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EXECUTIVE SUMMARY

Inservice inspections are intended to play a key role in minimizing structural failures. The objective
of inservice inspection (ISI, is to identify conditions, such as flaw indications, that are precursors to
leaks and ruptures, which violate pressure boundary integrity principles for plant safety.

All aspects of inspection, including where, when, and how to inspect, affect the benefits of the
inspection for enhancing component structural reliability. In addition, accept/reject criteria and repair
procedures have a significant influence. Inspections are currently performed based on mandated
requirements, such as those for nuclear power plant components in the ASME Boiler and Pressure
Vessel Code, insurance requirements, company policy, etc. Most inspection requirements are based on
past experience and engineering judgment and have only an implicit consideration of risk-based
information, such as failure probability and consequence impacts for the specific material, operation
and loading conditions.

Technologies for risk assessment of systems and components have been developing rapidly over the
past two decades concurrently with progress in inspection technology and methods for assessment of
component structural reliability and the effects of inspection. In fact, all nuclear power plants have
been required to perform an Individual Plant Examination (IPE) per the requirements of NRC Generic
Letter 88-20 to determine plant vulnerabilities to severe accidents such as core damage and large early
release from containment. These developments provide the capability of selecting between candidate
inspection programs based on quantitative estimates of the risks associated with component failure,
including related inspection and failure costs. Both the probability and the consequence of component
failure enter into the evaluation of risk, and inspection programs can be formulated based on managing
these risks and related costs.

This report describes a program for showing the benefits of using risk-based technologies to reduce
overall operation and maintenance costs associated with the inspection of nuclear power plant
components while maintaining a high level of safety. Risk-based inspection processes were applied to
evaluate the impact of requirements and methods currently being developed for component/system

inspection on overall operation and maintenance costs.
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The overall risk-based inservice inspection process is described. The focus of this report is on the
identification of the inspection locations using a risk-ranking process. The risk-ranking process
includes the following steps:

* Scope Definition

¢ Segment Definition

¢ Consequence Evaluation

» Failure Probability Estimation
* ISI Segment Selection

¢ Structural Element Selection
¢ Inspection Requirements

The results of the segment risk-ranking for representative WOG plant shows that approximately 37%
of the 259 piping segments were determined to be more safety-significant, or to have a high safety
impact.

These piping segments were then subjected to a detailed review to determine the structural eilements
that should be inspected. A comparison of the elements of the risk-based ISI program and those
structural elements defined by the current ASME Code requirements was made. This comparison
showed that under current ASME code, a total of 753 welds would be inspected while the risk-based
ISI program would inspect only 119 structural elements. The current ASME Code inspection locations
address approximately 44% of the piping pressure boundary core damage frequency while the risk-
based ISI program addresses approximately 98% of the piping pressure boundary failure core damage
frequency with less locations being inspected. The total piping core damage frequency, however, is
only a small fraction of the total core damage frequency for the plant. While these results represent an
application to a plant designed to ASME Section III, the risk-based ISI process should yield similar
results to piping systems in plants not designed to ASME Section III.

This program has been of benefit by providing a sound technical approach and process for developing
a risk-based inservice inspection program for piping that can be implemented in the industry. It is
expected that the risk-based ISI program can be implemented at a cost much less than the direct
savings that are gained from piping examinations done in one outage. The representative WOG plant
application has shown the potential for reducing operation and maintenance costs in the development

and implementation of effective piping inspection programs while maintaining a high level of safety.

mA2697w: 1b:032996 i



ACKNOWLEDGEMENTS

The authors acknowledge with appreciation those utility representatives and other personnel who

assisted in providing information for this document by participating in interviews, responding to

questions on the information provided, and providing reviews.

In particular, the authors acknowledge the Northeast Utilities and Millstone 3 plant staff who

gracicusly served as the representative WOG plant for this study and the members of the ASME Risk-
Based Inservice Inspection Research Task Force who assisted in the development of the enhanced

methodology for this program.

Utility/Industry Group

[t i SSS e ————————— —————————]

Representative

Northeast Utilities

Sunil D. Weerakkody, Alan J. Silvia,
Robert V. Schonenberg, Steven T. Sikorski,
Robert C. Enoch, Huby K. Covin,

David T. McDaniels, Bruce. R. Roy,

Maria G. Gharakhanian, Paul J. Parulis,
Mark A. Powers, Ronald W. Rothgeb,
Robert W. Flanagan

ASME Research Task Force on Risk-based ISI

Jerry Phillips (TENERA), Truong Vo (PNNL),
Vic Chapman (Rolls-Royce), Fred Simonen
(PNNL), David Harris (Engineering Mechanics
Technology), Alex McNeill (Virginia Power),
Ray Art (ASME Research), Bryan Gore
(PNNL), Lee Abramson (NRC Research),
Spencer Bush (Consultant), James Agold (SNC)

Westinghouse Owners Group

Dennis Weakland (DQE), Chuck Tomes
(WPSC)

| Westinghouse

Don Remlinger, Ed Terek

Warren Bamford, Dave Drinon, Terry Miele,

m\2697w:1b:032896



TABLE OF CONTENTS

Page

EXECUTIVE SUMMARY . ...ttt et e et e e et st et i
ACKNOWLEDGEMENTS . . .. .. ittt e e e e e e i
RN v e ot R N A TR A R T 1
14 Program Objectives . . .. ... ......... ...t 2

e R N A L P AT S 2

1.3 T e PR SR P N e 2

1.4 Ly S G P SR S 3

20 BACKOGROUND .. ...voiiiinnnsrnsusoanssnssnonsssnsesesesssossnnnnss 4
2.1 Current ASME Code Requirements . ... .......................co0o.... 4

2.2 ASME Risk-based Research and Code Efforts . .......................... 8

23 BRMORETY ACEIVIIOE . .« o o o b i strenns e sty s a A s 10

23.1 Maintenance Rule . ............00vnieurnnrmnnmonnonssnnnnss 12

30  APPLICATION OF RISK-BASED METHODS TOISI ......................... 15
3.1 VRV -+ & o b 68 Bodnr b w560 o 0 s b 0 e bt £ 15

3.1.1 Risk-Ranking Process . . ............. ... .. iuiiiiiiniiiinnais 17

3.1.2 Use of the EPRI PSA Applications Guide . ....................... 19

3.1.3 Representative WOG PIant . ... ....cov0iviivincansannsnsnssnns 25

R T e L S 30

33 Segment Definition . . .. ... . ... ... 33

34 Consequence Evaluation . . .. ... ... ... ... ..t 35

341 Direct CONSeqUEnCES . . . . .. ... ov vt tn e e 37

342 Indirect CONSEQUENCES . . . . . .. ..o ovvivvvnsonnsonsarnsnsansnns 37

33 Failure Modes and Failure Probability Estimation . . ...................... 41

33 Poilue Moles B OIS . .. ... iivucuiiaoriiociqianntaasias 41

352 Reviowof Industry EXperionoe . . ... c.ocivoinassivasssossansss 48

2.0 ‘WIS IR - . 5 ¢ ht w6 8 o %% 6 N2k h B8 % N AN 48

3.54 Consideration for Selection of Likely Failure Locations . .. ............ 49

3.5.5 Consideration of Other Piping Reliability Programs . . ... ............. 50

3.5.6 Failure Probability Determination . . ........................ ... 51

m\2697w: 1b:032996 v



TABLE OF CONTENTS (cont)

Page
36 Selection of ISI Segments .. ...........cccuiciiaiaaiaitrrianrianann 56
3B Riskannldng . . icvnsicaisaciaiansis s ssscnan s e s 56
362 Deterministic Considerations . . . . .. .. ... ccovvvvvnnsassvonssnans 75
363 ExpertPanel ...........co00iieananinsraiaiananannanasns 82
3.6.4 Representative WOG Plant Results . . ........................... 85
3.7 Birnctnrsl RIomant BolOUMOm . . - < - s < i h s ms s s e N sk kb 85
40 INSPECTIONREQUIREMENTS .......cciinaveurumsnrnmesansnsnassanssss 97
4.1 More Safety-Significant Locations . . . ............c.ociiiirinainienaes 97
42 Less Safety-Significant Locations . ...............cooiieiincnainroann 97
43 Comparison of Results to Current ASME XI Inspection Locations . .......... 101
43.1 Comparison of Examination Locations . .. ................... ... 101
432 Risk/Safety Evaluation . ...............couiviireeninticnnrans 105
433 Cont-Benefit Evalustion . .........c.cicvvnessnessnassnsssans 107
50 PLANT-SPECIFIC APPLICATION PROCESS ............ccciiiiininnnaannns 110
5.1 Scope Definition . ..........ccovuiiiiiiiiiiiiiiiiiiiii i 110
52 Segment SElECtion . . . . . . ...t ia e 113
53 Consequence Evaluation . . ..............coiviiiniiaiiannnaninans 113
54 Failure Modes and Failure Probability Estimation . . . ... ................. 113
35 Selection of ISI Segments and Structural Elements . .. ................... 114
56  Inspection Requirements . ..................occeororonnosanensnssns 115
5.7 Implementation and Feedback . . . ............ .. oo 115
60 SUMMARY OF RESULTS AND CONCLUSIONS . .............0civiieinnnns 117
6.1 Results of Application . ... ..........oouiiuriiunnnerionransnenans 117
62  Conclusions from Application . . .. .........ooiviurieinrar s 117
6.3 Insights for Application to Other Equipment . . .. ... .. ... .. ... 118
70 REFERENCES . .....cvvvvttnusnsosssinsassssanssshassssisssssanssses 119
APPENDICES
APPENDIX A PLANT WALKDOWN INFORMATION . .. ....... ..o A-1
APPENDIX B SAMPLE EXPERT PANEL WORKSHEETS ... ... ..... ... ............ B-1
APPENDIX C SAMPLE FAILURE PROBABILITY WORKSHEETS/INPUT/OUTPUT ... ... C-1
APPENDIX D SRRACODEDESCRIPTION . ......viviriinninsannsnssnasanonsan E-1
APPENDIX E BENCHMARKINGOF SRRACODE . .. ... ... . coiiuiannnenn F-1
SUPPLEMENTAL INFORMATION FROM REPRESENTATIVE WOG PLANT
m\2697w.15:032996 v




LIST OF TABLES
Title Page

EPRI PSA Applications Guide . ................00000iiiiennnnniin, 11
General Approach to Overall Risk
Significance Determination

Approach to Overall Risk Significance Determination for .. ................ 25
Aliernative Risk-Based Selection Process for Inservice Inspection

312 Base Plant PSA Core Damage Frequency . .. ... .................oo0... 29
Percent Contribution by Initiator

3.2-1 Millstone Unit 3 RBI System Identification ............................ 31

3.2-2 Evaluation of Piping Systems for Exclusion fromthe ..................... 32
RBI Program

331 Number of Segments Defined for Representative WOG Plant . ... .. .......... 36

34-1 Example Consequences for Piping Segments . .. ........................ 38

342 Millstone 3 Risk-Based Inspection Expert Panel Evaluation ................. 40
Indirect Effects Walkdown Worksheet

343 Summary of Indirect Effects . . . ............c000iiiiiiiirinnnnnnnnss 42

3.5-1 Example Failure Causes for LWR Nuclear Power Plant . .................. 47
Piping Components

352 Example Calculated Pipe Failure Probabilities . ......................... 54

3.6-1 Number of Segments Defined and CDF Contributions by System . ............ 66

362 Piping Segments With RRW > 100 . ... ... ... ... ... ... ... ..ccoiiuiinn. 69

363 Expert Panel Evaluation Segment Ranking Worksheet . . ... ........... ... .. 77

3.6-4 Segment Ranking Worksheet Section Definitions . .. ....... ... ........... 79

m\2697w:1b:032995



3.6-5

3.6-6

3.6-7

3.6-8

431

432

LIST OF TABLES (Cont.)

Tide

Emergency Core Cooling System (ECCS) Piping . ..............

Reliability Remarks

Number of Segments Defined for Each Systemand .............

More Safety-Significant Segments Defined by Exert Panel

Summary of More Safety-Significant Segments . ... ......... ...

Comparison of Expert Panel and Risk Calculations .. ............

in Safety Significance Determination

Guidance for Visual Examination Methods, Monitoring . . .. .......

Techniques, and NDE Methods Associated with Postulated
Failure Modes

Millstone Unit 3 Preliminary Structural Element . .. .. ..........

Selection Results and Comparison to ASME
Section XI 1989 Edition Requirements

Estimated Savings from Risk-Based Inspection for ..............

Typical 4-Loop Plant

........

102

108

m\2697w:1b:032996

vii



LIST OF FIGURES

Figure Tide Page
22-1 Organization of ASME Risk-Based Inservice Inspection and

Testing Research Projects . . . . ......ov0viuivnenernsrronssasnrnness 9
3.1-1 General ASME Research Risk-Based Inservice Inspection and Testing Process .. 16
3.1-2 WOG Risk-based Inservice Inspection Risk-Ranking Process .. .............. 18
3.3-1 Example of Piping Segments . . ....... ... . ... ... ... ... .35
3.5-1 Failure Probability Estimation Process . .. ...................coooo ..., 44
3.6-1 Pipe Segment Risk-Ranking Process . ............... ........00voou... 57
3.6-2 Core Damage Frequency Calculation Process . ... ....................... 59
3.6-1 Comparison of Piping CDF for Various Sensitivity Stadies . .. .............. 72
3.6-2 Comparison by System of Piping CDF for Various Sensitivity Studies ... ...... 73
3.7-1 WOG Structural Element Selection Process ... ........ ..o ivnrnsnens 93
3.7-2 Base Metal Exam nation Location for ECCS-0 . ... ...................... 96
4.3-1 Comparison of CDF Results on a Piping System Level ... ................ 106
5-1 WOG Risk-Based ISI Process and Roadmap ... ....................... 111
3-2 Required Skills for Risk-Based Inspection . ... ........................ 112
m\2697w:1b:032996 viti



SECTION 1
INTRODUCTION

Inservice inspections are intended to play a key roie in minimizing structural failures. The objective
of inservice inspection (ISI) is to identify conditions, such as flaw indications, that are precursors to
leaks and ruptures, which violate pressure boundary integrity principles for plant safety.

All aspects of inspection, including where, when, and how to inspect, affect the benefits of the
inspection for enhancing component structural reliability. In addition, accept/reject criteria and repair
procedures have a significant influence. Inspections are currently performed based on mandated
requirements, such as those for nuclear power plant components in the ASME Boiler and Pressure
Vessel Code, insurance requirements, company policy, etc. Most inspection requirements are based on
past experience and engineering judgment and have only an implicit consideration of risk-based
information, such as failure probability and consequence impacts for the specific material, operation
and loading conditions.

Technologies for risk assessment of systems and components have been developing rapidly over the
past two decades concurrently with progress in inspection technology and methods for assessment of
component structural reliability and the effects of inspection. In fact, all nuclear power plants have
been required to perform an Individual Plant Examination (IPE) per the requirements of NRC Generic
Letter 88-20 (NRC 1988) to determine plant vulnerabilities to severe accidents such as core damage
and large early release from containment. These developments provide the capability of selecting
between candidate inspection programs based on quantitative estimates of the risks associated with
component failure, including related inspection and failure costs. Both the probability and the
consequence of component failure enter into the evaluation of risk, and inspection programs can be
formulated based on managing these risks and related costs.

This project demonstrates the benefits of using risk-bas2d technologies to reduce overall operation and
maintenance costs associated with the inspection of nuclear power plant components while maintaining
a high level of safety. Risk-based inspection processes were applied to evaluate the impact of
requirements and methods, currently being developed for component/system inspection, on overall

operation and maintenance COSts.
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1.1 PROGRAM OBJECTIVES

The objective of this program is to apply and document the risk-based insesvice inspection process as
an alternative for selecting and categorizing piping components into more safety-significant’ and less

safety-sigr. Sicant’ groups for purposes of meeting ASME BPVC Section XI Inservice Inspection (ISI)
requirements.

1.2 PROGRAM BENEFITS

Risk-based processes are used to improve the effectiveness of inspection of components; to enhance
inspection strategies in some areas by inspecting for cause and reduce inspection requirements in
others; to evaluate improvements to plant availability and enhanced safety measures; and to reduce
overali operation and maintenance (O&M) costs while maintaining regulatory compliance and
maintaining or enhancing the plant safety. The program focuses inspection resources on more safety-
significant piping locations and locations where failure mechanisms are likely to be present. Risk-
based ISI programs offer the potential to reduce outage times by defining a smaller set of more safety-
significant components that must be addressed during critical paths and by defining more effective
inspection programs to reduce the impact on plant outages.

Longer term benefits include knowledge of the safety versus economic benefits of inspection and the
cost savings resulting from the risk-based optimization of the locations that require inspection at each
interval. Additional cost savings may be realized from the elimination of unplanned outages caused by
ineffective inspection strategies that miss potential degradation that could lead to piping failures during
plant operation.

1.3 PROGRAM TASKS

This program involves risk-ranking of piping locations to determine the more safety-significant

locations to focus the inspection efforts. It also involves the evaluation of various inspection strategies

' The terminology for grouping components is still under discussion. For purposes of this
document, the term "more safety-significant” is equivalent to "high safety impact,” and the term
"less safety-significant” is the same as "low safety impact”.

m:\2697w: 1b:032896
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anu providing recommendations on the appropriate inspection strategy for a given piping type and
function.

1.4 REPORT ORGANIZATION

Section 1 of this report provides an overview of the objectives, benefits and tasks of the program.
Section 2 provides the background as to why research and applications on risk-based technology with
inservice inspection are being performed and other industry factors that potentially impact this
program. Section 3 describes the process, results and insights gained from the application. Section 4
provides guidance on inspection methods and compares the risk-based results with the current ASME
Section X1 inspection locations. Section 5 describes the process to be applied on a plant-specific basis
while Section 6 summarizes the findings and recommendations for the application.
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SECTION %
BACKGROUND

This section describes the background and other industry activities associat~d with applying risk-based
methods to inservice inspection.

2.1 CURRENT ASME CODE REQUIREMENTS

The current inspection requirements for nuclear components are found in the ASME Boiler and
Pressure Vessel Code (BPVC) Section X1.

Class 1 components include piping and components whose failure would prevent orderly reactor
shutdown and cause a loss of coolant in excess of normal makeup capability. This includes the
principal fluid systems components of the reactor coolant pressure boundary heat transfer loops and
also includes portions meeting this criterion of the piping, fittings and valves leading to connecting
systems.

Class 2 components are associated with the reactor containment and include those valves and
components of closed systenis used to effect isolation of the reactor containment atmosphere,
components of the reactor coolant pressure boundary not covered in Class 1 and safety system
components of the following: residual heat removal system, portions of the reactor coolant auxiliary
systems that form a reactor coolant letdown and makeup loop, reactor containment heat removal
systems, emergency core cooling system including injection and recirculation portions, air cleanup
systems used to reduce radioactivity within the reactor containment, containment hydrogen control
system and portions of the steam and feedwater systems.

Class 3 components include safety system components. This includes portions of the reactor auxiliary
systems that provide boric acid, emergency feedwater system, portions of components and process
cooling systems (electrical and/or compressed air) that cool other safery systems including the spent
pool cooling system, on-site emergency power supply and auxiliary systems, some air cleanup sy stems
that reduce radioactivity released in an accident.

There are several examination techniques specified in the code. These are described below.

m:\2697w: 1b:032896 4




A visual examination of piping components is performed to determine the general conditions (such as
cracks, wear, corrosion, erosion or physical damage) of the part, component or surface examined by
direct or remote observation (VT-1), to search for evidence of leakage from pressure retaining
components, or abnormal leakage from components with or without leakage collection systems (VT-2)
and to assess the general mechanical and structural conditions of components and their supports, such
as the verification of clearances, seatings, physical displacements, loose or missing parts, debris,
corrosicn, wear, erosion, or the loss of integrity at bolted or welded connections (VT-3).

A direct visual examination requires a sufficient space to place the eyes within 24 inches from the
surface with an angle not less than 30 degrees from the surface. Mirrors or lenses can be used to

improve vision.

Remote visual examination using telescopes, optical fibers, cameras, television systems and other
instruments shall have a minimum resolution capability that cannot be less than that seen by direct
visual examination.

A visual examination is required to detect leakage during hydro testing

A surface esamination is performed to detect and size surface or near-to-surface flaws. It may be
conducted by either a magnetic particle (MT) or a liquid penetrant (PT) method, eddy current, or other
newly developed techniques.

A volumetric examination is performed to detect and size flaws throughout the volume of material. It
may be conducted by radiographic (RT), ultrasonic (UT), eddy current, 2 combination of methods or
newly developed techriques.

v t r nts

One ASME committee recently reported on the current inspection requirements for class 1 piping
welds (category B-J). The following is extracted in part and in some instances directly quoted from
"Evaluation of Inservice Inspection Requirements for Class 1, Category B-J Pressure Petaining Welds
in Piping," developed by the ASME Section XI Task Group on ISI Optimization (ASME 1995).
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“The current ASME BPVC Section X1 requirements for class 1 piping welds were
established in 1978. Inspection was focused on critical welds presumed to have the
highest potential of failure. Inspecticns were concentrated on terminal ends, dissimilar
metal welds, and welds with higher stress levels and fatigue usage factors. Twenty years
of service experience, however, has shown no correlation between the welds selected for
examination using current criteria (Category B-J) and actual reported problems. The
majority of flaws found in Category B-J piping welds have been caused by factors outside
the scope of the current selection criteria (e.g., Intergranular Stress Corrosion Cracking
(IGSCC), thermal stratification). This is due in part to the fact that stress analyses are
dependent on design conditions such as seismic events more than actual service conditions.
A recent industry survey, which included 50 nuclear plants representing 733 cumulative

years of reactor operation, confirmed this conclusion. The results are summarized as
follows:

1)  Of all the survey responses, only 156 Category B-J welds were found to contain
service induced flaws.

2)  Of the 156 welds containing flaws, the degradation mechanism for 151 of them was
IGSCC. Oniy five welds had flaws attributed to other failure mechanisms.

3)  Of the 156 welds containing flaws, 55 were detected by ASME Section XI
examinations. The remaining were detected by augmented methods (i.e., U.S.
Nuclear Regulatory Commission requirements), visual inspections or !2akage.

4)  Two of the welds contained flaws caused by "general corrosion” because boric acid
from a different system had dripped onto the subject pii)ing.

5)  The total population of Category B-J welds addressed in this survey is 37,332,
Assuming 25% of the total population was inspected per ASME Section XI, the
number of welds inspected would be 9333. Using this number, the following
percentages can be calc. .ated:

. 1.67% of the welds inspected contained flaws.
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. 0.05% of the weids inspected contained flaws caused by a mechanism other
than IGSCC,

. 0.6% of the welds inspected were found to contain flaws by ASME Section X1
examinations.

6) None of the flawed welds fell into the category of "high stress/high fatigue" welds.
Therefore, there is no apparent relationship between flaws detected and welds
selected for inspection due to high design stresses or high fatigue usage factor
considerations. (It is recognized that one of the contributing factors to this trend is
that many of the older plants cannot categorize by high stress/high fatigue locations
because their construction code ANSI B31.1.0 analysis of record is not location
specific.)

Given the twenty-plus years of operating nuclear power plant experience in the U.S. and
overseas, and the fact that no new plants or plant types, which may be prone to some new
degradation mechanism, are being placed in service, it is logical to ask whether a more
efficient and technically meaningful means of selecting welds for inservice inspection is
possible. Also, recent advances in risk-based inspection approaches have illustrated that
the consequences of failure at a piping location, in terms of threat to reactor safety, ought
to play at least as important role in selecting inspection locations as the probability of
failure at that location.”

This report captures the need to reevaluate the current requirements if improved safety, detection of
flaws in components and optimization of critical resources are to be a reality. The need for this
improvement is self-evident as the utility industry comes nearer to market deregulation in conjunction
with continued safe operational requirements. The incorporation of risk-based technology into
inservice inspection programs will benefit both the utility industry and regulatory bodies in that the
“mechanical integrity” of plant components utilizing risk-based methods in performing inservice
inspections will be more accurately known. The utility industry and regulatory bodies will be better
able to deal with "aging and life-extension” than under today’s rules. In addition, both the regulatory
bodies and utility industry will be able to better focus and allocate limited resources to the risk-
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significant components. Utilities should experience a reduction in plant operating and maintenance
costs associated with risk-based inservice inspection while maintaining a high level of safety.

2.2 ASME RISK-BASED RESEARCH AND CODE EFFORTS

The ASME has recognized the need for the use of risk-based methods in the formulation of policies,
codes and standards. In 1985, under the direction of the ASME Council on Engineering, a Risk
Analysis Task Force was formed to provide recommendations on how this need could be met.

At the suggestion of the Risk Analysis Task Force, the ASME Codes and Standards Research Planning
Committee recommended in 1986 that a research program be initiated to determine how risk-based
methods could be used to establish inspection requirements and guidelines for systems and components
of interest to the engineering community. Since late 1988, a multi-disciplined ASME Research Task
Force on Inspection has been evaluating and integrating these technologies in order to recommend and
describe appropriate approaches for establishing risk-based inspection guidelines. The task force is
comprised of members from private industry, government, and academia representing a variety of
industries. Figure 2.2-1 shows the relationship of this ASME research program to the ASME Code.

The research task force published its first document titled, "Risk-Based Inspection - Development of
Guidelines, Volume 1, General Document” (ASME 1991). This document describes general risk-based
processes and methods that can be used to develop inspection programs for any industrial facility or
structural system. Specific applications of this general methodology to particular industries are being
addressed by a subsequent series of supplemental velumes. Volume 2 - Part 1, which is the first
document of this series, is directed to the inspection of light water reactor nuclear power plant
components (ASME 1992). Volume 3 (ASME 1994) addresses the inservice inspection of components
in fossil fuel-fired electric power generating stations and includes numerous examples from several

applications.

mi\2697w: 1b:032896 8



ASME COUNCIL ON

COUNCIL ON ENGINEERING : CODES & STDS.
'
B
]
b
ASME i
CENTER FOR RESEARCH & TECHNOLOGY DEVELOPMENT !
-._-.—--—..*--—--—.-—-.
| .
i
[
v ' e
] ASME I BOARD
I BOARD ON RESEARCH & TECHNOLOGY ! | ON NUCLEAR
DEVELOPMENT 1, |cooesa sws
' L
] |
| N
N
[ ' 9
[ '
ASME RESEARCH ASME PLANNING ‘ l
l COMMITTEE ON RISK ~ BASED = = =| COMMITTEE ON CODIFICATION | =
. TECHNOLOGIES & STANDARDIZATION RESEARCH v
' i
DIRECT I
SPONSORS . ’
(]
]
ASME RESEARCH INDEPENDENT I
| STEERING PEER REVIEW
" COMMITTEE COMMITTEE :
| |
| .
: '
! ASME :
INDIRECT 2 RESEARCH TASK FORCES ON _-________' " ::::.'.
SPONSORS ' RISK = BASED IS! AND IST r COMMITTEE
:
'

Figure 2.2-1. Organization of ASME Risk-Based Inservice Inspection and
Testing Research Projects

m:\2697w: 1b:022896 9



The U.S. Nuclear Regulatory Commission, as part of the research effort, applied this technology in
pilot studies of inspection requirements for both PWR and BWR plant systems (NUREG/CR-6151, Vo
et. al., 1994). Virginia Power’s Surry Unit 1 was studied in more detail regarding the effectiveness of
ASME Section XI inspections versus a risk-based inspection approach (NUREG/CR-6181, Vo et. al.,
1994). The Surry study evaluated selected nuclear st=am supply and balance of plant piping systems
and components.

At a review meeting in June 1994, U.S. NRC senior management requested the ASME Research Task
Force to make the risk-based ISI process consistent with other PSA applications. Building on the
Surry study results, the use of risk-importance measures and review by an expert panel were included
to enhance the risk-based ISI p:ocess. This enhanced process, which is being applied in this process,
is being incorporated into a Volume 2 - Part 2 ASME Research Document (ASME, to be published),
along with other research developments to make comprehensive recommendations 1o ASME

Section XI.

ASME Section XI has formed a Working Group on Implementation of Risk-Based Examination to
begin making Code changes based on risk for inservice inspection of passive, pressure boundary
components. The first efforts of this organization have been to develop a Code Case providing risk-
based selection rules for Class 1, 2, and 3 piping. The above ASME research work has been used to
support this Code development effort.

2.3 INDUSTRY ACTIVITIES

The nuclear industry recognizes that the current operational, regulatory, and economic environment in
the United States presents a unique opportunity to apply probabilistic risk assessment (PRA) or
probabilistic safety assessment (PSA) technology. Risk-based technology provides unique tools that
can aid in focusing resources more effectively in areas of true safety significance. Industry experience
indicates that utilities have the potential to enhance safety while lowering overall operation and
maintenance (O&M) costs through the uti'ization of insights obtained from routine application of risk-
based technology processes. To this end, the Nuclear Energy Institute (NEI) worked with EPRI to
develop a ®SA Applications Guide (EPRI 1995) to enhance and expand such processes.
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As stated in the executive summary of the EPRI guide, "the purpose of the PSA Applications Guide is
to provide utilities with guidance on the preparation, utilization, interpretation, and maintenance of
plant-specific PSAs for regulatory and non-regulatory applications. The intent of this guide is to
provide a framework, within which PSA methodologies can be used to address regulatory and non-
regulatory issues associated with plant safety. This guide is general in nature and does not focus on
any one application or application type. In this regard, the guide is intended to provide the overall
framework within which utility and industry PSA applications can be developed anc evaluated.” The
EPRI PSA Applications Guide suggested criteria for risk-significance is shown in Table 2.3-1.

Table 2.3-1
EPRI PSA APPLICATIONS GUIDE

GENERAL APPROACH TO OVERALL RISK SIGNIFICANCE DETERMINATION
Risk Importance Measure Criteria

Risk Reduction Worth (RRW)
. System Level > 1.05
. Component Level > 1.005

Fussell - Vesely Importance (F-V)
. System Level > 0.05
. Component Level > 0.005

Risk Achievement Worth (RAW) >2
(Component/Train Level)

nitiatives

In response to industry initiatives, the NRC has issued "Final Policy Statement, on the Use of
Probabilistic Risk Assessment Methods in Nuclear Regulatory Activities;" SECY-95-126 (NRC 1995).
The NRC also issued "Proposed Agency-Wide Implementation Plan for Probabilistic Risk Assessment
(PSA)," SECY-94-219 (NRC 1994). The overall objectives of the policy statement are to "improve
the regulatory process through improved risk-effective safety decision-making, through more efficient
use of agency resources, and through a reduction in unnecessary burden on licensees.” In the
implementation pian, the NRC identifies pilot applications of risk-based concepts to specific regulatory
initiatives. The NRC specifically identifies inservice inspection and testing requirements in the list of

initiatives.
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In January 1995, the Nuclear Energy Institute (NEI) formed a Risk-based Inservice Inspection and
Testing (ISVIST) Task Force, comprised of industry representatives. The mission of the task force is
to assist NEI in coordination of industry development of performance ar ; risk-based methodologies
and implementation of an industry regulatory plan for ISVIST. The goals of the task force are to
"support development of methodologies for ISVIST that are amenable to performance and risk-based
concepts and to support development and implementation of a regulatory plan for resolution of generic
performance and risk-based ISVIST." The risk-based ISI task force (split from the IST portion in
summer 1995) is developing an industry guideline document that will be submitted for NRC
endorsement. Meetings with the NRC are planned to be held to further the implementation of risk-
based ISI.

2.3.1 Maintenance Rule

The Maintenance Rule and the supporting industry guideline document provide the first true
application of risk-based technology in the regulatory process and provides an excellent foundation and
starting point for the application of risk-based methods to select locations for piping inservice
inspection.

As stated in NRC Regulatory Guide 1.160 (NRC 1993), the NRC published the maintenance rule on
July 10, 1991, as Section 50.65, "Requirements for Monitoring the Effectiveness of Maintenance at
Nuclear Power Plants," (NRC 1991). The NRC's determination that a maintenance rule was necessary
arose from the conclusion that proper maintenance is essential to plant safety.

10CFRS50.65 requires that power reactor licensees monitor the performance or condition of structures,
systems, and components (SSCs) against licensee-established goals in 2 manner sufficient to provide
reasonable assurance that such SSCs are capable of fulfilling their intended functions. Such goals are
to be established commensurate with safety and, where practical, take into account industry-wide
operating experience. When the performance or condition of an SSC does not meet established goals,
appropriate corrective action must be taken.
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Performance and condition monitoring activities and associated goals and preventive maintenance

activities must be evaluated at an interval associated with every refueling outage (but not to exceed
2 years), taking itio account, where practical, industry-wide operating experience.

An industry document, "Industry Guideline for Monitoring the Effectiveness of Maintenance at
Nuclear Power Plants,” NUMARC 93-01 (NUMARC 1993), was developed by the NUMARC"
Maintenance Working Group, Ad Hoc Advisory Committees for the Implementation of the
Maintenance Rule, and an Ad Hoc Advisory Committee for the Verification and Validation of the
Industry Maintenance Guideline. The NUMARC 93-01 industry guide was endorsed by the NRC in
Regulatory Guide 1.160, "Monitoring the Effectiveness of Maintenance at Nuclear Power Plants”
(NRC, 1993).

As stated in NUMARC 93-01, "this industry guideline has been developed to assist the industry in
implementing the final Maintenance Rule and to build on the significant progress, programs and
facilities established to improve maintenance. The guideline provides a process for deciding which of
the many SSCs tiiat make up a commercial nuclear power plant are within the scope of the
Maintenance Rule. It then describes the process of establishing plant-specific risk significant and
performance criteria to be used to decide if goals need to be established for specific structures,
systems, trains and components covered by the Maintenance Rule that do not meet their performance

criteria.

As of July 10, 1996, all SSCs that are within the scope of the Maintenance Rule will have been placed
in (a)(2) (of 10CFR50.65) and be part of the preventive maintenance program. To be placed in “a)(2),
the SSC will have been determined to have acceptable performance. In addition, those SSCs with
unacceptable performance will be placed in (a)(1) with goals established. This determination is made
by considering the risk significance as well as the performance of the SSCs against plant-specific
performance criteria. Specific performance criteria are established for those SSCs that are either risk
significant or standby mode; the balance are monitored against the overall plant level performance

criteria.”

? The Nuclear Management and Resource Council (NUMARC) has since beer integrated with other industry
organizations to become the Nuclear Energy Institute (NED.
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In general, most utilities have completed identification of risk significant SSCs by exercising the PSA

models that were initially used to meet the generic IPE requirements of NRC Generic Letter 88-20.
The total contribution to core damage frequency (CDF) and large early release frequency (LERF) are
used as a basis for establishing plant-specific risk significant criteria.

The NUMARC 93-01 suggested criteria for the determination of risk-significance is:
Risk-Reduction Worth (RRW) of greater than 1.005
Risk-Achievement Worth (RAW) of greater than 2

Components included in cutsets that cumulatively account for about 90 percent of the core
damage frequency.

Expert Panel. When the PSA is utilized for the Maintenance Rule application, a panel of individuals
experienced with the plant PSA and with operations and maintenance (usually from the utility) is also
used in the decision-making process. The panel utilizes their expertise and PSA insights to develop
the final list of risk significant systems. NUREG/CR-5424, "Eliciting and Analyzing Expert
Judgement," (Meyer and Booker 1990) or NUREG/CR-4692, "Methods for the Elicitation and Use of
Expert Opinion in Risk Assessment,” (Murphy and Cletcher 1987) are used as a guideline in
structuring the panel. The panel’s judgments usually consider the risk achievement worth and risk
reduction worth risk importance calculational methods shown previously and further described in
Sections 9.3.1.1 and 9.3.1.3 of NUMARC 93-01. Each method is uscful in providing insights into
selecting those SSCs that will be included in the maintenance rule and consideration is given to using
both of them in the decision-making process.

The use of the expert panel process compensates for the limitations of PSA implementation approaches
resuiting from the PSA structure and limitations in the meaning of the importance measures. The
expert panel process that is used for the maintenance rule should also be used for the risk-based ISI
application. However, additional experts should be considered, particularly those cognizant of current
ISI requirements, component failure data, and results of any previously performed inservice inspections
Or maintenance.
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SECTION 3
APPLICATION OF RISK-BASED METHODS TO 181

This section describes the process and how it was applied to a representative WOG piant.

3.1 OVERVIEW

The overall recommended risk-based inservice inspection process (as defined by ASME Research)
includes four major parts as shown in Figure 3.1-1. The four major parts of the process shown in
Figure 3.1-1 include:

Scope Definition - Definition of system boundaries and success criteria using a plant PSA
that was initially developed to meet Individual Plant Examination (IPE) requirements by
the U.S. Nuclear Regulatory Commission (NRC 1988);

. Risk Ranking - ranking of components into more safety-significant and less safety-
significant categories, by applying risk importance measures and deterministic insights with
the plant expert panel making the final selection of where to focus ISI resources;

. ISI Program Development - determination of an effective ISI program that d-fines when
and how to appropriately inspect the two categories of components; and

. Perform ISI - performance of the ISI program to verify component reliability and then
updating the risk rankings and/or inspection methods based on the inspection results.

The above process can also be applied to inservice testing as shown on the figure. This report focuses
primarily on the first two parts that involve the identification of where to inspect. Guidance is also
provided on the inspection methods.
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Figure 3.1-1. General ASME Research Risk-Based Inservice Inspection and Testing Process
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3.1.1 Risk-Ranking Process

The overall risk-ranking process is shown in Figure 3.1-2. The process involves the following steps:

——

Scope Definition - The fluid systems contained in the plant, modeled in the PSA and
considered as risk-significant for the Maintenance Rule, are identified and compared with
the current classifications ard required ISI examinations, and with the existing stress
analyses (if available). This roview, along with other plant documentation, is used to
determine which systems, or portions of systems, should be evaluated as part of the risk-
based ISI process. Given that system boundaries involve system functions and may also
involve interfaces between different types of systems, the definition of these boundaries
requires a careful, logical approach. All interfaces must be identified to ensure that there
is consistency between the defined boundaries, when viewed from the systems on either
side of each boundary, and that no safety functions are overlooked.

Segment Definition - This task involves the development of piping segments for the risk-
ranking. A piping segment is defined 2s a portion of piping for which a failure at any
point in the segment results {i the same consequence (e.g., loss of a system, loss of a
pump train, etc.) and includes piping structural elements between major discontinuities
such as pumps and valves.

Consequence Evaluation - The consequences given the failure of a piping segment are
identified through PSA insights, engineering evaluations and plant design and operations
review. Consequences that must be considered include both direct effects (failure of a
train in which the piping segment is contained) and indirect effects (such as those due to
flooding, pipe whip, or jet impingement).

Failure Probability Assessment - The task of estimating component failure probabilities
for each piping segment can be challenging. In most cases though, consideration of failure
probabilities, however uncertain their estimated values, leads to more effective allocation
of inspection resources compared to present practices. Although absolute values of failure
probabilities may have large uncertainties, the relative values (e.g., from location to
location in a given piping system) are generally better known. Structural
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reliability/risk assessment (SRRA) models, based on probabilistic structural mechanics
methods, are used to estimate failure probabilities for important components.

Risk Ranking - This task is to identify and prioritize the important components (or pipe

segments). The approach calculates the relative importance for each component within the
systems of interest. This risk-importance is based on the core damage frequency (and
large early release frequency, if available) resulting from the structural failure of the
component in a given segment and the total pressure boundary core damage frequery.
The results are then used to calculate the risk-importance for each segment within the
system.

Expert Panel Review - An expeit panel (such as the expert panel used for the
Maintenance Rule supplemented by appropriate ISI-related disciplines) evaluates the
risk-based results and makes a final review to determine the more safety-significant pipe
segments for ISI. The identification of potential inspection locations within a more
safety-significant pipe segment is obtained by a further review of the structural elements
and postulated failure mechanisms.

The output of this process defines the structural elements selected for inspection. The method and
frequency of the inspection is then determined by a focused ISI team comprised of materials, ISI and
NDE expertise. The selections are then reviewed and approved by the expert panel.

3.1.2 Use of the EPRI PSA Applications Guide

In order to apply this risk-based ranking process, the EPRI PSA Applications Guide, as discussed in
Section 2, provides the framework and guidance on using PSA for applications. The application of
risk-based ISI is built from PSA modeling efforts used initially to meet NRC IPE requirements and
within the framework outlined in the EPRI PSA Applications Guide. The guide discusses some
specific questions and considerations, which are addressed prior to a specific PSA application, in three
areas: Application Planning, Analysis, and Results Interpretation. General guidance is also presented
for PSA Maintenance and Updates that is necessary for risk-based ISI applications. With respect to
the guide, the following phases are considered for risk-based ISI.
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Application Planning

The first phase involves problem definition, scope assessment, and identification of the figures of merit
to be used in the quantitative analysis. Each element is described below in relation to risk-based ISI.

*  Problem Definition - PSA can be used in the ranking or prioritization of components
(including pipe segments) and structural elements for ISI to identify where resources
should be focused in order to justify a change to nuclear utility ISI plans. For ISI ranking,
the PSA is to be supplemented with further specific failure data ‘using experience data
sour ‘es, expert judgement, and/or structural reliability methods) to represent pressure
bouudary failures which are not usually modeled in detail in current PSA models. The
change in ISI scope based on the PSA will be evaluated on a relative basis 10 assess the
degree of risk significance (importance) of components and structural elements
independent of any changes to the plant. However, the scope is to be updated on a regular
basis to reflect the results of inservice inspections, plant design or opera* ., changes, PSA
model and data updates, and new industry findings, as appropriate. The ISI ranking results
are to also be reviewed by a utility expert panel (peer review group) to include
deterministic insights and to make the final prioritization.

»  Scope Assessment - Since many U.S. plants do not have full scope PSAs (full Level 3
PSA), ISI ranking should initially focus on systems, components, and structural elements
involved in PSA internal event scenarios. External event scenarios (fires, earthquakes,
etc.) and shutdown considerations should be addressed by the expert panel if external
events and shutdown PSAs are unavailable. For pressure boundary components that
protect containment integrity, Level 2 PSA insights are to be addressed in the ISI ranking
of these components by explicit PSA modeling, if available, and the expert panel.

. Figures of Merit - Core damage frequency (CDF) due to pressure boundary failures is the
preferred Level 1 PSA figure of merit. Large, early release frequency (LERF) due to
pressure boundary failures is the preferred Level 2 PSA figure of merit for pressure
boundary components that are needed to protect containment integrity. For risk-based ISI
prioritization or ranking, two measures of risk importance have been found to be quite

useful in characterizing risk properties in aiding decision-making. The two measures are
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termed "Risk Achievement Worth" (RAW) and "Risk Reduction Worth" (RRW). The risk
achievement worth of a feature (system, component, or structural element) is a measure of
how the figure of merit (CDF or LERF) could increase if the feature were guaranteed to
fail at all times. The risk reduction worth is a measure of how much the figure of merit
could decrease if the feature were guaranteed to succeed at all times.

Fussell-Vesely (F-V) Importance may be used in lieu of RRW because of the mathematical
relationship between the measures. The following relationship allows translation of F-V results
to RRW:

We L __
T-F-V)]

Technical Analysis

The technical analysis phase contains three key aspects: assessment of the adequacy of the PSA,
establishing the cause and effect relationship associated with the change being evaluated, and defining
the overall technica! approach.

*  Adegquacy of PSA Model - Section 3.1 of the EPRI PSA Guide outlines a number of
guiding principles for a PSA application to be successful. The PSA model should
accurately reflect the current plant configuration and operational practices. For ISI
ranking, the PSA model or its results can be modified to represent pressure boundary
integrity failures, as previously noted. In addition, care must be taken in defining and
insuring agreement of system boundaries and definitions between the PSA and those
currently used in ISI plans.

The PSA model will need to assess and possibly incorporate plant design and operation
changes, results of inservice inspections and new industry findings, as appropriate. Given
that ISI plans are currently implemented over a 10-year interval, in general, this should be
considered as the longest response time for the PSA model for this application. Shorter
response times may be necessary for systems, components, and structural elements that

have the potential to be subjected to aggressive degradation mechanisms as identified in
the risk-ranking process for ISL
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The assumptions and limitations of the base PSA can have a strong impact on the overall
risk-ranking results. The EPRI PSA Guide addresses this issue by providing a checklist
for technical adequacy in Appendix B of the guide which identifies the key Level 1
internal events PSA elements that have been found in past PSA applications to have the
most significant potential for influencing results.

ip - A key step in performing the risk-ranking of

components and structural elements involves the identification of the portions of the PSA
affected by this ISI application. General guidance for determining elements of a PSA that
may need to be modified for successful application are provided as a list of questions,
which are grouped by PSA model element in Tables 3-1 and 2-2 of the EPRI guide. Key
general consigerations regarding this cause-effect relationship for risk-based ISI are
discussed below for Level-1, internal events PSAs (only for portions of the PSA that are
affected). However, these questions should be revisited by each user because of
variabilities in PSA models across the industry and if Level-2 or External Events PSAs are
going to be exercised for this application.

Initiating Events - The risk-based ISI application requires the consideration of component
pressure boundary failures as initiating events throughout key plant systems. While some
industry failure rates have been established for pressure boundary failures, focused effort is
required to obtain failure probabilities at the component (or pipe segment) level using
existing failure data, expert opinion, and/or structural reliability modeling.

System Reliability Models - This application may require the introduction of new branches
to represent components and pipe segments that have not been explicitly modeled in the
PSA. However, because pressure boundary failures are low probability events, these
failures may be simulated by including the pressure boundary failure probability with the
failure probability of an already-modeled component that would resuit in the same impact

on the system operation (i.e., same consequence), Or using a surrogate component.

Parameter Data Base - Failure probabilities for pressure boundary failures must be
obtained. This can be done via several methods including industry databases, expert
opinion/elicitation or structural reliability methods.
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Human Reliability Analysis - Recovery actions may be necessary in order to isolate a
pressure boundary failure in order to mitigate or reduce the consequences. These actions
are treated on a case-by-case basis and an estimated failure probability is based on
discussions with the plant staff and calculated via human reliability techniques.

Quantification - This application requires the calculation of the core damage frequency and
large early release frequency (if available) due to pressure boundary failures and the
calculation of importance measures based on these frequencies.

Analysis of Results - This application uses an importance analysis to rank segments based
on pressure boundary failures and their consequences. Quantitative sensitivity studies
should be included in the evaluation.

¢«  Technical Approach - The risk-based ISI application requires manipulation of the PSA
model to evaluate the figure of merit. The PSA model and/or results are used as input to a
mode! to determine the core damage frequency due to pressure boundary integrity failures.
These failures and their related consequences should be evaluated in 2 realistic manner to
obtain useful risk-ranking values for purposes of ISI.

A blended approach is used for the risk-based ISI application. Reviews of operational
experience, engineering judgement, and/or structural reliability engineering analyses are
used to obtain pressure boundary integrity failure probabilites for use with the evaluations
using the PSA model. An expert panel is also utilized to review the PSA risk-1ainkings
and to make the final prioritization groups for ISI.

Results Interpretation

The reporting and interpretation of PSA application results can be divided into three distinct elements:
qualitative assessment of results, quantitative assessment of results, and reporting requirements.

*  Quantitative Criteria - The baseline piping pressure boundary failure PSA results can be
used to assess the degree of risk significance of components for purposes of inservice

inspection. The criteria in Table 4-2 of the EPRI Guide have been found to provide useful
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results on a component level basis. However, one key modification should be made for
the risk-based ISI piping application as follows.

The total CDF (and LERF) in the above risk significance evaluation should only account
for those associated with piping pressure boundary failures. If the total CDF for all plant
internal events is used, none of the pressure boundary components will be more safety-
significant. Thus, the PSA results will be useless in helping to determine where 1o focus
priorities for ISI. Modeling the piping pressure boundary failures and then assessing the
relative risk significance to a total CDF related to just pressure boundary failures renders
more meaningful results. In other words, the PSA model has been used to assist in
defining ISI progra=s that will ensure that piping pressure boundary failures do not
become major contributors to total plant risk as a result of age degradation mechanisms.
Risk-based ISI programs will help to keep the assumptions that piping pressure boundary
failures are low probability events valid in the PSA.

Table 3.1-1 summarizes criteria for risk significance determination for ISI. The table
includes appropriate criteria from Table 4-2 of the EPRI Guide and the above
modifications. Section 4.2.6 of the EPRI guide provides further discussion on the risk
importance measures for prioritization and ranking. This section also discusses the
combined ranking or prioritization of results when more than one figure of merit is used.

. Qualitative Assessment - Section 4.3 of the EPRI Guide provides a general discussion on
the qualitative review of the results. Sensitivity studies are used to evaluate the impacts.

. Reporting - Section 4.4 of the EPRI Guide outlines some minimum general practices for
documentation of a PSA application. Section XI of the ASME Boiler and Pressure Vessel
Code also defines requirements for records and reports that wil! apply in the
documentation of the process used to select ISI locations.
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Table 3.1-1
APPROACH TO OVERALL RISK SIGNIFICANCE DETERMINATION FOR
ALTERNATIVE RISK-BASED SELECTION PROCESS FOR INSERVICE INSPECTION®

CRITERIA®™
RISK IMPORTANCE MEASURE Pipe Segment Level
Risk Reduction Worth (RRW) >1.005
Fussell-Vesely Importance (FV) >0.005

(a) Adapted from EPRI PSA Applications Guide (EPR! 1995)¢

(b) These criteria apply to the use of a total CDF ., which is the total core damage
frequency attributed to pressure boundary failure in plant piping systems.

(¢) Piping failure probabilities are typically very small compared to other component
failures modeled in the PSA. When the failure probability is set to 1.0 for the RAW
calculation, large RAW values typically result. Therefore, the EPRI guideline
classifying a segment as more safety-significant for RAW values greater than 2 does
not provide meaningful results. Instead, the safety-significance determination focused
on the RRW values, and RAW values were used on a relative basis to help
differentiate segments which had similar RRW values.

3.1.3 Representative WOG Plant

In order to apply the risk-based ISI process, a plant was identified to appiy this process. Northeast
Utilities volunteered the Millstone Unit 3 plant to be the representative WOG plant for this application.

The Millstone Nuclear Power Station Unit 3 (MP3) is located on a site in the town of Waterford, New
London Cc¢  y, Connecticut, on the north shore of the Long Island Sound. The plant was designed
and constructed by Stone and Webster and features a pressurized water reactor (PWR) by
Westinghouse Electric Corporation and a turbine generator furnished by General Electric. It
incorporates a 4-loop closed-cycle type nuclear steam supply sysiem (NSSS). The reactor is operated
inside a reinforced concrete containment structure maintained at a subatmospheric pressure

between 10.6 and 14.0 psia. The reactor core is designed for a warranted power output of 3,411 MWt,
which is the license application rating. This output, combined with the reactor coolant pump heat
output of 14 MW1, gives the NSSS warranted output of 3,425 MWt. The gross calculated electrical
output of approximately 1,153 MWe,
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The Millstone Unit 3 current Inservice Inspection (ISI) plan for the first 10-year interval consists of
ASME Class 1, 2, and 3 systems and components (and their supports) and was developed and has
been updated during the interval by giving due consideration to the following documents:

10CFRS50.55a - Title 10: Code of Federal Regulations Part S0 Revised as of January 1, 1995

. Section X1 of the ASME Code, 1983 Edition through the Summer 1983 Addenda - Rules for
Inservice Inspection of Nuclear Power Plant Components

. Section XI of the ASME Code, 1983 Edition through the Winter 1985 Addenda - Rules for

Inservice Inspection of Nuclear Power Plant Components

. Section I1I of the ASME Code - Rules For Construction of Nuclear Power Plant Components

. Section V of the ASME Code - Nondestructive Examination

. USNRC Standard Review Plan (SRP 6.6, Section I1-7) -

. USNRC Regulatory Guides:
Regulatory Guide 1.14, Rev. 1, August 1975 - Reactor Coolant Pump Flywheel Integrity
Regulatory Guide 1.26, Rev. 3, February 1976 - Quality Group Classifications and
Standards for Water-, Steam-, and Radioactive Waste-Containing Components of Nuclear

Power Plants

Regulatory Guide 1.65, Rev. 0, October 1973 - Materials and Inspections for Reactor
Vessel Closure Studs

Regulatory Guide 1.83, Rev. 1 July 1975 - Inservice Inspection of Pressurized Water
Reactor Steam Generator Tubes
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Regulatory Guide 1.147, Rev. 11, October 1994 - Inservice Inspection Code Case
Acceptability - ASME Section XI Division 1

Regulatory Guide 1.150, Rev. 1, February 1983 - Ultrasonic Testing of Reactor Vessel
Welds During Preservice and Inservice Examination

. Milistone Unit 3 FSAR

. Millstone Unit 3 PSI Inspection Plan (PSI-2.01)

. Millstone Unit 3 Technical Specifications

At present the unit is in the process of updating and developing the ISI plan for its second 10-year
interval to the ASME Code Section XI, 1989 Edition. The ASME Code Section XI, Editions and
Addenda used for piping requirements in the first 10-year interval are essentially the same as those
now being referenced for the second 10-year interval. The following paragraphs help explain the
relationships in these requirements as they have been used in the past and are currently being updated.
Except for minor plant changes and some clarificadons in the requirements provided by current Code
interpretations the ISI plans for the first and second 10-year intervals as they relate to piping
examinations will be the same.

During the first 10-year interval, Class 1 examination requirements for piping were taken from the
ASME Code Section XI, 1983 Edition up to and including the Summer 1983 Addenda.

These Class 1 requirements are described under Table IWB-2500-1, Examination Category B-F,
Pressure Retaining Dissimilar Metal Welds and Examination Category B-J, Pressure Retaining Welds
in Piping. Other than some minor editorial changes in these tables all the requirements are identical 10
the ASME Code 1989 Edition and the requirements state that the welds initially selected during the
first 10-year interval will be reexamined during the next 10-year interval and are being scheduled
accordingly.

Class 2 examination requirements for piping nsed during the beginning of the first 10-year interval
were originally taken from the alternative rules provided in Code Case N-408, Alternative Rules for
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Examination of Class 2 Piping Section XI, Division 1 and later updated to the ASME Code
Section X1, 1983 Edition with the Winter 1985 Addenda. Under this Code Case and the Winter 1985
Addenda requirements both the Examination Category C-F-1, Pressure Retaining Welds in Austenitic

Stainless Steel or High Alloy Piping and the Examination Category C-F-2, Pressure Retaining Welds
in Carbon or Low Alloy Steel Piping were applied identically. As with the Class 1 examination
requirements only minor editorial changes have been made in the ASME Code Section XI, 1989
Edition requirements for these welds and the same requirement exists to select welds for examination

during the second 10-year interval that were selected for examination during the first 10-year interval.

In August of 1983, a Level 3 Probabilistic Safety Study for Millstone Unit 3 was completed by a
combined effort of Westinghouse and Northeast Utilities. This study also included an examination of
external events. Six substantial updates were performed before the Individual Plant Examination (IPE)
was submitted in 1990. Millstone Unit 3 received the SER on the IPE in May of 1992 (NRC 1992).
The IPE submittal also included a section addressing External Events; however, MP3 is still awaiting
an IPEEE SER. Since the IPE submittal, a major update of the Level 1 PSA was completed in 1995
to incorporate plant history, design changes, NRC IPE recommendations and change in methodology
from support states to large fault trees. This updated PSA model was used as a basis for this project.

The base plant PSA core damage frequency due to internal events is 5.87E-05/yr. Table 3.1-2
provides the core damage contribution of each internal events initiator for Millstone Unit 3. The
dominant accident sequences include a total loss of Service Water with failure to recover leading to a
consequential small LOCA, and small LOCA with failure of recirculation. The core damage frequency
due to internal flooding is 8.5E-07/yr. The core damage contribution due to external events is
dominated by seismic and fire events. The CDF due to seismic events is 9.08E-06/yr, and is

4 85E-06/yr due to fire.
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3.2 SCOPE DEFINITION

The first step in the program is to define the systems to be evaluated in the scope of the program

Currently, the scope of this program is limited to nuclear plant piping. The piping boundaries of the

plant PSA and the current ASME Section X1 inservice inspection program Class 1, 2, and 3

examination boundaries are reviewed for possible inclusion in the scope of the program. The piping
boundaries that are included in the plant PSA, but are outside the current ASME Section X1 boundary,
may also be included. The systems identified under the Maintenance Rule are also used to identify

piping syster f{or inclusion in the scope of the program.

In addition to defining the systems to be included in the scope of the program, the piping structural

elements to be included in the program are identified

For the Millstone 3 application, the scope included ASME Class 1, 2 and 3 piping systems and various
balance of plant (ton-nuclear Code Class) systems. Table 3.2-1 provides a list of the systems included
in the scope of the program. This list was reviewed by the expert panel (Maintenance Rule panel

supplemented by appropriate ISI-related disciplines) to determine its completeness for this application.

The systems had been selected based on three criteria

All Class 1, 2, and 3 systems currently within the ASME Section XI program;

Piping systems modeled in the PSA; and

Various balance of plant fluid systems determined to be of importance (mainly based on

Maintenance Rule ranking)

Twenty-one systems had been selected to be evaluated in more detail. Thez basis for exclusion of the
other plant piping systems was provided and reviewed by the expert panel for their concurrence. A

sample is provided in Table 3.2-2
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Table 3.1-2
BASE PLANT PSA CORE DAMAGE FREQUENCY
PERCENT CONTRIBUTION BY INITIATOR

Percent Contribution to Overall
Initiating Event Base Plant PSACDF

Large Loss of Coolant Accident (LOCA) 33

Medium LOCA 7.0

Small LOCA 38

Steam Generator Tube Rupore (SGTR) 2.0

Incore Instrument Tube Rupture 2.6

" Steamline Break Inside Containment 2.8
/ steamline Break Outside Containment 28

General Mlant Transient 9.5

Loss of Main Feedwaier (MFW) 13

Loss of Offsite Power (LOSP) 2.3

Station Blackout 1.5

Loss of 1 Service Water Train 3.1

Total Loss of Service Water 104

Loss of 1 DC Bus A (B) <.01

Total Loss of DC <.01

Loss of Vital AC 1 or 2 06

Loss of Vital AC 3 or 4 <.01

Anticipated Transient Withour Scram (ATWS) 8.7 |
Consequential Small LOCA 236

Consequential Steamline Break Inside Containment <.01 l
Consequential Steamline Break Ovtside Containment <01 |
Interfacing Systems LOCA (ISLOCA) 39
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3.2 SCOPE DEFINITION

The first step in the program is to define the systems to be evaluated in the scope of the program.
Currently, the scope of this program is limited to nuclear plant piping. The piping boundaries of the
plant PSA and the current ASME Section X1 inservice inspection program Class 1, 2, and 3
examination boundaries are reviewed for possible inclusion in the scope of the program. The piping
boundaries that are included in the plant PSA, but are outside the current ASME Section X1 boundary,
mav also be included. The systems identified under the Maintenance Rule are also used to identify
piping systems for inclusion in the scope of the program.

In addition to defining the systems to be included in the scope of the program, the piping structural
elements to be included in the program are identified.

For the Millstone 3 application, the scope included ASME Class 1, 2 and 3 piping systems and various
balance of plant (non-nuclear Code Class) systems. Table 3.2-1 provides a list of the systems included
in the 2o pe o7 the program. This list was reviewed by the expert panel (Maintenance Rule panel
supplemented by appropriate 1SI-related disciplines) to determine its completeness for this application.
The systems had been selected based on three criteria:

. All Class 1, 2, and 3 systems currently within the ASME Section XI program;
. Piping systems modeled in the PSA; and

. Various balance of plan: fluid systems determined to be of importance (mainly based on
Maintenance Rule ranking).

Twenty-one systems had been selected to be evaluated in more detail. The basis for exclusion of the

other plant piping systems was provided and reviewed by the expert panel for their concurrence. A
sample is provided in Table 3.2-2.
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Table 3.2-1
MILLSTONE UNIT 3 RBI SYSTEM IDENTIFICATION
System ID System Basis

BDG Steam Generator Blowdown High Energy Line Break Concerns

CCE Charging Pump Cooling PSA (1)

CClI Safety Injection Pump Cooling PSA ()

CCP Reactor Plant Component Cooling PSA & ASME Section XI

CHS Chemical & Volume Control PSA & ASME Section XI

CNM Condensate PSA (2)

DT™M Turbine Plant Misc. Drains ASME Section XI (3)
ECCS Emergency Core Cooling (4) PEA & ASME Section XI

EGF Emergency Diesel Fuel PSA

FWA Auxiliary Feedwater PSA & ASME Section XI

FWS§ Feedwater PSA (2) & ASME Section X1 |
HVK Control Bidg. Chilled Water PSA

MSS Main Steam PSA & ASME Section ):'-

Qss Quench Spray PSA & ASME SecuooTﬂ

RCS Reactor Coolant PSA & ASME Section XI

RHS Residual Heat Removal PSA & ASME Section XI b
RSS Containment Recirculation PSA & ASME Section X1 A
SFC Fuel Pool Cooling and Purification PSA (5)

SIH High Pressure Safety Injection PSA & ASME Section XI

SIL Low Pressure Safety Injection PSA & ASME Section XI

Service Water System PSA & ASME Section X1

Notes:
(1)
(2)
(3)
4)

(5)

Ir¢iuded in PSA boundary, but exempt by ASME Section XI pipe size.

Nodeled indirectly in the PSA

L rain lines from MSS listed because of ASME Section XI

EL'CS is a combination of piping segments which impact a number of systems - Charging, HPSI, LPSI,
Quen-b Spray

Not inc'uded in PSA internal events model, important to shutdown risk
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Table 3.2-2
EVALUATION OF PIPING SYSTEMS FOR EXCLUSION FROM THE RBI PROGRAM

System Description

Resolution

Moisture Separator Drains & Vents

Determined to be non-risk significant as

pant of the Maintenance Rule*
Main Steam Separator Reheater Drains | Determined to be non-risk significant as |
and Vents part of the Maintenance Rule* I

Emergency Diesel Fuel Exhaust &
Comb. Air

Determined to be non-risk significant as I
part of the Maintenance Rule

Emergency Diesel Jacket Water

Included with the Diesel Generator
boundary in Maint. Rule; however, Expert
Panel determined that the DG would
function without this system but with
slower start ime. No need to evaluate.

ESS

Extraction $:eam

Determined to be non-risk significant as
part of the Maintenance Rule*

GMC

Stator Cooling Y/ater

Determined to be non-risk significant as
part of the Maintenance Rule

Generator Hydrogen & CO2

Determined to be non-risk significant as
part of the Maintenance Rule

DSM
DSR
EGD
EGS
|
|

Generator Seal Oil

Determined to be non-risk significant as
part of the Maintenance Rule

HDH H.P. Feedwater Heater Drain: Determined to be non-nsk significant as
part of the Maintenance Rule*
HDL L.P. Feedwater Heater Drains Determined to be nou-risk significant as l
part of the Maintenance Rule*
1AC Containment Instrument Air Determined to be non-risk significant as
part of the Maintenance Rule
IAS Instrument Air Determined to be non-risk significant as
part of the Maintenance Rule
SWT Traveling Screen Wash & Disposal Determined to be non-risk significant as
part of the Maintenance Rule
T™MB Turbine Control System Determined to be non-risk significant as
part of the Maintenance Rule \
CCS Turbine Plant Component Cooling

Determined 1o be non-risk significant as
part of the Maintenance Rule®

* In addition, based on the outcome of the Feedwater, Condensate, SG Blowdown and Main Steam System
piping segments evaluation, these other systems are considered bounded by these evaluations which
determined all segments to be less safety significant.
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The structural elements considered for the Millstone 3 application included the examination items
presently included under Examination Categories B-F, B-J, C-F-1, C-F-2 and D-A only as it relates to
Class 3 piping systems that would be included under this category in the 1992 and later editions of
ASME Section XI. The process also included evaluation of additional areas and volumes of base
material and examination zones such as weld counterbore areas and fitting material with consideration
to all piping welds to nozzles, valves and fittings such as tees, elbows, branch connections and safe
ends. Welded attachments and piping supports were not includea in the program. However, possible
snubber degradation was given consideration as a factor which may increase piping fatigue effects.

33 SEGMENT DEFINITION

In order to evaluate the importance of the piping contained in each system, piping segments were
defined. Piping segments can be defined on many levels: piping between welds; train level piping,
etc. The approach used to define piping segments was based on:

. Piping which have same consequence as determined from the plant PSA and othe:
considerations (e.g., loss of train A of residual heat removal (RHR), loss of refueling water
storage tank (RWST), inside or outside containment consequences, etc.);

. Where flow splits or joins (traditional PSA modeling points);

. Includes piping to a point in which a pipe break could be isolated (e.g., check valve,
motor- or air-operated valve, but no credit for manual valves); and

. Pipe size changes.

Thus, a piping segment is primarily defined as a portion of piping for which a failure at any point in
the segment results in the same consequence. Distinct segment boundaries are identified at such
branching points or size changes where there could be a significant difference in consequence, or the
break probability is expected 1o be markedly different due to material properties. The consequences
that should be considered are defined in the next section. The segment definition process is an
iterative process with the determination of the consequences and identification of any potential
operator recovery actions.
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An example of a system and its defined piping segments is shown in Figure 3.3-1. In this example,
the ECCS segments are defined. ECCS segment 1 is defined as piping between check valve 8847A
(from the RHR pumps), check valve 8819A (from the HPSI pumps) and check valve 8818A (which
isolates this pathway from the accumulator pathway). This piping segment is postulated to result in a
loss of RWST inside containment resulting in an earlier transfer to recirculation and loss of high and
low pressure safety injection to one cold leg. Similarly, segments 2, 3, and 4 are defined for the other
injection points into the RCS cold legs. ECCS piping segment 5 (6, 7, and 8) is defined as piping
between check valves 8818A, 8956A, and 8948A. These piping segments are postulated to result in
loss of RWST inside containment resulting in an earlier transfer to recirculation and a loss of high and
low pressure injection and accumulator injection to one cold leg. The ten-inch RCS piping
downstream of check valve 8948A and the main reactor coolant loop piping defines other segments
that are postulated to result in a large loss of coolant accident (LOCA).

For the representative WOG plant, the total number of segments defined and the systems are shown in
Table 3.3-1.

3.4 CONSEQUENCE EVALUATION

The consequence from a pressure boundary failure should focus on safety consequences. Nevertheless,
economic consequence can also be a secondary consideration resulting in additional inspection
locations chosen to reduce economic risk. A risk-based evaluation may go beyond the ASME BPVC
and regulatory requirements for inspections and thereby also improve plant reliability and availability
factors.

In many risk-based applications, safety consequence has been measured in terms of core damage and
large early release. These measures should also be applied for risk-based inspection. The impact on
core damage due to pressure boundary failures can be both direct and indirect. A direct consequence
would be the loss of a system, whereby the ruptured pipe can no longer provide fluid flow that is
essential to the safe shutdown of the plant. An example of an indirect consequence may be a
disabling o* a critical electrical component by flooding associated with a ruptured pipe.
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Table 3.3-1
NUMBER OF SEGMENTS DEFINED FOR REPRESENTATIVE WOG PLANT
SYSTEM NUMBER OF SEGMENTS

BDG (SG Blowdown) 4

CCE (CHS Cool) 2

CCI (SI Cool) with SIH

CCP (CCW) 14

CHS (CVCS) 23
i CNM (Condensate) with FW§

DTM (Turbine Plant Drains) with MSS

ECCS* 9

EGF (DG Fuel) 4

FWA (Aux Feed) 15

FWS (Feedwater) 19

HVK (Control Bldg Chilled Water) 1 I
i MSS (Main Steam) 30

QSS (Quench) 5

RCS 66 I

RHS (RHR) with SIL ]

RSS (Recirc) 1 i

SFC (Fuel Pool) 4

SIH (HPI) 10

SIL (LPD) 13

SWP (SW)

*ECCS system was created to capture piping common to several systems including SIH, QSS and SIL.
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3.4.1 Direct Consequences

PSAs can be used to gain insights into the consequences of pressure boundary failures. The direct
effects to be considered include:

. Failures that cause an initiating event such as a LOCA or reactor trip
. Failures that disable a single train or system
. Failures that disable multiple trains or systems

. Failures that cause any combination above

- The initial focus for the consequences should be related to the events considered in the PSA internal
events scenarios. Table 3.4-1 provides an example of the direct consequences postulated for several
piping segments, considering possible operator actions and their impact on the consequences.

3.4.2 Indirect Consequences

PSAs can be applied to establish indirect or spatial consequences, once based on detailed knowledge
of the plant those systems and components (if any) affected by the pressure boundary failure are
identified. Indirect effects evaluations include consideration of pipe whip, jet impingement and
flooding. The information sources that are considered to identify indirect effects include the plant
hazard evaluation to meet the requirements of the NRC’s Standard Review Plan, the final safety
analysis report (FSAR) and the PSA internal flooding events analysis. In addition, the expert panel
may provide input on indirect consequences. The impact of the indirect effects to be considered
should be the same as stated above for the direct effects. A plant walkdown of key areas should also
be conducted.

The process used for conducting the walkdown at Millstone 3 is described below:

mA\2697w: 1b:032996 37



Table 3.4-1
EXAMPLE CONSEQUENCES FOR PIPING SEGMENTS
Postulaied Postulated
Consequence (without Consequence (with
I Segment [D Segment Description operator action) operator action)
ECCS-0 RWST 1o flow split to Loss of RWST Loss of RWST
LPSI, HPSI, and
Charging - MOVs
8812A, 8812B, LCVs
112D, 112E, V8884 and
MOV 8806
ECCS-1* From CV8819C and CV | Loss of RWST** Loss of all RHR and
8818C to CV8847C HPSI
ECCS-5* Flow from SI CV 8847A | Loss of RWST** Loss of all RHR, HPSI
and ACC CV B956A to and one accumulator
Join to CV 8948A
RCS-7 LPSI connection from Large LOCA with loss Large LOCA with loss
Loop A cold leg tee to of HPSI, LPSI, and of HPSI, LPSI, and
CV 8948A ACC injection to one ACC injection to one
cold leg cold leg
Main feedwater flow Feedline break initiator Feedline break initiator
from MOV35A to gate
valve FCV510

* The only operator action which could be taken would result in closure of MV8835 (no HPSI to
any paths) and closure of MV8B09A or B (loss of 2 LPSI paths). However, given the short time

available to take operator actions following a LOCA where LPSI is required, no operator action
could be credited with closing MV8809A or B to save two injection paths. However, closure of
MVEB09A (or B) does result in preventing a loss of RWST.

** During the expert panel meetings, the postlated consequence (without operator action) was
changed to a loss of RWST inside containment resulting in an earlier transfer to recirculation
and the loss of one injection path. An operator recovery action could not be taken due to
limited time and the difficulty in diagnosing the actual location of the break during a LOCA.
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Pre-Walkdown

Existing documents which examine the local effects of pipe breaks for the systems were reviewed.
Other systems/trains affected by a break in the area were identified. The plant layout drawings, for
areas not covered by the documentation review, were also examined. In addition, plant areas for
which documentation was not clear, specific equipment was not listed, or modifications should ha' :
been made were identified. The results of the evaluation were documented, reviewed, and used as an
aid in organizing the walkdown. Table A-1 in Appendix A contains the results of the pre-walkdown

review process.

Walkdown

Participants in the walkdown included team members from the PSA, piping. IS, and operations
groups. The walkdown covered the specific areas listed in Appendix A, Table A-1, in the ESF
Building and the Auxiliary Building. The walkdown also included the intake structure for the
circulating and service water pumphouse and the Turbine Building. An example of a walkdown
worksheet documenting the information gathered is presented in Table 3.4-2.

-W W

The walkdown resuits were documented for use in the risk-based ISI program. The more significant
findings of the walkdown were:

. Interactions of postulated AFW pipe breaks in the motor-driven auxiliary feedwater pump
rooms can affect cable trays,

. Reactor plant component cooling water pipe breaks can affect one train of AFW,
. Pipe shrouds had been installed (as prescribed by the hazards evaluation) to mitigate the

interactions of a postulated pipe break in one train of reactor plant component cooling
water disabling the pump in the other train,
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Table 3.4-2
MILLSTONE 3 RISK-BASED INSPECTION EXPERT PANEL EVALUATION
INDIRECT EFFECTS WALKDOWN WORKSHEET

lem# 5 Building:  ESF

Cubicle/Area: 011 levation: 21" - 6"

Indirect Effect of Concern: Loss of Train A equipment due to any pipe rupture in area (aux.
feedwater suction or discharge piping), including a CCP pipe.

Components/Equipment in Cubicle/Area
System Comp. Type Tag No. Train Needed for Support
Safe System?
Shutdown?
FWA Pump 3IFWA*PA A Y N
FWA Valve 3FWA*HV31D' A Y N
FWA Valve 3JFWA*HV31A' A Y N
FWA Valve 3JFWA*V4 A Y N J
FWA Valve IFWA*AV61A’ A Y N
FWA Valve IFWA*AV23A° A Y N
[ FWA Valve 3FWA*HV3ICB* B Y N
FWA Valve IFWA*HV3IC* B Y N
FWA Valve 3IFWA*AV62B* B Y N
Comments

Cable tray numbrs listed in Hazards Evaluation did not match those marked on the overhead trays
in the room. Additional checks needed.

Conclusions

Ar parent discrepancy with cable tray identifiers noted. Hazards Eval. concludes pine bresk “+ill not
target cable trays, but should further investigate effects of losing cable tray. No additional
interactions found. Train B valves located away from postulated break locations. Pipe break will
only affect FWA Train A. Need to consider the CCP interaction for inclusion in the segments
analyzed.

Located at far side of room from unisolatable break
Near pump
Located at postulated break location

. Located at far end of room away pump and postulawd v. *ak
L_.____.__.____,.__._—___..

-4 3 pm
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. Motor control centers in the service water pump cubicles could be affected by a service
water pipe break, and

. Postulated pipe breaks in the turbine building would lead 1o a reactor trip, notably the
turbine plant component cooling water system. Also, a break in the condensate pump
discharge header could potentially disable all three plant air compressors.

A summary of the indirect effects identified at Millstone 3 are shown in Table 3.4-3.

Additional information on the walkdown performed at Millstone 3, examples of completed walkdown
worksheets, and a discussion of the major findings for the Millstone 3 plant walkdown are included in

Appendix A.
3.5 FAILURE MODES AND FAILURE PROBABILITY ESTIMATION

Once the consequences for each segment are defined, the failure probability for a postulated pipe break
and pipe leak must be determined. Information relating to the expected failure modes and causes,
industry experience and plant specific characteristics are necessary inputs to this determination. These
elements are discussed in the following sections and Figure 3.5-1 summarizes the process for this

effort.

3.5.1 Failure Modes and Causes

The number of possible degradation mechanisms and loading conditions is large and this section is not
intended to provide a full treatment of the details of their occurrence. It does provide an overview of
many typical mechanisms and describes the typical process by which they can be evaluated for a
specific plant.
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Table 3.4-3

SUMMARY OF INDIRECT EFFECTS

pump cooler E1A & E2A and residual heat
removal vent units ACUSIA & ACUS2A

Segment ID Segment Description Indirect Effect Consequence
CCP-13 Containment penetration cooler supply and Postulated break disables train A AFW
return lines pump due to spray
CCP-14 Containment penetration cooler supply and Postulated break disables tram B AFW
return lines pump due to spray
FWA-1 Demin. water storage tank through motor- Postulated break may spray overhead
driven pump P1A to check valves V12 and | cable tray - loss of HVAC to Train A
V7 RHR, QSS, and SI areas
FWA4 Demin. water storage tank through motor- Postulated break may spray overhead
driven pump P1B to check valves V21 and | cable tray - loss of HVAC to Train B
V26 RHR, QSS, and SI areas
FWA-12,-18 Check valves to cavitating venturi Postulated break may spray overhead
cable tray - loss of HVAC to0 Train A
RHR, QSS, and SI areas
FWA-14,-16 Check valves to cavitating venturi Postulated break may spray overhead
cable tray - loss of HVAC to Train B
P'HR, QSS, and SI areas
SWP-1,-2 Service water pump discharge check valve Flooding of other pump in area, loss of
to MOV MCC which powers SW Train B
equipment
SWP-3,4 Service water pump discharge check valve Flooding of other pump in area, loss of 1
to MOV MCC which powers SW Train A
equipment
SWP-13 Tee connection near CV 706B through SI Spray could result in a loss of MCC n
pump cooler E1B and 3HVQ*ACUSIB & ESF Room which powers valves needed
2B for operation of one train of recirc.
SWP-15 Tee connection near V63 through cooler Postulated break disables both trains of
CCE-E1B charging due to loss of train B charging
pump cooling from the break, and loss
of train A charging pump cooling from
spray on the train A cooling water pump
SWP-20 Tee connection near CV 705 through SI Spray could result in a loss of MCC in

ESF Room which powers valves needed
for operation of one train of recirc.
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I Table 3.4-3 (cont)

SUMMARY OF INDIRECT EFFECTS

Segment ID

Segment Description

Indirect Effect Consequence

SWP-22

Tee connection near V31 through cooler
CCE-El1A

Postulated break disables both trains of
charging due to loss of train A charging
pump cooling from the break, and loss
of train B charging pump cooling from
spray on the train B cooling water pump

SWP-26,-27

Service water pump to CV and back to
pump.

Flooding of other pump in area, loss of
MCC which powers SW Train B
equipment

SWP-28.-29

Service water pump to CV and back to
pump.

Flooding of other pump in area, loss of
MCC which powers SW Train A
equipment

w
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The occurrence of a large pressure boundary failure may be considered a two stage process. In the
first stage there is physical degradation of the piping element,’ caused by pitting, crack growth, loss of
wall thickness, loss of ductility, etc. The second stage comes into play when loading events occur that

challenge the remaining structural integrity of the degraded element. Examples of the additional loads
causing failure include pressure surges, water hammer, inadvertent thermal transients, earthquakes, and
failure of a support. Some loadings occur randomly while others are related to system operation.
Whether the structural failure is limited (causing a leak) or unstable (causing a rupture) depends on the
material properties, flaw configuration and nature of the loading. If the degradation mechanism is
progressive, then eventually, normal operating loads within the design basis, such as a pump startup,
may be sufficient to initiate a limited structural failure.

Based on the above discussion, the piping failure mode is either leakage or rupture depending on the
combination of degradation mechanism and initiating loading. For this application, the specific failure
event considered is a postulated rupture of the pressure boundary that results in the loss of safety
function for the piping segment. Leakage cracks may or may not precede the break. If the leakage
could significantly affect the operation of the system or have significant indirect effects, it is also

considered a failure event.

For nuclear power plant components, conservative design practices have been successful in addressing
most anticipated modes of failure. For example, the ASME Boiler and Pressure Vessel Code identifies
the following modes of failure:

. excessive elastic deformation, including elastic instability
. excessive plastic deformation

. brittle fracture

. stress rupture/creep deformation (inelastic)

. plastic instability ~ incremental collapse

. high strain - low-cycle fatigue

* "Piping" for this program includes straight pipe, elbows, tees, other piping components and their
interccnnecting welds.
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The ASME Code rules for design and construction are generally considered effective in precluding
these failure modes. It is generally believed within the nuclear industry, however, that other causes
not anticipated in the original design are most likely to cause structural failures. The two most
common examples are intergranular stress corrosion cracking (IGSCC) of stainless steel piping and
erosion-corrosion wall thinning of carbon steel piping. The possibility of piping failure due to such
unanticipated causes is the basic motivation underlying the ASME Section XI Code rules for inservice

examination.

Table 3.5-1 lists a variety of failure causes that should be considered. It can be used as the starting
point for a plant-specific evaluation; some listed mechanisms may be discounted while others may
need to be added based upon plant-specific expenence.

The table includes thermal fatigue as a single item representing several mechanisms such as thermal
transients, flow stratification, striping and inadequate design flexibility. The dissimilar metal weld
item is not a mechanism in itself but is a significant location for possible weld defects or inservice
degradation due to other mechanisms.

Vibration fatigue is one degradation mechanism that can both degrade the structural element and help
drive it to its ultimate failure. The issue with vibration is that if it occurs in its most severe form, it
can cause failure within a matter of hours or minutes, and there are no precursor indications that can
be detected prior to failure. However, the most severe vibration does not usually exist. The driving
force may be unsteady in amplitude or frequency, or be intermittent. Also, the resonant amplification
that usually contributes to the issue may vary with temperature, piping contents, or growth of any
flaws. Vibration fatigue failure is therefore not always intermediate, and its fatigue cracks could in
some cases be detected.
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Table 3.5-

EXAMPLE FAILURE CAUSES FOR LWR NUCLEAR
POWER PLANT PIPING COMPONENTS

Erosion

Erosion

Erosion/Corrosion
Mechanical wear
Fretting

Cavitation

| Embrittiement
Irradiation
Thermal aging

Corrosion/Cracking

Intergranular
Transgranular

| Fabrication/Maintenance

| Improper heat treatment
Improper repairs or alterations
Dissimilar metal weld

Fatigue (high or low cycle)

Mechanical
Thermal
Vibrational

Corrosion

Bulk corrosion

Crevice corrosion

Pitting corrosion

Galvanic corrosion
Microbiologically influenced
Pitting

Mechanical Damage

Water hammer

Improper or degraded supports
Improper or degraded restraints
External loads/impact

If vibration is determined to be a possible cause of failure, it must be determined if the piping
inservice inspection program would be effective in identifying it prior to failure. In cases where
significart vibration is known to be present in normal operation, it should be addressed through the
normal technical problem resolution and design change process as it is unlikely that ISI programs will

detect vibration fatigue cracking before failure occurs. If vibration is possible, but may continue for a

significant time without discovery, then inservice examination for it will probably also be ineffective.

If the potential piping vibration is expected to be induced by equipment vibration (such as degraded

pump bearing), and the equipment is operated only occasionally, then inservice examination for fatigue

cracking may be effective if it is scheduled to follow equipment testing. For example, if a proposed

examination location is at a safety injection pump discharge, then examination following scheduled

pump testing may be effective.
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After all the possible degradation mechanisms are considered it may be judged that no degradation
mechanism is credible for some segments. The piping is expected to retain its full strength and
integrity for its entire operating lifetime. For such segments, the only conceivable failure mode is the
occurrence of loads greatly in cxcess of the design basis loads. An example of such a load may be a
large mass being dropped on the pipe during nearby maintenance activities, or the occurrence of a
greater than design basis earthquake that may shift equipment from its foundations. The failure mode
for such segments is classified as "external loads" and such segments are retained in the overall
process. The risk assessment may determine the segment to be more safety-significant based only on
the severity of its failure consequence. Any examinations ultimately scheduled for such segments
would have the value of confirming that indeed no mechanism is active for that piping segment.

3.5.2 Review of Industry Experience

Known failures at other plants should be considered and evaluated for applicability. Available
information sources include NRC and EPRI published documents regarding reported failures or
operating occurrences, such as flow stratification, which may be applicable to plants. Other useful
sources of information include: the Nuclear Plant Reliability Data System (NPRDS), Licensee Event
Reports (LERs), NRC Nuclear Plant Aging Research (NPAR) reports, NUMARC (now NEI)
Assessments of Plant Life Extension, ASME BPVC Section XI Task Group report on fatigue, NRC
pipe crack studies, EPRI Materials Degradation and environmental effects studies, and EPRVindustry
erosion-corrosion work.

3.5.3 Information Requirements

To properly evaluate possible failure modes for a given piping segment, specific system information is
required. This includes: piping materials, system thermal operating modes (pressure, temperature, and
number of cycles), the presence of any thermal transients, the presence of any extended system layup
periods or intermitient system operation, system water chemistry, and previous ISI experience.

Plant operating experience should be sought including cracks, leaks, repairs, corrosion, valve leakage,
vibration observed during normal operation or during test modes, pipe support issues (including
snubber drag loads or lockup, spring hangers topped out or bottomed out), high steam condensate
flows, and inadvertent or unexpected system transients.
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The best source of qualitative information regarding piping operation and past history is typically the
"system engineer” who has full r=sponsibility for the design basis and maintenance of one or more
assigned systems. Piping ISI program inspectors and engineers assigned to evaluate identified flaws are
also good sources of information for active degradation mechanisms.

3.54 Considerations for Selection of Likely Failure Locations

Selection of possible failure modes and their likely location can have a significant influence on the
estimated failure probability. One approach for identifying possible failure modes and locations is to
classify the pipe segment along the following lines:

. Configuration dependent. This factor considers the effect of the piping iayout and support
arrangement. For example, piping with low flexibility for thermal expansion will
experience high bending moments which will in turn drive crack growth.

*  Component dependent. For example, socket welds have low resistance to sustained
vibration. Elbows or the piping immediately downstream of valves, which add turbulence

to the flow, are therefore locations susceptible to erosion-corrosion-wear.

e Materialy/chemistry dependent. The IGSCC susceptibility of 304 stainless steel is the most
common example. Dissimilar material welds are another example.

»  Loads dependent. An example of this is the number of cycles seen by the system.
Another example is piping where inadvertent operation may lead to water hammer events
Seismic events are also included under this category.

Interactions among the factors are of course common.

Determination of the most probable break location should involve consideration of all the likely
degradation mechanisms for the piping segment under review. Component dependent failure modes
are easily localized to a single or small number of locations. Materials dependent or operations
dependent mechanisms are often present throughout the segment. In such cases, interactions with
other effects must be considered for determining the most likely location. Load dependent failure
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modes would typically involve undetected preexisting flaws or degradation that could fail under high
loads. The high loads could arise from dynamic (seismic, water hammer) events, large thermal
expansion loads (configuration dependent) not considered in the design analysis, or external loading.
A location where such loads could have the greatest impact can often be determined.

3.5.5 Consideration of Other Piping Reliability Programs

There are several existiag programs and activities that positively affect piping reliability. For example,
the use of solvents containing chlorides is restricted to help prevent degradation of stainless steel
piping. Another example is the set of restrictions on system operation that prevent loading the piping
outside its design basis. A third is the regular walkdowns performed on piping by system engineers
and plant equipment coerators. A fourth example is the erosion-corrosion control program
implemented for carbon steel piping at many plants. All of these programs provide a positive
contribution to piping reliability. There are also periodic system performance tests that are designed to
verify equipment performance but have an additional effect of demonstrating piping reliability.

The beneficial effects of such programs should be considered when estimating failure probabilities of
piping elements. If the programs are not considered, the risk-based inspections could become overly
weighted to piping that is less safety-significant, as the plant is actually maintained and operated. It is
better to rank the segments and select inspection locations and methods that clearly enhance safety by
recognizing all of the effects of the existing programs used to ensure piping reliability.

These considerations apply most directly to piping affected by flow-assisted-corrosion (FAC). When
properly implemented, the inspections, chemistry control, wall-thinning predictions and component
replacements comprising the FAC program result in highly reliable piping. The maintenance of wall
thickness above the minimums helps to ensure that failure is by leakage rather than catastrophic
rupture. Other mechanisms for failure may be present in some locations; therefore, the piping cannot
be excluded altogether from the risk-based inspection program. This piping should be reviewed to
determine the most probable failure location for the other mechanisms and a failure probability should
be calculated in 2 manner similar to piping unaffected by FAC.

The presence of the FAC degradation mechanism, however, should not be neglected. Since the FAC
program is only intended to manage the wall loss and avoid catastrophic rupture of the pipe, some
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pipe wall erosion can take place. The effect of this moderate wall thickness reduction (and any slight
imperfections of program implementation) should be incorporated by selecting a "moderate” value for
the material wastage parameter in the SRRA failure probability estimation program (see Section 3.5.6
below). The program will thus determine the probability of failure (leak or break) considering FAC
and all other relevant causative factors.

If the proposed inspection locations are determined after ranking to be more safety-significant,
inspections should be performed at the specified element. An evaluation may be required if there are
any additional failure modes beyond the expected FAC wall thinning to ensure the FAC examinations
are adequate. Other Code requirements such as inspector qualifications may need to be satisfied.

A similar approach may be taken with other degradation mechanisms for which mechanism-specific
programs have been developed. Examples include programs to manage service water piping
degradation due to erosion or microbiologically induced corrosion. When such programs are in place
and determined to be effective, the failure probability estimation may take them into account. On the
other hand, if credit for such programs is taken, then reevaluation of the affected segments must be
performed when the programs are changed or discontinued.

3.5.6 Failure Probability Determination

Several approaches can be used to categorize and prioritize the likelihood of failure. A qualitative
rating (high, medium, and low likelihood) can be used. However, a quantitative approach can provide
further refinement of these general categories.

The task of estimating component failure probabilities can be challenging. In most cases though,
consideration of failure probabilities, however uncertain their estimated values, leads to a more
effective allocation of inspection resources compared (o present practices. Although absolute values of
failure probabilities may have large uncertainties, the relative values (e.g., from location to location in
a given piping system) are generally better known.

There is no one "best method" to estimate failure probabilities for nuclear components. There will
inevitably exist a large uncertainty associated with the estimated probabilities. Catastrophic structural
failures rarely occur, and thus little historical data exists to validate estimated failure rates.
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Some of the methods available include:

. Historical Data. A number of reports have been published, e.g., by Bush (1988), Jamali
(1992), Thomas (1981), and Wright, et al.(1984), with estimates of failure probabilities for
nuclear power plant systems and components based on the few occurrences of pipe and

2ssel rupture events that have actually occurred in related situations. This information is
useful as benchmarks of estimates obtained from the other methods.

. Expert Judgement. Elicitation of expert opinion has gained acceptance as a means to
quantify input to PSAs and risk-based studies. A systematic procedure, as described by
Wheeler, et al.(1989) and the U.S. NRC (1990), has been developed for conducting such
elicitations. Generally, the process calls for enlisting and training a suitable team of
experts. The team provides responses to a collection of structured questions, allowing
sufficient time for the experts to document their rationale. The ASME Research
Risk-Based Inspection Development of Guidelines, Volume 2 - Part 1, Light Water
Reactor Nuclear Power Plant Components (1992) provides details of this process along
with example results for ISI. However, the expert judgement process can be laborious and
require the use of several experienced people beyond utility personnel.

*  SRRA Predictions. Structural reliability/risk assessment (SRRA) models are usually based
on prokabilistic structural mechanics methods to estimate failure probabilities for important
components. SRRA estimates provide a higher level of detail than estimates based on
historical data or expert judgment. Locations within a system with varying failure
probabilities can be defined to focus ISI resources. SRRA models can also predict the
progress of degradation and/or crack growth as a function of time while quantitatively
accounting for the impact of random loadings, such as earthquakes. These trends can be
useful for selecting appropriate intervals over the service life of the components for
periodic ISI examination. Some simplified SRRA models have been developed, (e.g., by
Chapman and Davers (1987) and by Bishop and Phillips (1993)), that are currently being
used in demonstration studies. These simplified models are built from more detailed
SRRA models, such as the F RAISE Code which was developed earlier by Harris, et al.
(1981).
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For the Millstone Unit 3 application, structural reliability and risk assessment (SRRA) tools were used
to estimate the failure probabilities of the structural elements most likely to fail in each of the piping
segments. The SRRA tools were developed by Westinghouse for Idaho National Engineering
Laboratory (INEL) to address the aging of passive components for NRC and DOE (Bishop and
Phillips 1993). The SRRA tools are a set of executable personal computer programs to specify input,

calculate and plot failure probability of piping with time for the selected input values of key design,
operational, and inspection parameters. The computer tool for structural reliability uses Monte-Carlo
simulation with importance sampling to calculate the probability of leak or break of type 304 or

316 stainless steel piping (due to fatigue crack growth and stress corrosion cracking) and of carbon
steel piping (due to fatigue crack growth and loss of thickness due to wastages, such as erosion-

COrrosion-wear).

The SRRA code is described in detail in Appendix D. Appendix D discusses the code inputs,
guidelines for selecting limiting locations and estimating failure probabilities, guidelines on expertise
and information required, and sample outputs. Benchmarking of the SRRA code (such as against the
PRAISE code) is discussed in Appendix E.

In cases in which the SRRA tool could not be applied (such as pipe segments containing copper-nickel
material or pipe internally coated with epoxy), expert judgement was used to provide a failure
probability estimate.

Table 3.5-2 identifies example piping segment small leak and full break failure probabilities for the
representative WOG plant, Millstone Unit 3. The piping failure modes are either exceeding the
limiting crack depth (leak) or exceeding the flow stress in the remaining uncracked section (break).
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Table 3.5-2
EXAMPLE CALCULATED PIPE FAILURE PROBABILITIES

FAILURE PROBABILITY*
SEGMENT SEGMENT SMALL LEAK FULL BREAK
ID DESCRIPTION
NO WITH NO WITH
IS1 ISI** ISI ISI**
EMERGENCY CORE COOLING-ECCS
ECCS-1 From CV 8819C and CV 8819C w 0 0 0 0
CV 8847C (6.4E-08) | (6.4E-08) | (2.3E-12) | (23E-12)
ECCS-2 From CV 8819A and CV 8819A 0 0 0 0 0
CV 8B47A (64E-09) | (6.4E-09) | (23E-12) | (23E-12)
ECCS-3 From CV 8819D and CV 8819D 1w 0 0 0 0
CV 8847D (64E-09) | (6.4E-09) | (2.3E-12) | (2.3E-12)
ECCS-4 From CV 8819B and CV 8819B 1o 0 0 0 0
CV 8847B (64E-09) | (6.4E-09) | (2.3E-12) | (2.3E-12)
ECCS-5§ From CV 8847A and CV 8956A 1o 9.2E-09 87E-09 | 14E-13 14E-13
CV 8948A
ECCS-6 From CV 8847B and CV 8956B w 0 0 0 0
CV 8948B (64E-09) | (64E-09) | (2.3E-12) | (2.3E-12)
ECCS-7 From CV 8847C and CV 8956C w0 9.2E09 B.TE-09 | 1.5E-15 1.5E-15
CV 8948C
ECCS-8 From CV 8847D and CV 8956D w0 1 4E-08 99E-® | 7.5E-15 6.6E-15
CV 8948D
MAIN FEEDWATER/CONDENSATE SYSTEM
FWS-1 From MOV 35A 10 FCV 510 1.1E-03 6.2E-06 0 0
(3.5E-11) |(3.5E-11)
FWS-2 From FCV 510 and LV 550 1o CTV 41A 1.1E-03 6.2E-06 0 0
(3.5E-11) | (3.5E-11)
FWS-13 From main feedwater pumps P1, P2A, P2B | 14E-03 7.1E-05 | 2.5E-07 2.1E-08
to MOVs 35A,B,C, D
FWS-18 From condenser pipe connections 3A, 3B, 1.2E-03 1.7E-04 | 6.8E-07 2.3E-08
3C 10 MOVs 49A, B, C
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Table 3.5-2 (cont)
EXAMPLE CALCULATED PIPE FAILURE PROBABILITIES

SEGMENT
iD

SEGMENT
DESCRIPTION

FAILURE PROBABILITY*

SMALL LEAK

FULL BREAK

NO
ISI

WITH
IST**

WITH
IST**

NO
IS1

REACTOR COOLANT SYSTEM-RCS

RCS-7

LPSI connection from Loop A cold leg tee
to CV 8948A

1.9E-06

3.4E-09

RCS-22

LPSI connection from Loop C cold leg tee
to CV 8948C

1.9E-06

3.4E-09

RCS-29

LPSI connection from Loop D cold leg tee
to CV 8948D

1.9E-06

3 4E-09

RCS-54

LPSI connection from Loop B cold leg tee
to CV 8948B

0

(2.1E-08)

1.2E-12

HIGH PRESSURE SAFETY INJECTION

From MOVs 8821A and 8821B to CVs
8RI9A B.C.D

)

(2.2E-09)

From MOVs 8920 and 8814 to RWST

5.4E-08

LOW HEAD SAFETY INJECTION-SI

From MOV 8809A to CVs 8818A.B

0

(2.5E-08)

0
(2.5E-08)

From MOV 8B09B to CVs 8818C.D

0
(2.5E-

0

08) | (2.5E-08)

SERVICE WATER SY

STEM-SWP

.
IISernw water pump P1D to MOV 102D and

retumn (o pump

1.7E-

T

03

Service water pump P1B to MOV 102B and
return o pump

1.7E

-03

Service water pump P1C to MOV 102C and
return to pump

1.7E

5.6E

Service water pump Pl1A to MOV 102A and
return to pump

1.7E-~

3.2

L
|
|

Service water pumps P1B & P1D discharge
1 1o MOV 54B, 54D, 71B and 50B

0
(3.7E-13)

0
3 7E-

(5

13)

Y| Sye—

*For weld most likely to fail at end of life in the segment (see Appendix D for descniption of failure modes
For the cases in which O failures are predicted, the values in parentheses are those calculated assuming one half faillure in 5000 tnals

corrected for imponance sampling

**The failure probabilities shown

recommended for each respective location

with ISI” reflect the inspection interval and inspection accuracy associated with the inspection method
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The full break failure probabilities without ISI were used in the calculations to determine the total

segment core damage frequency. The small leak probabilities were used as part of a sensitivity study

Based on the full break failure probabilities calculated using the SRRA code, a threshold pipe failure
probability of 1E-O8 was selected for use in the consequence calculations. This value was used for
piping segments in which 4 credible failure mechanism could not be postulated. This threshold was
used to account for the possibility of an incredible pipe failure and to account for consequence-driven

pipe segments

3.6 SELECTION OF ISI SEGMENTS

This section discusses how the segments are categorized into two risk categories: more safety-
significant and less safety-significant. There are three phases to the risk categorization process:

1) application of the PSA to calculate the total pressure boundary core damage frequency (CDF) and
LERF (if possible) and importance measures and evaluation of other PSA-related factors, 2) integration
of other deterministic considerations, and 3) expert panel evaluation. The segment risk-ranking

process is shown in Figure 3.6-1

3.6.1 Risk-ranking

Because plant PSA models do not explicitly include piping pressure boundary failures except for
LOCAs, SGTR, steamline/feedline breaks, and Reactor Vessel Rupture, another method for ey aluating

pressure boundary failures in terms of risk was required

First, a means to determine the relative risk significance of piping segments was necessary. Because
piping failure probabilities ars low, if the total CDF for all plant internal events is used, none of the

pressure boundary piping components would be more safety-significant via RRW (all RRWs would be

equal to 1.0). Thus, the PSA results will be useless in helping to determine where to focus priorities

for piping ISI. Modeling the piping pressure boundary failures and then assessing the relative risk
significance to a total CDF related to just piping pressure boundary failures renders more meaningful
results. Therefore, it was decided that the total CDF used in the risk significance evaluation should

only account for those associated with piping pressure boundary failures
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Secondly, how to determine the CDF due to piping pressure boundary failures was evaluated. The
inclusion of piping segments directly into the PSA models was considered but not adopted since:

1) the effort would be too labor intensive and 2) the pipe segment failure probabilities are sufficiently
lower than already-modeled components, that the pipe segments would in all likelihood fall below the
truncation limits used in quantifying PSA models. Therefore, the approach identified was to quantify
the CDF due to piping pressure boundary failures outside the PSA model but to use the plant PSA
model as input. To determine the CDF for each piping segment, a surrogate component (basic event
or set of basic events, such as a pump or valve) or an initiator that is already modeled in the plant
PSA is identified in which the consequence or impact on the CDF matches the postulated consequence
for the piping pressure boundary failure. The surrogate component is assumed to fail with a failure
probability of 1.0 for .se in obtaining the conditional core damage frequency (or probab.lity). The
conditional core damage frequency/probability results are combined with segment failure
probability/rate to obtain the CDF contribution for each segment. The CDF contributions from all
piping segments are then summed to obtain total piping pressure boundary failure CDF,

From this information, the risk importance measures can then be calculated to provide a relative
ranking of piping segments.

In order to use the plant PSA as input to the pressure boundary failure CDF calculations, the
postulated consequences of the failure must be identified as described in previous sections. Then
based on the postulated consequences, the PSA model must be manipulated to obtain the required
‘mormation. The consequences to be considered from both direct effects and indirect effects include:

. Failures that cause an initia<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>