4.68€-05 | 2.08e-07 ||
LC TRANSFORMER TRX4D INTERNAL FAULY C | |aTuTRX4OXG Il 1.56e-05 ] 2.60€-05 | 4.16€-08 || 2.68E-03 | 2.65€-03 ||
LT 103 BREAKER 52-301 FAILS YO REMAIN CLOSED ¢ |}aceos2301L Il 4.39%-05 1 2.80€-05 | 4.03e-08 || 9.41€-04 | $.15€-04 ||
LC TRX3O SUPPLY BREAKER 152-509 FAILS TO REMAIN CLOSED ¢ | |ace152509L i} 43905 1] 2.60£-05 | 4.03e-08 || 9.41E-04 | 9.15€-0¢4 ||
SW AUTOMATIC STRAINER CLOGGED C ||ssrauTosTr Il 7.20e-04 I 2.60€-05 | 3.90¢-08 || 8.032-05 | 5.43€-05 ||
CONDITIONAL PRODABILITY OF OVERPRESSURE FAILURE IN DRYWELLF |jow Il 9.90e-01 H 2.60€-05 | 3.77e-08 || 2.60€-05 | 0.00€+00 ||
CONTAINMENT HEAT REMOVAL NON-RECOVERY R | juREC4BHRS ||  8.o0o0e-02 I 2.60E-05 | 3.77e-08 || 2.65€-05 | 5.20€-07 ||
COMMON CAUSE FAILURE OF ESW 1-1 AND 1-2 YO OPEN F j|evcesutian Il B.04-06 I 2.60E-05 | 3.74e-08 || 4.686-03 | 4.656-03 ||
OPERATOR FAILS TO ALIGN CRD FOR ALT BORON IMJECTION 0 | jLaLTBORONY I 1.00e-01 il 2.60-05 | 3.74e-08 || 2.63€-05 | 2.60e-07 ||
N2 TANK GAS LINE RELIEF VALVE FAILS TO REMAIN CLOSED € | jnvrnonaniL il 1.4ee-0¢ 1 2.60€-05 | 3.69€-08 || 2.83€-04 | 2.57¢-04 ||
N2 TANK LIQUID LINE RELIEF VALVE FAILS YO REMAIN CLOSED ¢ | NveRNONAM2L H 1.44E-04 il 2.60E-05 | 3.69e-08 || 2.836-04 | 2.57e-04 ||
RV-3442 FAILS TO REMAIN CLOSED € | nvenv3sezL Il 1.44E-06 I 2.60€-05 | 3.69€-08 || 2.83k-04 | 2.57e-04 ||
RV-3443 FAILS TO REMAIN CLusED € | INvRRV34L3L il 1.44e-04 i 2.60€-05 | 3.69¢-08 || 2.83€-04 | 2.57¢-04 ||
RV-3444 FAILS TO REMAIN CLOSED € | |nvRRv3sssy Il 1.44e-08 i 2.60€-05 | 3.696-08 || 2.83E-04 | 2.57e-04 ||
OPERATOR FAILS TO INJECT SLC - LOOP INITIATOR o ||stcrLory Il 4.008-02 I 2.60E-05 | 3.61€-08 || 2.68€-05 | 7.80e-07 ||
FAILURE Of BREAKER 152-308 YO REMAIN CLOSED € | |ace152308L il «.3%-05 1 2.60€-05 | 3.56€-08 || 8.37€-04 | 8.11E-0¢ |}
30 MINUTE NON-RECOVERY FACTOR OUTSIDE CONT. ROOM R ||rec300uT H 1.20€-01 i 2.80€-05 | 3.41€-08 || 2.63e-05 | 2.60e-07 ||
SV-T477 FAILS TO REMAIN OPEN € |nvEsVZeTTF I 1.25e-04 1] 2.60€-05 | 3.20¢-08 || 2.83&-04 | 2.57e-04 ||
NO HIGH DW PRESSURE F | |nonrou {1 1.006400 I 2.60€-05 | 3.17e-08 || 2.60£-05 | 0.00€+00 ||
INTERNAL FLOOD IN ZOME 5 (SERVICE WATER - SE RNR ROOM) 1 13 Il 6.306-04 I 2.608-05 | 3.04€-08 || 7.44E-05 | 4.84e-05 ||
CHECK VALVE XP-6 FAILS TO OPEN € jjLvesioxpen Il 1.3¢-03 H 2.60£-05 | 2.70e-08 |} 4.68E-05 | 2.08¢-05 ||
CHECK VALVE XP-7 FAILS TO OPEN € jjLvesicxe?n I 1.316-08 I 2.60E-05 | 2.70e-08 || 4.68E-05 | 2.08€-05 ||
MANUAL DYPASS SW YBI FAILS TO REMAIN CLOSED € | jasmyasooe I s.218-04 i 2.60€-05 | 2.70€-08 || 7.80€-0S | 5.20e-05 ||
BUS 16 FAULT € |jaBs16xxnxe I} 8.01-06 I 2.60€-05 | 2.45¢-08 || 3.09¢-03 | 3.07e-03 ||
FAILURE OF OPERATOR TO ADD UATER TO HOTUELL 0 |]imaxeve I  1.00e-m i 2.60E-05 | 2.44E-08 |} 2.63€-05 | 2.60£-07 ||
INTERNAL FLOOD IN ZONE 11 (FIRE WATER - 7.8. 931" WEST) 1 ||fM1 il 3.70e-06 il 2.60E-05 | 2.39-08 || 6.506-03 | 6.47e-03 ||
30 MINUTE NON-RECOVERY [N CONTROL ROOK a ||1030 Il 3.00e-03 i 2.60E-05 | 2.25¢-08 || 3.35¢-05 | 7.54€-06 ||



NEDC-32264-A

INPUTS FROM PLANT X TASLE Add-81

BASE CORE DAMAGE FREGUENCY T = 2 60E-OS/YEAR

e AN I I N N T N S T N R T N I I I I T T S T R NN RN N YA RS NI ST S L) 3
1] i H MEASURES RELATED YO ||  NEASURES RELATED TO

I i i RISK REDUCTION I RISK INCREASE

BASIC EVENT DESCRIPTION I H {|7==e===cxzmazszzosererseconsezsscsossazenanzannsE e azeannane e
AND H i | |COF WHERE EVENT| ABSOLUTE | |[COF WHMERE EVENT] ABSOLUTE
H H EVENT | |poES NOT oCcuR | DECREASE |] OCCURS i
TYPE OF BASIC EVENT |isasic Event conE|] proBABILITY || T€0) | T-10 | "

I 4 i
I i
INTERNAL FLOOD IN TONE 7 (SERVICE WATER - SU RHR ROOM) fle? ] 1]
LC 104 BUS FAULY | ABSLC104XG 1) I y . . 2.68€-03
EDG B WX PLUGGED | | EMXEDGBXXF ] ] . ‘ ; 1.396-04
EDGESW HX A PLUGGED | |EMXEDGAXXF I 1.396-04
250V BATTERY 3 AND BATTERY & COMMON CAUSE FAILURE | |oBA3SCCCCR i 1.83£-02
SIGNAL FROM FEEDWATER MASTER CONTROLLER FAILS Low | |FexmasTERR i 2.60E-04
FEEDWATER AUX CIL PUMP COMMON CAUSE FTS | | rPHAOPCCXS H 2.036-0%
I
I

SrsresTsscreRee

LOOP A EDGESW FAILURE TO RESTORE AFTER TEST OR MAINTENANCEO ||ELOOPAXXXZ 1.396-04
LOOP B EDGESW FAILURE YO RESTORE AFTER TEST OR MAINTENANCEO |]ELOOPBYXXZ 1.396-04%
RELAY 14A108 FAILS YO ENERGIZE ¢ |jcret4nione I 4.21€-05
SW PUMP 13 UNAVAILABLE ODUE TO CORRECTIVE MAINTENANCE M || sPHPHPI3CH I 2.60e-07
COMMON CAUSE FAILURE OF SLC PUMPS TO START | |LPup203cCS I .42€-08 || ¥ 2.08E-05
FAILURE OF DIESEL PANEL CONTACT YO CLOSE | JACN3SGAFAC i .34E-08 . 37E-04
FAILURE OF DIESEL PANEL CONTACT 7O CLOSE {jacn3S64rBC I .34E-08 63E - 37E-04
LOSS OF ONE 125VDC BUS {jve H .32€-08 : . 10E-04
WPCI FILTER PLUGGED | |WFLF217A8F i .236-08 2 .T2€-08
PSD 3445 FAILS TO REMAIN CLOSED | |naD3445XXL ] 1.20€-08 ; .SOE-04
ACB 152-408 FAILS TO REMAIN CLOSED j jAca152408L i JA7E-08 . 2.68E-04
HO-2015 FAILS TO OPEN | | RVINO2015M . 16€-08

BREAMER 52-302 FAILS YO REMAIN CLOSED { jaces2302xL .136-08 . STE-04
COMMON CAUSE FAILURE OF CS AND RMR INJ CHK VLVS TO OPEN | |RvC3vALVEN .126-08 X .10£-03
BREAKER 52-402 FAILS YO REMAIN CLOSED [ {acas2402xL .10£-08 : .S0E-04
LC TRANSFORMER TRX3D INTERNAL FAULY j|ATuTRX30XG .09€-08 _ 99E-04
VACUUM BREAKER A0-2382A FAILS 1O CLOSE | | zvB2382AXC .96E-09 ‘ OTE-05
VACUUM BREAKER AD-23828 FAILS TO ZLOSE | | 2ve23828XC J98E-09 || : .OTE-0%
VACUUN BREAKER AO-2382C FAILS YO CLOSE { | 2ve2382¢cxc 9.96£-09 j| ‘ .OTE-05
VACUUM BREAKER AO-2382E FAILS TO CLOSE | | 2ve2382ExC 9.966-09 || : 07E-05

WO 0O S BNDNDDN SO0V NS DYDY SaawWn

L o T o T TR T . B o TR - T I o . B B ]

ADE B1-8




INPUTS FROM PLANT X

sTsEswEsnsces

BASIC EVENT DESCRIPTION
AND

TYPE OF BASIC EVENT
(a)

VACUUM BREAKER AO-2382F FAILS TO CLOSE
VACUUM BREAKER AC-2382G FAILS TO CLOSE
VACUUM BREAKER AO-2382H FAILS TO CLOSE
VACUUM BREAKER AO-2382K FAILS TO CLOSE
BREAKER 52-408 FAILS YO REMAIN CLOSED
Al 593 FAILS TO OPEN

AUXILIARY OIL PUNP P61 FAILS TO RUM
BREAKER 52-308 FAILS TO REMAIN CLOSED
BAYTERY COMMON CAUSE BETA FACTOR

RCIC Y STRAINER 4262 PLUGGED

CHECK VALVE ESU-1-1 FAILS YO OPEN
CHECK VALVE ESW-1-2 FAILS TO OPEN

REACTOR PRESSURE SENSORS PS-2-3-53 AGB COMMON CAUSE FAILURF

BUS 15 FAULY

COMMON MODE FAILURE OF REACTOR FES® PUMPS TO START

LC 103 BUS FAULY

COMMON CAUSE FAILURE OF ESW PUMPS P111 C/D YO STARY
CONDENSATE PUNP A BRNG. LUBE OIL PUMP FAILS TO RUN
CONNMON CAUSE FAILURE OF LEV TRANS 72 A,8,C,0

BREAKER 52-404 FRILS TO REMAIN CLOSED
HPCI PUMP P-209 FAILS TO RUN
COND PUNP P-18 CORRECTIVE MAINTENANCE

OPERATOR INAPPROPRIATELY CROSS-TIE LC 104 70O LC W3
COMMON CAUSE FAILURE OF SI1.C SQUIBS TO FIRE

LOOP A EDGESY OGUYT FOR CORRECTIVE MAINTENANCE

LOOP B EDGESW OUT FOR CORRECTIVE MAINTENANCE

BREAKER 52-304 FAILS TO REMAIN CLOSED

NEDC-32644-A

APY  B1-9

TADLE Add-81

BASE CO'E DAMAGE FREQUENCY T = 2 S0E-05/YEAR
I ] il MEASURES RELATED TO || measures peLaten ToO ”
” I i RISK REDUCTION 1 RISK INCREASE i
I Il |
1 1 ||COF WHERE EVENT|  ABSOLUTE | (CDF UNERE EVENT|  ABSOLUTE ;:
1 H EVENT ||voEs woT occum | DECREASE ||  occums | merese ||
|{BAsic EvENT copE||  promapILITY - |) T | r-1m | " | -1 ||
1] ® I (3] I ) | () I (F) | 6) H
---------------- . R | e | I | I
¢ ||ave2382Fxc 1l 9.38e-04 1 2.60€-05 | 9.96€-09 || 3.67€-05 | 1.07e-05 ||
¢ ||2ve23826xC Il 9.38e-0¢ I 2.60€-05 | 9.96£-09 || 3.676-05 | 1.07e-05 ||
¢ ||ve2382uxc I 9.386-04 i 2.60E-05 | 9.96£-09 || 3.67e-05 | 1.07e-05 ||
¢ |{2ve23s2xxc Il 9.38e-0¢ I 2.60E-05 | 9.96€-09 || 3.676-05 | 1.07e-05 ||
¢ ||acB052408L I} 4.39-05 I 2.60€-05 | 9.83€-09 || 2.50€-04 | 2.24E-04 ||
€ ||NvHAIS93XN i1 131603 1] 2.606-05 | 9.78€-09 || 3.35¢-05 | 7.54e-06 ||
¢ ||ePHP6IXXXR il 2.40e-03 1 2.60€-05 | 9.626-09 || 2.99€-05 | 3.90€-06 ||
¢ | jaceos2308L |} 4.39e-05 H 2.60€-05 | 9.446-09 || 2.496-04 | 2.95€-04 ||
F | |oBATBETA || 1.50e-01 ] 2.606-05 | 9.316-09 || 2.608-05 | 0.00€+00 ||
€ || isrys262xF || 7.20e-04 il 2.60€-05 | 8.84€-09 || 3.826-05 | 1.226-05 ||
¢ |eveeswiixm Il 6.51%-05 i 2.60€-05 | 8.746-09 || 1.606-04 | 1.346-0¢ ||
€ ||EveEswi2xn || 6.51-08 i 2.60E-05 | 8.74€-09 || 1.606-04 | 1.34€-04 |}
| lases3aBcce Il 2.12e-05 1 2.60€-05 | 8.63€-09 || 4.346-04 | «.08E-04 ||
€ ||ABs15xXXXG || 8.01-08 I 2.60€-05 | 8.486-09 || 1.08¢-03 | 1.06€-03 |}
F | jrrup2ances it 5.00e-04 i 2.60€-05 | 8.276-09 || 4.26€-05 | 1.66€-05 ||
¢ ||aBsLc103x6 il B8.01e-06 I 2.60€-05 | 7.31€-09 || 9.39E-04 | 9.13&-04 ||
£ |jePmri11cos Il 3.656-04 I 2.60€-05 | 7.15€-09 || 4.556-05 | 1.95€-05 ||
¢ |irPmortixn Il 2.1&-03 i 2.60€-05 | 6.92-09 || 2.91E-05 | 3.12e-06 ||
f jlaTL72a8c0R | 7.496-08 I 2.60€-05 | 6.766-09 || 9.31€-04 | 9.05€-04 ||
€ ||acBo5240641 Il 4.39e-05 il 2.60€-05 | 6.58£-09 || 1.76E-04 | 1.506-04 ||
¢ |jnere209%xs Il «.60e-04 1 2.60€-05 | 6.42e-09 || 4.00E-05 | 1.40€-05 ||
H ||rPuproXXCH || 1.06e-02 i 2.60€-05 | 6.27€-09 || 2.656-05 | $.20€-07 ||
© ||AcB309409Y i1 1.00e-02 ] 2.60€-05 | 6.276-09 || 2.658-05 | 5.206-07 ||
F | jLvit14cce il 3.00e-04 I 2.60€-05 | 6.21€-09 || 4.68E-05 | 2.08£-05 ||
# | |ELoopaxxcH Il 4.52¢-05 1 2.60€-05 | 5.85€-09 || 1.56E-04 | 1.30€-04 ||
# | |eLoorBxxcy i 4.52¢-05 1] 2.60€-05 | S.85e-09 || 1.56c-06 | 1.30€-04 ||
€ ||ac8052304L it 4.39e-05 I 2.60€-05 | 5.69€-09 || 1.566-04 | 1.30€-04 ||



INPUTS FROM PLANT X

NEDC.32644-A

TABLE Add-B1

BASE CORE DAMAGE FREQUENCY

Y = 2.60E-05/YEAR

)

i i ||  MEASURES RELATED TO ||  WEASURES RELATED YO i

1 I H RISK REDUCTION i RISK IMCREASE it

BASIC EVENT DESCRIPTION I i i |

AND i H | |COF WHERE EVENT|  ABSOLUTE | |COF UMERE EVENT|  ABsOLUTE ||

I I EVENT ||ooEs woT occum | DECREASE ||  OCCURS INCREASE ||

TYPE OF BASIC EVENY ||BASIC EVENT CODE||  PROBABILITY i (o) | tv-wo |} "N | -1 ||

()] i ® ] ) i ) | e) I (3] | ®) I

------------------- - I s | e | i [ I
NON-RECOVERY FACTOR FOR AC POUER YO CRD PUNPS R ||CRDTEREC 1 1.00e-01 ] 2.60€-05 | 5.67e-09 || 2.60€-05 | 0.00£+00 |}
CONDENSATE PUMP COMMON MOBE FAILURES F ||FPrPiABCCR 1f  2.23e-05 i 2.60€-05 | 5.596-09 || 2.76c-04 | 2.506-04 ||
FILTER TO SA CONTROL PRESSURE SUITCHES PLUGGED € | |NFLCNTRLF |l 7.20e-04 ] 2.60£-05 | 5.496-09 || 3.35¢-05 | 7.54€-06 ||
COMMON CAUSE FAILURE OF SV 3-142A AND B TO OPEN F | |pvE3tL2CCn i1 7.3t1e-05 1 2.606-05 | 5.46€-09 |} 1.01€-0¢ | 7.466-05 ||
LOSS OF DRYWELL COOLING 1 |jvou il 5.e7e-03 it 2.606-05 | 5.46€-09 || 2.70€-05 | 1.04e-06 ||
COMMON CAUSE FAILURE 7O RUN OF CORE SPRAY PUNPS £ ||crwp208CCR fi  3.50e-04 ] 2.60E-05 | $.106-0% || &.06E-05 | 1.468-05 ||
COMMON CAUSE FAILURE OF LEV TRANS 72 A AND B F |jariT2ABXCR Il 5.62e-06 il 2.60€-05 | 4.916-09 || 9.00E-04 | 8.748-04 ||
COMMON CAUSE FAILURE OF LEV TRAYS 72 C,0 ¢ ||arir2concr I} s.e2e-06 I 2.60E-05 | &.91e-09 || 9.00-04 | 8.748-04 |}
COMMON CAUSE FAILURE TO START OF CORE SPRAY PUNPS F ||cenp208cCS Il 3.37e-04 il 2.60€-05 | 4.896-09 || 4.06€-05 | 1.46€-05 ||
MANUAL BYPASS SU Y73 FAILS TO REMAIN CLOSED € | |asmy73axxL 1 5.21e-04 ] 2.60e-05 | 4.816-09 || 3.54€-05 | 9.36€-06 ||
COMMON CAUSE FATLURE OF LEVEL TRANSHITTER 6-52A78 F | |FTLES2ABXR i  1.86e-05 ] 2.60€-05 | 4.656-09 || 2.76E-04 | 2.508-04 ||
COMMON CAUSE FAILURE OF ESW PUNPS P111 C/D YO RUN F |lepwPirc0R || 2.40e-0¢ il 2.60E-05 | 4.52e-09 || 4.47€-05 | 1.87€-08 ||
COMMON CAUSE FATLURE OF FW 91-1 AND FV 91-2 TO OPEN F | |FveoriaN I 1.73e-08 i 2.606-05 | 4.346-09 || 2.76E-04 | 2.506-04 ||
COMMON CAUSE FATLURE OF FU 91-1 AND FW 94-2 TO OPEN P |F¥cor11962M Il 1.73e-05 it 2.60E-05 | 4.346-09 || 2.76€-04 | 2.508-04 ||
COMMON CAUSE FAILURE OF FU 91-1 AND FW $7-2 TO OPEN F |Fvcoi197an 1 17se I 2.60€-05 | §.346-09 || 2.76E-06 | 2.506-04 ||
COMMON CAUSE FAILURE OF FU 94-1 AND FW 91-2 TO OPEN £ | |FYCo12941H 1| 17305 i 2.60-05 | 4.346-09 || 2.76€-04 | 2.50e-04 ||
COMMON CAUSE FAILURE OF FV 97-1 AND 91-2 TO OPEN F |} FVeo297IN Il 17305 1 2.60€-05 | 4.346-09 || 2.76€-04 | 2.508-04 |}
MPCI AOP P-217 RELAY 72/M FAILS TO ENERGIZE € |MRET2N1TE 1l 3.65e-0¢ i 2.60E-05 | 4.29e-09 || 3.77€-05 | 1.17e-05 |}
MO-2034 RELAY 72/2F FAILS TO ENERGIZE ¢ | |URET22F36E I|  3.63e-04 1] 2.60€-05 | 4.29€-09 || 3.77e-05 | 1.176-05 ||
MO-2036 RELAY 72/2M FAILS TO ENERGIZE ¢ | |HRET22M36E Il 3.656-04 I 2.606-05 | 4.296-09 || 3.776-05 | 1.17e-05 ||
HO-2061 RELAY 72/1F FAILS TO ENERGIZE € ||nRET21F61E Il 3.65€-04 i 2.60€-05 | 4.296-09 || 3.776-05 | 1.17e-05 ||
HO-2061 RELAY 72/2F FAILS TO ENERGIZE ¢ | |HRET22F61E 1| 3.65€-04 I 2.60E-05 | 4.296-09 || 3.77€-05 | 1.176-05 |}
H0-2061 RELAY 72/24 FAILS TO ENERGIZE ¢ ||HRET22061E | 3.658-04 I 2.60¢-05 | 4.296-09 || 3.77e-08 | 1.176-05 '}
H0-2062 RELAY 72/1F FAILS TO ENERGIZE ¢ | |HRET21F62E |} 3.656-04 | 2.60E-05 | 4.29¢-09 |! 3.77e-05 | 197668 ||
10-2062 RELAY 72/1F FAILS TO ENERGIZE ¢ | |HRET21F6TE || 3.65e-04 1 2.60€-05 | 4.29e-09 || 3.776-05 | 1.17€-05 ||
40-2062 RELAY T2/2F FAILS YO ENERGIZE ¢ | |MRET22F6TE Il 3.656-04 i 2.608-05 | 4.296-09 || 3.77€-05 | 1.976-08 ||
HO-2062 RELAY 72/2F FAILS TO ENERGIZE ¢ | |NRE722F62E I}  3.656-04 1 2.60€-05 | 4.29e-09 || 3.77€-05 | 1.17€-05 ||

\



NEDC-32644-A

TABLE Add-B1

INPUTS FROM PLANT X

BASE CCRE DAMAGE FREQUENCY

T = 2.60E-05/YEAR

BASIC EVENT DESCRIPYION
AND

TYPE OF BASIC EVENTY
)

MO-2062 RELAY T2/2H FAILS TO ENERGIZE

H0-2082 RELAY 72/2M FALILS YO ENERGIZE

MO-2068 RELAY 72/2F FAILS TO ENERGIZE

NO-2068 RELAY 72/2M FAILS TO ENERGIZE

RELAY 23 181A FAILS YO ENERGIZE

RELAY 23AKT FAILS YO ENERGIZE

RELAY 23AK2 FAILS YO ENERGIZE

RELAY 23AK23 FAILS TO ENERGIZE

RELAY 72/1F FAILS YO ENERGIE

RCIC PUNP P-207 FAILS TO RUN

COMMON CAUSE FAILURE TO RUN OF HPCI AND RCIC PUMPS
TRANSFORMER #1171 INTERNAL FAULY

CORE SPRAY TRAIN B OUT FOR CORRECTIVE MAINTENANCE
COMNON CAUSE FAILURE OF VSF 9 AND 10 TO RUN
FAILURE OF LEVEL TRANSMITTER 728 YO OPERATE

LIMIT SUITCH OAS/1 FAILS YO CLOSE (MO-1987)

RHRSY LOOP 2 OUT FOR CORRECTIVE MAINYENANCE
FAILURE OF SWITCH 1045198 TO CLOSE

BATYERY 6 FUSE BLOWN

CONTACT 186-502 FAILS TO REMAIN CLOSED

DG 11 CONTROL SWITCH CONTACY FAILURE TO REMAIN CLOSED
DG 12 CONTROL SWITCH CONTACT FAILURE TO REMAIN CLOSED
FAILURE OF 152-501 CONTACY TO REMAIN CLOSED
FATLURE OF 152-517 CONTACT TO REMAEN CLOSED
FAILURE OF 152-602 CONTACY TO REHAIN CLOSED
FAILURE OF ACR 602 CONTACY TO REMAIN CLOSED
FAILURE OF CONTACT 152-502 7O REMAIN CLOSED

" @

€ ||uRe23181AE
€ | |HRE23AK1XE
€ | |HRE23AK2¥E
€ | |HRE23AK23E
C | IMRET21F36E
€ |} 1PTP207XXR
F | |WPTRCHPCCR
€ ||aTuTRIIXXG
H | jcLoTrnaxcy
F || AFNVSFR10R
€ |jerL23728xR
¢ ||rstm01987¢C
H | |woor2xxcn
¢ ||rsH10s198C
€ | |pFuBASXKXXL
€ ||acniasso
€ |jacnpGiicsy
€ ||acnoGr2csL
¢ |jacnis2son
€ |jacnis2511L
€ | |acn152602L
¢ | |acH18es02L
€ j|AacNrs2s02.

ADR  81-11

EVENY
PROBABILITY
)

D LT T ———

MEASURES RELATED TO ||  meAsumes ReLaTER ToO I
RISK REDUCTION i RISK INCREASE 1

|

||COF WMERE EVENT|  ABSOLUTE  ||COF WHERE EVENT|  ABSOLUTE :l
||0QES NOT OCCUR |  DECREASE ||  occums | INcREASE ||
o i T-1m || "N | -1 ||

) | (3] I () | ) i
--------------- - I u I
2.60€-05 | 4.29€-09 |} 3.77€-05 | 117605 ||
2.606-05 | 4.29€-09 || 3.77€-05 | 1.176-05 ||

| 2.60€-05 | 4.29€-09 || 3.77€-05 | 1.17€-05 ||
| 2.606-05 | 4.296-09 || 3.77€-05 | 1.17€-05 ||
| 2.60e-05 | 4.29e-09 || 3.77€-05 | 1.178-05 ||
| 2.60¢-05 | 4.29€-09 || 3.77€-05 | 1.17e-05 ||
| 2.60£-05 | 4.29e-09 || 3.77€-05 | 1.17e-05 ||
| 2.606-05 | 4.296-09 || 3.77€-05 | 1.17e-08 ||
| 2.60€-05 | 4.29e-09 || 3.77e-05 | 1.17e-05 ||
| 2.606-05 | 4.06€-09 || 3.486-05 | 8.84€-06 ||
| 2.60€-05 | 3.90€-09 || 2.29€-04 | 2.03e-04 ||
| 2.60E-05 | 3.90€-09 || 2.76€-04 | 2.506-04 ||
| 2.60€-05 | 3.74€-09 || 4.94E-05 | 2.34e-05 ||
i 2.60E-05 | 3.72e-09 || 4.34€-03 | 4.32¢-03 ||
2.60E-05 | 3.64E-09 |} 8.40E-05 | 5.80E-05 ||
2.60€-05 | 3.336-09 || 2.65E-05 | 5.20e-07 ||
2.60€-05 | 3.22€-09 || 2.65€-05 | 5.20€-07 ||
2.60€-05 | 3.09-09 || 2.65€-05 | 5.206-07 ||
2.60€-05 | 3.026-09 || 1.09€-04 | 8.356-05 ||

| 2.606-05 | 2.918-09 || 1.27€-04 | 1.01€-04 ||
| 2.60E-05 | 2.91e-09 || 1.276-04 | 1.01€-0¢6 ||
| 2.606-05 | 2.91€-09 || 1.276-04 | 1.096-04 ||
| 2.60€-05 | 2.91e-09 || 1.27e-04 | 1.01€-0¢ ||
| 2.60€-05 | 2.91€-09 || 1.276-04 | 1.016-04 ||
| 2.60e-05 | 2.91€-09 || 1.27€-04 | 1.01€-04 |j
| 2.60e-05 | 2.91€-09 || 1.276-04 | 1.016-04 ||
| 2.60€-05 | 2.591€-09 || 1.276-04 | 1.01€-0¢ ||



NEDC-32644-A

INPUTS FROM PLANT X TABLE Add-B1
BASE CORE DAMAGE FREGUENCY T = 2 60E-O5/YEAR

----- I
I I {|  NEASURES RELATED TO ||  MEASURES RELATED YO I
1] I I RISK REDUCTION I RISK INCREASE ]
BASIC EVENT DESCRIPTION I 1 = t
AND I i {|COF UMERE EVENT|  ABSOLUTE | |COF UNERE EVENT|  ABSOLUTE I
I i EVENT |jeo < wOT OCCUR | DECREASE ||  occums | inceease ||
TYPE OF BASIC EVENT ||Basic evenr cooe|| ProsasILITY || o | Tv-vm |} " ] -1 ||
) H ®) ] «© " ) | 1G] ] ] | ® "
----------- el | essssemy | Eessupa | : b -4 | i
FAILURE OF COKTACT 152-601 TO REMAIN CLOSED € |jacwrs2600 il 2.89-05 H 2.60€-05 | 2.91€-09 || 1.27e-04 | 1.016-04 ||
FATLURE OF CONTACT 152-610 YO REMAIN CLOSED € |jacn1526100 I} 2.89¢-05 1 2.606-05 | 2.916-09 || 1.276-0¢ | 1.01e-04 ||
FAILURE OF CONTROL SWITCH 152-502 CONTACT TO REMAIN CLOSEDC ||ASMIS2502L 1§ 2.89e-05 1 2.60e-05 | 2.91e-09 || 1.276-04 | 1.0i2-06 |}
FAILURE OF WANDSWITCH 152-602 CONTACT TO REMAIN CLOSED  C ||ASMIS2602L || 2.89e-05 i 2.60€-05 | 2.91€-05 || 1.276-04 | 1.018-04 ||
SWITCH 14AS138 FAILS TO REMAIN CLOSED ¢ |jesmidsilee 1l 9.66e-05 I 2.60€-05 | 2.786-09 || 5.496-05 | 2.89¢-05 ||
COMMON CAUSE FAILURE TO OPEN OF MO-1753 AND NO-1754 F | jcvms3sacen {|  2.04-04 i 2.60€-05 | 2.76e-09 || 3.956-05 | 1.356-05 ||
CV-1729 FAILS TO OPEN € | |wvACVIT29N |} 5.76e-03 1] 2.608-05 | 2.70e-09 || 2.65€-05 | 5.208-07 ||
CHECK VALVE AS 1-1 FAILS TO CLOSE € |jNveastixxe || 4.26€-0¢ il 2.60€-05 | 2.656-09 || 3.226-05 | 6.248-06 |}
FAILURE TO MANUALLY ALIGN THE CRD SYSTEM 0 || JLoALIGNXY || 4.206-00 ] 2.60€-05 | 2.51€-09 || 2.60E-05 | 0.00€+00 ||
COMMON CAUSE FAILURE OF ESW 17 AND 18 TO OPEN F | |EVCESWITEN ||  8.04E-06 I 2.60€-05 | 2.32¢-09 |} 3.156-04 | 2.898-0¢ ||
COMMON CAUSE FATLURE OF ESW 23 AMD 24 TO OPEN F | |EvCESW234N ||  8.04e-06 il 2.60€-05 | 2.326-09 || 3.15€-0¢ | 2.896-04 ||
COMMON CAUSE FATLURE OF ESW 4-1 AND 4-2 TO OPEN A HA Il 8.04-06 ] 2.60€-05 | 2.32¢-09 |} 3.15€-04 | 2.89e-04 ||
FAILURE OF RELAY 14AK18 TO REMAIN ENERGIZED ¢ ||cretaaxtar || 7.20€-05 I 2.60E-05 | 2.096-09 || $.496-05 | 2.89e-05 ||
RELAY K101A FAILURE ¢ | |aREX101AXE Il 3.656-04 I 2.60E-05 | 2.07e-09 || 3.17-05 | $.726-06 ||
COMMON CAUSE FAILURE OF P-SA/B TO START F | jvenpSaBccs | 6.57&-03 1 2.60€-05 | 2.03-09 || 2.636-05 | 2.60-07 ||
COMMON CAUSE FATLURE OF UASTE SAHPLE PUMPS TO START £ j|ven3sanccs || 6.57€-03 H 2.60€-05 | 2.035-09 || 2.636-05 | 2.60e-07 ||
RELAY 13AKT FAILS TO ENERGIZE € || IRETIAKIXE It 3.656-04 I 2.606-05 | 2.02-09 || 3.15¢-05 | 5.466-06 ||
RELAY 13AK2 FRILS TO ENERGIZE € || IRETIARXE [l 3.65€-04 I 2.608-05 | 2.02¢-09 || 3.15€-05 | 5.46€-06 ||
RELAY 721F FAILS TO ENERGIZE ¢ || IRET21F96E [l 3.656-04 I 2.60€-05 | 2.02-0 || 3.158-05 | 5.46E-06 ||
RELAY 721F FAILS TO ENERGIZE ¢ || IRE721FO0E || 3.65e-04 i 2.608-05 | 2.02¢e-09 || 3.156-05 | 5.46€-06 §|
RELAY 721F FAILS YO ENERGIZE € || IRET21FOTE ! 3.65€-04 I 2.60€-05 | 2.02:-09 || 3.156-05 | 5.46E-06 ||
RELAY 721F FAILS TO ENERGIZE € || IRET21FTBE Il 3.656-04 i 2.60€-05 | 2.02¢-09 || 315605 | . 5.488-06 ||
RELAY 721F FAILS YO ENERGIZE © || 1RET21FONE il 3.65e-04 i 2.60e-05 | 2.026-09 || 3.15€-05 | 5.46E-06 ||
RELAY 721F FAILS TO ENERGIZE ¢ {|merawvose || 3.ese06 | 2.60€-05 | 2.026-09 ||  3.156-05 | 5.466-06 ||
RELAY 722F FAILS TO ENERGIZE € || 1ne722¢00E || 3.656-04 I 2.60e-05 | 2.02¢-09 || - 3.156-05 | 5.46€-06 ||
RELAY 722F FAILS YO ENERGIZE ¢ || IREF22F78E Il 3.656-04 i 2.608-05 | 2.02e-09 || 3.15€-05 | 5.466-06 ||
¢ || *Re722F01E |}  3.656-04 H 2.60€-05 | 2.02¢-09 || 3.156-05 | 5.468-08 ||

RELAY 722F FAILS TO ENERGIZE

acp 81-12



INFUTS FROM PLANT X

NEDC-32264-A

TABLE Add-81

BASE CORE DAMAGE FREQUENCY

T = 2.60F TSIYEAR

BASIC EVENT DESCRIPYION
AND

TYPE OF BASIC EVENT
A

B T T S ———

RELAY T22F FAILS TO ENERGIIE
RELAY T22F FAILS TO ENERGIZE
RELAY 722F FAILS YO ENERGIZE
RELAY 72M FAILS TO ENERGIZE
RELAY 72M FAILS YO ENERGIZE
RELAY 72M FAILS TO ENERGIZE
RELAY 72M FAILS TO ENERGIZE
RELAY 724 FAILS YO ENERGIZE
RELAY 72M FAILS TO ENERGIZE
BUS 13 FAULY

BUS 14 FAULT

MCC 31 BUS FAULY

MCC 41 BUS FAULY

CHECK VALVE ESW-4-2 FAILS TO OPEN

CORE SPRAY TRAIN 8 FAILURE TQ RESTORE AFTER TEST OR MAINT

COMMON CAUSE FACTOR FOR CRD PUNPS
CRD OUT FOR CORRECTIVE HAINTENANCE
COMMON CAUSE FATLURE OF LEV TRANS 72 A,8.C
COMMON CAUSE FAILURE OF LEV TRANS 72 A,B,0
CONMON CAUSE FAILURE OF LEV TRANS 72 A,C,0
COMMON CAUSE FATLURE OF LEV TRANS 72 8,C,D

COMMON CAUSE FAILURE YO RUN OF ALL YHREE SW PUNPS

SH PUMP F11 FAILS TO RUN

SH PUNP #12 FAILS TO RUN

SHITCH T4AST3A FAILS YO REMAIN CLOSER
FU-94-2 FAILS YO OPEN

FU-97-2 FAILS TO OPEN

I|mastc evenr cooel|

i )

© || mer22r068
€ || IRET22F96E
¢ || Ire72nx78E
€ || IRET2HX06E
¢ || ireT2mx0tE
¢ || me72mx00€
C || IRE72HX96E
€ || IRET2MXOTE
€ |ABS13XXXXG
€ |jast4xxxxe
C ||aBSHCC3TXG
¢ ||aBsHCca1xe
€ ||evcEsua2xn
0 ||cLoTensxx2
F ||croBETA

n || sLocroxxcH
F |jari72aBcxR
F |jarL72aB0CR
F ||eTiL72AcnCR
F ||aTi728c0ck
F ||sPHp123ccr
€ ||spHPunP1IR
¢ ||spuPurpi2n
€ ||esmasi3aL
€ |lPverune2xn
€ ||FecrusT2un

3. 656-04
3.656-04
3.65E-04
3.65€-04
3.65€6-04
3.65€E-0¢4
3.65€-0¢
8.01€-06
B.01:-06
3.01€-06
8.01€-06
6.51€-05
1.11€-04
1.00€-0
2.7e-02
1.87€-06
1.87e-06
1.87-06
1.876-06
5.1BE-06
9.74E-05
9.74€-05
9.64E-05
1.40E-04
1. 40E-0¢

ADD 81-13

I MEASURES RELATED TO ||  MEASURES RELATED TO i:
:l RISK REDUCTION H RISK INCREASE I
|
| |COF VHERE EVENT|  ABSOLUTE | |CDF wHERE EVENT|  ABSOLUTE ::
{|DOES NOT OCCUR |  DECREASE ||  occums | INCREASE ||
I o) | T-1o || " | " -1 |
I ) | (E) I (F) | %) i
s ey f =mbebpammnt I mesenyry I
H 2.606-05 | 2.026-09 |} 3.156-05 | 5.48E-06 ||
i 2.606-05 | 2.02¢-09 || 3.156-05 | 5.46€-06 ||
I 2.60€-05 | 2.026-09 || 3.156-05 | 5.46E-06 ||
I 2.60€-05 | 2.02€-0% || 3.15€6-05 | 5.46E-06 ||
1] 2.606-05 | 2.02¢-09 || 3.15€-05 | 5.46E-06 ||
1 2.60£-05 | 2.02€-09 || 3.156-05 | S.46E-06 ||
i 2.606-05 | 2.02e-09 || 3.15€-05 | 5.46€-06 ||
i 2.60€-05 | 2.02¢-09 || 3.156-05 | 5.46€-06 ||
H 2.60€-05 | 2.02¢-09 || 3.156-05 | 5.46€-06 ||
H 2.60€-05 | 2.01€-09 || 2.76€-04 | 2.506-04 ||
" 2.60E-05 | 2.01€-09 || 2.76E-04 | 2.50e-0¢ ||
1 2.606-05 | 2.01€-09 || 2.768-04 | 2.50e-04 ||
I 2.60€-05 | 2.01e-09 || 2.766-04 | 2.50e-04 ||
1 2.60€-05 | 1.95€-09 |} 5.59€-05 | 2.99-05 ||
1 2.60€-05 | 1.846-09 || 4.26€-05 | 1.66€-05 ||
1] 2.60€-05 | 1.548-09 || 2.606-05 | 0.00€+00 ||
" 2.60€-05 | 1.54€-09 || 2.60€-05 | 0.00€+00 ||
I 2.6C€-05 | 1.31-09 || 7.23e-04 | 6.97€-04 ||
I 2.60€-05 | 1.316-09 || 7.23E-06 | 6.976-0¢ ||
i 2.60€-05 | 1.31€-09 || 7.236-04 | 6.97E-0¢4 ||
1] 2.60€-08 | 1.31e-09 || 7.236-04 | 6.97€-04 ||
] 2.60£-05 | 1.308-09 || 2.76€-04 | 2.50e-0¢ ||
] 2.60€-05 | 1.246-09 || 3.87€-05 | 1.276-05 ||
] 2.60€-05 | 1.24e-09 || 3.87e-05 | 1.276-05 ||
I 2.60£-05 | 1.23:-09 || 3.87€-05 | 1.27¢-05 ||
1] 2.60€-05 | 1.216-09 || 3.46€-05 | 8.586-06 ||
I 2.606-05 | 1.216-09 || 3.46€-05 | 8.586-06 ||



IMPUTS FROM PLANT X

NEDC-32264-A

TABLE Add-81

BASE CORE DAMAGE FREQUENCY

T = 2.60E-05/YEAR

BASIC EVENT DESCRIPTION

o I
I Il evew
TYPE OF BASIC EVENT ||Basic EVENT CODE||  PROBABILITY
()] I 1) i )
- 1 i

CONDENSATE PUMP B BRNG. OIL PUNP FAILS TO RUN ¢ ||rPHLOPI2XR 11 2.%6€-03
CHECK VALVE XP-3-1 FAILS TO OPEN € |jLvexr3tnm I} 6.51%-03
CHECK VALVE XP-3-2 FAILS 70 OPEN € }Lvexp32xxn i 6.51-03
RELAY 420015 OPEN COIL FAILS TO ENERGIZE (420) ¢ ||RRE4G20013E || 3.658-04
DG11 BREAKER 152-502 FAILS TO REMAIN CLOSED ¢ ||ace1525020 || 1.46e-05
DG12 BREAKER 152-602 FAILS TO REMAIN CLOSED € | jace152602L {}  1.46e-05
FEEDUATER PUMP P-28 CORRECTIVE NAINTENANCE N | |FPHP2BXXCH I 1.30e-02
CHECK VALVE ESW-4-1 FAILS TO OPEN € | |EVCESHATXN il 6.5%-05
RELAY 14AK1A DEENERGITES € || CRETAAKIAF Il 7.20e-05
BREAKER B4318 FAILS TO RENAIN CLOSED ¢ ||Acees3isxi || 4.39e-05
SLC TANK HEATER FAILS € | |LHRSLCTNXR il  6.008-05
#O-2036 RELAY 72/1R CONTACTS FAIL YO CLOSE € | [HCNT21R36C i 9.79e-05
MO-203& RELAY 72/2R CONTACTS FAIL TO CLOSE € | |HeNT22R36C I 9.79e-05
MO-2061 RELAY 72/1R CONTACTS FAIL YO CLOSE ¢ | [HeN721R61C 1| 9.79e-05
M0-2061 RELAY 72/2R CONTACTS FAIL TO CLOSE € ||nenr22r6ic Il 9.79e-05
MO-2062 RELAY 72/1R CONTACTS FAIL YO CLOSE ¢ | |newr21R62¢ Il 9.7%-05
M0-2062 RELAY 72/1R CONTACTS FAIL TO CLOSE ¢ | |HcH721R67C Il 9.79-08
MO-2062 RELAY 72/2R CONTACTS FAIL TO CLOSE € | [HenT22R62C i1 9.79e-05
HO-2062 RELAY 72/2R CONTACTS FAIL TO CLOSE € | |nenT22R67C It 9.79e-05
HO-2068 RELAY 72/2R CONTACTS FAIL TO CLOSE ¢ | |HewT22R68C i1 9.79e-05
MO-2068 RELAY T2/2R CONTACTS FAIL TO CLOSE € | |HcNT21R68C It 9.79e-05
RELAY 23AK13 CONTACTS FAIL TO CLOSE € | Hcn23AK13C I 9.79:-08
RELAY 23AK1S CONTACTS FAIL TO CLOSE ON LOW CST LEVEL ¢ ||HCN23AKTSC 1l 9.7%-05
RELAY 23AK2S CONTACTS FAIL YO CLOSE ON WIGH TORUS LEVEL ¢ | |neN23ax25¢ Il 9.7%-05
RELAY 23AK27 CONTACTS FAIL TO CLOSE € ||nen23ax27c It 9.79-05
RELAY CONTACT 23AK28 FAILS TO CLOSE € | |HCN23AK28C i} 9.79%-05

€ | juvRRv3O3SL || 2.16e-03

AvV-3039 FAILS TO REMAIN CLOSED

\

ADD B1-14

HEASURES RELATED YO ||  WEASURES RELATED TO i:
RISK REDUCTION H RISK INCREASE i

]

COF WMERE EVENT|  ABSOLUTE | |CDF "HERE EVENT|  ABSOLUTE i
DOES NOT OCCUR |  DECREASE ||  OCCURS | inceease ||
L {{) | r-ne || Ls) | -1 ||
) | ® i ) i 6) i
| 1! | Il
2.606-05 | 1.17e-09 || 2.656-05 | $.206-07 ||
2.60€-05 | 1.148-09 || 2.636-05 | 2.608-07 ||
2.60¢-05 | 1.146-09 || 2.638-05 | 2.80€-07 ||
2.60e-05 | 1.116-09 || 2.9%€-08 | 3.12¢e-06 ||
2.606-05 | 1.05¢-09 || 9.80e-05 | 7.208-05 ||
2.606-05 | 1.056-09 || 9.808-05 | 7.206-05 ||
2.606-05 | 9.49€-10 || 2.608-05 | 0.00€+00 ||
2.60¢-08 | 9.366-10 || 4.036-05 | 1.43e-05 ||
2.608-05 | 9.156-10 || 3.876-05 | 1.278-08 ||
2.608-05 | 8.89€-10 || 4.636-05 | 2.0%e-05 ||
2.60€-05 | 8.76€-10 || 4.0%e-05 | 1.46€-05 ||
2.608-05 | 8.486-10 || 3.466-05 | 8.586-06 ||
2.606-05 | 8.486-10 || 3.468-05 | 8.58¢-06 ||
2.60-05 | 8.486-10 || 3.468-08 | 8.58¢-06 ||
2.606-05 | 8.486-10 || 3.468-05 | 8.586-06 ||
2.608-05 | 8.4%6-10 |} 3.46E-05 | 8.58¢-06 ||
2.60£-05 | 8.486-10 |} 3.46E-05 | 8.58€-06 ||
2.606-05 | 8.48e-10 || 3.468-05 | 8.586-06 ||
2.608-05 | 8.486-10 || 3.466-05 | 8.58¢-06 ||
2.60€-05 | 8.48¢-10 || 3.468-05 | 8.58¢-06 ||
2.606-05 | 8.486-10 || 3.46€-05 | 8.58£-06 ||
2.606-05 | 8.486-10 || 3.46€-05 | 8.588-06 ||
2.608-05 | 8.486-10 || 3.486-05 | 8.586-06 |{
2.60€-05 | 8.48e-10 || 3.466-05 | 8.56€-06 ||
2.606-05 | 8.48¢-10 || 3.466-05 | 8.58€-06 ||
2.606-05 | 8.486-10 1| 3.46E-05 | 8.58¢-06 ||
2.60€-05 | 7.966-10 || 2.63-05 | 2.608-07 ||



‘RON PLANT X

NEDC-32264.-A

TABLE Add-B1

BASE CORE DANAGE FREQUENCY

====

T = 2.60E-05/YEAR

--------------

BASIC EVENT DESCRIPTION

TYPE OF BASIC EVENT

DG FAN VSF10 FAILS TO RUN
DG FAN VSF® FAILS YO RUN
SLC PUMP P-203-A FAILS YO STARY
SLC PUMP P-203-8 FAILS TO STARY
RELAY K113A FAILURE
BATTERY 011 UNAVATLABLE DUE YO CORRECTIVE MAINTENANCE
BATTERY D21 UNAVATLABLE DUE TO CORRECTIVE NAINTENANCE
MCC 34 8US FAULY
MCC 44 BUS FAULY
FAILURE OF WASTE SAMPLE PUMP B TO START
PUNP P-5A FAILS TO START
PUMP P-58 FAILS TC START
WASTE SAMPLE PUNP A FAILS TO STARY
CHARGER D70 RANDON FAILURE
CHARGER DBO RANDOM FAILURE
AO 23-18 FAILS TO OPEN
CHECK VALVE HPCI-10 FAILS YO OPEN

CHECK VALVE HPCI-18 FAILS 7O OPEN

CHECK VALVE HPCI-9 FAILS TO OPEN

CHECK VALVE HPO-1 FAILS TO OPEN

CHECK VALVE NPO-2 FAILS TO OPEN

HPCI STEAM LINE DRAIN AND ALARM FAIL ON INITIAL STARY
PRESSURE SWIYCH PS-1 DOES NOT CLOSE ON LOW OIL PRESSURE
YBO PANEL SUPPLY FUSE BLOWOUT

AO-1579 FAILS YO REMAIN OPEN

€V 1470 FAILS TO REMAIN OPEN

ISOLATION VALVE CV-1478 FAILS TO REMAIN OPEN

8

BASIC EVENT CODE||

- -

C | |arnvsFi0XR
C | |AFuvsFoXaR
€ ||upHr203axsS
¢ |jLpnp203BxS
€ ||OREX113AXE
# | |oBaptiXXCH
# | {oBAB21XXCH
C | jaBsHCC3LNG
C ||aesuccasxs
C | jvenr3éBXxs
C ||veurSaxxxs
¢ ||veupSexxxs
T |lveup3saxxs
¢ | |oBCOTOXXXR
¢ | |oBCO8O0XXXR
¢ ||nvcac23ten
€ |{nvenecrion
¢ |juvenpcrian
€ | |muvenpcroomn
€ ||#vcHPOTETN
€ | jwvcHpo2F T
C | |HvHSLDALME
€ | |nspPPstxFTC
€ | |aruYBOXXXL
€ ||svAROIST9F
€ | |nvacvi470F
€ ||nvacvieTer

Ape B1-15

EVENT

PROBABILITY

(<)

MEASURES RELATER TO
RISK REDUCTION

MEASURES RELATER TO

|| coF wnere evenr|
| jo0€s woT occum |
T |

) |

I

I

RISK INCREASE I

I

ABSOLUTE | |COF WMERE EVENT|  apcoLute ||
DECREASE ||  occums i t CAsE ||
T-1o || TN | -1 ||
(€) il () | ) 1
------------ © l——— I
7.85€-10 || 8.22e-05 | 5.626-05 ||
7.856-10 || 8.226-05 | 5.626-05 ||
7.77€-10 || 2.636-05 | 2.608-07 ||
7.77-10 || 2.63e-05 | 2.60e-07 ||
7.57e-10 || 2.8%€-05 | 2.086-06 ||
7.41€-10 || 8.22¢-05 | 5.62€-05 ||
7.41€-10 || 8.22¢-05 | 5.626-05 ||
7.208-10 || 1.16€-0¢ | 9.00€-05 ||
7.206-10 || 1.168-0¢ | 9.008-05 |j
7.108-10 || 2.60¢-05 | 0.00z+00 ||
7.108-10 || 2.606-05 | 0.00£+00 ||
T.10e-10 || 2.60€-05 | 0.00€+00 ||
7.10€-10 || 2.60€-05 | 0.00€+00 ||
6.79€-10 || 3.46€-05 | 8.586-06 ||
6.79e-10 || 3.46€-05 | 8.58€-06 ||
6.346-10 || 3.466-05 | 8.58¢-06 ||
6.348-10 || 3.46€-05 | 8.58e-06 ||
6.34e-10 || 3.46€-05 | 8.58¢-06 ||
6.34-10 || 3.46€-05 | 8.58£-06 ||
6.346-10 || 3.46E-05 | 8.58¢-06 ||
6.346-10 || 3.46E-05 | 8.586-06 ||
6.34e-10 || 3.466-05 | 8.58€-06 ||
6.34¢-10 || 3.466-05 | 8.586-06 ||
6.24¢-10 || 3.46€-05 | 8.58€-06 ||
6.036-10 || 2.76e-0¢ | 2.50€-04 |}
6.03e-10 || 2.76E-04 | 2.508-04 ||
6.03e-10 || 2.76E-04 | 2.506-04 ||



NEDC-32264-A

INPUTS FROM PLANT X TABLE Add-B1
BASE CORE DAMAGE FREQUENCY 7 = 2 6DE-O5/YEAR

I I |}  MEASURES RELATED TO ||  MEASURES RELATED YO “
I I ] RISK REDUCTION i RISK INCREASE i
BASIC EVENT DESCRIPYION ] 1" H 4
AND il 1 ||CDF WHERE EVENT|  ABSOLUTE | |CDF WHERE EVENT|  ABsoLuTE ||
1 H EVENT ||0oEs NOT OCCUR | DECREASE ||  oCcums |  iwcrease |}
TYPE OF BASIC EVENT {|easic event cooe|| promasILITY || R{{) | rt-10 || ) | -7 ||
W il (3) ] ) i ()] | () il 3} | ) il
s A e b bk I I Ty | - I [ I
PCV-3450A FAILS TO KEMAIN OPEN € | |nvev3asoar il 2.40e-06 I 2.60€-05 | 6.03e-10 || 2.76E-04 | 2.508-0¢ ||
PCY-34508 FAILS TO REMAIN OPEN C | |nvrv34s08F Il 2.40e-06 H 2.60€-05 | 6.03:-10 || 2.76E-04 | 2.508-04 ||
FAILURE OF RELAY 95-7 TO ENERGIZE T | |ARE9STXXXE Il 3.656-04 ] 2.60e-05 | S.75e-10 || 2.76€-05 | 1.56€-06 ||
FAILURE OF RELAY 95-8 TO ENERGIZE ¢ | |ARE9SBXXXE Il 3.65€-04 ] 2.60€-05 | 5.756-10 || 2.76€-05 | 1.566-06 ||
HPCI-31 FAILS TO OPEN C | JHVCHPCISN il  6.51€-05 H 2.60&-05 | 5.64E-10 || 3.466-05 | 8.5%¢-06 ||
HPCI-32 FAILS TO OPEN ¢ | [nvewecis2n il  6.51-05 1 2.60€-05 | 5.64e-10 || 3.46E-05 | 8.588-06 il
CONDENSATE PUMP A FAILS TO RUN ¢ ||renPIaxxm I| 2.01e-04 ] 2.60E-05 | .36€-10 || 2.84-05 | 2.806-06 ||
2A FEEDWATER AUX OIL PUMP FAILS YO START ¢ ||rrup2ancrs |} 7.05e-03 I 2.60€-05 | 4.196-10 || 2.608-05 | 0.00€+00 ||
ESW PUHP P111 C FAILS TO START ¢ ||ePmPiticKs |} 3.29¢-03 i 2.60-05 | 4.03e-10 || 2.60€-05 | 0.00€+00 ||
ESU PUMP P111 D FAILS TO STARY ¢ |jePHri1I0NS I 3.29e-03 i 2.60E-05 | 4.03e-10 || 2.606-05 | 0.00£+00 ||
AIR COMPRESSOR #11 FAILS TO RUN C | [NcHcon™ 1R 11 2.64&-03 1] 2.60€-05 | 3.82e-10 || 2.636-05 | 2.60e-07 ||
COMPRESSOR 12 UNAVAILABLE DUE TO CORRECTIVE MAINTENANCE M | [NCHCHPI2CH i 2.40e-02 i 2.60€-05 | 3.82¢-10 || 2.60e-05 | 0.008+00 ||
COMPRESSOR 13 UNAVAILABLE DUE TO COKRECTIVE MAINTENANCE M | [NCHCHPI3CH Il 2.408-02 It 2.60€-05 | 3.826-10 |} 2.608-05 | ©.00€+00 ||
021 UNAVATLABLE BECAUSE OF CORRECTIVE MAINTENANCE ® ||opco2ixxen il 9.72e-06 i 2.60€-05 | 3.486-10 || 6.19¢-05 | 3.59¢-05 ||
PANEL D11 OUT FOR CORRECTIVE MAINTENANCE # | |oocor1xxeH il 9.72e-06 1 2.60€-05 | 3.486-10 || 6.198-05 | 3.59¢-05 ||
PANEL D111 OUT FOR CORRECTIVE MAINTENANCE # ||ooco111xCH i 9.72e-06 il 2.60e-05 | 3.486-10 || 6.19€-05 | 3.596-05 ||
PANEL D211 OUT FOR CORRECTIVE MAINTENANCE n |jopco2iixen Il 9.72¢-06 1] 2.60€-05 | 3.486-10 || 6.196-05 | 3.59€-05 |}
CHECK VALVE AO-138 FAILS TO OPEN ¢ |]cveaot3oam il 6.51€E-05 ] 2.60¢-05 | 3.308-10 || 3.09e-0% | 4.94e-06 ||
CHECK VALVE €$-9-2 FAILS TO OPEN  ||cvecsoxxn 1] 6.51%-05 H 2.608-05 | 3.30e-10 || 3.098-05 | 4.94e-06 ||
#CC 33A BUS FAULY ¢ ||aBsSHCC33AG II 8.0%-06 il 2.60€-08 | 2.89e-10 || 6.19€-08 | 3.598-05 ||
HCC 43A BUS FAULY € ||ABSHCCA3AG |1 8.01€-08 1 2.606-05 | 2.89¢-10 || 6.19e-05 | 3.59¢-05 ||
RY 1459A FAILS TO REMRIN CLOSED C |{nvRias9axe 1l 1.44E-04 I 2.608-05 | 2.78e-10 || 2.788-05 | 1.82e-06 ||
RV 14598 FAILS TO REMAIN CLOSED C | |nvRI4598XL 1§ 1.64E-04 i 2.60e-05 | 2.78e-10 || 2.786-05 | 1.826-05 |}
RV 1460A FAILS TO REMAIN CLOSED € ||NvR1&60AXL Il 1.44E-04 H 2.60€-05 | 2.78e-10 |} 2.78e-05 | 1.826-06 ||
RV 14608 FAILS TO REMAIN CLOSED € | InvRi4608XL Il 1.46e-04 " 2.60€-05 | 2.78¢6-10 || 2.786-05 | 1.82¢-06 ||
RY 7384 FAILS YO REMAIN CLOSED € | nvR7384xxL H 1.44E-04 i 2.60e-05 | 2.786-10 || 2.786-05 | 1.82¢-05 |}
RF® 2A FAILS TO START € || renp2nxxxs || 4.506-03 ] 2.60e-05 | 2.686-10 || 2.60€-05 | 0.00e+00 ||

ABD B1-16



INPUTS FROM PLANT X TABLE Add-81

BASE CORE DAMAGE FREQUENCY T = 2. 60E-O5/YEAR

I

1] i ||  MEASURES RELATED TO [|  MEASURES RELATED TO i

i " i RISK REDUCTION 1l BISK INCREASE "

BASIC EVENT DESCRIPTION i 1 i 1l

AND i i ||COF WHERE EVENT|  ABSOLUTE | |CDF WMERE EVENT|  ABSOLUTE ||

1 il EVENT ||poEs MOT OCCUR |  DECREASE ||  OCCURS | INcREASE ||

TYPE OF BASIC EVENT {leasic event cooe}| prosamiLiTY || 10 | v-wo |} "y | -1 ||

) ] @) i ) I () | {3] 1 F) | (3] i

----------------- - | ———— st s = | e R |
ESW PUNP P11 D FAILS TO RUM € | jEPHPI1TOXR Il 2.16€-03 i 2.60€-05 | 2.63e-10 || 2.60€-05 | 0008400 ||
ESW PUMP P111C FAILS TO RUN € |jerwPr1TCKR 1| 2.166-08 i 2.60€-05 | 2.63e-10 || 2.60e-05 | 0.00£+00 ||
REACTOR LEVEL SENSOR LIS 2-3-672A FAILS TO CLOSE ON LOW  C ||@sv672AXXC Il 7.31€-05 H 2.60E-05 | 2.63€-10 || 2.966-05 | 3.64E-06 ||
FAILURE OF PRESSURE SWITCH DPIS-1473 € | jnsPPS14T73C I 1.31€-03 1 2.60€-05 | 2.37¢-10 }] 2.636-05 | 2.s0e-07 ||
INST AIR DRYER PLUGGED € | [NFLIADRYRF 1l 7.20e-04 H 2.60€-05 | 2.376-10 || 2.63€-05 | 2.60e-07 ||

App  B1-17



CALCULATED IMPORTANCE MEASURES FOR PLANT X

BASIC EVENT DESCRIPTION
AND
TYPE OF BASIC EVENY

COMPONENT /HARDUARE FAILURE

COMMON CAUSE FAILURE

INITIATING EVENT

UNAVAILABILITY DUE TO MAINTENANCE OR TEST
OPERATOR ERROR

RECOVERY FACTOR OR PROBABILITY

OFFSITE PONER NON-RECOVERY AY 30 MIMUTES

LOSS OF OFFSITE POWER

OFFSITE POWER CONDITIONAL NON-RECOVERY AT 2 HOURS

EDG MON-RECOVERY AT 2 HOURS

OFFSITE POUER CONDITIONAL NON-RECOVERY AT 4 HOURS
COMDITIONAL NON-RECOVERY OF OFFSITE AC POWER AT 6 HOURS
EDG CONDITIONAL NON-RECOVERY AT & HOURS

OPERATOR FAILS YO DEPRESSURIZE RX (45 MINUTES)

DIESEL GENERATOR COMMON CAUSE FAILURE TC RUN

RPS MECHANICAL FAILURE

INTERNAL FLOOD [N ZONE 12 (SERVICE WATER - T7.B. 931’
INTERNAL FLOOD IN TONE & (SERVICE WATER - R.B. > 896")
TURBINE TRIP

INTERNAL FLOOD IN IOME 9
PG12 FAILS TO RUN

6G11 FAILS TO RUN
BREAKER B3304 FAILS Y0 TLOSE

COMMON CAUSE FAILURE O EDGESW FUNP 11 AND 12 TO RUN
LOSS OF FW

COMMON CAUSE FAILURE ¢ EDGESW PUNP 11 AND 12 TO START
OPERATOR FAILS TO INJICY SLC - TURB TRIP INITIATOR
DG12 BREAKER 152-6002 FAILS TO CLOSE

(SERVICE WATER - T.B. 911")

L
1
R
R
L]
R
L
0
F
F
i
1
i
!
C
c
C
F
1
F
o
3

NEDC-32264-A

TABLE Add-02

z:x=:=t=:=n:u:=:=:=xn:===--:'-ce.stltnuenurr:u-'

1 RISK REDUCTION RANKINGS I RISK INCREASE RANKINGS H |

'!:::::::l:a:sn:-z'tll-n.t!xnl::c::::::u::::r:::====:ga:s==:I:::e::l::=====222==:=t=:=:aa==t!n::tlt."'.!.ttu-:'

1| russeLL-

|{ veseLy

[r-Teoy sy

TG

”.-,.-,
I
i
i
I
I
i
I
i

|{0.51100
] |0.50800
| 10. 46200
| ]0.4s800
| |6.43700
i ]0.43300
{]0.43300
| j0.22000
| ]0.16400
{10.09450
{]0.0%420
|]0.0%310
1}0.06%50
| |0.06640
{10.05170
||0.05140
| 16.04760
j}0.04570
| |0.03800
{}o.03710
|}0.03160
| }0.02860

« |

C O N O WV W e

- o B e e
SN - D

CRITICALITY

RANK| (BIRNAU)/T RANK]| Y/T(D)

e

0.51264
0.50882
0.45990
0.46068
0.43851
0.43081
0.43523
0.22022
0.164M
0.09359
0.09392
0.09305
c.oron
0.06640
0.95168
0.05135
0.04786
0.04681
0.03797
0.03708
0.03166
0.02857

| RISK REDUCT
| WORTH

€y | P (6)

BIRNBAUN

RAN] | 1O -T()

)

| |

- Y ON A N -
O B ON VS NN e

-
-
o]

|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|

-
(=]

-k
oSN

v |

| 1. 20
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2|1 22

1
I
I
I
I
I
1
1
112
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I12
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I
.
s
I1s.
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.
.
.
I2
1.
.
I2.
|is.
i
jis.
I2
1.

08E-05
67E-03
$6E-05
81€-05
15€-05
67E-05
S9€-05
T3e-03
18£-03
43E-01
11e-N
15€-02
C1E-05
27€-03
62E-04
60E-04
66E-04
O7e-03
76E-05
02€-03
06E-05
SOE-04

| RISK INCREASE

Rank |

|

|
|
|
|
|
!
|
|
I
I
l
I
|
|
I
!
|
|
|
l
!
|
|
I
I
|
|
|
|
|

T(1)-1
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| RIsK Achieve. ||
| |conTRIBUTION]

|

) |

I
|
|
i
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I
I
|
i

VORTH
RANK| TC1)/T
W
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444,
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NEDC-32264-A

HANUAL SHUTDOUN
MSIV CLOSURE

MEDIUM LOCA

LARGE LOCA

CALCULATED IMPORTANCE MEASURES FOR PLANT X TABLE Add-82
i RISK REDUCTION RANKINGS I RISK INCREASE RANKINGS i :
BASIC EVENT DESCRIPTION I - I
AND i| russeLL- | CRITICAL.TY | RISK REDUCT.||  BIRNSAUM | RISK INCREASE | 41SK ACHIEVE. || cuM X Risk}
TYPE OF BASIC EVENT || veseLy | {  wormw || | ! WORTH | | conTRIBUT ION|
J|T-TEO /T mANK| (BIRNAU)/T W] T/TCO) RANK||TCD-T(O) RANK| TCD-T RAMZ] TOM/T  RANK||  T-TCO)/sum|
) | ® wij ® | @] w m|] W w | W mij w |
------ -- - 1 B e | ey busnymdbony. Ravswrnlibony | eyl
pG11 BREAKER 152-502 FAILS YO CLOSE ¢ ||o.v2ss0 23 | 0.0283 23 | 1.029 23 ||1.58e-04 108 | 1.586-04 108 | 7.06 108 || ®0.09 |
SRV FAILS TO CLOSE AS PRESSURE DROPS ¢ |jo.02830 24 | 0.02825 24 | 1.029 24 [|4.83€-05 172 | 4.766-05 12| 2.83 172|| 0.6 §
1 ||o.026s0 25 | O.02521 27 | 1027 25 {|1.99e-06 369 | 1.30e-06 376 | 1.05 376 Il s8rosx |
t jjo.02620 26 | 0.02637 25 | 1.027 26 ||9.526-06 289 | 8.84e-06 289 | 1.34 288 || sisex |
HPCI PUNP P-209 FAILS TO START ¢ ||o.o2s0 27 | 0.02539 26 | 1.026 27 ||4.466-05 173 | 4.39-05 W3 | 2.69 173 || s2.0% |
PRONPT NON-RECOVERY FACTOR FOR FU PUMPS R |j0.02400 28| 0.0235¢ 28| 1025 28 ||5.566-06 333 | 4.9¢e-06 355 | .19 352 ]|  @2.46X |
RCIC PUMP P-207 FAILS TO START c [|o.02280 29 | 0.02275 29 | 1.023 29 ||4.356-05 174 | 4.296-05 W4 | 265 14 || s2.88x |
0612 FAILS TO START ¢ |jo.02260 30| 0.02259 30| 1.023 30 ||1.586-Ga 109 | 1.576-0¢ 109 | 705 109 es.29x |
5G11 FAILS TO STARTY ¢ jjo.o22s0 31| o022 31| 1023 W {|1.57e-06 110 | 157606 10| 7.03 10| &.70X i
DIESEL GENERATOR COMMON CAUSE FAILURE TO START ¢ |jo.c2160 32 ) o.02162 32 | 1.022 32 [|4.09¢-03 22 | 4.89E-03 2 | ws00 22| es0% |
COMMON CAUSE FACTOR FOR RPT CIRCUIT BREAKERS ¢ |jo.o90 33| 0.01891 36 | 1.019 33 |]4.926-06 357 | 4.42€-06 358 | 1T 39| seesx |
1 |jo.o1900 34| 0.01897 33 | 1.019 34 ||1.646-03 37 | 1.646-03 W7 | es2¢ 37| sa7ex |
}O-8 FAILS YO OPERATE ¢ |jo.ote90 35 | 0.0189% 35 | 1.019 35 ||4.296-05 175 | 4.246-05 175 | 26 75| s |
HO-7 FAILS TO OPEN ¢ |jo.o1890 36 | 0.01896 34 | 1.019 36 ||4.29e-05 176 | 4.24E-05 76 | 2.63 e || 8547 |
OPERATOR DILUTES BORON BY FAILING YO CONTROL LEVEL o ||o.0v860 37 | ©.01859 37 | 1.019 37 |}4.836-05 171 | 4.78E-05 N | 2.8 m || x|
AUTO TRANSFER SWITCH 12 FAILED TO TRANSFER TO ALT SUPPLY C |jo.o1740 38 | 0.01745 38 | 1.012 38 |]2.58e-06 65 | 25706 67| 1090 T || B6.AAX |
FAILURE OF ACB 152-308 TO OPEN ¢ ||0.0%60 39| 0.01e1 39| 1.015 39 ||1.626-06 97 | 162606 97| 7.3 W Il ss.39% |
RPS ELECTRICAL FAILURE fF |jo.0%s0 40 | 0.0152 40 | 1.01% 41 ||1.89€-02 5 | 1.89€-02 5| 72r.00 5|l es.esx |
FAILURE OF ACB 152-408 TO OPEN ¢ |0.01450 41 | 0.01450 41 | 1.015 0 ||1.616-04 100 | 1.87E-06 99| T.18 99 || ess.92x |
HPC! EGH FAILS TO OPERATE ¢ [jo.o1sée 42 | 0.01363 42 | 1.0 42 [|4.06e-05 178 | 4.00E-05 178 | 254 s || er.ex |
EDGESW PUMP P-111A FAILS TO RUN ¢ |lo.o150 43 | 0.01346 43 | 1.014 43 }|1.626-0. 98 | 1.62¢-0¢ 98 | r.22 s} er.ax |
RCIC EGM FAILS TO OPERATE € ||0.01340 44 | 0.01336 44 | 1004 44 [{3.96e-05 180 | 3.93e-05 181 | 2.51 8 1i 87.65% |
EDGESY PUNP P-1118 FAILS TO RUN ¢ |jo.01330 45 | 0.09333 45 | 1.013 45 ||1.617-06 101 | 1.60€-0¢ 101 | 7.96 00 i ser.90x |
DG FAN VSFO FAILS TO START ¢ ||0.01290 46| 0.0129%¢ 46 { 1.013 &6 [J1.506-04 111 | 1.558-0¢ M | 698 112 es.3x |
0G FAN VSF10 FAILS TO START c|jo.n2%0 47 | 001290 47103 &7 |11.556-06 113 | 1.556-04 M3 | 6.96 113 ]| . 88.36X |
OPERATOR FAILS TO INJECT SLC - WSIV CLOSURE INITIATOR 0 |0.01260 48 | 0.01250 48 | 1.013 48 ||r.13e-06 325 | 7.80e-06 31| 130 31 I se.sex |
PANEL Y20 BUS FAULT F(j0.012¢0 49| 0.00233 49| 1.013 &9 };5.00e-02 4| 4.006-02 4| 1540.00 & || ss.e2 |
1 jjo.o1220 50| 0.01225 S0 | 102 SO {]a.55e-08 26 | 4.556-08 26| 17600 26| 89.08 |
P-217 NPCI AUX. OIL PUMP FAILS TO START r |jo.one0 | oonre 51| 1012 57 ||3.98e-05 179 | 3.956-0s 180 | 2.52 180 || es.26x |
CORE SPRAY PUMP P-208B FAILS TO RUN < |jo.om20  s2 | ooms  s2 | r.om 52 |{9.266-05 152 | 9.2%-05 52| 455 192 1| e9.48x |

ADD B2-2



NEDC-32°.64-A

TABLE Ad-82

CALCULATED IMPORTANCE MEASURES FOR PLANT X 5

1 RISK REDUCTION RAN:INGS il RISK INCREASE RANKINGS 1 :

BASIC EVENT DESCRIPTION i |

AND || FusseLL- | CRITICATITY | RISK REDUCT.|| BIRNBAUM | RISK INCRERSE | RISK ACMIEVE. || CuM X Risk|

TYPE OF BASIC EVENT || vesery § | werm || | |  vworTH { | CONTRIBUT 10N}

Jle-Teo3/7  mANK] (BIRN®)/T RANK| T/T(0) RANK||TCD-T(0) RANK| T(1)-T  RANK| TOO/T  Ramk]| T-TC0)/sum|

(R) I @ | ® | v W] w mijp w ® | w mj w |
------------------------------------- o iamances. el snsntsiis: el woness, snhifffincnimi ol - | Bl
HPCI SYSTEM UNAVATLABLE DUE YO TEST #]|o.010% 53| 0.0108% 53 | 1.011 53 ||3.886-05 182 | 3.856-05 183 | 2.48 183 || @9.66x |
FAILURE OF CONTACT 152-308 TO CLOSE ¢ |jo.01080 54| 0.0108¢ 54 | 1.011 54 ||1.606-06 103 | 1.60e-0¢ 102 | 7.15 102 )| 8v.85x |
EDGESY PUMP P-111A FAILS TO STARY ¢ jjo.ooro 55 | 0.01066 56 | 1.011 S8 ||1.60e-04 104 | 1.606-06¢ 103 | 7.15 w03 || 90.05% |
FAILURE OF CONTACY 152-408 YO CLOSE C jjo.0070 S6| ©.01072 55 | 1.011 S5 ||1.586-04 106 | 1.586-0¢ 106 | 7.08 107 j| 90.26x |
5 HOUR NON-REPAIR FACTOR FOR MACHINERY R |{0.00070 57 | 0.00856 4 | 1.011 56 ||2.78e-07 392 | O.00E+00 423 | 1.00 404 ||  90.44X |
COMMON CAUSE FAILURE TO START OF HPCI AND RCIC PUMPS F|jo.01070 S8 | 0.0%064 57 | 1.011 57 |J4.73e-04 55 | 4.73-06 5SS | 19.20 55 )| s0.63 |
EDGESW PUMP P-1118 FAILS TO STARY ¢ |jo.01050 59 | 6.09054 58 ; 1.011 59 ||1.586-04 107 | 1.58-04 107 | 7.08 106 || v0.8x |
OPERATOR FAILS TO MANUALLY OPEN SV-4234/35 AnD 593 0 |}0.01020 60} 0.01001 59 | 1.010 60 |[5.21€-06 354 | 4.94E-06 354 | 1.19 35 || 9rom |
2 OF B VACUUN BREAKERS FAIL OPEN F |]0.00983 61 | ©0.00983 61 | ©.010 61 ||B.66E-D4 47 | B.66E-06 4T | 3430 47 ] 9t.x |
OPERATOR FAILS TO INJECT SLC - LOFW INITIATOR o |jo.00982 62| 0.00999 60| *.000 62 ||6.506-06 330 | 6.24E-06 329 | 1.2¢ 328 || 9.3 |
OFF SITE POVER SYSTEM UNAVAILABLE (RANDOM-NOT INIT EVENT) F ||0.00972 63 | 0.00972 62 | 1.0%0 63 |[[1.176-03 39 | 1.176-03 39| 4600 39 || 9154 |
DG 12 FAILURE TO RESTORE AFTER TEST OR MAINTENANCE 0 |{0.00957 64| 0.00958 65 | 1.010 64 ||1.55E-04 194 | 1.546-04 114 | 6.9 M4 | 9724 |
DG 11 FAILURE TO RESTORE AFTER TEST OR MAINTENANCE 0 ||0.00956 65 | 0.00956 66 | 1.010 65 |}1.546-04 115 | 1.54E-06 15 | 693 15 || 91.89% |
FAILURE OF RPY BREAKER 11A YO OPEN € ||0.00955 66 | 0.00964 63 | 1.010 67 ||9.356-06 291 | 9.108-06 285 | 1.35 287 || 92.08X |
FAILURE OF RPT BREAKER 118 TO OPEN c {]0.00955 67 | 0.00964 64 | 1.000 66 ||9.356-06 292 | 9.106-06 286 | 1.35 285 || 92.24x |
COMMON CAUSE FAILURE OF ALL SRVS TO OPEN F[]0.00935 68| 0.0093% &7 | 1.009 68 ||1.49¢-03 38 | 1.49€-08 38| Ss830 38|| %2.4m |
DG12 OUT FOR TESTING M ||0.00933 69 | 0.00932 68 | 1.009 69 ||1.54E-0¢ 116 | 1.546-04 16| 693 115 || s2.s58x |
DG11 OUT FOR TESTING M ||00093t 70| 0.00931 69 | 1.009 70 ||1.54E-04 117 | 1.54€-06 17 | 692 W7 || 92.75% |
MOV MO-1754 FAILS TO OPEN € |jo.00%26 71| 0.00925 70 | 1.009 71 ||8.84E-05 155 | 8.81€-05 155 | 4.39 155 || 929 |
45 NINUTC NON-RECOVERY FACTOR OUTSIDE CONT. ROOM R [j0.00886 72 | ©0.00897 71| 1.009 72 ||9.336-06 293 | 9.10e-06 287 | 1.35 286 || 93.08%x |
RCIC UNAVAILABLE DUE TO TEST n[|0.00879 73| 0.00880 72 | 1.009 73 |[3.716-05 184 | 3.696-05 184 | 2.42 184 || 93.26% |
SMALL LOCA 1 |jo.oossé 74 | 0.00857 73 | 1.009 76 |[2.786-D4 61 | 2.78€-0¢ 61| 11.70 61 |} 9339 |
HI SUPPRESSION POOL LEVEL F{jo.0081 75| 0.00841 75 | 1.008 75 |j2.196-07 404 | 0.00Es00 424 | 1.00 47 |}  93.54x |
COMMON CAUSE FATLUKE OF VSF 9 AND 10 TO START F{j0.00811 76| 0.00890 76| 1.008 76 ||4.786-03 23 | 4.78€-03 23 | 185.00 23 || 9369 |
LOSS OF CONDEMSER VACUUM 1{jo.0078¢ 77| 0.00775 77 | 1.008 77 ||1.066-05 287 | 1.046-05 282 | 1.40 282 || 938 |
CORE SPRAY PUMP P-2088 FAILS TO START c|jo.00749 78| 0.00749 78 | 1.008 78 ||8.65€-05 156 | 8.63c-05 136 | 4.32 156 i1 93.9m |
INTERNAL FLOOD IN ZONKE 1 (TORUS RING MEADER BREAK) 1§jo.00735 79| 0.0073% 79 | 1.007 79 ||3.986-03 28 | 3.98E-03 28 | 15400 28] 94.10% |
#PC] INJECTICN TRAIN OUT FOR CORRECTIVE MAINTENANCE W |jo.00722 80 | 0.0072¢ 80 | 1.007 80 [|3.636-05 785 | 3.61€-05. 185 | 2.39 185 || 9s.24x |
OPERATOR FAILS TO CROSS TIE SERVICE WATER TO CONDENSER  © ||0.00653 81 | 0.00653 61 | 1.007 81 ||1.706-07 405 | 0.00es00 415 | 100 423 || @ 94.35% |
n||0.00618 82 | 0.00618 82 | 1.006 82 {[1.53E-04 119 | 1.536-04 119 | 688 19 || 9L |

DG12 OUT FOR CORRECTIVE MAINTENANCE

Ace 82-3
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INPUTS FROM PLANT X TABLE Add-B1

BASE CORE DAMAGE FREQUENCY T = 2 6DE-05/7EAR

1 i ||  MEASURES RELATED 1O ||  HMEASURES RELATED TO “

it 1] I RISK REDUCTION I RISK IMCREASE i

BASIC EVENT DESCRIPTION I I ||==== |

AND H i | |CDF UHERE EVENT|  ABSOLUTE | |CDF WHERE event|  apsowute ||

" it EVEXT ||ooES NOT OCCUR |  DECREASE ||  OCTURS | mceease ||

TYPE OF BASIC EVENT ||BAsIC EVENT CODE[|  PROBABILITY 1l "o | Tv-mm || T | mn-1 ||

(€3] i ) | (3] il ) | (E) I (3] | 6) I
----------------------------------------------------- I | Kt | s S| | I
SHALL LOCA 1 ]|s2 ||  ©.00€-04 H 2.58E-05 | 2.23e-07 || 3.04€-06 | 2.786-04 ||
HI SUPPRESSION POOL LEVEL F |]ToRUS2 |} 1.00€+00 I 2.586-05 | 2.19e-07 || 2.60£-05 | 0.00€+00 ||
COMNuN CAUSE FAILURE OF VSF 9 AND 10 TO STARY F | |AFNVSFO10S 1l 4.40e-05 I 2.58e-05 | 2.11e-07 || 4.B1E-03 | &4.78e-03 ||
LOSS OF CONDENSER VACUUM 1 || | 1.90e-02 i 2.58€-05 | 2.06e-07 || 3.64E-05 | 1.04€-05 ||
CORE SPRAY PUMP P-2088 FAILS TO START € ||crur2088xS || 2.25¢-03 I 2.586-05 | 1.95¢-07 || 1.12€-04 | 8.636-05 ||
INTERNAL FLOOD IN ZONE 1 (TORUS RING HWEADER BREAK) 1| ||  4.80€-05 H 2.58e-05 | 1.91€-07 || 4.00e-03 | 3.986-03 ||
HPCI INJECTION TRAIN OUY FOR CORRECTIVE HAINTENANCE # | IMLonpCIxeH il 5.18¢-03 i 2.586-05 | 1.886-07 || 6.216-05 | 3.618-05 ||
OPERATOR FAILS TO CROSS TIE SERVICE WATER TO CONDENSER O ||FSUXTIEXXY ||  1.00es00 I 2.58€-05 | 1.70E-07 || 2.606-05 | 0.008+00 ||
pG12 OUT FOR CORRECTIVE MAINTENANCE # | |aoLDGI2XCN || 1.085e-03 " 2.586-05 | 1.61€-07 || 1.79E-04 | 1.538-04 ||
DG11 OUT FOR CORRECTIVE MAINTENANCE M ||AoLDGYXCH || 1.05e-03 il 2.58€-05 | 1.60€-07 || 1.79€-04 | 1.536-04 ||
COMMON CAUSE FATLURE OF CS AND RMR INJ MO VLVS TO OPEN  F ||RVMIVALVEN 1| 2.92e-05 I 2.586-05 | 1.586-07 |} 5.436-03 | 5.41€-038 ||
UPS INV. Y71 INTERNAL FAULT € |jarvy7IXxxR || 9.67€-03 i 2.59€-05 | 1.45€-07 || 4.0BE-05 | 1.486-05 ||
SLC MANDSWITCH 11AST FAILS YO OPERATE T ||LSMITASIXR || 6.57e-03 I 2.59€-05 | 1.366-07 |} 4.65€-05 | 2.05e-05 ||
ALL SIX RMR/CS PUMPS FAIL TO RUN F | |RPHSPUNPSR |} 2.45€-05 H 2.59€-05 | 1.29e-07 || 5.28£-0% | 5.256-03 ||
ALL SIX RHR/CS PUMPS FAIL TO STARY F | |rPuéPUMPSS Il 2.33-05 H 2.59€-05 | 1.22€-07 || 5.28€-0% | 5.25¢-03 |}
LC 52-104 BREAKER 401 FAILS TO REMAIN CLOSED € | |Ace052401L I} 4.39e-05 I 2.59€-05 | 1.20e-07 || 2.76e-08 | 2.73¢-03 ||
LC TRX4D SUPPLY BREAKER 152-609 FAILS TO REMAIN CLOSED  C | |ace152609L il 4.39€-05 i 2.59€-05 | 1.20€-07 |} 2.768-03 | 2.73¢-03 ||
COMMON CAUSE FAILURE OF FW 94-1 AND 94-2 TO OPEN F | FveostDin || 1.73&-05 il 2.59-05 | 1.186-07 || 6.816-03 | 6.79€-03 ||
COMMON CAUSE FAILURE OF FU 94-1 AND FW 97-2 TO OPEN F || FYCOA1972N || 1.73e-05 I 2.596-05 | 1.18€-07 || 6.81€-03 | 6.796-03 ||
COMMON CAUSE FATLURE OF Fi 97-1 AND FU 94-2 TO OPEN F || FVCOTTIO4M2N I 1.73:-05 1 2.596-05 | 1.18e-07 || 6.81£-03 | 6.79€-03 |}
COMMON CAUSE FATLURE OF FU 97-1 AND FW 97-Z YO OPEN F || FVCOTIO72N I 17305 I 2.596-05 | 1.18e-07 || 6.81€-08 | 6.796-03 ||
REACTOR TRIP WITHOUT TURBINE TRIP 1 ||worr || 9.00e-02 I 2.59€-05 | 1.15€-07 || 2.70€-05 | 1.04e-06 ||
RCIC UMAVAILABLE DUE TO CORRECTIVE MAINTENANCE # || 1uorcroxen ||  3.53-03 I 2.596-05 | 1.156-07 || 5.856-05 | 3.256-08 ||
REACTOR PRESSURE SW PS2-3-52 AR COMMON CAUSE FAILURE f ||asps2aBcce 1| 2.12e-08 il 2.59-05 | 1.14€-07 || 5.38¢-03 | 5.36€-03 ||
ESH B.S. 1980 PLUGGED ¢ | {EsRBS1980F i 7.208-04 ] 2.59€-05 | 1.12e-07 || 1.81-04 | 1.556-06 ||
€DG LOOP B STRAINER PLUGGED ¢ ||ESRBS2414F if  7.20e-04 1 2.59€-05 | 1.16-07 | 1.80E-04 | 1.568-06 ||
OPERATOR FAILS TO START FEEDPUMES AFTER A TRANSIENY 0 || FRFPOPERAY Il  2.806-03 ) 2.59¢-05 | 1.08e-07 |} 6.456-05 | 3.85€-05 |]

ADD B1-4



CALCULATED IMPORTANCE MEASURES FOR PLANT X

TABLE Add-82

BASIC EVENT DESCRIPTION
AND
TYPE OF BASIC EVENT

MO-2107 FAILS TO OPEN

MO-2096 FAILS TO OPEN

OPERATOR FAILS TO DEPRESSURIZE RX (10 RINUTES)
OPERATOR FAILS TO INJECY SLC - LOSS OF COND INITIATOR
REFERENCE LEG LEAK INITIATING EVENT

INTERNAL FLOOD IN ZONE 2 (CONDESATE SERVICE WATER -
REFERENCE LEG LEAK COMMON CAUSE FACTOR

MPCI AUX OLL PUMP P-217 FAILS TO RUN

10SS OF SERVICE WATER

SW 147 FAILS YO OPEN

SW 145 FAILS TO OPEN

125y DC BATTERY D11 AND D21 FAILURE DUE TO COMMON CAUSE
RCIC HO-B FAILS YO OPERATE

COMMOM CAUSE FAILURE OF FW PP BRG OIL PUMPS TO RUN
LIMIT SWITCH & OF MO-2062 FAILS TO CLOSE

LIMIT SUITCH 7 OF MO-2036 FAILS TO CLOSE

HO-7 LIMIT SWITCH LS 3 FAILS TO CLOSE

LINIT SWITCH 4 OF MO-2061 FAILS TO CLOSE

RELIEF VALVE RV-2056 FAILS OPEN

COMMON CAUSE FAILURE YO RUN OF ALL COMPRESSORS

RISK REDUCTION RANKINGS

|| FussELL-

|| veseLy
[{v-1o7
i @

o ||0.00333
1 {]0.0033%
1 |}0.00315
F |]0.00305
¢ ||o.o0280
1 ||0.00279
¢ ||o.00277
¢ ||o.00277
fF |0.00269
¢ |jo.o0258
¢ | |0.00256
¢ |]0.00243
¢ |{0.00243
¢ ||0.00243
¢ |}0.00243
¢ ||0.00239
F |]0.00239

OPERATOR DOES NOT DEPRESS ARI PA 5A, B, C & D WHEN REQUIREO |{0.00237

LIMIT SWITCH & OF MO-2078 FAILS YO CLOSE
LIKIT SHITCH 4 OF X06 FAILS TO CLOSE
LIMIT SUITCH 16 OF MO-2078 FAILS TO CLOSE
LIMIT SWITCH & OF XO7 FAILS TO CLOSE
LIMIT SWITCH & OF MO-2096 FAILS TO CLOSE
LIMIT SUITCH & OF MO-2100 FAILS TO CLOSE
LIMIT SWITCH & OF MO-2101 FAILS TC CLOSE
av-2097 FAILS TO REMAIN CLOSED

LONG TERM BATTERY DEWAND (=1.0)

¢ ||o.o0228
¢ |]o.o0228
¢ |}o.oo228
¢ {jo.o0228
¢ ||o.00228
¢ ||c.00228
¢ |jo.oo22e
¢ |jo.00225
f {}o.00225

| RISK mepuct. ||

|  womm il

w ||

11 ||3.05€-05
112 ||3.05e-05
115 |]4.51€-06
116 |]2.17€-06
17 ||2.14€-05
18 ||4.84E-04
119 ||8.59€-07
120 |}3.02¢ 05
121 ||8.07e-05
123 ||7.20e-08
122 ||7.20¢-08
124 ||7.12e-02
125 ||2.84E-05
126 [|2.768-04
129 |}2.89€-05
130 ||2.89€-05
127 |}2.8%-05
128 ||2.89€-05
132 |}2.89€-05
131 |}4.456-04
133 ||6.17e-05
139 [|2.71€-05
136 |]2.71€-05
138 ||2.71€-05
135 |]2.71€-05
137 ||2.71€-05
140 ||2.71€-05
134 ||2.71€-05
141 ||2.71€-05
142 ||5.85¢-08

| cRIvICALITY
i

RANK| (BIRNAU)/T RANK| T/T(D0) RANK||TC1)-T(D)
) | m (e) | (F)
et e
13 | 2.00343 113 j 1.003
114 | 0.00343 111 | 1.008
115 | 0.00347 108 | 1.003
116 | 0.00333 115 | 1.003
17 | 0.00329 117 | 1.003
118 | 0.00316 118 | 1.003
119 | 0.00331 116 | 1.003
120 | 0.00279 120 | 1.003
121 | 0.00279 119 | 1.003
122 | 0.00139 167 | 1.003
123 | 0.00139 166 | 1.003
124 | 0.00268 122 | 1.003
125 | 0.00258 123 | 1.003
126 | 0.00254 124 | 1.003
127 | 0.00244 127 | t.002
128 | 0.00244 126 | 1.002
129 | 0.00244 125 | 1.002
130 | ©.00244 128 | 1.002
131 | 0.002¢0 129 | 1.002
132 | 0.0023% 130 | 1.002
133 | c.00237 3 | 1.002
13 | 0.00228 135 | 1.002
135 | 0.00228 132 | 1.002
136 | 0.00228 137 | 1.002
137 | 0.00228 133 | 1.002
138 | 0.00228 134 | 1.002
139 | 0.00228 136 | 1.002
140 | o.00228 138 | 1.002
141 | 0.00225 139 | 1.002
142 | 0.00225 140 | 1.002

ADD  B2-5

RISK INCREASE RANKINGS ] :
i

| RISK INCREASE | RISK ACHIEVE. || cum X nu;

| |  worm || conTrIBUTION]
RANK] TOD-T  mamk] TOND/T Rak]] T-TC0)/sum|
m} w w | W mj) w |
e e, wel s ey . el
200 | 3.046-05 203 217 2 || 9s.87 |
203 | 3.04e-05 201 | 217 200 || 96.94x |
359 | 4.426-06 360 | .17 360 || sT.00% |
367 | 2.08e-06 368 | 108 368 || 97.06x |
228 | 2.13e-05 226 | 182 226 or.x |
S4 | 4.86e-04 S| 19.60 54 |] er.ex |
379 | 7.806-07 379 | 103 380 || sr.2m |
204 | 3.02e-05 204 | 216 204 )| ev.2ex |
158 | 8.06E-05 158 | 410 158 || 9.3 |
408 | 0.00es00 417 | 100 421 || e7.3ex |
407 | 0.00400 416 | 1.00 &1 || oT.ex |
3) 71202 3|2n000 3| or.emx |
214 | 2.836-05 214 | 2.09 2] 9rsm |
62 | 2.766-04 62| Mo 6| or.5ex |
206 | 2.89-05 210| 2.1 20| 9r.ex |
209 | 2.89-05 211 | 2.m 22| sr.e6x |
208 | 2.896-05 208 | 2.1 206 9.7 |
207 | 2.89e-05 209} 2.m || 9ISk |
210 | 2.89-05 212 | 2.1 208 |f sr.eox |
56 | 4.456-0¢ 56| 1810 56| er.eex |
162 | 6.%66-05 162 | 3.37 62 || or.esx |
220 | 2.70e-05 219| 204 21| orox |
217 | 2.70e-05 21| 204 22| orom |
222 | 2.70e-05 216 | 2.04 223 esom |
218 | 2.70e-05 22| 204 220 ss.05x |
221 | 2.70e-05 220 | 204 27| 98.09% |
216 | 2.706-05 216 | 2,06 216 || 98 |
219 | 2.70e-05 217 | 2.06 219 || 987X |
223 | 2.70e-05 223 | 2.06 2038)| es2m |
409 | 0.00e/00 406 | 1.00 408 || e8.26x |



CALCULATED INPORTANCE HMEASURES FOR PLANT X

NEDC-32644-A

TABLE

Add-82

RISK REDUCTION RANKINGS

1]

BASIC EVENT DESCRIPTION |j====e=

AND || FussELL-
TYPE OF BASIC EVENT || vesELY

{jr-To/r

) i1 ®

....................................... ”--------
FAILURE OF RELAY 102-5 TO ENERGIZE ¢ |}0.00205
FAILURE OF RELAY 102-6 1O ENERGIIE ¢ |{0.00205
FAILURE OF RELAY 183-6X TO ENERGITE ¢ }]0.00205
FAILURE OF RELAY 183-5X TO ENERGIZE ¢ ||0.00205
HPC1 SYSTEM NOT RESTORED AFTER VEST OR MAINTENANCE o |}0.00200
DG ROOM 11 LOUVERS FAIL TO OPEN ¢ |}0.00199
DG ROOM 12 LOUVERS FAIL YO OPEN ¢ ||0.00199
COMHON CAUSE FAILURE OF DG ROOM LOWERS TO OPEN ¥ |]o.o0198
LOSS OF INSTRUMENT AIR 1 ||o.00180
F¥ 67-1 FAILS TO CLOSE ¢ |jo.00173
AUXILIARY OIL PUNP P61 FAILS TO STARY ¢ ||o.00168
RCIC FATLURE TO RESTORE AFTER TEST OR NAINTENANCE 0 |0.00163
LC TRANSFORMER TRX4O INTEANAL FAULTY ¢ ||o.0mé0
FAILURE TO RESTORE SLC AFTER TEST OR MAINTENANCE o ||o.00160
LT 103 BREAKER 52-301 FAILS YO REMAIN CLOSED ¢ |]0.00155
LC TAX30 SUPPLY BREAKER 152-509 FAXLS TO REMAIN CLOSED € |]0.00155
Si AUTOMATIC STRAINER CLOGGED ¢ |jo.00150
CONTAINMENT HEAT REMOVAL NON-RECO™ERY R |]0.00145

CONDITIONAL PROBABILITY OF OVERPRESSURE FAILURE IN DRYWELLF {]0.00145

OPERATOR FAILS TO ALIGN CRD FOR ALY BORON INJECTION o ||0.00144
COMMON CAUSE FATLURE OF ESW 1-1 AND 1-2 TO OPEN F |]0.00144
N2 TANK LIQUID LINE RELIEF VALVE FAILS TO REMAIN CLOSED ¢ |]|0.00142
RV-3444 FAILS TO REMAIN CLOSED ¢ ||o.00142
RV-3442 FAILS TO REMAIN CLOSED ¢ jjo.0m42
N2 TANK GAS LINE RELEIEF VALVE FAILS TO REMAIN CLOSED ¢ {l0.00142
RV-3443 FAILS YO REMAIN CLOSED ¢ ||o.00142
OPERATOR FAILS TO INJECT SLC - LOOP INITIATOR o ||o.00139
FATLURE OF BREAKER 152-308 YO REMAIN CLOSED ¢ |}0.00137
30 HINUTE HON-RECOVERY FACTOR CUTSIDE CONT. ROOH r ||0.00131
SV-7477 FAILS TO REMAIN OPEN ¢ j}o.00123

A\l

| cRrvICALITY

© |

)

| mrsk meouct. §|

| worw |}
RANK| (BIRNAU)/T RANK| T/T(0) RANK|[T(1)-T(O)

) | )
-}
143 | 1.002
144 | 1.002
1%2 | 1.002
141 | 1.002
145 | 1.002
147 | 1.002
146 | 1.002
148 | 1.002
%9 | 1.002
150 | 1.002
152 | 1.002
153 | 1.002
155 | 1.002
154 | 1.002
157 | 1.002
156 | 1.002
158 | 1.002
151 | 1.001
160 | 1.000
174 | 1.0m
159 | 1.001
164 | 1.00
165 | 1.001
163 | 1.00
161 | 1.001
162 | 1.001
170 | 1.001
168 | 1.001
169 | 1.0m
171 | 1.001

82-6

® || o
143 ||1.466-04
166 |]1.46E-04
146 |]1.46€-04
145 |]1.46€-04
147 ||2.796-05
148 |]1.46€-04
149 ||1.466-04
150 ||4.686-03
151 ||7.33€-06
152 |]2.86€-08
153 |}4.46€-06
154 |2.42€-05
155 |]2.65€-03
156 ||2.08€-05
158 ||9.156-04
157 |]9.15€-04
159 |]5.44€-08
161 ||5.58¢€-07
160 ||3.77¢-08
163 ||2.97¢-07
162 ||4.65€-03
165 |]2.57¢-04
168 ||2.57€-04
166 ||2.576-04
167 ||2.57€-04
164 |[2.576-04
169 ||8.16E-07
170 |]8.11€-04
171 |]2.94€-07
172 ||2.57€-04

RANK] T(1)-T
)

123 | 1.46€-04
124 | 1.46€-04
125 | 1.46E-04
215 | 2.788-G5
127 | 1.466-04
126 | 1.46€-04
26 | 4.68¢-03
329 | 7.286-06
213 | 2.86€-05
360 | 4.426-06
225 | 2.426-05
33 | 2.65€-03
229 | 2.086-05
42 | 9.156-0¢
41 | 9.156-04
168 | 5.43-05

s3g¥3nEzs

|
nanx|
w |
..
126 |
125 |
127 |
126 |
215 |
122 |
123 |
2 |
326 |
213 |

"o/
({8

181.00
1.28
2.10
1.7
1.93

103.00
1.80

36.20
36.20
3.09
1.02
1.00
1.0
180.00
10.90
10.90
10.90
10.90
10.90
1.03
52.20

10.%0

| RISK INCREASE | RISK ACHIEVE. || Cum X RIsK|
WORTH

| {conTrIBUTION|
RANK]| T-T(D)/SUM|

o |
ancl mmmtna [
123 || 8.2 |
125 || sem |
122 || 983 |
126 || 9e.k0x |
215 || 9e.éax |
126 || se.amx |
2r || sesu |
2. || se.ssx |
326 || es.58x |
213 |]  9s.em |
358 || m.eax |
22¢ || es.6m |
33| esvox |
229 || 9.1 |
41| se.mex |
42| es.mex |
168 || os.ex |
386 || 9s.8ax |
40 )] ss.ex |
389 || 9s.89x |
5| emex |
9 || omesx |
|| s |
671 v.00x |
|| oz |
73] 9e.osx |
39§ ev.om |
)] 9o |
395 §]  w9.ax |
68 || 9.15x |
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e r

CALCULATED IMPORTANCE MEASURES FOR PLANT X
1 RISK REDUCTION RANKINGS il RISK INCREASE RANKINGS I ; ‘
BASIC EVENT DESCRIPTION === = |
AND |} FusseLL- | CRITICALITY | RISK REDUCT.|| BIRNBAUN | RISK INCREASE | RESK ACHIEVE. || cuM X Risk| l
TYPE OF BASIC EVENT || veseLy | | womm || | | worm | |conTRIBUT SON|
[T-TCO) /T RANK| (BERNAU)/T RANK] T/T(O) RANK][TC1)-T(0) mANK] T(1)-7 ramk| TE1)/Y  mank||  T-T(0)/7sum|
() i1 ® | ® | @) il w w | w m |} w i
- Sl sy s, iy oy Dy mifmacanet. sy -, el S |
NO HIGH DU PRESSURE F]]0.00122 173 | 0.00122 172 | 1.001 173 [|3.176-08 411 | 0.006400 422 | 1.00 429 997 |
INTERNAL FLOOD IN TONE S (SERVICE WATER - SE RUR RoOW) 1 [[0.00117 174 | 0.00117 173 | 1.001 174 ||4.846-05 170 | 4.846-05 170 | 28 o] 9.9 |
MANUAL BYPASS SU YB3 FAILS TO REMAIN CLOSED ¢ |]0.00104 175 | 0.00104 178 | 1.001 175 [|5.20€-05 169 | s.206-05 169 | 3.00 169 || 99.21% |
CHECK VALVE XP-6 FAILS TO OPEN ¢ |l0.00004 176 | 0.00105 177 | 1.001 176 ||2.086-05 230 | 2.08e-05 229| 180 23 || 992X |
CH K VALVE XP-7 FAILS TO OPER ¢ [|0.00104 177 | 0.00105 176 | 1.001 177 ||2.086-05 231 | 208e-05 230| 180 228 99.25% |
BUS 16 FAULY ¢ {jo.00094 178 | 0.00095 179 | 1.001 178 ||3.076-03 29 | 3.07e-03 29| %00 29| 9v.26x |
FAILURE OF OPERATOR TO ADD UATER TO HOTWELL 0 ||0.0009% 179 | 0.00109 175 | 1.001 179 ||2.84E-07 39 | 2.60e-07 389 | 1.01 393 )] 99.28% |
INTERNAL FLOOD IN ZONE 11 (FIRE WATER - 1.8, 931' VEST) 1 ||0.00092 180 | 0.00092 180 | 1.001 180 ||6.47€-03 12 | 6.476-03 12| 25000 12| 99.30x |
30 HINUTE NON-RECOVERY IN CONTROL ROOM R ||o.00086 181 | ©.00087 181 | 1.001 181 ||7.566-06 326 | 754606 322 | 129 32| 9ee.mx |
INTERNAL FLOOD IN ZONE 7 (SERVICE WATER - SW RMR RooW) 1 ||0.00085 182 | 0.00085 182 | 1.001 182 ||3.956-05 181 | 3.95€-05 179 | 252 19 || 99.3% |
LC 104 BUS FAULY ¢ {jo.o0082 183 | 0.00083 183 | 1.001 183 {|2.68e-03 32 | 2.686-03 32| 10400 32| 99.34x |
EDG B WX PLUGGED ¢ ]|0.00073 184 | 0.00073 185 | 1.001 184 |[1.39€-0¢ 129 | 1.39E-06 129 | 6.36 129 I 99.36x |
EDGESH HX A PLUGGED ¢ [j0.00073 185 | 0.00073 184 | 1.001 185 ||1.396-04 128 | 1.39€-04 128 | 636 128} 9937 |
250V BATTERY 3 AND BATTERY 6 COMMON CAUSE FAILURE ¢ |[0.00069 186 | 0.00069 186 | 1.001 186 []1.83€-02 6 | 1.836-02 6| 704.00 6] 99.38x |
SIGNAL FROM FEEDWATER MASTER CONTROLLER FAILS LOW ¢ |]0.c00s5 187 | 0.0006” 187 | 1.001 187 ||2.606-04 65 | 2.60e-04 65| 1.00 65 )] 99.39% |
FEEDUATER AUX OIL PUMP COMMON CAUSE FTS ¢ ||0.00061 188 | 0.00067 188 | 1.001 188 ||2.03¢-05 237 | 2.036-05 234 i 1.78 233 || 99.40% |
LCOP B EDGESW FAILURE TO RESTORE AFTER TEST OR MAINTENANCEO ||0.00060 189 | 0.00060 189 | 1.001 190 [|1.39€-04 13 | 1.396-06 131 | 636 131 )| 99.4xx |
LOOP A EDGESW FATLURE YO RESTORE AFTER TEST OR MAINTENANCEO ||0.00060 190 | 0.00060 190 | 1.000 189 }[1.396-04 130 | 1.39€-04 130 | 6.36 130 || 99.43% |
RELAY 14A108 FAILS TO ENERGIZE ¢ |{o.00059 191 | 0.00059 191 | 1.001 191 [[4.21€-05 177 | . 21€-05 177 | 2.8 T} 99.eax |
SU PUMP 13 UNAVAILASLE DUE TO CORRECTIVE MAINTENANCE M ]|0.00057 192 | ©0.00054 193 | 1.001 192 ||2.75€-07 393 | 2,60e-07 399 | 1.01 400 ||  99.45% |
COMMON CAUSE FAILURE OF SLC PUMPS TO START fF ||0.00055 193 | 0.00055 192 | 1.001 193 |j2.08e-05 233 | 2.08e-05 228 | 1.80 227 || 99.48% |
FAILURE OF DIESEL PANEL CONTACY TO CLOSE ¢ |jo.00052 194 | 0.00052 194 | 1.001 195 |{1.376-06 132 | 1.37e-0¢ 132 | 6.28 133 9947 |
FAILURE OF DIESEL PANEL CONTACT TO CLOSE ¢ ||0.00052 195 | 0.00052 195 | 1.001 194 [|1.37€-04 133 | 1.376-0¢ 133 | e6.28 132 9v.48x |
LOSS OF ONE 125VDC BUS 1 |]0.00051 196 | 0.00051 196 | 1.001 196 ||1.106-04 139 | 1.10e-04 139 | 523 139 || 99.49% |
HPCI FILTER PLUGGED ¢ |j0.00047 197 | 0.00048 197 | 1.000 197 ||1.726-05 243 | 1.726-05 238 | 1.66 238 || 99.49% |
PSD 3445 FAILS TO REMAIN CLOSED ¢ ||0.00066 198 | 0.00046 198 | 1.000 198 ||2.506-04 74 | 2.50e-0¢ 87 ) 1060 93|] 99.50% |
ACB 152-408 FAILS TO REMAIN CLOSED ¢ {]0.00065 199 | 0.00045 199 | 1.000 199 ||2.68€-04 &3 | 2.686-04 63| 1130 63| 9951 |
MO-2015 FAILS TO OPEN ¢ ]jo.00045 200 | 0.00044 200 | 1.000 200 {|3.91€-06 361 | 3.90e-06 362 | 1.15 362 il 99522 |
GREAKER 52-302 FAILS YO REMAIM CLOSED ¢ |jo.000s3 201 | 0.00043 201 | 1.000 201 jj2.57e-04 73 | 257606 66| 1090 72 || 99.5M |
COMHON CAUSE FAILURE OF CS AND RHR INJ CitX VLVS TC OPEW F ||0.00043 202 | 0.00043 202 | 1.000 202 ||5.106-03 19 | S5.108-03 19 | wro0 10| 99.s: |
ADD B2-7




CALCULATED IMPORTANCE MEASURES FOR PLANT X

NEDC-32264-A

BASIC EVENT DESCRIPTION
AND
TYPE OF BASIC EVENT

|| FusseLL-

f| veseLy
Hv-reonsy
I @

o . - ] - 4 o 7 7 T 7 o

BREAKER 52-402 FAILS TO REMAIN CLOSED
LC TRANSFORMER TRX3D INTERNAL FAULY
VACUUM BREAKER AO-2382E FAILS TO CLOSE
VACUUM BREAKER A0-2382& FAILS TO CLOSE
VACUUM BREAKER AD-2382F FAILS TO CLOSE
VACUUM BREAKER A0-2382C FAILS TO CLOSE
VACUUM BREAKER R0-23828 FAILS TO CLOSE
VACUUM BREAKER RO-2382G FAILS TO CLOSE
VACUUN BREAKER A0-2382K FAILS TO CLOSE
VACUUM BREAKER AO-2382H FAILS TO CLOSE
BREAKER 52-408 FAILS TO REMAIN CLOSED
Al 593 FAILS TO OPEN

AUXILIARY OIL PUNP P61 FRILS YO RUN
BREAKER 52-308 FAILS YO REMAIN CLOSED
BATTERY COMMON CAUSE BETA FACTOR

RCIC Y STRAINER 4267 PLUGGED

CHECK VALVE ESW-1-1 FAILS YO OPEN
CHECK VALVE ESW-1-2 FAILS TO OPEN

"
¢ ||o.00042

¢ |jo.oo042
¢ {{o.ou038
¢ |{o.00038
¢ |}0.00038
¢ ||o.00038
¢ ||o.coo3s
¢ |jo.coo3s
¢ ||0.00038
¢ |jo.oco38
¢ ||o.o0038
¢ |}o.00038
¢ |jo.00037
¢ |}0.00036
¢ |]o.c0036
¢ |{0.00034
¢ ||0.00034
¢ |]0.00034

REACTOR PRESSURE SENSORS PS-2-3-S3 ARB COMMON CAUSE FAILURF ||0.00033

BUS 15 FAULY

COMMON MODE FAILURE OF REACTOR FEED PUMPS TO STARY
LC 103 BUS FAULY

COMMON CAUSE FAILURE OF ESW PUNPS P111 C/D 70 START
CONDENSATE PUNP A BRNG. LUBE OIL PUMP FAILS TO RUN
COMMON CAUSE FAILURE OF LEV TRANS 72 A,B.C,0
OREAKER 52-404 FAILS TO REMAIN CLOSED

HPCT PUMP P-209 FAILS YO RUN

OFERATOR INAPPROPRIATELY CROSS-TIE LC 104 TO LC 103
COHD PUMP P-18 CORRECTIVE MAINTENANCE

CONMON CAUSE FAILURE OF SLC SQUIBS TO FIRE

\

¢ |]0.00033
F |}0.00032
¢ ||0.00028
F |}o.00028
¢ |jo.o0027
f |]o.00026
¢ |]0.00025
¢ |}0.00025
o |}0.00024
n |}0.00024
£ | |0.00024

ADD 82-8

|
RANK|
w |
Aluiel
.
49 |

BruidzE¥8sfgs

~N
& &

E8232¢

3

TASLE Add-82
RISK REDUCTION RANKINGS I RISK INCREASE RANKINGS
| CRITICALITY | RISX REDUCT.||  BIRNBAUN
! | vorm || |

RANK| (BIRNAU)/T RAMK| T/TC0) RANK||TC1)-T(0) RAMK] T(1)-7

@] ® ®| ®m @] w ] W

----' ......... _--_‘ ...... SUNGIGE | EpSRSR—— N T —
203 | 0.00042 203 | 1.000 203 ”z.soe-oc 75 | 2.50¢-04
204 | 0.00062 204 | 1.000 204 [|6.99€-04 49 | 6.99€-04
205 | 0.00038 212 | 1.000 209 ||1.076-05 281 | 1.07€-08
206 | 0.00038 211 | 1.000 205 ||1.076-05 283 | 1.07¢-05
207 | 0.00038 208 | 1.000 211 ||[1.076-05 285 | 1.076-08
208 | 0.00038 209 | 1.000 208 ||1.076-05 262 | 1.076-05
209 | 0.00058 210 | 1.000 210 ||1.076-05 280 | 1.07¢-05
210 | 0.00038 205 | 1.000 212 ||1.07€-05 286 | 1.07-08
211 | 0.00038 206 | 1.000 207 ||1.07€-05 279 | 1.07€-05
212 | 0.00038 207 | 1.000 206 ||1.076-05 284 | 1.07€-08
213 | 0.00038 214 | 1.000 213 [|2.246-06 94 | 2.2¢E-04
214 | 0.00038 213 | 1.000 214 ||7.556-06 327 | 7.546-06
215 | 0.00036 216 | 1.000 215 ||3.916-06 362 | 3.90¢-06
216 | 0.00036 215 | 1.000 216 ||2.15E-04 95 | 2.156-0¢
217 | 0.00005 333 | 1.000 217 ||9.316-09 412 | 0.00£400
218 | 0.0003¢ 217 | 1.000 218 ||1.226-05 259 | 1.22€-05
219 | 0.00034 219 | 1.000 219 ||1.346-06 136 | 1.34E-06
220 | 0.0003¢ 218 | 1.000 220 ||1.346-06¢ 135 | 1.34E-04
221 | 0.00033 220 | 1.000 221 |]4.08€-06 57 | &.08E-0¢
222 | 0.00033 221 | 1.000 222 ||1.066-03 40 | 1.06-03
223 | 0.00032 222 | 1.000 223 ||1.666-05 245 | 1.666-05
224 | 0.00028 223 | 1.000 224 [[9.136-06 &3 | 9.13£-04
225 | 0.00027 224 | 1.000 225 |{1.956-05 239 | 1.95€-05
226 | 0.00026 226 | 1.000 226 ||3.136-06 364 | 3.126-06
227 | 0.00026 225 | 1.000 227 |[9.05€-0¢4 44 | 9.05€-uk
228 | 0.00025 227 | 1.000 228 ||1.50E-04 121 | 1.50€-04
229 | 0.00025 228 | 1.000 229 ||1.406-05 253 | 1.40€-05
230 | 0.00020 238 | 1.000 230 ||5.266-07 382 | 5.206-07
231 | 0.0002i 234 | 1.000 231 ||5.266-07 383 | 5.7 7
232 | 0.002¢ 220} 1,000 232 ||2.086-05 234 | 2.086-05

T
)

27.%0
1.4
1.4
1.4
1.4
1.4
1.4
1.4
1.4
9.60
1.29
1.15
9.27
1.00
1.
6.16
6.16

16.70

é1.70
1.64

36.10
1.75
1.12

35.80
6.76
1.54
1.2
1.02
1.80

| RISK INCREASE | RISK ACHIEVE. || CUM X RISK]
vORTH

i |conTRIBUTION|
RANK] | T-TCO) /sum|
m i w |
St . —— |
8 || 99.sex |
@] ee.ssx |
276 || 99.sex |
a7 || 99.sex |
as || .57 |
2 || 99.5ex |
a7 )] 9v.sex |
280 ||  99.59x |
2t || 9v.eox |
29 || 9961 |
9% || 9.6 |
323 |} ev.ex |
31 )] 99.63x |
95 || 9v.63 |
03 )] 99.eex |
34| 9v.65x |
136 1] 99652 |
135 || 99.68% |
5711 99.68x |
Wl 9.6 |
241 )] 9v.e8x |
3] 9v.emx |
23 || 99.69% |
366 )] 99.69x |
W | 99.e9m |
1)) .o |
a8 )| 9v.70% |
3/ || X |
2] 97X |
20 || 99T |



NEDC-32264-A

ADD  Be-9

C/LCULATED IMPORTAMCE MEASURES FOR PLANT X TABLE Add-82

L2 2 3 1
I RISX REDUCTION RANKINGS H RISK INCREASE RANKINGO i ;
BASIC EVENT DESCRIPTION il |
2np |1 russeti- | CRITICALITY | MISK REDUCT. || BIRNBAUW | RISK INCREASE | RISK ACNIEVE. || cum X Risk]
TYPE OF BASIC EVENT i1 vesery - | wortw  }] | | vommh | jconTRIRUTION]
HT-V 07T mare (BIRNAUN/T O] T/TCO)  RANK| [ TC1)-T(D)  RANK]  TED-T RANK| TC1)/T  maNk|| T-T(D)/sum|
(n) N i m ® | ® W] w mi W w | W wj] |
| ol gy ey, s, | My ovs. e s Baee o | B n
LOOP A EJGESY OUY FOR CORRECTIVE MAINTENANCE n |jo.00023 233 | 0.00023 232 | 1.000 234 ||1.306-06 136 | 1.30e-06 137 )] 599 1) 9v.72x |
LOOP 8 EDGESY OUT FOR CORRECTIVE MAINTENANCE # |j0.00023 23 | 0.00023 251 | 1.000 273 ||1.306-04 137 | 1.306-04 138 i 59 wmsj]] 99 |
BREAKER 52-304 FAILS TO REMAIN CLOSED ¢ |jo.0002z 235 | 0.00022 233 | 1.000 235 ||1.30€-04 138 | 1.306-04 136 | 5.9 wur|| 9.5 |
NON-RECOVERY FACTOR FOR AC POVER TO CRD PUMPS m |]0.00022 236 ] 0.00002 39 | 1.000 236 ||S.67E-09 413 | D.00E\00 404 | 1.0 428 i} s.mx |
COMDENSATE PUNP COMMON HODE FATLURES f ||0.00022 237 | 0.00021 235 | 1.000 257 [|2.506-04 76 | 2.50e-06 80| 10.60 76|| 9.7 |
FILTER TO SA CONTROL PRESSURE SWITCHES PLUGGED € ||0.00021 238 | 0.00021 237 | 1.000 238 ||7.556-06 328 | 7.54-06 324 f 129 35| & |
LOSS OF DRYWELL (POLING 1 |{0.00021 239 | 0.0002¢ 230 | 1.000 240 ||1.056-06 378 | 1.046-06 377 | 1906 38| 7ex |
CONMON CAUSE FAILURE OF SV 3-142A AND B TO OPEN F |10.00021 260 | 0.00021 236 | 1.000 239 ||7.46E-05 159 | 7.46E-05 159 I 387 159)] 99.7sx |
COMMON CAUSE FATLURE TO RUN OF CORE SPRAY PUNPS f ]j0.00020 241 | 0.00020 239 | 1.000 241 ||1.46E-05 249 §1.466-05 243 | 1.5¢ 264 || 99T |
COMMON CAUSE FA'LURE OF LEV TRANS 72 A AND B F ]j0.0001% 262 | 0.00019 240 | 1.000 243 ||8.74E-06 &6 | 8.74e-06 45| 3460 4 || 9976 |
COMMON CAUSE FATLURE OF LEV TRANS 72 C,0 F }|0.00019 243 | 0.00019 241 | +.000 242 Jie.746-06 45 | B.74e-04 46} 3660 45| 99.76x |
COMMON CAUSE FATLURE YO START OF CORE SPRAY PUNPS ¢ |]0.00019 244 | 0.00019 242 | 1.000 26 |[1.46E-05 250 | 1.666-05 264 | 1.56 23| .7ex |
MANUAL BYPASS SW Y73 FAILS TO REMAIN CLOSED ¢ |]0.00019 245 | 0.00019 243 | 1.000 245 |[9.366-06 290 | 9.366-06 284 | 136 284 || 99.7TX |
COMMON CAUSE FATLURE OF LEVEL TRANSMITVER 6-52A/8 ¥ |]0.00098 246 | 0.00018 244 | 1.000 246 ||2.50€-04 77 | 2.50e-04 81| 10.60 88| 99.77X |
COMMON CAUSE FAILURE OF ESW PUMPS P111 C/D TC RUN F |j0.0007 267 | ©.00017 245 | 1.000 247 |[1.87€-05 240 jr.e7e05 237 172 237 )] 9.7 |
COMMON CAUSE FAILURE OF FW 91-1 AND FU 94-2 TO OPEN ¢ 1'0.00007 248 | 0.00017 246 | 1.000 252 []2.50e-0¢ 78 | 2.506-0¢ 83| 10.60 92 I eo.mex |
COMMOR CAUSE FATLURE OF FU 91-1 AND FU 91-2 TO OPEN ¥ [jo.00017 269 | 0.00017 247 | 1.000 250 |j2.50e-064 82 | 2.50e-0¢ 82| 1weE T8|] 99.78% |
COMMON CAUSE FAILURE OF FW 94-1 ANO FU 91-2 TO OPEN ¢ |j0.00017 250 | 0.00017 250 | 1.000 248 ||2.50e-04 80 25004 85| 1060 || 9978 |
COMMON CAUSE FAILURE OF F¥ 91-1 AND FU 97-2 TO OPEN F |jo.00077 251 | 0.000%7 248 | 1.000 251 |j2.50e-06 81 | 2.50e-0¢ 84| c.é0 B2 || 99.7ex |
COMMOR CAUSE FATLURE OF FU 97-1 AND 91-2 TO OPEN ¢ 1§0.00017 252 | 0.00017 249 | 1.000 29 ||2.50e-04 79 | 2.50e-04 86 | 10.60 7| 97K |
M0-2061 RELAY 72/2M FAILS TO ENERGIZE ¢ |jo.000t7 253 | ©.000% 253 | 1.000 260 |[1.176-05 278 | 197605 269 | 1.45 268 |] 99.79% |
RELAY 23AK23 FAILS TO ENERGIZE ¢ |jo.c0017 254 | €.00006 255 | 1.000 268 ||1.17¢-05 272 | 1.97e-05 257 | 1.4 26 || 99.79% |
H0-2061 RELAY 72/1F FAILS TO FNERGIZE ¢ {]0.00017 255 | ©0.000% 256 | 1.000 255 ||1.17e-05 268 | 1.17e-05 260| 1.45 266 )| 99.e0x |
HO-2068 RELAY 72/20 FAILS TO ENERGIZE ¢ ||o.00017 256 | 0.000%6 266 | 1.000 254 [|1.17€-05 267 | 1.a7e05 272 | 145 269 |] 99.80x |
MO-203& RELAY 72/2F FAILS TO ENERGIZE ¢ |j0.00017 257 | 0.0000¢ 258 | 1.000 265 ||1.17€-05 264 | 117605 263| 145 26| 9980 |
RELAY 23AK2 FAILS TO ENERGIZE ¢ |jo.00c17 258 | 0.00016 268 | 1.000 264 jl1.176-05 269 | 1.17e-05 258 | 145 255 || 99.ewm |
HO-2062 RELAY 72/2F FAILS TO ENERGIZE ¢ ||0.00017 259 | 0.000%6 260 | 1.000 269 ||1.17e-05 277 | 1.17E-05 265 | 145 263f] x|
#O-2062 RELAY 72/1F FAILS TO ENERGIZF ¢ |jo.00017 260 | 0.00016 264 | 1.000 256 fjr.17e-05 265 | 1.976-05 261 | 145 213 | LI '

10-2062 RELAY 72/24 FAILS TO ENERGIZE ¢ ||o.00017 261 | 0.0006 251 | 1.000 266 ||1.176-05 270 1705 20| 145 7' %
10-2062 RELAY 72/24 FAILS TO ENERGIZE ¢ |]0.00077 262 | 0.00016 262 | 1.000 270 |[1.17e 05 263 | 17605 2| 1S 28|



CALCULATED IHPORTANCE MEASURES FOR PLANY X

NEDC-32264-A

BASIC EVENT DESCRIPTION
AND
TYPE OF BASIC EVENT

4] - " - 7

MO-2068 RELAY 72/2F FAILS 7O ENERGIZE

RELAY T2/1F FAILS TO ENERGIZE

MO-2062 RELAY 72/2F FAILS TO ENERGIZE

RELAY 23 181A FAILS TO ENERGITE

RELAY 23AK1 FAILS YO ENERGIZE

MO-2036 RELAY 72/2M FAILS TO ENERGIIE

HPCT AOP P-217 RELAY T2/M FAILS TO ENERGIZE
MO-2062 RELAY 72/1F FAILS TO ENERGIZE

MO-2061 RELAY 72/2% FAILS TO ENERGIZE

RCIC PUNP P-207 FAILS TO RUN

TRANSFORMER #1171 INTERNAL FAULY

COMMON CAUSE FAILURE TO RUN OF HPCI AND RCIC PUNPS
CORE SPRAY TRAIN 8 OUT FOR CORRECTIVE MAINTENANCE
COMMON CAUSE FAILURE OF VSF 9 AND 10 TO RUN
FAILURE OF LEVEL TRANSHITTER 728 YO OPERATE
LIMIT SWITCH OAS/1 FAILS TO CLOSE (MO-1987)
RHRSY 1LOOP 2 OUT FOR CORRECTIVE MAINTENANCE
FAILURE OF SWITCH 10AS198 TO CLOSE

DATTERY & FUSE DLOWN
06 11 CONTROL SUITCH CONTACT FAILURE YO REMAIN CLOSED

COMTACT 186-502 FAILS TO REMAIN CLOSED
FATLURE OF 152-511 CONTACY TO REMAIN CLOSED
FAILURE OF CONTACT 152-502 TO REMAIN CLOSED
FAILURE OF 152-501 CONTACT TO REMAIN CLOSED
FAILURE OF ACR 802 CONTACT YO REMAIN CLOSED
FATLURE OF CONTACT 152-601 TO REWAIN CLOSED
PG 12 CONTROL SWITCH CONTACY FATLURE TO REMAIN CLOSED
FATLURE OF CONTALT 152-610 T0 REMAIN CLOSED

FAILURE OF CONTROL SWITCH 152-502 CONTACY YO REWAIN CLOSEDC |[0.00011

FATLURE OF 152-602 COHTACT TO WEMAIN CLOSED

\

TABLE Add-82
i RISK REDUCTION RANKINGS I RISK INCREASE RANKINGS i :
I
|| russeLe- | CRITICALITY | RISK REDUCT.|| BIRNBAUN | RISK INCREASE | RISK ACMIEVE. || CUM X nu:
[} vesey | | woame || | | vomw  |jconTareution|
[1T-TC0) /T maw| CBIRNM)/T RANK| T/TCO) ®am|[TC)-TCO) RANK| TC-T  Ramk] TCO/T  rask|]  7-T00)/sum|
It @ W] w ®f ® ®]| W mj] w w | w m |} w |
I s weibor -e.. = e hunmse o] e |
¢ {]o.c007 m | 0.00016 263 | 1.000 261 |{1.176-05 260 | 1.176-05 267 | 1.45 262 || 9v.8x |
€ ]0.00097 264 | 0.000% 254 | 1.000 271 [|1.97€-05 271 | 19705 259 | 145 267 || 99.8:x |
€ |{0.00017 265 | 0.00016 252 | 1.000 262 ||1.17e-07 274 | 1.17e-05 266 | 145 27 || 9v.em |
€ ||0.00017 266 | ©.00016 257 | 1.000 258 ||1.17€-05 266 | 1.97€-05 255 | 145 22 || 9v.mm |
€ ||o.00017 267 | 0.000% 259 | 1.000 263 |[1.176-05 262 | 1.176-05 256 | 1.45 264 || 9v.8M |
€ ||0.00007 268 | 0.000% 267 | 1.000 267 ||1.176-05 261 | 1.176-05 268 | 1.45 259 || e9..x |
¢ |]0.00017 269 | 0.00016 269 | 1.000 259 [|1.17e-05 275 | 1.97€-05 273 | 1.45 260 |] 9v.max |
¢ {}o.00017 m | 0.00016 267 | 1.000 25% ||1.17e-05 276 | 1.17€-05 262 | 1.45 270 || e9.8&x |
¢ |jo.00017 271 | 0.000%6 265 | 1.000 257 |{1.17€-05 273 | 1.17€-05 264 | 1.45 258 || 99.8ax |
¢ jlo.00mé 272 | 0.000% 270 | 1.000 272 [|8.84E-06 294 | 8.8ée-06 288 | 1.34 289 || 99.85% |
¢ ||0.00015 73 | 0.00015 272 | 1.000 273 [|2.506-0¢ 83 | 2.50e-04 79| 10.60 0] 99.85x |
F jjo.0001s 274 | 0.00015 271 | 1.000 274 ||2.03e-04 96 | 2.03-04 96| 8.1 96 || 99.85% |
M ||0.00004 275 | 0.00014 273 | 1.000 275 ||2.346-05 226 | 2.346-05 225 | 1.90 225 || 9v.e6x |
F {]0.000% 276 | 0.000% 274 | 1.000 276 []4.326-03 27 | 4.32¢-03 27| 82.00 27| 9v.06x |
¢ ]]0.000% 277 | ©.000% 276 | 1.000 277 ||5.806-05 163 | S.80E-05 163 | 323 163 || ev.ex |
¢ |j0.00013 278 | 0.000% 275 | 1.000 278 ||5.23t-07 384 | S.20e-07 384 | 1.02 383 || 99.86x |
M |jo.0om2 279 | 0.0000% 277 | 1.000 279 ||5.236-07 385 | 5.206-07 386 | 1.02 385 )| v.em |
¢ }]0.00012 zno | 0.0003 278 | 1.000 260 ||5.23¢-07 386 | 5.20e-07 385 | 1.02 37 || 9.8 |
¢ ||o.00Gt2 281 | 0.00012 280 | 1.000 281 ||8.356-05 157 | 8.35E-05 157 | 421 w7 || 9ev.emx |
¢ [jo.00011 282 | 0.00011 292 | 1.000 288 ||1.016-04 147 | 107606 148 | 488 0 || vv.emx |
¢ |{0.00017 283 | 0.00011 289 | 1.000 287 ||1.01E-04 145 | 1.01€-06 146 | 488 W3] 998X |
€ ]]0.00017 284 | 0.00011 285 | 1.000 286 ||1.016-0¢ 149 | 1.0TE-04 162 | 488 9 || 9v.eex |
€ {|0.00011 285 | 0.00011 291 | 1.000 292 |[1.016-04 140 | 1.016-04 141 | 488 w2 || 9v.eex |
¢ {j0o.00017 286 | 0.000%1 287 | 1.000 290 [|1.01E-0¢ 148 | 1.0 -0k 10| 488 150 ] 9v.eex |
¢ |jo.0oo1t 287 | 0.00011 290 | 1.000 285 ||1.006-04 143 | 1.016-06 W7 | 488 18 || 9v.8ex |
¢ |jo.00011 288 | 0.00011 282 | 1.000 282 ||1.006-04 146 | 1.01E-04 W3 | 488 144 ||  99.88x |
€ |j0.00011 289 | 0.00001 284 | 1.000 284 ||1.01E-D4 142 | 1.09E-04 WS | 488 11|} e |
¢ {|o.0o011 290 | 0.000M 286 | 1.000 289 ||1.016-06 150 | 1.0M-04 WS | 488 s || - 9v.eex |
2090 | D.ooott 288 | 1.000 293 |J1.0M-04 151 | 1.OME-D4 150 | 488 WS || 99.89x |
€ ||0.00017 292 | 0.00011 281 | 1.000 291 [|1.L1E-04 VA4 | 1.OWE-D4 W4 | 488 151 )]  99.8x |

3



NEDC-32264-A

CALCULATED IMPORTANCE MEASURES FOR PLANT X TABLE Add-B2
I RISK REDUCTION RANKINGS i RISK INCREASE RANKINGS I i
BASIC EVENT DESCRIPTION i ==ze |
AND || FussELL- | CRIVICALITY | RESK REDUCT. || BIRNBAUM | RISK INCREASE | RISK ACHIEVE. |} cum X Risk|
TYPE OF BRSIC EVENT || veseLy | |  woem || | | wormi | |conTRIBUT 1ON|
JIT-TCO /T RANK] (BIRNAU)/T RANK| T/T(D) RANK||TC)-T(D) mamx| TOD-T  Rank] TOD/T Ras]|  T-TCO) /sim|
w It ® w] m ® ] v w]] w mj] w w | W ™ w i
------------------------------------- | sl Ryt buyseutive | enpviive bysspeaiber ket | e
FATLURE OF MANDSWITCH 152-602 CONYACT TO REMAIN CLOSED ¢ |]0.00017 293 | 0.00011 283 | 1.000 283 |[1.0%€-04 141 | 1.01E-04 151 | 488 W7 || 99.89% |
SUITCH 14AS138 FAILS TO REMAIN CLOSED € |]0.00011 29 | 0.00011 293 | 1.000 294 ||2.89-05 211 | 2.89-05 207 | 2.1 209 || 99.90% |
COMMON CAUSE FAILURE TO OPEN OF MO-1753 AND MO-1754 F|lo.00011 295 | 0.00011 29 | 1.000 295 |[1.356-05 254 | 1.356-05 249 | 150 249 || 9990 |
CY-1729 FAILS YO OPEM ¢ |j0.000%0 296 | 0.00012 279 | 1.000 296 ||5.23:-07 387 | S.206-07 388 | 1.02 381 || 9%.50% |
CHECK VALVE AS 1-1 FAILS TO CLOSE ¢ [|o.c0010 297 | 0.00010 295 | 1.000 297 ||6.246-06 331 | 6.24E-06 328 | 1.2¢ 329 || 9990k |
FATLURE TO MANUALLY ALIGN THE CRD SYSTEW 0 |j0.000%0 298 | 0.0000¢ 346 | 1.000 298 ||2.51€-09 414 | 0.00E«00 418 | 100 45 || 99.%0% |
COMMON CAUSE FAILURE OF ESW 17 AND 18 TO OPEN f |]0.00009 299 | 0.00009 298 | 1.000 300 [|2.89E-04 S8 | 2.89¢-04 S8 | 12.9¢ 59 || 99.%0% |
COMHON CAUSE FAILURE OF ESW 4-1 AND &-2 TO OPEN f ||0.n0009 300 | ©0.00009 296 | 1.000 301 ||2.896-n¢ 59 | 2.89E-0¢ 60| 1200 S8 || 99X |
COMMON CAUSE FATLURE OF ESW 23 AND 24 TO OPEN f |]0.00009 301 | 0.00009 297 | 1.000 299 ||2.89€-04 60 | 2.896-04 59| 1290 60 || 999 |
FAILURE OF RELAY 14AK18 TO REMAIN ENERGIZED ¢ |jo.o0008 302 | 0.00008 300 | 1.000 302 |j2.89-05 212 | 2.89€-05 206 | 2.1 207 || 99.9M |
RELAY K101A FAILURE ¢ ||o.00008 303 | 0.00008 299 | 1.000 303 ||S.726-06 332 | 5.726-06 330 | 1.2 30 || M |
COMMON CAUSE FAILURE OF WASTE SAMPLE PUNPS TO STARY r |jo.00008 304 | ©.00007 328 | 1.000 304 ||2.626-07 39 | 2.606-07 400 | 101 39 || 99 |
COMMON CAUSE FAILURE OF P-SA/B TO STARY f jjo.o0008 305 | 0.00007 327 | 1.000 305 j|2.626-07 395 | 2.606-07 401 | 101 W2 | M |
RELAY 72M FAILS 10 ENERGIZE ¢ |jo.ooooe 306 | 000008 320 | 1.000 312 ||5.46E-D6 348 | S.46E-06 347 | 121 s || 9.9 |
RELAY 722F FAILS YO ENERGIZE ¢ ||o.c0008 307 | ©.00008 397 | 1.000 316 ||5.46E-06 344 | 5.46E-06 345 | 1.21 333 ] v |
RELAY 721F FAILS TO ENERGIZE ¢ |jo.oooos 308 | 0.00008 309 | 1.000 307 ||5.466-06 338 | 5.466-06 338 | .21 32 || es.em |
RELAY 72M FAILS TO ENERGIZE ¢ |jo.cooos 309 | 0.00008 323 | 1.000 308 ||S.46E-06 352 | 5.468-06 349 | 1.2 s || 9.9 |
RELAY 72 FAILS TO ENERGIZE ¢ |jo.00008 310 | 0.00068 311 | 1.000 318 [|S.466-06 349 | S.466-06 350 | 1.21 347 || 9.ex |
RELAY 722F FAILS YO ENERGIZE ¢ |j0.00008 311 | ©.00008 319 | 1.000 326 ||5.46€-06 342 | S.46E-06 341 | 121 361 || 999 |
RELAY 722F FAILS TO ENERGIZE ¢ [|0.00008 312 | 0.00008 313 | 1.000 317 |{5.466-06 345 | 5.466-06 343 | 121 W1 || ev.sx« |
RELAY 13AK1 FAILS TO ENERGIZE c {|0.00008 313 | 0.00008 322 | 1.000 320 |[5.466-06 340 | S.46E-06 332 | .21 4 || em |
PELAY 72M FAILS TO ENERGIZE ¢ ||0.00008 394 | 0.00008 315 | 1.000 313 ||S5.466-06 335 | S.46E-06 346 | 121 336 || 999 |
RELAY 721F FAILS TO EMERGIZE € ||0.00008 315 | 0.00008 321 | 1.000 306 ||5.466-06 334 | 5.46e-06 336 | 121 3N || 99.9% |
RELAY 722F FAILS TO ENERGIZE € |jo.o0008 316 | 0.00008 306 | 1.000 323 ||5.46E-06 339 | 5.46e-06 344 | 1.2 343 || 9.9 |
RELAY 721F FAILS TO ENERGITE € |{7.00008 317 | 0.00008 308 | 1.000 314 ||5.466-05 346 | 5.466-06 334 | 12v 37| 9v.9m |
RELAY 722F FAILS 70 EMERGIZE ¢ ||o.00008 318 | 0.00008 310 | 1.000 315 ||5.466-06 353 | 5.466-06 32| 121 335 I 9993 |
RELAY 720 FAILS TO EMERGIZE ¢ ||0.00008 319 | 0.00008 312 | 1.000 319 ||5.46€-06 347 | S.466-08 351 | 121 M6 || s |
RELAY 724 FAILS TO FNERGIZE ¢ ||oonoos 320 | 0.00008 314 | 1.000 325 ||5.466-06 343 | S.466-06 348 | 1.21 350 || 99.94x |
RFLAY 13AK2 FATLS TO ENERGIZE ¢ {jn.00008 321 | 0.00008 316 | 1.000 310 }|5.466-06 350 | 5.46e-06 333 | 1.21 34 |} 99.94x |
€ ||0.00008 322 | 0.00008 318 | 1.000 322 [[5.466-D6 351 | S.46E-06 33 | 121 39 || 9.9 |

RELAY T21F FAILS TO ENERGIZE

ADD 82-11



NETAC-32264-A

CALCULATED IMPORTANCE MEASURES FOR PLANT X TABLE Add-82
it RISK REDUCTION RAMKINGS i RISK INCREASE RANXINGS 1] i
BASIC EVENY DESCRIPTION I |
AND || russeLL- | CRITICALITY | RISK REDUCT.|| BIRWBAUN | RISK INCREASE | RISK ACHIEVE. || cum % Risk|
TYPE OF BASIC EVENT || vesewy | | womm || | |  womty | | conTRIBUTION|
HT-TOO/T  mAMK] (BIRNAU)/T RANK| T/T(O) RANK||T(1)-TCO) RANK| TC1)-T  mANK| TC1)/T RANK] | T-T(O) /5UM|
x) i} ® w|] ® )] v w]| w m| W | w i w |
---------------------------------------------------------- ety Eeusatiuns Bessulis | msmsents busssesiios baseribes
RELAY 722F FAILS TO ENERGIZE € ||0.00n08 323 | 0.00008 305 | 1.000 311 ||5.466-06 336 | S.466-06 340 | 1.21 3 || 9.9 |
RELAY 721F FAILS TO ENERGIZE € ||0.00008 324 | 0.00008 324 | 1.000 309 ||5.466-06 337 | S.466-06 337 | 1.21 3& il 99.9ax |
RELAY 721F FAILS TO ENERGIZE € ||0.00008 325 | 0.00008 307 | 1.000 321 ||5.466-06 341 | S.46€-06 335 | 121 332 ||  99.94x |
HCC 31 BUS FAULT € [|o.00008 326 | 0.00008 301 | 1.000 328 ||2.506-04 84 | 2.50e0¢ 76| 10.60 79| 99.9¢x |
BUS 13 FAULY € ||0.00008 377 | 0.00008 304 | 1.000 326 ||2.506-0¢ 85 | 25004 74| 10.60 7S ||  99.94x |
MCC &1 BUS FAULT € |]0.00008 328 | 0.00008 302 | 1.000 327 ||2.506-0¢ 87 | 2.506-0¢ 77| 10.60 67 |]  99.95K |
BUS 14 FAULY € [|o.00008 329 | ©.00008 303 | 1.000 329 [|2.506-0¢ 86 | 2.506-04 7S | 10.60 74 Il 99.osx |
CHECK VALVE ESW-4-2 FAILS TO OPEN ¢ |jo.c0008 330 | 0.00007 325 | 1.000 330 []2.99€-05 205 | 2.996-05 205 | 2.15 205 I 99.osx |
CORE SPRAY TRAIN B FAILURE TO RESTORE AFTER TEST OR MAINT © |[0.00007 331 | 0.00007 326 | 1.000 331 ||1.666-05 246 | 1.666-05 239 | 1.64 240 I 99.sx |
COMMON CAUSE FACTOR FOR CRD PUNPS F ]|0.00006 332 | 0.00001 415 | 1.000 33 [|1.54E-09 415 | 0.00£+00 403 I o0 |l 9995 |
CRD OUT FOR CORRECTIVE MAINTENANCE " |]|0.00006 333 | 0.00000 420 | 1.000 332 ||1.546-09 416 | 0.00E400 419 | 1.00 412 Il 99.9sx |
COMMON CAUSE FAILURE OF LEV TRANS 72 A,8,.C f ||0.00005 334 | 0.00005 335 | 1.000 337 ||6.97E-0¢ 52 | 6.97E-04¢ SO | 27.80 53 ||  99.95% i
COMMON CAUSE FAILURE OF LEV TRANS 72 A,C,D * |]0.00005 335 | 0.00005 337 | 1.000 336 ||6.976-04 SO | 6.97e-06 S2| 27.80 52| 99.95% |
COMMON CAUSE FAILURE OF LEV TRANS 72 8,C,0 f |]0.00005 336 | 0.00005 336 | 1.000 334 ||6.976-04 53 | 6.97€-04 S3| 27.80 5 I 99.98x |
COMMON CAUSE FAILURE OF LEV TRANS 72 A,8,0 F ||0.00005 337 | 0.00005 334 | 1.000 335 ||6.976-04 51 | 6.976-0¢ S1| 27.80 SO i1 99.96x |
COMMON TAUSE FAILURE TO RUN OF ALL THREE SU PUNPS f ||0.00005 338 | 0.00005 338 | 1.000 338 ||2.506-04 88 | 2.50e-06 92| 10.60 81 || 99.96x |
S PUMP #11 FAILS TO RUN ¢ |j0.00005 339 | 0.00005 340 | 1.000 339 ||1.276-05 256 | 1.276-05 252 | 1.49 250 || 99.96X |
SU PUNP #12 FAILS TO RUN € ||0.00005 3«0 | 0.00005 339 | 1.000 340 ||1.276-05 255 | 1.27e-05 253 | 1e 22 99.96x |
SUITCH 14AS13A FAILS TO REMAIN CLOSER € ]{0.00005 341 | ©0.00005 341 | 1.000 341 ||1.27€-05 257 | 1.276-05 251 | 1.49 253 ]| 99.96x |
FU-94-2 FALLS TO OPEN € ||0.00005 342 | 0.00005 342 | 1.000 343 |[B.SBE-06 296 | 8.58E-06 293 | 1.33 318 Il 99.98x |
FU-97-2 FAILS TO OPEN € ]]|0.00005 343 | ©0.00005 343 | 1.000 342 ||8.58€-06 295 | 0.58E-06 294 | 1.33 307 ||  99.96X |
COMDENSATE PUMP B BRNG. OIL PUMP FAILS YO RUN € ||0.00005 344 | 0.00004 345 | 1.000 3&& ||S.21E-07 388 | 5.206-07 382 | 1.02 388 || 99.96% |
CHECK VALVE XP-3-2 FAILS TO OPEN € ||0.0000¢ 345 | 0.00007 329 | 1.000 346 ||2.61€-07 397 | 2.606-07 394 | 101 397 || 99.96X |
CHECK VALVE ¥P-3-1 FAILS TO OPEN € 1]0.0000¢ 345 | 0.00007 330 | 1.000 345 ||2.69E-07 396 | 2.60¢-07 393 | 1.01 ™ |} 99.96x" |
RELAY 420015 OPEN COIL FAILS TO ENERGIZE (420) € ||0.0000¢ 347 | 0.00006 344 | 1.000 347 |]3.126-06 365 | 3.126-06 365 | 1.12 365 || 99.96x |
0G11 BREAKER 152-502 FAILS TC REMAIN CLOSED € ||0.00004 348 | 0.00004 348 | 1.000 348 ||7.206-05 160 | 7.206-05 160 | 3.77 160 || 99.97 |
DG12 BREAKER 152-602 FAILS TO RFMAIN CLOSED € ||0.0000¢ 349 | 0.00004 347 | 1.000 349 [|7.20e-05 161 | 7.206-05 161 | 377 61 || 99.om |
FEEDUATER PUNP P-20 CORRECTIVE HAINTENANCE ® [|0.0000¢ 350 | ©0.00000 421 | 1.000 350 ||9.49%-10 417 | 0.006400 4% | 1.00 420} 99.97%x |
CHECK VALVE ESU-4-1 FAILS YO OPFN € |j0.00004 351 | 0.00004 349 | 1.000 351 [|1.436-05 252 | 1.436-05 247 | 155 247 || C 99.9m |
RELAY 14AXIA DEENERGIZES € ||0.00006 352 | 0.00004 350 | 1.000 352 ||1.276-05 258 | 1.276-05 250 | 1.49 251 | 99.97 |

ADD B2-12



CALCULATED IMPORTANCE MEASURES FOR PLANT X

NEDC-32264-A

BASIC EVENT DESCRIPYION
AND
TYPE OF BASIC EVENY

BREAKER B4318 FAILS TO REMAIN CLOSED

SLC TANK MEATER FAILS

MO-2062 RELAY 72/1R CONTACTS FAIL TO CLOSE

HO-2062 RELAY 72/71R CONTACTS FAIL YO CLOSE

#0-2062 RELAY 72/2R CONTACTS FAIL TO CLOSE

RELAY 23AK27 CONTACTS FAIL TO CLOSE

HO-2036 RELAY 72/2R CONTACTS FAIL TO CLOSE

MO-2068 RELAY 72/2R CONTACTS FAIL TO CLOSE

M0-2068 RELAY T2/2R CONTACTS FAIL YO CLOSE

RELAY 23AK2S CONTACTS FAIL TO CLOSE ON HIGH TORUS LEVEL

RILAY 23AKTS CONTACTS FAIL TO CLOSE ON LOW CST LEVEL
HO-2061 RELAY 72/1R CONTACTS FAIL YO CLOSE
RELAY 23AK13 COMTACTS FAIL TO CLOSE
HO-2036 RELAY 727/1R CONTACTS FAIL TO CLOSE
HO-2061 RELAY 72/2R CONTACTS FAIL TO CLOSE
M0-2062 RELAY 72/2R CONTACTS FAIL TO CLOSE
RELAY CONTACT 23AK28 FAILS TO CLOSE
RV-303% FAILS TO REMAIN CLOSED

DG FAN VSFI0 FAILS TO RUN

DG FAN VSF9 FAILS TO RUN

SLC PUNP P-203-B FAILS TO STARY

SLC PUNP P-203-A FAILS TO STARY

RELAY K113A FAILURE
BATTERY D11 UNAVAILABLE DUE VO CORRECTIVE MAINTENANCE

BATTERY D21 UNAVAILABLE DUE TO CORRECTIVE HAINTENANCE
HCC 44 BUS FAULY

HCC 34 BUS FAULT

UASTE SANPLE PUMP A FAILS TO STARY

PUMP P-5A FAILS TO STARY

FATLURE OF WAS/E SAMPLE PUNP B TO STARY

TABLE Add-82

:! ~ RISK REDUCTION RANKINGS N RISK INCREASE RANKINGS " :

| _— i

|| russelL- | CRIVICALITY | RISK REDUCT.|| BIRNBAUN | RISK INCREASE | RISK ACMIEVE. || cum X mx:

| vesey | voam || [ | womtw  |jconTarsurion|

HT-T€0) /T mank] (BIRNAU)/T RANK] T/TCD) RANK||TC1)-TCO) maNx] T(1-T  mamk| TO1/T  RANK]|  T-TCO)/sum|

|= ®) © : ) ®] " W] w myi w w | w mijl w |

| g Remeony s howey o . Sy oy byespegibers. haaciors. awyses
¢ ||o.00003 353 | 0.00003 351 | 1.000 353 []2.03¢-05 238 | 2.03¢-05 233 : 178 2% ” 99.97x :
€ |j0.00008 354 | 0.00003 352 | 1.000 354 ||1.46E-05 251 | 1.466-05 246 | 1.56 26 || e9.9™ |
¢ |]0.00003 355 | ©0.00003 356 | 1.000 360 ||8.586-06 297 | 8.586-06 303 | 1.33 306 || 99.97x |
¢ |{0.00003 356 | ©0.00003 367 | 1.000 365 [|8.58c-06 299 | B.586-06 302 | 133 29 || 959 |
€ |j0.00003 357 | 0.00003 360 | 1.000 362 ||8.58¢-06 302 | 8.586-06 367 | 1.33 293 || 9.9 |
¢ |j0.00003 358 | 0.00003 363 | 1.000 356 ||8.586-06 308 | 8.58€-06 298 | 1.33 304 || 9.9 |
¢ {|0.00003 359 | ©.00003 361 | 1.000 366 [|8.586-06 310 | 8.58e-06 305 | 133 298 || 9997 |
€ ]j0.00003 360 | 0.00003 366 | 1.000 367 j|B.586-06 298 | 0.58E-06 304 | 1.33 308 || 99.97x |
¢ {|0.00003 361 | ©.00003 . 362 | 1.000 368 ||B.58e-06 311 | 8.58e-06 309 | 133 31 || 99.97 |
¢ j|0.00003 362 | w.00003 365 | 1.000 363 ||8.586-06 300 | 8.58€-06 297 | 133 292 || 99.97 |
¢ {{0.00003 363 | 0.00003 364 | 1000 359 |[8.586-06 303 | 8.586-06 296 | 1.33 296 || 99.97x |
¢ ||0.00003 364 | 0.00003 358 | 1.000 369 |[8.586-06 306 | 8.58€-06 301 | 133 3 || 99.9ex |
¢ ||0.00003 365 | 0.00003 357 | 1.000 357 ||8.58-06 309 | 8.58€-06 295 | 1.3 310 || 99.98x |
¢ |]0.00003 366 | ©.00003 354 | 1.000 355 [|8.586-06 305 | 8.586-06 300 | 1.33 37 || 99.98x |
¢ ||0.00003 367 | 0.00003 355 | 1.000 361 [|e.586-06 307 | 8.586-06 306 | 1.33 302 || 99.98% |
¢ ||0.00003 368 | 0.00003 353 | 1.000 364 ||8.58-06 307 | 8.586-06 308 | 1.33 290 ||  99.96% |
¢ []0.00003 369 | 0.00003 359 | 1.000 358 [|8.58E-06 304 | 8.586-06 299 | 1.33 36 || 99.9mx |
¢ [|o.00003 370 | 0.00002 395 | 1.000 370 ||2.67€-07 398 | 2.608-07 402 | 1.0v 3% || 99.98x |
¢ }jo 003 371 | 0.00003 369 | 1.000 372 ||5.626-05 165 | S.626-05 164 | 3.6 166 || 99.98x |
¢ |]0.00003 372 | 0.00003 368 | 1.000 371 ||5.626-05 164 | 5.626-05 165 | 3.1 67 || 99.98x |
¢ ||0.00003 373 | 0.00006 332 | 1.000 373 ||2.616-07 400 | 2.608-07 352 | 1.01 398 || 99.98% |
¢ ||0.00003 374 | 0.00006 331 | 1.000 374 |[2.61€-07 399 | 2.60e-07 3% | 1.01 402 || e9.98x |
¢ ||0.00003 375 | 0.00003 370 | 1.000 375 ||2.08-06 368 | 2.08¢-06 367 | 1.08 367 || 99.98x |
® |]0.00003 376 | 0.00003 372 | 1.000 376 ||5.626-05 167 | 5.626-05 166 | 316 165 || 99.98x |
M |]0.00003 377 | 0.00003 371 | 1.000 377 ||S.62¢-05 166 | 5.626-0S 167 | 3.16 164 ||  99.98x |
¢ ||0.00003 378 | 0.00003 373 | 1.000 379 ||9.006-05 154 | 9.006-05 154 | 4.4 153 || 99.98% |
¢ ||0.00003 379 | ©0.00003 374 | 1.000 378 ||9.006-05 153 | 9.005-05 153 | 446 154 || 99.98x |
¢ ||0.00003 380 | ©0.00000 417 | 1.000 380 [|7.106-10 418 | 0.00£400 425 | 1.00 405 ||  99.98% |
¢ ||0.00003 381 | 0.00000 419 | 1.000 381 |[7.106-10 419 | 0.00e400 427 | 1.00 413 ]| 99.98% |
¢ |j0.00003 382 | ©0.00000 418 | 1.000 382 |]7.106-10 420 | 0.006400 426 |  1.00 40€ ||  99.93% ]
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NEDC-32264-A

CALCULATED IMPORTANCE MEASURES FOR PLANT X TABLE Add-82
1
|
it RISK REDUCTION RANKINGS i RISK INCREASE RANKINGS H |
BASIC EVENT DESCRIPTION I |
AND || russeLL- | CRITICALITY | RESK REDUCT. || BIRNBAUM | RISK INCREASE | mISK AcHIEVE. || cum X Risk]
TYPE OF BASIC EVENY || veseLy } | wommt |} | | vorm | |conTRIBUTION]

PUMP P-5B FAILS TO STARY
CHARGER D8O RANDOM FAILURE

CHARGER D70 RANDON FAILURE

CHECK VALVE HPO-2 FAILS TO OPEN

CHECK VALVE HPO-1 FAILS TO OPEN

CHMECK VALVE HPCI-18 FAILS TO OPEN

CHECK VALVE HPC1-9 FAILS TO OPEN

PRESSURE SWITCH PS-1 DOES NOT CLOSE ON LOW OIL PRESSURE
EHECK VALVE HPCI-10 FAILS YD OPEN

MPCT STEAN LINE DRAIN AND ALARM FAIL COM INITIAL START
AO 23-18 FAILS TO OPEM

Y80 PANEL SUPPLY FUSE BLOWOUT

CV 1470 FAILS TO REMAIN OPEN

1SOLATION VALVE CV-1478 FAILS YO REMAIN OPEN

PCY-345CA FAILS YO REMAIN OPEN

PCY-34508 FAILS TO REMAIN OPEN

A0-1579 FAILS TC REMAIN OPEN

FATLURE OF RELAY 95-7 10 EMERGIZE

FATILURE OF RELAY 95-8 TO ENERGIIE

HPC1-32 FAILS TO OPEM

HPC1-31 FAILS TO OPEN

COMDENSATE PUMP A TAILS TO RUN

2A FEEDUATER AUX OIL PUMP FAILS YO START

ESW PUMP P111 D FAILS TO STARY

ESW PUNP P111 € FAILS TO START

COMPRESSOR 13 UMAVAILABLE DUE YO CORRECTIVE WAINTEMAMCE
COMPRESSOR 12 UNAVAILABLE DUE TO CORRECTIVE MAINTENANCE
A1N CONPRESSOR F11 FAILS TO RUN

FANEL D211 OUT TOR CORRECTIVE MAINTEMANCE

PAHEL 0111 OUT FOR CORRECTIVE MAINTEMANCE

[|T-TCOM/T mANK] (BIRNSUD/T RANK| T/TCO) RAWK]|TC1)-T(O) RAMK| TC1-T  Ramc] TCO/T - RANK||  T-7(0)/sum|
l® @] ®m ®)jw @] o mj » w| w mwj w

A oy Maeasenn S, ey S . SIS SEp—— iy, e~ oo, Bmimgions
0.00000 416 | 1.000 383 ||7.106-10 421 | 0.00e40C 428 | 1.00 416 ||  99.99%

|

|
¢ ||0.00003 383 | |
¢ |]0.00003 38¢ | ©.00003 376 | 1.000 385 ||8.S6e-05 312 | 8.58e-08 292 | 1.3 N9 || 9M.9% |
¢ ||0.00003 385 | 0.00003 377 | 1.000 38 ||8.58e-06 313 | 8.58E-06 291 | 1.33 M3 || 99.9% |
¢ ||0.00002 38 | 0.00002 384 | 1.000 392 ||8.58€-06 320 | 8.58€-06 3B | 1.33 315 I 9.9 |
¢ ||o.00002 387 | 0.00002 381 | 1.000 390 ||8.58E-06 316 | 8.58E-06 17| 1.33 I Il 9999 |
¢ |jo.00002 388 | 0.00002 382 | 1.000 386 ||8.58E-06 314 | 8.58€-06 31 | 1.3 299 I| 9.9 |
¢ ||0.00002 389 | 0.00002 379 | 1.000 388 ||8.58c-06 318 | 8.586-06 32 | 133 M1 || 99.9% |
¢ ||0.00002 390 | ©0.0c002 380 | 1.000 389 ||8.58E-06 321 | 8.58E-06 30 | 133 309 i1 9o |
¢ |j0.00002 391 | ©0.00002 385 | 1.000 391 |[8.58€-06 317 | 8.58€-06 M3 | .33 305 il 99.9 |
¢ Jj0.00002 392 | 0.00002 378 | 1.000 393 ||8.58€-06 315 | 8.586-06 319 | 1.33 30 I 99.99% |
¢ ]|0.00002 393 | ©0.00002 383 | 1.000 387 ||8.58€-06 319 | 8.58€-06 311 | 1.3 27 1| 99.99x |
¢ |]0.00002 3% | 0.00002 386 | 1.000 39 ||8.58-06 322 | 8.58E-06 290 | 133 25| 99.99% |
¢ {|0.00002 395 | 0.00002 390 | 1.000 395 |]2.50E-04 91 | 2.506-0¢ 88| 10.60 85 Il 999 |
¢ |{0.00002 396 | ©0.00002 389 | 1.000 399 [|2.50E-0¢ 89 | 2.506-0¢ 69 | 10.60 89 ||  99.9%% |
¢ |{0.00002 397 | 0.00002 391 | 1.000 398 |[2.50E-06 90 | 2.506-06 90| 10.60 50| 99.9% |
€ |]0.00002 398 | 0.00002 387 | 1.000 397 ||2.506-04 93 | 2.50e-0¢ 91| 10.60 3 || 99.99% |
¢ ||0.0000z 399 | ©0.00002 388 | 1.000 396 ||2.50E-0¢ 92 | 2.50e-0¢ 93 | 10.60 86 ||  99.99% |
¢ ||0.00002 400 | 0.00002 393 | 1.000 401 ||1.566-06 376 | 1.566-06 37| 1.06 375 o e |
¢ ||0.00002 401 | 0.00002 392 | 1.000 400 ||1.56E-06 375 | 1.56E-06 375 | 1.06 374 Il 99.99 |
¢ ||0.00002 402 | ©.00002 396 | 1.000 402 ||8.58€-06 323 | 8.58E-06 316 | 1.3 300 ||  99.99% i
¢ ||0.00002 403 | ©0.00002 397 | 1.000 403 ||8.586-06 324 | 8.58€-06 315 | 1.33 305 I 9.9 |
¢ ||0.00002 404 | 0.00002 398 | 1.000 40¢ ||2.606-06 366 | 2.60E-06 366 | 1.90 366 Il 9999 |
¢ ||0.00002 405 | 0.00000 424 | 1.000 405 ||4.196-10 422 | 0.008400 412 | V.00 428 il 9. |
¢ ]|0.00002 406 | 0.00000 426 | 1.000 406 ||4.03-10 423 | 0.006400 411 | 1.0 4O7 || 1t00.00x |
¢ ||0.00002 407 | 0.00000 425 | 1.000 407 ||4.03€-10 42 | 0.00£000 409 | 1.00 419 || 1wo0.00x |
# 1]0.00001 408 | 0.00000 422 | 1.000 408 |[3.826-10 426 | 0.00e400 421 | 1.00 409 || 100.00% |
# ]]0.00001 409 | 0.00000 423 | 1.000 409 ||3.826-10 425 | 0.008400 420 | 1.00 425 || 100.00x |
¢ ||0.00001 410 | ©0.00003 375 | 1.000 410 |}2.606-07 40 | 2.606-07 395 | 1.0 390 || 100.00% |
# }]0.00000 411 | 0.00001 402 | 1.000 413 |{3.596-05 186 | 3.59%-05 150 | 2.38 147 || 100.00% |
# ||0.00007 412 | 0.00001 400 | 1.000 411 ||3.596-05 187 | 3.59c-05 e8| 2.38 19 || 100.00% |
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CALCULATED IMPORTANCE MEASURES FOR PLANT X

TABLE Add-B2

sereae

BASIC EVENT DESCRIPTION
AND
TYPE OF BASIC EVENT

(LY

- ] o -

D21 UMAVAILABLE BECAUSE OF CORRECTIVE MAINTENANCE
PANEL D11 OUT FOR CORRECTIVE MAINTENANCE

CHECK VALVE CS5-%-2 FAILS TO OPEN

CHECK VALVE AO-13B FAILS TO OPEN

MCC 33A BUS FAULY

MCC 43A BUS FAULY

RY 7384 FAILS TO REMAIN CLOSED

AV 1459A FAILS TO REMAIN CLOSED

RV 1460A FAILS TO REMAIN CLOSED

RV 14608 FAILS TO REMAIN CLOSED

RV 14598 FAILS TO REMAIN CLOSED

RFP 2A FAILS TO STARY

ESW PUMP P111 D FAILS TO RUN

ESU PUMP P111C FAILS TO RUN

BEACTOR LEVEL SENSOR LIS 2-3-672A FAILS TO CLOSE ON LOW
FAILURE OF PRESSURE SWITCH DPIS-1473

INST AIR DRYER PLUGGED

RISK REDUCTION RANKINGS

|| russeLL- | crITICALITY

|| veseLy | |

JIT-T€O)/T  RANK| (BIRN*U)/T RANK] T/T(D)

I @ w| m ®© |

rnie. sy s
# |]0.00001 413 | 0.00001 400 | 1.000
® |]0.00001 414 | ©O.000C1 399 | 1.000
¢ ||0.00001 415 | ©0.00001 404 | 1.000
¢ ||0.00000 416 | 0.00001 405 | 1.000
¢ ||0.00001 417 | 0.00001 406 | 1.000
¢ {|0.00001 418 | 0.00001 407 | 1.000
¢ |j0.00001 419 | 0.00001 409 | 1.000
¢ |]0.00007 420 | ©.00001 4%0 | 1.000
¢ jjo.o0001 421 | 0.00001 412 | 1.000
¢ |jo.00001 422 | 0.00001 413 | 1.000
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20565-0001

January 13, 1995

Mr. Robert A. Pinelli, Chairman
BWR Owners’ Group

c/0 GPU Nuclear

MCC Building E

One Upper Pond Road

Parsippany, NJ 07054

SUBJECT: BWR OWNERS® GROUP TOPICAL REPORT NEDC-32264, "APPLICATION OF
PROBABILISTIC SAFETY ASSESSMENT TO GENERIC LETTER 89-10
IMPLEMENTATION," REVISION 1, AUGUST 1994

Dear Mr. Pinelli:

By Tetter dated September 10, 1994, you submitted the subject report and
requested that it be reviewed by the staff to determine its zdequacy as a
topical report to be utilized by BWR Owners’ Group (BWROG) members in their
implementation of Generic Letter (GL) 89-10, "Safeiy-Ralated Motor-Operated
Valve Testing and Surveillance." The report presents a nethodology for risk-
based prioritization of motor-operated valves (MOVs) within the scope of

GL 89-10, and the application of this methodology *o the ranking of MOVs at
several boiling water reactor (BWR) nuclear plants. The report intends to
allow the ranking of MOVs for both the initial and periedic verification of
MOV design-basis capability. The staff has reviewed your report and their
comments are provided in the Attachment, together with a request for
additional information needed by the staff to complete their evaluation.

We would be pleased to meet with you to discuss our comments, if you desire.
You are encouraged to revise the topical report, reflecting the staff comments
and providing the requested additional information, and re-submit it for staff
review. If you have any questions regarding this subject, please cortact
Allen Hansen at (301) 415-1390.

Sincere

JolhA p—s

Ashgk C. Thadani, Associate Director

for Technical Assessment
Office of Nuclear Reactor Regulation

Attachment: Staff Comments and Request
for Additional Information



Attachment

STAFF COMMENTS AND REQUEST FOR ADDITIONAL INFORMATION ON
BWR OWNERS’ GROUP TOPICAL REPORT NEDC-32264,
"APPLICATION OF PROBABILISTIC SAFETY ASSESSMENT TO
GENERIC LETTER 89-10 IMPLEMENTATION," REVISION 1

COMMENTS
Iritia) MOV Design-Basis Capability Verification

With regard to the initial testing conducted under GL 89-10, licensees may
prioritize their MOVs for testing within their schedule commitments by means
such as the BWROG methodology. However, Supplement 6 to GL 89-10 provides
guidance for licensees planning to justify an extension of the schedule to
compiete the initiai verification of design -basis capabiiity of GL &9-10 MOVs
beyond the committed completion date. In Supplement 6, the staff indicates
that licensees should have all MOVs set up with best available test data as
part of their justification for a GL 89-10 schedule extension. Also, as
discussed in Supplement 6, the staff does not consider the use of risk
importance information as the sole basis to delete MOVs from the GL 89-10
program to be appropriate. Instead, a deterministic approach, supplemented by
risk importance data, should be used.

Periodic MOV Design-Basis Capability Verification

The frequency of periodic verification of MOV design-basis capability should
be based on both risk and deterministic considerations, rather than by risk
alone. The relative risk significance of individual safety-related MOVs will
suggest differences in the length of time between verifications of their
design-basis capability. However, since there is presently no quantitative
Tink between a testing interval and a change in MOV reliability, it is not
possible to calculate the appropriate periodic design-basis capability
verification interval from an MOV’'s risk importance. Licensees must have
confidence that each safety-related MOV is capable of performing its safety
function over the entire interval between verifications of design-basis
capability. Therefore, licensees should ensure that both the risk- and
deterministic-based criteria for the frequencies for periodic verification of
MOV design-basis capability are satisfied.

The staff agrees in principle with the BWROG methodology to rank safety-
related MOVs by their relative risk significance. The use of risk ranking
would be beneficial in directing licensee resources to the components whose
failure could have the most impact on overall plant risk. However, the staff
has several concerns regarding the implementation of the BWROG methodology.
Among these concerns are the variability of the number of valves in the
several ranking categories among plants that are similar (for example, plants
identified in the BWROG report as BWRs A, B and D). This raises questions
regarding the uniformity of IPE methorology (for example, human error
probability and success criteria); the limited scope of the IPEs with respect
to shutdown conditions, seismic events, fires and external floods; issues with
respect to the adequacy of plant-specific probability data; and questions of
how future plant modifications would affect the IPEs and the validity of the
current rankings.



-

The results of the pilot studies described in the topical report could be
combined into one common 1ist of MOVs. The MOVs could then be grouped into
two categories of high and low risk, with a reasonable balance in the size of
the groups. Individual licensees would ensure that these two categories are
applicable to their facilities using the BWROG methodology (which includes an
expert panel review). Licensees would be expected to justify any significant
deviations from a composite BWROG high and Tow risk MOV list, and to re-

e;aluate the list following significant plant modifications or procedure
changes.

Until confidence is obtained in the BWROG methodology, this risk-based
periodic verification interval should be limited to a relatively modest period
of time (such as 5 years for high risk MOVs and 10 years for low risk MOVs).
After determining a suggested risk-based periodic verification freauency,
licensees will need to perform a deterministic evaluation of MOV output
capability and requirements to ensure that safety-related MOVs remain operable
over the entire periodic verificaton interval. In addition, licensees should
continue to evaluate the maintenar e experience with these MGVs, and update
the periodic verification frequency nd maintenance practices accordingly.

The staff believes that changes to the periodic verification interval or the
valve categorization should be done carefully and deliberately.

REQUESTED ADDITIONAL INFORMATION

(1) Where a lTicensee might apply the BWROG methodology to extend its
schedule for completing the initial design-basis verification of safety-
related MOVs, identify how a deterministic approach will be integrated
into the proposed methodology.

(2) State bow a combination of deterministic and risk approaches will be
utilized to determine the appropriate periodic verification frequency to
ensure MOV capability.

(3) Discuss the variability among similar plants of the specific valves in
the three categories, and the extent to which the variability is
attributed to actual plant differences, to differences in IPE scope and
methodologies, and to the use of relative ranking (that is, fraction of
the core damage frequency) at each plant. Discuss the extent to which
the use of only two priority groups would provide more uniform rankings
from plant to piant.

(4) Provide steps which will be taken to properly account for the effects of
future plant modifications on the valve rankings.

(5) The state of knowledge may cause the licensee to change the valve
categorization process or periodic verification interval. Uiscuss the
approach for assessing new information and making these changes.
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Bwﬂ OUWNERS' GROUP T e 201 3167158

c/o GPU Nuclear » MCC Buiiding E + One Upper Pond Road + Parsippany. NJ 07054 « Fax (201) 376-7814

BWROG95-95075
September 8, 1995

U.S. Nuclear Regulatory commission
Mail Stop 12G-18
Washington, DC 20555

Attention: Ashok Thadam

Subject: BWR OWNERS’ GROUP REPORT “APPLICATION OF

PROBABILISTIC SAFETY ASSESSMENT TO GENERIC LETTER
89-10 IMPLEMENTATION"

By ietter aated January i3, 1995, you provided comments and a request for additional
information (RAI) on the subject report. The comments have been evaluated by the BWR
Owners’ Group (BWROG) Integrated Risk Based Regulation (IRBR) Committee. Please
find attached a revised Secticn 3 (formerly Section 4) to NEDC 32264. “Application Of
Probabilistic Safety Assessment To Generic Letter 89-10.” An expedited review and
approval is requested. An SER is needed by September 29, 1995.

The BWROG IRBR Committee has worked closely with your staff to understand their
concerns. Because of this working relationship on a “first of a kind” risk based regulatory
product, our request for an SER by September 29, 1995 is appropriate. We want to thank
vour staff for their efforts and patience in the long review process of this report.

Probabilistic Safety Assessment (PSA) insights gained from this report can be a beneficial
tool for Generic Letter (GL) closure when combined with the deterministic insights from
GL89-10 program. Without decreasing the scope of GL. 89-10, this report uses PSA
insights-to strengthen the GL 89-10 effort by:

L

=

¥ )

Identifying risk significant MOV's appropriate to monitor along with valves in the
program.

Recommending resting intervals consistent with their risk significance.
Providing a basis to develop a reliability versus test interval correlation , and

Conserving NRC and industry resources on low risk MOVs.



BWROG-95075

September 8, 1995
Page 2

On March 21, 1995 the BWR Owners’ Group Integrated Risk Based Regulation
Commuttee met with members of your staff to discuss the subject report and RAI. It was
agreed that the RAI, the BWROG responses to the RAI (this revised Section 3), and the
SER will be bound into the BWR Owners’ Group report which will then be reissued.

If you have any questions regarding this subject, please contact Ms Sharon Mahler
(Southern Nuclear Operating Company), IRBR Committee Chairman at (205) 868-5961,
Bob Kirchner (Niagara Mohawk Power Corporation) Task Chairman at (315) 349-7323 or
Rick Hill (GENE), BWROG Project Manager at (408) 925-5388.

Sincerely,

foart

R.A. Pinelli, Chairman
BWR Owners’ Group

Attachment

ec: K.P. Donovan, BWROG Vice Chairman
BWR Owners’ Group Primary Representatives
Integrated Risk Based Regulation Committee
S.J. Stark, GE
R.A. Hill, GE
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3.0 Additional Methodology Considerations

This section discusses additional considerations that must be evaluated during the
application of this report. These additional considerations were identified by the NRC
Staff during the review of this report.

3.1 The Scope of GL 89-10 Versus the Scope of PSA Analyses

PSA should not be the sole basis to delete MOVs from the GL 89-10 program. MOVs
can be removed from the GL 89-10 program by reclassifying their safety-related active
status. This should be accomplished with the 10 CFR 50.59 process. To the extent that
PSA can support the 10 CFR 50.59 process, it should be used. The methodology in this
report does not address eliminating valves from the GL 89-10 program. GL 89-10 and
Supplements provide guidance on GL 89-10 program scope and mechanisms for
removing valves from the program.

The use of plant-specific IPE models to evaluate MOV safety significance and to
prioritize testing frequencies are desirable applications of the PSA studies. However,
additional deterministic considerations must be made when applying the probabilistic
evaluation results to the implementation of a GL 89-10 test program. This is due to the
differing approaches between and scopes of GL 89-10 PSA studies and GL 89-10 MOV
programs. By considering the insights from both PSA and deterministic analyses, the
strengths of both can be balanced such that the GL 89-10 program is most effective.

The approach of the GL 89-10 MOV program was to address MOV in safety-related
piping systems and establish their design basis functions and service conditions based on
worst case licensing basis conditions. IPE studies, on the other hand, consider all
available systems and componenis and use best estimate service conditions and success
criteria. Instead of deterministic single failure criterion, PSAs consider multiple failures
in a probabilistic manner. These differences may result in: 1) GL 89-10 MOV not being
modeled in the PSA, 2) the PSA may identify non safety-related but safety-significant
MOVs in the IPE model that are not included in the GL 89-10 MOV program, 3) and it is
likely that some GL 89-10 MOVs have little or no safety significance in the PSA.

Plant-specific IPEs generally evaluate accidents leading to core damage (and significant
radioactivity release) and assesses system performance to determine the likelihood of
system operation to preciude or mitigate core damage and significant radioactivity release
events. In the case of a PSA developed for an IPE. the scope of the PSA model is
generally limited to accidents or events initiated by internal events such as plant transients
and loss of coolant accidents.

External events can lead to abnormal events at nuclear power plants. In response to these
events, plants must maintain the same functions as those analyzed in the IPE. As such,
the same systems important in the internal events only IPE will also be important in the
IPE for External Events (IPEEE), see Section 1.3.5 of this report. It is expected that
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MOV safety significance rankings will not significantly change based on IPEEE. If they
do. the IPEEE feedback to the Maintenance Rule will assure continued risk grouping is

adequate. During the expert panel review, as described in Section 1.3.6 of this report, the
effects of external events should be considered.

In addition the PSA generally considers only events while the plant is at power operation
(Modes 1 and 2). Consideration of safety significant MOVs during Modes 3, 4 and 5
should be accomplished during the expert panel review.

3.2 Integration of Probabilistic and Deterministic Methods of Ranking MOV

The methodology in this report describes an expert panel contribution, which is a process
by which the deterministic approach is blended with PSA analyses to achieve an overall
evaluation of risk significance. Instructions relative to this expert panel review are found
in Section 1.3.6 of this report. In addition, expert panel guidance can be found in the
Maintenance Rule Guidance as well as other documents.

Since the licensee must maintain equipment operability and follow GL 89-10 guidance,
determunistic criteria and analys:s are required. By integrating the PSA approach into
existing programs, a balance can be maintained between the two methodologies. In this
manner, PSA can be used as another tool for issue resolution.

Based on the information gathered by Plants A through E in conducting Tasks 1 through
7 a list of valves has been assembled to assist the expert panel in their evaluation of MOV
risk rankings. This list is presented in the following table and represents a composite of
the valve functions which were categorized as “High Risk™ for Plants A through E. after
incorporating the inputs from the expert panel review. It is recommended that if a
licensee’s “High Risk™ category from the PSA analysis does not contain these valves, the
expert panel consider them as part of their evaluation and provide appropriate
documentation of the basis for the final dispositiun.

BWROG Composite List Of “High Risk” Ranked Valves

HPCI (HPCS) Injection Valve RCIC Lube Oil Cooling

HPCI Stearn Inlet Valve RCIC Steam Line Isolation

HPCI (HPCS) Torus Suction RHR Torus Cooling, Spray and Test Valves
HPCI Steam Line Isolation RHR Heat Exchanger Service Water Supply
HPCI Lube Oil Cooling RHR Shutdown Cooling Suction from
RCIC Injection Valve Vessel

RCIC Steam Inlet Valve Containment Isolation - Equipment Drains
RCIC Torus Suction CS/LPCI (LPCS) Injection
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Service Water Pump Discharge Service Water - Diesel Generator Jacket
Service Water Train Discharge Coolers
Service Water Non-essential Load Isolation RBCCW Drywell Supply/Return isolation*

* These valves were classified as “high based on seismic and high energy line break
considerations

3.3 Design Basis Capability and Verification

GL 89-10 requires that all licensees perform initial testing by June 1994. In GL 89-10,
Supplement 6, the NRC provided guidance for utilities that required a schedule extension.
As part of the justification for extension, the guidance suggested that the licensee set up
all valves with the best available information by June 1994. In addition, PSAs showed
that the risk significance of delaying full testing of less important valves was minimal. In
this regard. PSA provides a very powerful additional justification for a schedule extension
that augments the Supplement 6 information. Thus, schedule extension for a number of
low risk MOV, provided they are set up with the best available information prior to June
1994, is fully justifiable.

It is recognized for most BWR utilities, safety significance ranking of MOVs relative to
initial design basis verification is no longer applicable. Nevertheless, this report presents
the methodology for initial verification which it could be valuable for future applications.
Based on the discussion with the NRC Staff during the development of this report, the
report was modified with a footnote to Table 3 which addressed initial verification.

The licensee is responsible for maintaining operability of components in the plant. The
methodology in this report suggests an approach for establishing risk based testing
mtervals. This methodology 1s not intended to relieve a licensee of responsibility to
maintain MOV design basis capability. It is expected that a licensee will demonstrate that
GL 89-10 MOV are capable over the entire duration between tests regardless of risk
significance.

3.4 Testing Intervals

There are currently insufficient data available to establish a quantitative link between
testing intervals and MOV reliability. The methodology in this report does not attempt to
describe such a process. Rather it has been demonstrated that regardless of specific MOV
reliability, there is minimal risk associated with the inters - recommended.

In addition, testing at the intervals recommended in the report wili provide the industry
with data regarding the time-dependent relizbility of MOVs. If the testing intervals are
not varied, information will not be developed 10 establish a link between test interval and
reliability. If short intervals are selected for nisk significant valves, the safety significance
of testing intervals will be small.
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Additional “margin” in the methodology is the realization that testing will be performed
continually. Even a selection of low risk valves will be tested at any given time. With
that in mind, any failures would be investigated and insights applied to other valves.

In the January 10, 1995 letter, the NRC Staff suggested the use of a low category
verification frequency of ten years. In GL 89-10, a frequency of five years was used as a
base. The valves in the low category ranged from a factor of ten to one hundred lower
risk significance. The methodology in this report specifies a factor of three to be applied
to the five year frequency for the low importance valve verification frequency (or 15
vears). The frequency of the medium valves then became the mid-point between the
other two frequencies.

Once the risk rankings are achieved and reviewed by the expert panel, the high, medium
and low risk valves should then be reviewed by the GL 89-10 program manager to
determine the approprniate periodic verification frequency. The GL 89-10 Program
Manager may assign a more frequent periodic verification interval to certain medium and
low risk valves based on deterministic considerations. Factors should include, but are not
limited to, the results of the design basis review, operational importance, service
conditions, margin available, and valve performance history. In addition, valves of a
design type, or group, that has no family members in the high risk category could be
placed in a higher test frequency bin. Thus, at least one valve in each group would be
tested with higher frequency to provide data relevant to the whole group. This adjustment
is one of several that the GL 89-10 program manager may adopt in augmenting his
program with PSA based methods described in this report. Additionally, it should be
pointed out that conservatively short MOV testing intervals are likely to lead to a risk
increase. If too much time i1s expended on risk-neutral MOVs, opportunities for more
significant plant maintenance are lost. To illustrate how risk rankings would be
combined with deterministic considerations to arrive at final periodic verification
intervals the following example is provided. This example illustrates how deterministic
criteria could be combined with risk insights by the GL 89-10 Program Manager to
establish testing intervals.

37



NEDC-32264

Revision 2
TA_BLE 5 TEST INTERVAL ASSIGNMENT DATA
Valve Valve PSA Valve Thrust Service Test Comments
Description D Rank | Group' | Margin®’| Conditions' | Interval
R‘nkl..'b.b
HPCI 1 H 1 30% Nomuinal A
injection (2 cycles)
Containment 2 H 2 5% Nominal A Raised to | cycle
1solation (1 cycle) | based on PSA and
low margin
RHR torus 3 M 1 15% Nominal B
| cooling test (4 cycles)
SW Pump 4 b 4 10% Harsh B Raised based on
Discharge (often used) | (3 cycles) | margin and
service conditions
HPCI CST 5 L 1 5% Nomunal A Raised based on
Suction (2 cycles) | low margin.
Main Steam 6 L 2 15% Nominal C
line drain (7 cycles)
isolation
RCIC ;s H 4 10% Nomunal A
Injection {2 cycles)
RHR SW HX 8§ M 4 20% Nomuinal B
supply (4 cycles)
Cooling 9 & 3 10% Nominal B Raised to ensure
supply to (3 cycles) | group 3 valves are
recombiner represented in
higher test
frequency bins

' Valve group defined by valve design, manufacturer, size, etc
? Thrust Margin is based on an as-left thrust at torque switch trip comy. sred to the minimum required thrust
at design basis conditions including the reduction in margin based on uncertainties such as test instrument
uncertainty, equipment repeatability. load sensitive behavior, time related performance degradation. and
other deterrministic considerations which are outside the scope of this document.
" Service conditions are based on the valve use (strokes /year), environmental conditions, etc
* Test interval rank - A = a test interval of every 1-2 fuel cycles (18 month cyzies)

B = a test interval of every 3-4 fuel cycles

C = a test interval of every 5-7 fuel cycles
" Thrust margin values presented are for example purposes only. As stated in Section 3.3, the licensee must
demonstrate that MOVs are capable over the test interval regardless of nsk significance. This includes
consideration of the amount of margin; potential time related degradation: uncertainties such as
measurement uncertainty, equipment repeatability, and load sensitive behavior; and other deterministic
considerations which are addressed in other industry guidance and are outside the scope of this document.
“ Until additional performance data are available, a maximum test interval of 10 years has been discussed by
the industry and the NRC.
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3.5 Changes in Plant Design or State of Knowiedge of Valve Categorization

For licensees who have a “living PSA”, the best way to evaluate the potential for changes
in valve rankings over time is to re-evaluate the GL 89-10 valves during each PSA
update. This could be accomplished using the updated model and re-generating each
MOVs importance measures.

Licensees who do not maintain their PSA can maintain GL 89-10 lists. The expert panel
can be re-convened to review plant changes since the original evaluation. This review
will be adequate to ensure that valve rankings accurately reflect the relative importance of
each MOV. In addition to re-convening the expert panel, the Maintenance Rule requires
tracking of equipment performance relative to the safety significance of th.at equipment.
Thus, through the application of the expert panel review and Maintenance Kule, the
effects of future plant modifications on valve rankings will be properly considered.

It is beyond the scope of the MOV ranking significance methodology presented in this
report to establish licensee administrative criteria or requirements 1o assess revision to
MOV periodic verification intervals based on new information. The user of this
methodology should, however, consider the potential change of risk importance of MOVs
as a result of plant modifications and introduction of new PSA technology/methods. The
Maintenance Rule as well as the GL 89-10 programs should provide such a mechanism.

3.6 Other Considerations

The NRC staff raised a suggestion to use two categories of high and low versus three
categories of high, medium, and low. Eliminating the medium category has several
negative features relative to achieving the most complete approach to verification. These
are:

e Adding more MOVs to the high risk category that belong in the medium category
does not significantly improve plant safety. The high risk group was defined so that it
would contain 99% of the cor: damage frequency contribution of MOVs. During the
development of the BWR Ovners’ Group report, a Fussell-Vesely boundary of 0.1
was considered for the high risk category. However, to minimize concerns about
data, human error, etc., the boundary for the high risk category was set at 0.01.

*  With the use of three categories, plants will be able to collect MOV verification data
more frequently (the medium category has a more frequent periodic verification
requirement than the low cai=gory) and provide a broader data base to feedback into
the MOV program relative to potential time dependent degradation of MOVs.
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¢ The use of three categones (high, medium, and low risk significance) . .akes risk
significance ranking less sensitive to potential changes in PSA. It 1s less likely for
valves to switch between high and low categories if a medium category is present to
demonstrate a moderate risk impact.

The use of three groups minimizes the effect of valves whose importance is close to
risk group cutoffs. For example, a valve just below the high risk cutoff would be
classified a low in a two group scheme. In this case, the medium group effectively
captures the valve's importance. Thus, the effect of valves on the “cusp™ is
minimum.
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February 27, 199

Mr. Kevin P. Donovan, Chairman
Boiling Water Reactor Owners’ Group
c/o Centerior Energy

Perry Nuclear Station

Mail Code AZ10

10 Center Road

Perry, OH 44081

SUBJECT: BWR OWNERS' GROUP TOPICAL REPORT NEDC 32264, "APPLICATION OF
PROBABILISTIC SAFETY ASSESSMENT TO GENERIC LETTER 89-10
IMPLEMENTATION® (REVISION 2)

Dear Mr. Donovan:

The NRC staff has completed its review of the subject topical report submitted
by the BWR Owners’ Group on September 10. 1994. The staff has found that the
methodology in the topical report can effectively rank the motor-operated
valves (MOVs) in programs established in response to Generic Letter 89-10,
*Safety-Related Motor-Operated Valve Testing and surveillance,” with respect
to their relative importance to core damage frequency, and that appropriate
considerations regarding other consequences can be added by an expert panel.

The staff considers the methodology acceptable for this applica@ion because
the plant-specific IPE-based insights are supplemented by generic insights and
expert review involving additional considerations, such as external events and
chutdown issues. In addition, use of the MOV rankings is in cqmb1nat19n.uith
deterministic restrictions that prevent neglect of the least risk-significant
valves. Further, licensees remain bound by the requirements in their code-of-
record regarding stroke-time inservice testing, as supplemented by the
additional measures they estahiish pursuant to their GL 89-10 commitments.

The BWR Owners’ Group states that, until additional performance data are
available, a maximum test interval of 10 years has been discussed by the
industry and the NRC. The staff agrees with this condition of a maximum test
interval of 10 years based on current knowledge and experience. In addition
to this maximum test interval, where a selected test interval extends beyond
five years, the licensee must evaluate information obtained from valve testing
conducted during the first five-year time period to validate assumptions made
in justifying the longer test interval. Based on performance and test
experience obtained during the initial interval, a licensee may be able to
justify lengthened MOV periodic verification intervals.
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The accepted version of the topical report must incorporate this letter and
the enclosed safety evaluation.

Sincerely,

(B/‘MM W SI\(AA'

Brian W. Sheron, Director
Division of Engineering
Office of Nuclear Reactor Regulation

Enclosure: Safety Evaluation

cc w/enclosure: M. Sarram, NEI
J. Pelletier, ASNE



1.0 INTRODUCTION

By letter dated September 10, 1994, the Boiling Water Reactor (BWR)
Owners’ Group submitted for NRC staff review Revision 1 to BWR Owners’
Group Topical Report NEDC 32264, "Application of Prebabilistic Safety
Pssessment to Generic Letter 89-10 Implementation." The report presents
: methodology for risk-based prioritization of motor-operated valves
(MOVs) within the scope of Generic Letter (GL) 89-10, "Safety-Related
Motor-Operated Valve Testing and Surveillance,” and the application of
this methodology to the ranking of MOVs at several BWR nuclear plants.
Following meetings between the NRC staff and members of the BWR Owners’
Group, the staff provided comments and requested additional information
in a letter dated January 13, 1995, from Ashok C. Thadani, Associate
Director for Technical Assessment, Office of Nuclear Reactor Regulation,
to Robert /.. Pinelli of the BWR Owners’ Group. On September 8, 1995,
the BWR Owners’ Group provided a revised section as Revision 2 to the
topical report in response to the staff’s comments and request for
additional information. The staff’s review and evaluation of the
topical report are provided in this safety evaluation.

Probabilistic risk assessment (PRA) models ?onerally assume that there
are no unidentified systematic design/installation problems that will
cause systems (or multiple systems) to fail to fulfill their intended
functions under design-basis conditions. However, in 1989 the staff
issued GL 89-10 to resoive concerns raised as a result of poor
performance of MOVs at nuclear plants and weaknesses in the design,
setup and testing of MOVs. These MOV capability problems had not been
recognized because surveillance testing was typically performed under
minimally demanding conditions. Therefore, the failure rates of MOVs
under the more-demanding design-basis conditions might not be reflected
in the data used in a licensee’s PRA models, and the potential for
simultaneous failure of multiple MOVs in multiple systems might not have
been considered for accident sequences that produce the more demanding
conditions. Thus, the existing solutions of the Individual Plant
Evaluation (IPE) models (specifically, the dominant cutsets provided in
the IPE submitials) might not include representation of the MOV
performance problems addressed by GL 89-10.

A direct approach for evaluating the risk associated with the GL 89-10
failure mechanisms would involve (1) modification of the PRA logic
models to specifically consider which sequences <reate the more
demending conditions that could lead to those failure mechanisms, and
(2) use of appropriately higher failure rates for the MOVs in those
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sequences. Solution of the revised model would provide results that
would reflect for each MOV the risk associated with the potential for
failure due to the MOV issues that led to GL 89-10. However, this
approach would require extensive modification of the event trees and
fault trees in the models and resolving the logic model to obtain the
new dominant cutsets.

Because the goal of the BWR Owners’ Group risk assessment for Gl 89-10
implementation is to develop a relative ranking of the MOVs according to
their potential risk contributions rather than to evaluate the absolute
value of the risk contribution, it is possible to gain sufficient risk
insights with less rigorous, and thus less costly, methodsz. Also,
because the goal is to establish a small number of risk categories
rather than to establish the exact rank order of the risk contribution
for each MOV, the methodol need not have the level of precision
provided by the direct modeling approach.

The alternative and less costly approach proposed by the BWR Owners’
Group involves the use of importance measure (IM) methodology. Various
IMs have been developed and described in the literature to assist in
obtaining insights from PRA results. The proposed approach extends the
application of these measures in a manner that is appropriate to address
the MOV issues that led to GL 89-10.

NRC STAFF ACTION

The NRC staff reviewed the topical report with respect to both the
schedule for the initial verification of MOV design-basis capability in
response to GL 89-10 and for the periodic verification of MOV design-
basis capability. The staff reviewed the methodology presented in the
topical report for its reliability in appropriately ranking the safety-
related MOVs in a BWR nuclear plant. The staff reviewed the discussion
in the topical report regarding assurance that safety-related MOVs are
capable of performing their safety functions. Finally, the staff
reviewed the topical report for consideration of both MOV risk ranking
and operational capability in establishing appropriate intervals for
periodically verifying the design-basis capability of safety-related
MOVs at BWR nuclear plants.

COMMENTS ON TOPICAL REPORT AND ITS RESULTS

General

With regard to the initial testing conducted under GL 89-10, licensees
may qrioritize their MOVs for testing within their schedule commitments.
Supplement 6 to GL 89-10 provides guidance for licensees planning to
justify an extension of the schedule to complete the initial
verification of design-basis capability of GL 89-10 MOVs beyond the
committed completion date. In Sugp‘ement 6, the staff indicates that
licensees are expected to have all MOVs set up with best available test
data as part of their justification for a GL 89-]10 schedule extension.

A licensee must ensure that its use of the BWR Owners’ Group methodology
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described in the topical report as part of a GL 89-10 schedule extension
justification is consistent with Supplement 6 to GL 89-10 and the
comments in this safety evaluation. Also, as discussed in Supplement 6,
the staff does not consider the use of risk importance information as
the sole basis to delete MOVs from the GL 89-10 program to be
appropriate. However, the deterministic approach may be supplemented Dy
risk importance data.

Deterministic considerations in establishing the frequency of periodic
verification of MOV design-basis capability may be supplemented by risk
considerations. In GL 89-10, the staff recommended a periodic
verification frequency of five years or three refueling outages unless a
longer interval is justified. The relative risk significance of
individual safety-related MOVs may suggest differences in the length of
time between verifications of their design-basis capability. Licensees
must have confidence that each safety-related MOV is capable of
performing its safety function over the entire interval between
verifications of design-basis capability. Therefore, licensees must
ensure that both the risk- and deterministic-based criteria for the
frequencies for periodic verification of MOV design-basis capability are
satisfied. In Footnote 6 of Table 5 provided in Section 3.0 of

Revision 2 of the topical report, the BWR Owners’ Group states that,
until additional performance data are available, a maximum test interval
of 10 years has been discussed by the industry and the NRC. The hre
staff agrees with this condition of a maximum test interval of 10 years
based on current knowledge and experience. In addition to this ma X i mum
test interval, where a selected test interval extends beyond five years,
the licensee must evaluate information obtained from valve testing
conducted during the first five-year time period to validate assumptions
made in justifying the longer test interval. As experience is gained,
licensees may be able to justify longer intervalis.

Probabilistic Methodology

The topical report discusses the need for the probabilistic risk
analysts who conduct this process to be thoroughly famiiiar with the
PRA, its assumptions, modelling techniques and results. The report
discusses the need to identify and appropriately address MOVs that are
within the scope of GL 89-10 but not explicitly modelled in the PRA.
Some of these MOVs were omitted in the original PRA analysis because
they were thought to contribute negligibly to the results, while others
are implicitly included in modelling of initiating events, human errors,
and modularized or “super* components. The topical report also
addresses the need to consider the role of MOVs in the containment
(level 2) models as well as the core damage (level 1) models, and to
include considerations of external events and shutdown conditions.

Use of Importance Measures for Ranking MOVs by
Relative Risk Contribution

There are two basic types of insights to consider in ranking the risk
significance of basic events in PRAs. One 1s the fraction of the total
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result (e.g., core damage frequency) that involves the basic event,
given that it has 1ts nominal failure rate. This insight is provided by
the Fussell-Vesely and Risk Reduction type importance measures. The
other insight is the effect on the total result that occurs when the
basic event is assumed to always be a failure. This insight is provided
by the Risk Increase (or Achievement) type importance measures. For a
specific basic event, the ratio Letween these two types of importance
measures is the nominal failure rate of that basic event. However, for
PRAs that use generic data, basic events for failures of individual MOVs
to change position will all have the same value. Therefore, the ranking
of individual MOVs will be the same by either type of importance measure
when the PRA uses the same generic data for all such basic events.

However, when groups of MOVs are assumed to fail together, this may not
be the case.

‘“hese importance measures can (conceptually) be applied to several
.evels of PRA results, including core damage frequency, frequency of
specific major release categories, early fatalities, and total
population dose. MOVs that are highly significant with respect to one
level of PRA results may not be significant with respect to other
levels. Because not all of the IPEs go beyond guantification of core
damage frequency in an integrated fashion, the methodology described
here addresses only level 1 analyses. However, for PRAs that quantify
the sequence frequency of various types of radioactive material
releases, and for those that quantify public health consequences, this
methodology can be explicitly applied to those levels, as well. Because
IPEs generally do not explicitly integrate the level 1 and level 2
analyses or beyond, the expert panel must consider in a qualitative
manner the impact of MOV performance on containment bypass and
radiocactive material release.

As indicated above, the staff issued GL 89-10 as a result of poor
performance observed in MOVs at nuclear plants and concerns regarding
MOV design, setup and testing. Further, preoperational and surveillance
testing typically do not simulate the operational requirements of the
design-basis conditions for MOVs. These weaknesses in MOV design, setup
and testing constituted a common-cause failure mechanism among MOVs in
different systems as well as in the redundant trains of individual
systems. However, PRAs do not model the potential for common-cause
failures of components in different systems. The staff notes that the
topical report discusses the results of trial applications of the
proposed methodology and various "sensitivity studies” at five plants,
and the report concludes that the results of the sensitivity studies
indicated 1ittle effect from multiple common cause failures (CCFs) on
the final ranking of the MOVs. The staff does not agree that this
conclusion can be generalized to the degree stated in the topical
report, that "multi-component, inter-system CCFs will not affect the
identification or ranking of the MOVs..."

Therefore, if the MOV design, setup, and test concerns that led to the
issuance of GL 89-10 have not been resolved for the specific facility, a
method for ranking the MOVs must consider this unmodelled aspect. Once
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initial testing has been completed, it is assumed that the failure

probabilities of the MOVs are as originally modelled in the PRAs. For
this reason, the topical report provides caparate ranking methodologies
for the initial testing and the perfodic verification testing programs.

4.2.1.1 Importance Calculations for Initial Testing

In order to properly rank MOVs for initial testing, the potential for
programmatic inadequacy in the MOV design, setup and test practices to
cause failure of MOVs in multiple systems during a single accident
sequence must be addressed. The common-cause failure modelling that is
included in the PRAs generally is limited to consideration of like
components in thz iedundant trains of single systems. In order to
address common-cause failures in multiple systems, cutsets must be
obtained that contain the groups of MOVs that, 1f failed together, would
substantially increase the core damage freguency. These cutsets usually
are not included in the dominant cutsets because the assumed probability
of MOV failure to change position is so low (=10"°/demand) that the
cutsets with multiple MOV failures have frequencies below the truncation
value for the solution process. To obtain these cutsets, thz failure
rates of the MOVs must first be set to high values and then the logic
models must be solved for new cutsets. A value of 0.3 or 0.5 is good
for this solution, because it will allow individual cutsets containing
large numbers of MOVs to exceed the truncation value, but will not make
the probability of success so low that it forces other sequences (that
involve the success of these events) to dvop below the truncation value.
Once these cutsets are obtained, the failure probabilities for the MOV
basic events can be returned to their nominal values, taking care not to
lose any cutsets by truncating successive reevaluations on the basis of
cutset frequency.

In concept, these cutsets could be used to evaluate various combinations
of MOV failures to determine the significance of each combination.
However, the topical report suggests a iess burdensome approach. First,
the risk reduction and risk increase importance measures are calculated
in the normal way for individual MOVs, with their failure probabilities
set at nominal values. Those that satisfy the criteria for high ranking
are designated as such. Then, the failure probabilities for the MOVs
that have not been so designated are all increased to 1.0 and the
cutsets are requantified. [f these remaining MOVs contain combinations
whose failure can substantially increase the core damage frequency
(CDF), the requantified COF will be substantially increased above the
nominal value, and the risk reduction importance for the MOVs with
respect to this requantified CDF will reveal which MOVs are contributing
to the increase. If there is a substantial increase in CDF,
contributing MOVs are designated as high-ranked MOVs, and their failure
probabilities are returned to the nominal value. The cutsets are
requantified again with only the remaining undesignated MOVs at the high
failure probabilities, to demonstyate that there are no remaining
combinations of MOV failures that create a substantially elevated CDF.
If there are still such combinations of MOVs, the process is repeated
until they have been determined and Jesignated.
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It is unlikely that this process will have to be repeated, but it is
conceptually possible that setting the failure probabilities of some
MOVs to 1.0 will prevent the detection of other combinations that are
also important. For example, if a combination of MOV failures that
render high pressure injection nonfunctional is given a probability of
1.0, then the probability of reaching 2 point in an accident sequence
that requires high pressure recirculation will be zero, and that
quantification of the cutsets will be completely insensitive to
combinations of MOVs whose failure could lead tc an inability to provide
high pressure recirculation. Because some computer programs used for
cutset manipulation perform Boolian reduction on the cutsets, proper
execution of this technique requires care to ensure that cutsets are not
being lost during successive manipulations.

With these cautions in mind, the methodology presented in the topical
ropo;t can provide the appropriate risk insights for use by the expert
panel.

.2 Importance Calculations for Periodic Verification Testing

Once the initial GL 89-10 testing program has been completed, the
gotcntia] for intersystem common-cause failure of MOVs is assumed to

ave been addressed and eliminated as a significant concern. Under
these circumstances, the risk significance of the MOVs may be ranked on
an individual basis. As previously discussed, the use of either type
(risk reduction or risk increase’ importance measure will produce the
same ranking for individual MOVs when the same generic failure rate is
used for all MOVs in the PRA.

The topical report recommends use of the Fussell-Vesely or Risk
Reduction Ratio importance measure for ranking individual MOVs. The
staff believes that this can produce the appropriate insights for use by
the expert panel. Where intrasystem common-cause failure of MOVs is
modelled in the PRA, ranking the PRA common-cause basic event will
provide an additional insicht on the importance of groups of MOVs
serving the same functions. I[f a common-cause event is highly ranked,
the panel must ensure that at least one of the MOVs represented by the
common-cause basic event is included in the high group to minimize the
potential for their common failure due to the issues addressed by

GL 89-10 programs.

Accurzcy of the IPE/PRA

Although each U.S. nuclear power plant has performed an IPE in the form
of a probabilistic safety assessment, the NRC has not yet reviewed these
analyses in sufficient detail to accept them for direct use in
regulatory decisions without additional plant- and issue-specific
review. The reviews conducted by the staff to date indicate that, in
addition to real differences in results that are caused by differences
in plant design and operating practices, there may be significant
differences caused by differing assumptions and modelling techniques.



The five pilot studies contained in the appendices to the topical report
indicate substantial differences in the lists of high and medium ranked
MOVs for plants that are rather similar in design. in order to provide
assurance that these difierences are appropriate, the BWR Owners’ Group
has included a list of MOVs that, if not present in the high or medium
rish groups at a specific plant, must be reviewed by the licensee’s
expert panel to ensure the reasons that they do not appear in those
groups are understood and appropriate, and that the reasons are
documented by the licensee. Considering the end use of the insights
provided by this methodology, this is an appropriate level of review of
the accuracy of the probabilistic basis. This conclusion is based on
two factors. First, the purpose of this methodology is to divide the
list of MOVs within the scope of GL 89-10 into a small number of
importance groups, rather than to accurately compute the absolute risk
significance of eaclh valve. Second, the valves in all of the importance
groups will be subject to deterministic restrictions or their test
schedules that preclude neglect of the least-significant valves.

Considerations for Expert Panel

The actual production of the MOV testing schedule must be accomplished
by a pane! that includes personnel with additional expertise in the
areas of plant design, operations, maintenance, probabilistic risk
assessments, and in-service testing. The ranking and scheduling
processes must assure that the assumptions and conclusions of the panel
are based on an integrated assessment of both the traditional
deterministic 2ngineering and systems analyses as well as the risk
insights derived from the PRA. The topical report discusses several
issues that must be addressed qualitatively or for which additional
knowledge is required for quantitative assessment. These include
identification of "hidden" contributions of particular MOV failures to
specific basic events in the PRA, consideration of level 2 issues, and
consideration of the effects of MOV failures during shutdown and with
respect to external events such as fires, floods and earthquakes.

In addition to those mentioned in the report, two additional issues must
be considered by the panel. The first issue concerns interchanging
functions of MOVs, as is sometimes done between the pump discharge valve
and the injection valve on an emergency core cooling system (ECCS) pump
injection line. Normally, the injection valve is closed and must open
for the ECCS function, while the discharge valve i normally open (but
sti1] receives a signal to open). However, when there is concern about
the operability of the injection valve, some plants have opened that
valve and closed *he pump discharge vaive. In this configuration, the
pump discharge vaive has the risk significance of the injection valve
and vice versa.

The s3econd 1ssue concerns the changes that can occur n component
importances as plant operating configurations change (i.e., equipment
comes in and out of service). PRAs generally assume that maintenance
outages of equipment occur randomly and, therefore, overlaps of
equipment outages that can cause changes in relative importances are
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random. Actual plant-specific maintenance practices, such as rolling
periodic on-line maintenance schedules, can intraduce systemic effects
that result in more or less overiap of egquipment outages and result in
importance rankings that are different from those that would exist if
these systemic effects were not present. Whether this results in an
increase or decrease in the actual importance level of any particular
component compared to that estimated by the PRA assuming outages are
random, depends on the licensee’s sensitivily to avoiding concurrent
outages of pieces of equipment that would substantially increase the
accident frequency.

The Maintenance Rule which becomes effective July 10, 1996, requires
lice~sees to assess the total plant equipment that is out of service to
determine the overall effect on performance of safety functions when
conducting preventative maintenance. This will ensure that the licensee
will account for potential increases in risk resulting from overlaps in
equipment outages during the actual performance of testing. Actual
maintenance practices must be considered by expert paneis when
establishing relative risk importance of different MOVs for the purposes
of prioritizing maintenance and testing activities for GL 89-10
inplementation. [f actual maintenance practices are different from
those modeled in the PRA used to provide risk insights to the expert
panel, this information must be presented to the panel along with an
assessment of the potential impact of these differences on the relative
risk importance rankings derived from the PRA.

Reterministic Capability Evaluation

In Section 3.3 of Revision 2 to the topical report, the BWR Owners’
€roup notes that licensees are responsible for maintaining operability
of components and that the topical report methodology is not intended to
relieve a licensee of responsibility toc maintain MOV design-basis
capability. The BWR Owners’ Group states that 1t is expected that a
licensee will demonstrate that GL 89-10 MOVs are capcble over the entire
duration between tests regardless of risk significance. The licensee is
expected to use accepted best-available methods and data, in determining
MOV capability margin and performance degradation rates to provide a
high level of assurance that safety-related MOVs will remain capable of
performing their safety functions over the periodic verification
interval. Section 3.4 of Revision 2 to the topica) report provides
additional information on deterministic considerations in establishing
periodic test intervals.

MOVs are typically grouped by type and service environment, and
representative MOVs from each group are retested at the highest
frequency to ensure that the projections of operability are accurate.
It might be desirable to leave some MOVs untested for the longest
periods they are expected to remain operable so that data can be
acquired on the actual deterioration as a function of time. This
reduces the testing burden and permits the adjustment of the periodic
verification test schedules to further reduce burden as confidence is




gained in the projections of time that adequate margin will remain for
each MOV group.

STAFF FINDINGS

The staff finds that the methodology used in the topical report can
effectively rank the MOVs in the GL 89-10 program with respect to their
relative importance to core damage frequency, and that appropriate
considerations with respect to other consequences can be added by an
expert panel. The staff approves use of the BWR Owners’ Group
methodology for ranking MOVs subject to the cautions and considerations
described in this safety evaluation.

For this specific application, the staff considers it acceptabie for
licensees to rely on their IPE studies te support the ranking of MOVs
when used together with expert panel review and deterministic
constraints, based on the following considerations: The relative risk
ranking methodology supplements the plant-specific IPE-based insights by
generic insights and expert review involving additional considerations
such as external events, level 2 and shutdown issues. In addition, the
use of the rankings is in combination with deterministic restrictions
that prevent neglect of the least risk-significant MOVs.

The BWR Owners’ Group statzs that, until additional performance data are
available, a maximum test interval of 10 years has been discussed by the
industry and the NRC. The NRC staff agrees with this condition of a

maximum test interval of 10 years based on current knowledge and
experience. In addition to this maximum test interval, where a selected
test interval extends beyond five years, the licensee must evaluate
information obtained from valve testing conducted during the first five-
year time period to validate assumptions made in justifying the longer
test interval. Based on performance and test experience obtained during
the initial interval, a licensee may be able to justify lengthened MOV
periodic verification intervals.

APPLICABILITY OF YHIS SAFETY EVALUATION REPORT

The use of PRA for GL 89-10 implementation is considered a pilot
application in the Commission’s agency-wide PRA Implementation Plan.
The use of PRA/IPE, the risk ranking methodolegy, and the expert panel
process has been justified for this application as described in the BWR
Owners’ Group Topical Report NEDC-32264, "Application of Probabilistic
Safety Assessment to Generic Letter 89-10 Implementation.” The NRC
staff is curren:ly reviewing uses of PRA and various risk ranking
methodologies fur several other regulatory applications and 1s
developing application-specific, or where practical, generic regulatory
guidance. Therefore, absent additional NRC staff evaluation and/or
final guidance development, the conclusions in this safety evaluation
are applicable only to the specific application described in the
aforementioned topical report. Further, licensees remain bound by the
requirements in their code-of-record regarding stroke-time inservice
testing, as supplemented by the additional measures they establish to
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ensure that MOV design-basis capability is maintained pursuant to their
GL 89-10 commitments.
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